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NX-100 
CATV HEADEND 
This 21 channel headend consists of: 
— 14 Satellite receivers 
—12 Video Cipher II® descramblers 
—14 Television modulators 
— 7 Off air processors 
All in only 49" of rack space. 

Looking for a reliable, cost-effective headend? Look no further. The Nexus NX-100 integrated 
headend provides you with the solution. The NX-100 is based on the Nexus Series 100 product 
line, and features the revolutionary VCMB VideoCipher Mainframe. The VCMB houses 
6 VCII descramblers in 12" of rack space. 

The NX-100: 
- sets a new standard for reliability 
- is compact and easy to install 
- offers unbeatable value. 

The NX-100 — the complete solution to all your headend requirements. And like all of our 
products, it is covered by the famous Nexus five-year warranty. Call or write for details. 

Nexus Definitely Ahead of Our Time 
TEL: (206) 644-2371 BELLEVUE, WA. or (604) 420-5322 BURNABY, BC. FAX: (604) 420-5941 
WRITE: NEXUS ENGINEERING CORP., 7000 LOUGHEED HWY., BURNABY, BC. V5A 4K4 

See us at the NCTA Show, Booth 1438. Reader Service Number 2. 

NEXUS 
ENGINEERING CORP. 



The Best Customers In America Deserve The Best Products. 
Air. 
The sophisticated dielectric of MC? 
Conveys the signal faster. Undampened by 

foam. Without noise. Flat. 
The air enclosed in short chambers. 

Hermetically sealed. Fully bonded to outer 
dielectric sleeve and center conductor. 

Airtight. Inner strength and outer strength. 
Bending without creasing, cracking, leaking. 

Wards off water. Or keeps it confined. 
No migration. 

20% Fewer amplifiers needed over longer 
distances. 

The Perfections Of Air Are Apparent 

Reader Service Number 3. 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 • 201-462-8700 
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NEED 

Double The Performance At Less Than Half The Cost. 

II
ow you can double the performance of your Jerrold 
STARLINE 20 amplifiers—and dramatically 
increase channel-carrying capacity—without major 

rebuild costs or service disruption. 
The SJPA upgrade module is designed for easy drop-

in installation so you can take the labor savings, time 
savings and hardware savings all the way to the bank. But 
that's not all. . . 
You Can Bank On the SJPA's: 
• ability to expand your present system's channel capacity. 
• 5-sided die-cast shell for outstanding heat dissipation. 
• exceptionally high picture quality. 
• flat or tilted transmission capabilities. 

Jerrold's modular approach to upgrades extends all the way down the line: from 
our high gain, power doubling, JLP line extender modules to our "J" series FFT brass 
port taps. And this modular design gives von the advantage of backward compatibility, 

Will' BUY NEW HOUSINGS underscoring Jerrold's commitment to long-term customer support. 
So why throw away money on a new 

housing w hen all you really need is more headroom? For 
more information about these or any Jerrold product, 
contact your local Jerrold account representative. Or call IS MORE ROOM? or write: Jerrold Division, General Instrument Corporation, 2200 

Byberry Road, Hatboro, PA 19040. (215)674-4800 

WHEN ALL YOU 

A Division Of General Instrument Corporation 

See us at the NCTA Show. Booth 1800. Reader Service Number 4. 
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1-800-288-1506 

APARTMENT BOXES 

Cable Security Systems, Inc. 
801 Fox Trail • P.O. Box 2796 

Opelika, AL 36801 
(205) 742-0050 
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Notes from all over 
Some of our roving (and one raving) staff 

members have been out and about. Here are 
their reports: 

Dateline: Englewood, Co/o.—The SCIE Rocky 
Mountain Chapter presented a seminar on fiber 
optics April 19. And while we usually don't report 
on local events, this one was somewhat special. 
For perhaps the first time anywhere, representa-
tives of some of the major MSOs gathered in one 
room at Jones Intercable to present what their 
companies were doing (or planning to do) vis 
a vis fiber. Speakers included Jim Chiddix, Dave 
Pangrac and Dave Maholick (ATC), Richard Rex-
roat (TCI), Bob Luff (Jones) and Paul Barth 
(United). Among the over 80 attendees were 
visitors from New York, Chicago and elsewhere. 

Dateline: Manlius, N.Y.—Marty Laven (our vice 
president of sales and marketing) and I received 
a personal invitation to tour the facilities of Mag-
navox CATV Systems. We also had plans to take 
a sneak peek at the Spectrum 2000 amplifier 
housing, to be unveiled at this month's National 
Show. The ways in which Magnavox emphasized 
quality control made quite an impression on us, 
as did the SMD (surface mount device) machine. 
But it was the people who made the difference. 
Thanks go to Dennis Horowitz, Dieter Brauer, 
Dick Swingen, Keith Weil, Walt Srode, Jeff Cox, 
Al Kernes, Yvonne Jordan and everyone else at 
Magnavox for an eye-opening experience. 

Dateline: Old Bridge, N.J.—Blonder-Tongue 
Laboratories' Chairman Ike Blonder and Presi-
dent Ben Tongue recently sold the company to 
a closely held investment group. The group will 
retain the Blonder-Tongue name and rights; it 
intends to continue to operate and develop the 
business from its headquarters here. James 
Luksch was named president and Robert Palle 
Jr. became executive vice president. 

Dateline: Dallas—The National show aka 
Cable '89 (and this year's second Texas show) 
convenes here May 21-24 at the convention cen-
ter. This is the really big one, where conven-
tioneers roam the exhibit floor asking, "Is this 
nee" Several vendors have promised some 
exciting additions to their product lines, including 
breakthroughs in expanded bandwidth and AM 
transmission over fiber. 

Of course, there are the technical sessions, 
always insightful and never boring. Some of the 
topics for the 10 sessions (held two at a time) are: 
Cable Labs, HDTV transmission, addressability 
and pay-per-view technologies, audio, fiber archi-
tectures, system powering, HDTV testing and sig-
nal leakage. At the NCTA/SCTE booth, you'll get 
another chance to see the IS-15 multiport in 
action. And don't forget to stop by the NCTA 
membership and publications booth to buy a 
copy of the 1989 NCTA Technical Papers and 
other useful reference materials. 

Dateline: Orlando, Fla.—It's not too late to 
make plans for the Cable-Tec Expo June 15-18 
at the Orange County Convention Center (even 

though you might have missed the May 12 pre-
registration deadline). This year's expo will be 
extra special because the SCIE will celebrate 
its 20th anniversary during Expo Evening at Sea 
World. 

Here's the rest of the lineup: On Thursday, 
June 15, the Annual Engineering Conference will 
feature a panel on high definition TV and guest 
speakers to discuss digital video, cable vs. telco 
and fiber optics. The annual membership 
luncheon, also on the first day, will feature guest 
speaker Paul Weitz, deputy director of Johnson 
Space Center. 
Expo workshops and exhibits will take place 

Friday and Saturday. Workshop topics will in-
clude fiber-optic test measurements, signal level 
meter basics, data transmission techniques, 
supervisory and management fundamentals, 
signal leakage and CLI, local origination, AM 
fiber transmission, and installer certification. 
During exhibit hours, several vendors will pre-
sent product-specific equipment usage classes. 
(And CT Publications will presents its first "Pain-
less Technical Writing" workshop Saturday after-
noon; call us for details.) 

Finally, on Sunday, the SCTE will offer BCT/E 
Certification Program testing. Tours of local fiber-
optic installations—BellSouth's Heathrow and 
Cablevision of Central Florida—also are planned 
for the last day. 

No fooling this time 
' Fess up: Weren't you just a bit unnerved at 

last month's "News" story: "Congress repeals 
Cable Act of 1984"? Right, the one you were 
relieved turned out to be an April fool's joke. And 
to everybody who panicked and phoned us 
before reading through to the punchline, we're 
sorry. We've learned our lesson; we won't pull 
a fast one on our readers again (perhaps until 
next April). 
Since we're on the subject of hypothetical 

headlines, try this one (from our September 1990 
issue): "FCC shuts down system due to excess 
leakage." As we all know, the deadline to report 
the results of your cumulative leakage index test-
ing is July 1, 1990. And CLI is a hot topic these 
days, possibly hotter than fiber and HDTV. Usually, 
seminars about CLI and signal leakage (like the 
recently concluded NCTA series) pack 'em in. 

Here's the irony: If your system is a fairly large 
one and if you were to start today to implement 
your ground-based CLI program, you might just 
meet the deadline. In any case, be sure to catch 
our annual leakage issue in July. We'll discuss 
flyovers, software, help from ham operators, FCC 
guidelines and much more. After all, your busi-
ness will depend on what you do (or don't do) 
about leakage in the next 12 months or so. 
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DoYou Know 
The Difference 

BetweenliThone 
And CATV Fiber"? 

-34 

Iit 111111111111 
The difference - and it's an im-

portant one - lies in our Total Systems 
ArchitectureTM approach to CATV. It 
provides you with the tools to advance 
your delivery system and protect your 
investment. 

Fiber is fiber. But there the sim-
ilarity ends. Scientific-Atlanta is the first 
full line CATV manufacturer to offer it 
all. Product, system design, service, 
and support. Introducing the 
6450 Optoelectronic Laser 
Transmitter. Fiber optic cable. 

Scientific 
Atlanta 

And the 6901 Optoelectronic Bridging 
Amplifier 

Telephone or CATV? Sure 
the fiber is the same. But everything else 
about a Scientific-Atlanta fiber optics 
system is better These differences are 
what makes Scientific-Atlanta the com-
pany to rely on for CATV fiber optics 
— we do it right. 

Call or write Scientific-Atlanta 
Dept. AR, P.O. Box 105027 
Atlanta, (A30348 
1-800-722-2009 

Our customers are the winners. Reader Service Number 6. 
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ifWe use our trucks with The Tailgater CATV 
System everyday. They have proven to be durable 
— strong may be a better word. They are so well 
built and hold up under hard use. 
"Our crews like them because they are versatile 

and functional. I like this feature because the less 
time they spend looking for tools and supplies, the 
more calls they can make. And that's the name of 
the game, isn't it?!, 

Jim Fox 

DISCOVER FOR YOURSELF 

Reader Service Number 7. 
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Cable '89 to feature 
10 technical sessions 
DALLAS—Cable 89, the 38th annual conven-
tion of the National Cable Television Association, 
will be held here at the Convention Center May 
21-24. Ten technical sessions will run two at a 
time from Monday, May 22 through Wednesday, 
May 24 in Rooms A and B of the West Ballroom, 
as follows: 

Monday, May 22 
2-3:30 p.m., Room A 
• Cable Labs 

Moderator: Walt Ciciora (American Television 
and Communications Corp.). Speakers: Jim 
Chiddix (ATC), "Fiber-optic issues"; Tom Elliot 
(Tele-Communications Inc.), "Operation issues"; 
Nick Hamilton-Piercy (Rogers Cablesystems), 
"Advanced television system testing"; Tom 
Jokerst (Continental Cablevision of St. Louis 
County), "A review of the Cable Labs consumer 
electronics interface subcommittee"; and Ed 
Callahan (United Cable Television Corp.), "Tech-
nologies for new businesses." 

Room B 
• HDTV transmission implications 

Moderator: Wendell Bailey (NCTA). Speakers: 
Gerald Robinson (Scientific-Atlanta), "Selected 
topics on HDTV: A tutorial on the basics"; Joseph 
Waltrich (Jerrold Applied Media Lab), "The pros 
and cons of maintaining NTSC compatibility for 
advanced television systems"; Ron Horchler 
Marner Cable Communications), "Relative cost 
implications for implementing ATV proponent 
systems in a CATV system"; and Carl Eilers 
(Zenith Electronics Corp.), "Simulcasting with 
the Spectrum-Compatible ATV System!' 

4-5:30 p.m., Room A 
e Addressable and PPV technologies—Special 
deliveries 

Moderator: Ed Callahan (United Cable). 
Speakers: Richard Merrell (Zenith), "An auto-
dialer approach to pay-per-view purchasing"; 
Lamar West (S-A), "Off-premises technology 
comparisons"; Marc Kauffman (Jerrold Applied 
Media Lab), "Timing considerations in RF two-
way data collection and polling"; Jim Chiddix 
(ATC), "Off-premises broadband addressability: 
A CATV industry challenge"; and Yili Zhao (TDF 
Lorraine Research Center), "A digital coding 

system for video signal to distribute video 
monitoring images on coaxial networks." 

Room B 
• Operational improvements in existing cable 
systems 

Moderator: Michael Jeffers (Jerrold). 
Speakers: Blair Schodowski (S-A), "Improved 
method for video inversion scrambling systems"; 
Patrick McDonough (United), "The technical 
performance review—What needs to be done?"; 
Reed Burkhart (Hughes Communications Gal-
axy), "Cable headend polarization alignment 
concerns during peak sunspot cycle"; and Mark 
Adams (S-A), "Advanced system upgrade re-
quirements and design." 

Tuesday, May 23 
7:30-9 a.m., Room A 
• Audio—Alive and well and getting better! 

Moderator: Frank Ragone (Comcast Cable 
Communications). Speakers: Ned Mountain 
(Wegener Communications), "Audio 101—Tele-
vision audio—A systems issue for cable"; 
Joseph Stern (Stern Telecommunications Corp.), 
"A flexible spectrum efficient transmission 
system for digital cable audio"; James Green 
(Jerrold Applied Media Lab), "Delivering digital 
audio"; and Alex Best (Cox Cable Communica-
tions), "BTSC stereo measurement techniques 
and operating practices." 

Room B 
• Fiber-optic architectures 

Moderator: David Large (Raynet). Speakers: 
Nick Hamilton-Piercy (Rogers Cablesystems), 
"Rogers fiber architecture"; John Mattson (S-A), 
"A fiber-optic design study"; John Fox (British 
Telecom Research Labs), "Evolution of the 
British Telecom switched-star cable TV system"; 
Lemuel Tarshis (Jerrold), "An economic assess-
ment of AM fiber-optic applications"; and David 
Robinson (Jerrold Applied Media Lab), 
"Switched-star fiber-optic architectures for cable 
TV" 

9:30-11 a.m., Room A 
• System powering 

Moderator: Bert Henscheid (Texscan Corp.). 
Speakers: Larry Lindner (Alpha Technologies), 
"Establishment of battery standards for CATV 
standby powering"; Jeffrey Cox (Magnavox 
CATV Systems), "Data collection for status moni-
toring systems"; Peter Deierlein (Magnavox), 
"CATV system powering considerations"; and 
Tom Osterman (Alpha), "New approaches to 
CATV system powering." 

Room B 
• HDTV testing 

Moderator: Ted Hutson (Post-Newsweek 
Cable). Speakers: Rene Voyer (Communications 
Research Centre. Government of Canada), 

RISER-BOND 
INSTRUMENTS 

Model 1210 
TIME DOMAIN REFLECTOMETER CABLE FAULT LOCATOR 

• SUPERTWIST LIQUID CRYSTAL 
DISPLAY 
• AUTOMATIC DISTANCE 
CALCULATION 
• WAVEFORM/DATA PRINTER 
STANDARD 

• RECHARGEABLE NICAD 
BATTERIES STANDARD 

• TESTS ALL TYPES OF 
METALLIC PAIRED CABLE 

• LIGHTWEIGHT, COMPACT AND 
RUGGED PACKAGING 

• EASY TO OPERATE 

$4,395 
Complete 

For more information or to place 

an order call or write: 

ustitil tilt/ 
3430 Fujita Avenue 
Torrance. California 90505-4078 

(213)539-8030 
In Calif. (800)641-2288 
Outside Calif. (800)551-2288 
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Integral and Channel' have been 
setting industry standards together 
for over 8 years. Our associa-
tion has made us the 
leaders in provid-
ing under-
ground 
materials 
for Cable 
Television 
plant: Integral's 
Cablecon® Cable-
in-Conduit (CIC), 

Drop-in-Duct 
(DID), 
and Fiber-
in-Duct 
(FID); and 
Channel! 's free-

breathing 
above grade 
pedestals 

and airtight, 
watertight bekwy 

grade enclosures. 
To make it easier to order 

our complete line of high 
quality CATV products and to increase 
your construction efficiency, we would 
like to send you our new designer tem-
plate — FREE! It contains all of the 

standard 
construction 
symbols 
adopted by 
our industry, 
plus new 
symbols 
that allow 
you to 
show on 

your base 
maps the exact 

types of enclosures 
needed in the field. No 

more guess work. The correct ma-
terials at the job site.. .every time! 

Whether you have one mile or a 
100 miles of underground plant to 
build this year, why not buy direct from 
the Integral and Channell team? You'll 
save big bucks and be supported by one 
of the industry's largest direct sales 
forces in the U.S. and Canada. 

Put our high standards to work 
for you today Call 800/423-1863 
(800/345-3624 in CA), or write for 
your FREE designer template and 
information on the complete line of 
Integral's Cable-in-Conduit products 
and Channell's above and below grade 
pedestals and enclosures. 
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"HDTV cable tests: Method of measurement", 
Dave Wachob (Jerrold Applied Media Lab), 
"Design considerations for an advanced TV test 
facility"; Tim Homiller (Jerrold Applied Media 
Lab), "Noise measurements for a CATV 
system—C/N, S/N, phase noise"; Dan Pike 
(Prime Cable), "The effects of reflections"; and 
Brownen Jones (ATTC/Cable Labs), "HDTV pic-
ture quality tests: Methods of measurement." 

Wednesday, May 24 
9-10:30 a.m., Room A 
• Measuring cable system leakage 

Moderator: Robert Dickinson (Dovetail 
Systems Corp.). Speakers: Ted Dudziak (Wave-
tek RF Products), "Antenna considerations for 
controlling cable system leakage"; Chris Duros 
(CableTrac), "Interpretation of airborne leakage 
data"; Steven Biro (Biro Engineering), "Ad-
vances in CLI flyover measurements—The heli-
copter approach"; and Bob Saunders (Sam-
mons Communications), "CLI measurements 
for large systems." 

Room B 
• Recent developments in AM fiber 

Moderator: Joseph Van Loan (Consultant). 
Speakers: Rezin Pidgeon (S-A), "Performance 
of AM multichannel fiber-optic links"; David 
Grubb Ill (Jerrold Applied Media Lab), "AM fiber-
optics trunks—A noise and distortion analysis"; 
Carl McGrath (AT&T Bell Laboratories), "Multi-
channel AM fiber-optic CAN trunks—From lab 
to reality"; Ernest Kim (TACAN Corp.), "Method 
for including CTBR, CSO and channel addition 

Cable '89 agenda 
Monday, May 22 
7:30 a.m.-530 p.m.—Registration open 
9-11 am.—Opening general session 
11 a.m.-5 p.m.—Exhibit hall open 
11 a.m.-2 p.m.—Exclusive exhibit hours 
2-3:30 p.m.—Technical sessions 
4-5:30 p.m.—Technical sessions 
5-630 p.m.—Welcome party 

Tuesday, May 23 
7:30 a.m.-6 p.m.—Registration open 
7:30-9 am.—Technical sessions 
9 a.m.-5 p.m.—Exhibit hall open 
9:30-11 am.—Technical sessions 
11 a.m.-2 p.m.—Exclusive exhibit hours 
2-3:30 p.m.—General session 
5:30-8 p.m.—System ACE celebration 

Wednesday, May 24 
7:30 a.m.-3 p.m.—Registration open 
9 a.m.-1 p.m.—Exhibit hall open 
9-10:30 am.—Technical sessions 
10:30 a.m.-1 p.m.—Exclusive exhibit 
hours 

1-3 p.m.—Closing general session and 
lunch 

6:30 p.m.—Gala dinner dance and 
awards 

coefficient in multichannel AM fiber-optic system 
models"; and David Pangrac (ATC), "Fiber 
backbone: Multichannel AM video trunking." 

Society membership 
elects new directors 
EXTON, Pa.—The Society of Cable Television 
Engineers recently filled seven open seats on 
the national board of directors as a result of 
ballots received from SCTE members. Re-
elected were At-Large Directors Richard Covell 
(General Instrument/Jerrold Division) and Bob 
Luff (Jones Intercable), Region 1 Director Pete 
Petrovich (Petrovich and Associates), Region 2 
Director Ron Hranac (Jones) and Region 6 
Director Bill Kohrt (Korn/ Communications). New-
ly elected to the board are Region 9 Director Jim 
Farmer (Scientific-Atlanta) and Region 11 Direc-
tor Pete Luscombe (TKR Cable). 
More than 1,500 returned their ballots, 30 per-

cent of total membership. For a comparison of 
this and previous Society elections, see "Presi-
dent's Message" on page 100. 

TCI proposes plan 
for new digital HDTV 
WASHINGTON, D.C.—At a recent hearing of the 
Committee on Science, Space and Technology 
of the U.S. House of Representatives, John Sie, 
senior vice president of Tele-Communications 
Inc., suggested that the country set a goal of 
achieving processed digital TV by the year 2000. 
This would include reliance on 6 MHz NTSC-
compatible analog-based high definition TV 
(HDTV) until then. 

(Continued on page 124) 
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THE WHEEL 2000 BC IBEFORE CBI F 

EVERY 
FEW THOUSAND YEARS 
ANOTHER UNEXPECTED 
IDEA COMES ALONG. 

The New Antronix®CAM-Port Is Now Being 
Incorporated Into the Antronix Series of Multi-taps. 

The -Connector Activated Mechanism- (CAM) 

The Patented Antronix 
CAM-Port; a revolutionary leap 
forward in port design, is now 
available in our series of multi-
taps. 

For years, we've been 
setting industry standards 
with our taps and here's why 
we're about to do it again with 
our new patented Antronix 
CAM-Port 

New CAM Action. 

The new CAM mecha-
nism will automatically grip any 
size center conductor with the 
exact contact pressure to 
insure a reliable, intermittent-
free connection. 

New Contact Design. 

The key to a proper 
mechanical and electrical con-

nection is the contact area. 
Present design, by its own 
nature has to have a marginal 
contact area. In the CAM-Port, 
the whole contact is the con-
tact area. 

Normally Open Contact. 

This normally open con-
tact design allows perfect plat-
ing over the entire contact 
area. 

The Incredible Result: 

Exact contact pressure. 
No insertion wear on the con-
tact. Perfect contact plating. 
No more loose connections. 
No more port failures. 

The new CAM-Port will 
soon be standard equipment 
on all Antronix cable products. 

Antronix is now connect-
ing the world of 
communications 
better than ever. 
And, suddenly, 
every other 
cable port is 
obsolete. 

Make your 
perfect connection today. Call 
Antronix at 201-446-2626. 

Annonix 
Connecting the World of Communications. 

Reader Service Number 12. 



By Isaac S. Blonder 
Chairman, Blonder-Tongue Laboratories Inc 

One of these days, newspapers from coast to 
coast could feature in big, black front-page head-
lines: "Head-on crash high in the skies— 
hundreds dead—spurious cable radiation, says 
FAA," or, "Plane overshoots runway-10 killed, 
30 survivors—pilot blames cable interference." 
What will be the reaction to these events by the 
public and the regulators? No doubt about the 
answer; the Federal Aviation Administration, who 
has absolute authority over the frequency bands 
between 108-136 MHz and 225-400 MHz, will 
order the immediate shutdown of every cable 
system in the country until it has proof positive 
that no excessive emissions in the aircraft bands 
emanate from the cable system. 

Impossible? Don't bet on it; would the regulator 
rather face the reaction of the cable industry or 
that of the general public screaming at its con-
gressional representatives? Will the FAA be satis-
fied with the present CLI (cumulative leakage 
index) rules about to be enforced on July 1, 1990? 
In my opinion it will declare Docket 21006 in-
capable of preventing further disasters and will 
demand absolute abdication of the aircraft fre-
quencies until an infallible monitoring program 
is proposed, tested and installed. Years could 
pass under this agenda. 

BLONDER'S VIEWIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

A critical look at CLI 'According to Docket 
21006, no leakage 
measurements or 
frequency shifts need 
to be made if signals are 
set below 38 dBmV." 

What's wrong with CLI as specified by the 
Federal Communications Commission? To a 
simple question, a simple answer—it is shot full 
of holes and permits excessive leakage. 

Hole #1: Only 75 percent of the cable plant has 
to be inspected. 

Hole #2: A flyover inspection of the entire plant 
need be commissioned only once a year, which 
allows leakage 364 days in the year a chance 
to interfere with the aircraft communications. 

Hole #3: If I had to visualize an imprecise, un-
reliable measurement technology, nothing beats 
the FCC cable van proceeding at an illegal speed 
of 20 mph on a heavily traveled road, unable to 
maintain the prescribed distance of three meters 
from the cable, certainly violating the require-
ments to rotate the antenna in order to maximize 
the signal level, plagued by other vehicles and 
variable ground reflections. (At this point, I will 
take a deep breath and confess that in my six 
years as president of a small MSO, I could never 
find electronic technicians who could be lured 
from their TV repair business to endure the 
drudgery of the cable world. We would have 
been unable to staff the survey vehicles with suf-
ficiently skilled operators to have any confidence 
in the readings. Since 17 years have passed, 
maybe you lucky chief engineers can rest easy 
in your office, knowing that your well-trained and 

SECURITY, DURABILITY 
AND USER FRIENDLINESS 

THERE IS MORE TO MOORE'S PRODUCT 
THAN ITS VERSATILITY 

When you select Moore Diversified 
Products as your supplier of security 

enclosures, you get much 
the product versatility to 
accomodate your special needs. You 
also get: 
• Security through minimal pry points 

and interlocking design 
• Tamper-proof arc welds 
• Designs which facililjte installer's 

job 
• Durable aluminized 

construction 
• Scratch resistant fi 

Moore gives you all of tfi7ii a price that is easy on your budget. Isn't it time 
you called Moore Diversified Products? 

MOORE DIVERSIFIED PRODUCTS INC. 
1441 Sunshine Lanej Lexington, Kentucky 40505j 606-299-6288j 800-521-6731 

dedicated scientists can convince the FCC and 
the FAA that your CLI is " bombproof "!) 

Hole #4: A system's CLI figure of merit could 
be 64 or more just from one large emission 
reported by one of the technicians, but left un-
corrected for days at a time. 

Overcoming the holes 
The bottom-line price to conduct a year-round 

FCC quality CLI and leakage monitoring pro-
gram for a 10,000 subscriber cable system 
seems to be around $200,000. This figure could 
be considered as the rough equivalent of a $2 
million capital expenditure. Thus, I would like to 
propose two alternative methods for overcom-
ing the holes in the FCC surveillance plan, utiliz-
ing the sum of $2 million, more or less. 

Plan I: Set up permanent monitoring antennas 
at the highest points in your system. Each posi-
tion consists of a high-gain, dual Yagi capable 
of an excellent front-to-back ratio in each of the 
two aeronautical bands. The antenna is mounted 
on a rotator that digitally transmits its polar posi-
tion. Low noise figure receivers also transmit digit-
ally coded signal levels into a modem that is con-
nected to the cable or telephone. A central com-
puter is programmed to instruct each antenna 
in turn to complete a 360° search pattern. Each 
antenna, depending on height, could monitor 
up to a radius of two miles. As many as 50 such 
sites may be advisable. Once it is programmed 
with the location and signal strengths of each 
antenna, the computer can then deliver a rela-
tively precise measurement of all leaks and their 
triangulated positions. It should take no more 
than one hour to deliver the map at a negligible 
cost compared to the flyover or the instrument-
equipped van. Good solution?! 

Plan II: According to Docket 21006, no leakage 
measurements or frequency shifts need to be 
made if signals are set below 38 d BmV. A typical 
CATV trunk level is usually safely below 38 dBmV, 
so there is no change here. The bridger ampli-
fiers and line extenders will need to be limited 
to 38 dBmV. Obviously, more stations will be 
needed, but I doubt that any of the vital signal-
to-noise figures and distortion levels will suffer. 
In fact, I vaguely remember the time when 9 dB 
gain amplifiers were promoted as the means to 
deliver the highest quality cable TV picture. If the 
rebuild doesn't cost more than $2 million, the 
chief engineer is a hero, the human resources 
manager can take a vacation and the FCC 
crosses you off their books. Happy days are here 
again! 
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The test pattern every cable TV 
engineer should be picking up. 

There's a certain pattern 
developing among the best CAW 
systems. To maintain and operate 
at peak performance, they're using 
Wavetek testing and measurement 
instrumentation. 

It's no coincidence. 
Wavetek has created the right 

instrument for every job in the 
cable industry. Sophisticated instru-
ments that are easy, accurate, reli-
able and rugged. 
We have system analyzers to 

perform FCC compliance tests and 
routine day-to-day system measure-
ments. Anywhere on the system. 
We have our SAM line of signal 

level meters which lets everyone 

from the installer to the chief 
engineer do his job easier and more 
accurately. 
Our bench sweep systems sub-

stantially cut your maintenance 
and repair costs by allowing you to 
perform routine testing and mainte-
nance of your system components. 
Our field sweep systems can 

check frequency response testing 
and alignment. You can tell if you 
have a kink in a cable, bad grounds, 
bad or loose fittings, low gain amps 
or suck outs. 

In response to recent FCC 
requirements, we now have leakage 
detection and leakage measure-
ment devices that locate, measure, 

and log leaks at any point in your 
cable system. 

So it's not difficult to figure out 
how the best maintained and oper-
ating cable TV systems got that way, 
and plan to stay that way. They've 
discovered the time and labor sav-
ings of Wavetek testing and meas-
urement instruments. 
And that's a pattern you might 

want to follow. 
For more information and the 

name of the nearest Wavetek sales 
rep, call us at 1-800-622-5515.1n 
Indiana, 317-788-5965. 

WAve-re 
See us at the NCTA Show. Booths 1153. 1154. 

Reader Service Number 14. 



REPORTER'S NOTEBOOKI1111111111111111111111111111111111111111 

Too much hype over optics? 
By Gary Kim 
Specal Correspondent 

As the CATV industry gathers for what is bound 
to bethe most technically exciting National Show 
in more than half a decade, top CATV technol-
ogists are urging that our excitement for truly 
promising new tools be tempered by a healthy 
dose of realism and continued respect for time-
tested RF techniques that are far from obsolete. 

Indeed, top engineering minds in CATV are 
a bit divided on the promise of fiber optics, 
although they are united on what makes it inter-
esting. While some are convinced that optical 
technology can revolutionize CATV's business 
prospects, others worry we may be rushing 
headlong into a trap. There's some apprehension 
about just how fast AM (amplitude modulation) 
technology can advance, how soon digital 
modulation techniques may begin to challenge 
FM (frequency modulation) on both the signal 
quality and cost parameters and whether we may 
be inadvertently falling into a public relations trap. 

To summarize the positions, optical technology 
proponents rightly target fiber's most interesting 
physical property: transmission line loss about 
90 percent less than coaxial cable. That makes 
possible achievement of certain other technical 
goals that almost certainly will be key business 
requirements in the days ahead: delivery of more 
reliable, higher quality signals and possibly (al-
though this isn't the current driving force) more 
Channels to customers. Optical technology also 

may facilitate newer system architectures that 
achieve these goals, while allowing for a flexible 
migration to switching topologies if and when 
these make business sense. 

But some experienced technical leaders are 
worried, not about CATV's ability to incorporate 
optics—because it's just a tool. Rather, they ques-
tion the political implications of a rapid and 
uncritical embrace of optical technology. They 
aren't sticking their heads in the sand, either. 
They were around when the industry jump-
started the TVRO business within a period of two 
to three years, becoming the nation's largest user 
of earth stations after the military. 
So it isn't the technology they object to; irsthe 

hype. Here's the basic line of argument: Tele-
phone industry lobbyists have done a rather 
good job of convincing governmental leaders 
and most of the popular press that optical tech-
nology is up-to-date, modern, the technical foun-
dation for economic progress in the 21st century, 
the key to unlock untold communications 
treasures for the average consumer and the only 
way to carry high definition television (HDTV). Part 
of this public relations campaign has involved 
the portrayal of RF technology delivered over 
coax as old-fashioned, technically obsolete and 
incapable of carrying either HDTV or the higher 
channel capacities that fiber optics allows. 

Rushing madly and uncritically into optical 
technology plays right into this "RF is obsolete" 
trap, some fear. With the possible exception of 

a cascade failure caused by the first amplifier, 
the best mainstations of today don't fail very often. 
The mean time between failure can be 12 years 
or better. So outage control may not be a terribly 
good reason to deploy fiber. 
And some contend that if the industry is better 

served by 600 to 700 MHz technology, we can 
expect to achieve this using RE It wouldn't take 
much to push the technology along. Annual 
sales of hybrids in CAN probably run in the $7 
million to $8 million range. How much investment 
would it take to get 1 GHz hybrids, based on ex-
isting microwave technology, into the field? Not 
nearly as much as the industry already is spend-
ing to push optical technology along, the reason-
ing is. Are we abandoning scientific rigor in a mad 
rush to beat off a "fiber is glamorous" challenge 
and keep investors happe Some think so. 

Bandwidth improvements 
But if you listen carefully, proponents of fiber 

also are tying its introduction to new bandwidth 
improvements in RF amplifiers, HDTV-compat-
ible passives (basically, devices that will pass 1 
GHz) and optical-to-RF conversion at various dis-
tances from the home. If, in fact, there's been too 
much hype, it's coming more from telephone in-
dustry PR types and honest but possibly mis-
guided journalists than from top industry 
technologists. 

But this month's NCTA convention may offer 
comfort for almost everybody. Mainstation ven-

OWSLEY DROP SADDLE 
Perfect for auditing 
accuracy and control. 
Keeps drops organized 
for fast, efficient 
troubleshooting. 

Provides versatility to 
simplify drop installations 
and removals. 

Reusable drop saddles accept 
RG-6, RG-6 quad, RG-59 and RG-59 quad. 

Allows for natural expansion/contraction of cable without 
pinching or binding cable. 

For information, prices and samples call 800-548-7243. ‘e, 
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dors will be announcing platforms for pushing 
RF technology from the current 550 MHz to 750 
MHz or 1 GHz, while taps are being retooled to 
handle 1 GHz. All coaxial cable manufactured 
over the past five years or so already is swept 
out to 1 GHz, although it may be certified only 
to 600 MHz. Systems may have to be redesigned 
to run with more headroom, at higher levels, with 
shorter cascades and befitted with components 
having better return loss, but there seems to be 
no particular reason why RF technology cannot 
and will not be upgraded to meet higher chan-
nel loading and better signal requirements. 

You'll see more RF equipment designed to 
interface with optical gear and continued 
advances in AM optical and codec technology, 
which over time will pressure our traditional FM 
optical technology from both ends. Digital will 
challenge FM on quaky while AM pressures FM 
on cost. Designers will continue to experiment 
with evolutionary architectures for tree-and-
branch while further thinking on how to secure 
and control services at the subscriber level 
continues. 
So make no mistake; RF technology isn't dead 

yet. It isn't as limited as some of its detractors 
make it out to be or the tidal wave we journalists 
sometimes make it out to be. But CAN operators 
would be silly to rip out vast investments in plant 
because of a drumbeat of publicity. And they 
won't. Fiber is a great tool for maximizing the 
value of investments we've already put into the 
field. Especially as RF technology is pushed to 
match it. And fiber optics that work with RF will 
increasingly make its way into actual products. 

Write 
on 

target! 
Be sure to attend 
CT Publications' 

technical writing seminar 
Saturday, June 17 

at Cable-Tec Expo '89. 

For more details, 
call Rikki Lee, Editor 

(303) 792-0023. 

"There seems to be no 
particular reason why RF 
technology cannot and 
will not be upgraded." 

some of which will be on the floor at the National 
Show. 

But the industry also has demonstrated its 
commitment to pushing technology and opera-
tions forward on a number of fronts, not limited 
to fiber. We should be more aggressive about 
telling that story while we experiment with fiber 
technology on a quicker pace. 
There still may be lots of people who believe 

the industry should roll over and play dead since 
it can't compete technically in the 21st century. 
Not that we'll escape unscathed. There are 
bound to be some disappointments along the 
way. Things won't work as well as we want or cost 
what we want, at least at first. There are bound 
to be twists and turns and we're going to stumble 
now and then. That may be part of the price we 
pay now to build 21st century networksthat serve 
21st century customers. 
I believe we'll get there in good shape, having 

already survived a few scrapes and bruises. But 
we all should understand that the game we're 

Courtesy Times Fiber 

playing is for the long term. The so-called "telco 
threat" is nothing m ore than life in t his com petitive 
world we all live in. It is not nearly as dangerous 
tactically, in the short term, as some have painted 
it. But it is important strategically because no 
business is immune from competition anymore. 
That doesn't require rolling over and playing 

dead or running hysterically to and fro, scream-
ing and shouting. Competition doesn't require 
that the industry react to everything a potential 
competitor or ally does. It does require that you 
know where you want to go and have a plan for 
getting there—then do it. 

MORE THAN GOOD LOOKING 

• Versatile: 
for every mounting situation. 

• Secure: 
the most tamper-evident. 

• Cost Effective: 
quality costs no more. 

• Durability Guaranteed: 
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For information on sizes, colors 
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In the good ou' summertime 
This is the first of a two-part series on preventing 
lightning-related outages in CATV plant. Part Il 
will discuss tower protection. 

By Roy Ehman 
of ! Jones Intercable Inc 

For many people, the "good ol' summertime" 
conjures up visions of lazy, carefree sunny days 
in pleasant surroundings like the countryside, a 
river or a beach by the sea. For a dedicated CAN 
engineer or technician, it's a very different pic-
ture. By the time May has run its course, Mother 
Nature will start to throw some "tantrums." These 
will be in the form of lightning of increasing 
violence and frequency, peaking in most parts 
of the United States in July and August. How-
ever, according to a spokesperson for the Na-
tional Center for Atmospheric Research in 
Boulder, Colo., "lightning can occur at anytime." 

In many cases lightning will cause outagesdue 
to burnt amplifiers and fuses. Since outages are 
(by most surveys)the first or second cause of sub-
scriber dissatisfaction, they have to be repaired 
as rapidly as possible under the worst conditions 
by regular or standby personnel. This becomes 
a real nightmare when the outages occur in 
several different places at once and the storm 
is of long duration. 

So what is lightning? 
Lightning is a physical phenomenon that exists 

because of the parameters inherent in the crea-
tion of the atmospheric system. In order to deal 
with those parameters we must understand 
them, then design a system that will either 
eliminate them altogether or prevent the damage 
from them. The lightning stroke characteristic is 
a statistical function that varies over a wide range 

Lightning strike statistics 
Total charge transferred 
Peak currents 
Half value time duration 
Current rise time to 90 percent 
Time between strokes in one flash 
Number of strokes per flash/strike 

2 to 200 coulombs 
200 to 400,000 amperes 
10 to 250 ps/stroke 
4 or 5 ns to 30 ps 
3 to 100 ms 
1 to 26 (average < 4) 

Note: A flash/strike is defined as the ionized channel resulting from the lightning discharge. 
It may conduct from one to 26 or more strokes before it clears. 

Figure 1: U.S. isokeraunic map 

Lightning days/year 

Designed by Chris O'Neil, Jones Intercable 

"When VOL' are talking 
thousands of amperes 
or volts, there is really no 
such thing asa ground." 

of values as typified in the accompanying table. 
The exposure to lightning hazards is given by 

a parameter called the "keraunic number." The 
higher the number, the greater the exposure for 
the area under consideration. For instance, the 
keraunic number in the United States varies from 
a low of 1 around Alaska to a high of 100 in cen-
tral Florida (the lightning capital of the country). 
In the tropical parts of Africa and Central America 
it gets as high as 260! The isokeraunic map 
(Figure 1) is like the topographical maps with 
which we are all familiar except that the equal 
magnitude contours indicate the statistical num-
ber of lightning days per year. Typical values for 
the bulk of central United States are from 40 to 
60 (which means 40 to 60 lightning days per 
year). 

There are an average of 30 storm days per year 
for the United States and, of course, many strokes 
can occur during a single storm. Studies have 
shown that there can be between eight and 11 
strokes per square mile, increasing to between 
28 and 37 strikes per square mile in central 
Florida. Using this type of information the IEEE 
Subcommittee on Lightningl calculated that a 
50-mile stretch of high voltage transmission line 
in central Florida should receive 1,500 strokes 
to the line phase conductors and/or static wire, 
of which 225 will exceed 80,000 amperes—all 
in one year. 
There are two ways to protect your systems. 

1) Remedial: Protect the plant from the effects 
of strikes or the pulses induced into the plant from 
nearby strikes. 2) Prevention: Design to prevent 
the charge building up and therefore prevent the 
possibility of a stroke. In the case of outside trunk 
and distribution plant, this is not only impractical 
because of the huge distributed area but it is also 
unnecessary since the power lines are above us. 
Under the remedial approach we need to con-

sider the mechanism of how the plant gets 
burned up, then find a way to eliminate or 
neutralize it. This has been previously studied2 
so let us review it very briefly. 

First, it must be made clear that we are not talk-
ing about direct strikesto the plant. Thank good-
ness, as long as we are below the power and tele-
phone wires it very seldom happens. When it 
does it is catastrophic and the game is over. (I 
have seen a 1-foot section of 3/8-inch stranded 
copper ground wire completely vaporized.) 

In Part II, you'll see a dramatic shot of light-
ning striking a tree. Tree sap is a good conduc-
tor and is instantly vaporized to a large volume 
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DX 
does it again! 
Introducing the new DIR-647 
Integrated Receiver/Descrambler 

For over 30 years, DX has been at the 
forefront of technological advances in 
the satellite communications industry. 

The DIR-647 represents our latest 
innovation and reflects our unwaver-
ing commitment to excellence. It's the 
newest, most advanced commercial 
IRD available, measuring a space-
saving 31/2' with a host of features, 
including C/Ku-band compatibility, 
that ensure maximum flexibility and 
efficient operation. 

Over the years, DX research and 
manufacturing has continued to meet 
the critical demands of large CATV 
operators by introducing high-
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VudeoCipher II is a registered trademark ot General Instrument Corporation 

performance products unsurpassed 
for reliability, quality, and value. The 
DIR-647 is the latest in a long list of 
breakthrough solutions in satellite 
communications, and has been en-
gineered with one goal: to help you 
deliver the clearest, sharpest pictures 
possible. 

The DX challenge 
Call us. We'll prove to you how supe-
rior the DIR-647 really is, and what it 
can do for your cable system. Write or 
call DX Communications, Inc. 
today. 
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DX 
ANTENNA 

Ahead in 
Satellite Communications 
Technology 
DX COMMUNICATIONS, INC. 
A Subsidiary of C. Itch & Co (America) Inc. 
10 Skyline Drive, Hawthorne, NY 10532 • (914) 347-4040 
Manufactured by DX Antenna Co.. Ltd , Japan 
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You did, and we delivered. . . 
Free Modulators. 

When you buy a 550 MHz output converter from 
¡SS Engineering, you receive our modulator free. For 
about the price you'd pay other manufacturers for an 
output converter alone, you receive our output 
converter plus our Series II modulator, all in one space-
saving unit— a savings of over $700.00. We also give 
you HRC, IRC and T subchannel at no extra cost,* all 
user-selectable via convenient, front-panel adjustments. 
More importantly, our modulator offers you expanded 
output capabilities from 54 to 550 MHz without the 
need for comb generators or special output modifica-
tions to comply with FCC stability requirements. 

Equipment That Stays "Legal" Over Time.  
Others may claim to conform to current FCC 

regulations, but over time, dependent on ambient 
temperature, their components age and drift. Our 
components stay legal because we use temperature-
controlled oscillators, each with its own oven and FCC-
required offsets in both positive and negative 
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11111111160 
directions. So, frequent adjustments and maintenance 
are unnecessary and you can feel confident that your 
1SS equipment will stay stable over the long term. 

Practical, Reliable Agility, Because You Really Do 
Need It. 

We at ¡SS were the first to make agility practical, 
reliable and compact. Before we introduced our line of 
agile modulators and demodulators, agility was 
expensive, cumbersome and often inaccurate. Our 
decision to specialize in agility, coupled with the 
manufacturing experience we've developed over the 
years, has now made us the market leader. 

Other companies have fought to catch up with ¡SS 
by saying they now offer agile components, but their 
components are in reality quick, knock-off products, 
manufactured by an outside source, to which they have 
attached their labels. One claims that agility is not 
necessary all the time so it is provided for you only 
when you need it. If this is true, why has a whole 
market sprung up devoted to selling "used" modulators? 



When you ask for the moon, don't be surprised when 
¡SS delivers. 

So when you're looking for agility, look to the leader 
the other leaders have been following- ¡SS Engineering. 
¡SS' agile components were chosen by: 

3 Major cable television and broadcast operations. 

1 Two of the nation's largest, billion-dollar linear 
accelerators. 

3 Numerous federal agencies. 
[3 Networks covering the papal visit and the Reagan/ 

Gorbachev summit. 
co The Seoul Olympics. 
1 U.S. armed forces' shipboard operational and video 

services. 

And we "added life" to one of the largest soft drink 
manufacturers in the world. 

For more information, please call or write: 
¡SS Engineering, Inc. 
1047 Elwell Court, Palo Alto, CA 94303 
West: Toll-free (800) 227-6288 or (415) 967-0833 
East: Toll-free (800) 351-4477 or (205) 853-6919 
FAX (415) 967-0772 

'SS 
Engineering, Inc. 
We Simply Bring Communications Down to Earth. 

*Series II Plus 
See us at the NCTA Show, Booth 2627. Reader Service Number 18. 



Figure 2: Lightning strike 
directly to the plant 
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of steam, frequently causing the tree to explode. 
If you were standing too near you would be filled 
with "bark shot." In this picture appears a 
"streamer" (or "leader," as it is more properly 
called) going upward from the power line. This 
leader is the precursor of the actual strike; it is 
busy forming an ionized path for the lightning 
to come down. 

This leads us to one mechanism for plant 
damage that is easy to follow. The lightning strikes 
the power line (Figure 2) and jumps the horn-gap 
protectors, forming an ionized conducting arc 
that the power immediately follows. The lightning 
stroke itself tries to find ground by whatever path 
it can and the power tries to find a way back to 
the power substation or power plant. The fact that 
the system and/or power company has an 8-foot 

ground at the pole makes little difference. When 
you are talking thousands of amperes or volts 
there is really no such thing as a ground. 
Suppose you had an absolutely marvelous 

ground of 1 ohm (which you probably don't); try 
thinking about 10,000 amperes going to 
"ground" through that 1 ohm and you will start 
to get a feeling for what is happening out there. 
Typical 8-foot grounds, unless very special 
types3, run anywhere from 10 to 100 ohms or 
more. To this must be added the substantial im-
pedance of the ground wire itself due to the rapid 
rise time of the lightning stroke. We will be fur-
ther ahead by thinking of plant grounds as tap-
ping points on a low value resistor. The special 
grounds referred to are capable of achieving low 
resistances over long periods of time in difficult 
soils. (This will be discussed in Part II.) 

Where does the current go? 
So where does all this high current driven by 

high voltage go? It splits between all the available 
conductors, including our strand and cable, 
which are about equally conductive. The coax 
ends up conducting anything up to 2,000 
amperes for as much as 16 to 160 ms until the 
power company circuit breakers can break the 
power arc. Small wonder that fuses and ampli-
fiers burn up. This way of getting into the coax 
has nothing to do with the 60 volt power supply, 
standby or otherwise; it is completely bypassed. 
Regardless of the way dirty power, spikes, trans-
ients or just plain gross overvoltage enters the 
plant we end up with one very clear fact: Our 
center conductor carrying our power now has 
continuous or instantaneous overvoltage, which 
can and does blow fuses and amplifiers. What 
to do? 

Well, since that overvoltage has to exist be-
tween the center conductor and the sheath in 
order to damage plant components, we could 
insert a device symbolized by a switch as in 
Figure 3. This device would monitor the instan-
taneous voltage on the center conductor and 
within nanoseconds of an overvoltage of, say, 90 
to 100 volts occurring it would switch the center 

The AmpClamp shunts coax to sheath 
within a few nanoseconds. 

conductor to ground for the rest of the 60 Hz half-
cycle. Under these conditions no harmful volt-
ages can exist. But doesn't that short the power 
supply out? Doesn't that eliminate the power go-
ing to the amplifiers? The answer to both ques-
tions is yes. Let's talk about each question 
separately. 

First, the power supply doesn't care. All 
presently available 60 volt power supplies can 
operate indefinitely into a short circuit whether 
on standby or not. (If your supplies won't do that, 
you have the wrong kind.) Since the power sup-
ply is a ferroresonant unit with a saturated core, 
a 15 ampere supply limits at about 22 amperes 
and operates that way into a short forever. Full 
service comes back the instant the short is 
removed. 
Second, one of two things will happen: 

a) The transient overvoltage will go away within 
two or three cycles. Since amplifiers will oper-
ate for about 100 ms on their stored energy, 
the dip in power will probably not be 
noticeable. 

b) If the flashover persists beyond, say, 100 ms, 
the power company breaker will interrupt the 
power. Then the 60 volt power supply will flip 
to standby in about 4 ms or, if it is not a standby 
type, the plant will die anyway. In either event 
the question becomes academic. Even if 
there were a bump in the pictures, wouldn't 
this be far better than a one-hour outage to 
be fixed in foul weather, not to mention the 
repair bills? 

In our example we talked about a direct strike 
to the power line. In actual fact there need not 
be a direct strike. If lightning strikes within one-
fourth to one-half mile there will be anything from 
four to 26 pulses of current of from 10,000 to 
400,000 amperes (from accompanying table). 
This situation can properly be considered a 
gigantic one-turn air core transformer. Large 
potentials and currents are actually induced in-
to every single conductor in the vicinity, including 
our cable plant. These minor pulses may not 
always knock out the plant but semiconductor 
junctions may be partially perforated. After this 
occurs, the junctions continually erode—causing 
Increasing impairments—and finally fail some hot 
summer day for what appears to be no apparent 
reason. 

Enter the AmpClamp 
The AmpClamp was built for my company by 
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BY THE YEAR 2000, 
ALL AMPLIFIERS 

MAY E S GOOD. 

With the 
Magnavox 
Spectrum 
2000 Series 
you don't have 
to wait that long. 
Introducing the shape of the future 
in amplifiers. Developed through ex-
tensive research, the new Spectrum 2000 
is the most technologically advanced amplifier 
series available. Inside and out. 
Designed to shield your broadband electronics from 

the merciless elements. the Spectrum 2000 housing* is 
unlike any other. Computer designed convection fins pro-
vide superior heat dissipation in either vertical or horizon-
tal installations—keeping internal modules cool. Plus, our 
improved weather and RF seals lock out external elements. 
Our extended 5/8 inch ports are standard and are de-

signed to accept a heat-shrink seal where the cable enters 
the housing. And our optional right angle ports even elim-
inate the need for 90 and 180 connectors making it a snap 
to mount in aerial, vault and pedestal installations. For ease 
of maintenance, the cover is reversible and always opens 
*Patent Pending 

in the 
most con-

venient way. 
And it closes 
tight so no 

special tools 
are needed. 
The Spectrum 

2000's 600 MHz 2-
way chassis features 
improved surge char-

acteristics for protection 
against transient power surges 

and color coded fuses for quick iden-
tification and easy replacement. 

Available in a variety of bandwidths and bandsplits for 
worldwide usage, the Spectrum 2000 amplifier is compat-

ible with all Magnavox modules manufactured since 1972. 
Bring your broadband system into the next century with 

the Spectrum 2000 amplifier series. Call your Magnavox 
representative for more information. 

MAGNAVOX 
rimairmagwv  
CATV SYSTEMS, INC. 
100 Fairgrounds Drive Manlius NY 13104 
(315) 682-9105 Fax (315) 682-9006 
1-800-448-5171 (In New York 1-800-522-7464) 

See us at the NCTA Show. Booth 2030. Reader Service Number 19. 



Figure 4: Fault current sensed and taken to ground 
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L, R and C illustrate the resistive and reactive properties of the cable; 
points A and B go to the voltage-sensitive trigger circuit. 
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Alpha Technologies in 1986 when we were 
having lightning and other power-related prob-
lems with a 2,500-mile system in Chesterfield 
County, Va. The storms were so bad that you 
could actually plot their path by the trail of burned 

amplifiers and fuses left behind. This was a first 
test with two handmade units. It was an outstand-
ing success since the plant protected by those 
two units was not harmed, although equipment 
on either side continued to be wiped out. Twelve 

more units were subsequently installed in known 
lightning-prone areas; the plant is now almost 
"bulletproof." 
This first success and our reorders led to the 

AmpClamps being made in quantity-already 

Figure 5: AmpClamp with power inserter 
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Specifications: 
104 to 110 VAC trigger voltage/10 ns response 
35 ampere steady state clamp current 
500 ampere one-cycle (60 Hz) clamp circuit 

CR2 
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The problem with separate 
receivers and descramblers is 
that by the time you have 
one of each, you don't have 
enough rack space left to 
mount a sheet of paper. 

Enter the Agile 40C/K-
IRD Integrated Receiver/ 
Descrambler. 

A single unit contains both 
the Standard Agile 40C/K 
and a VideoCipher" com-
mercial descrambler. So you 
save about eight inches of 
rack space for every one you 
buy. 

But don't let the small size 
fool you. The 40C/K-IRD is 
built to give you top perfor-

mance 24 hours a day. The 

unmodified receiver and a 
more efficient descrambler 
are completely RF isolated 
and have separate power 
supplies and heat sinks to 

decrease internal heat and 
greatly increase reliability. 

It's also easy to set up and 
maintain. The proven Agile 
40 C/K receiver has all the 
features cable operators 
need most: rock solid 100 
KHz PLL tuning, 70 MHz IF 

with a front-panel test point 
to help minimize terrestrial 
interference, and Standard's 
internal 950-1450 MHz active 
loop-thru design to eliminate 
signal splitters. In addition, 

SUPERIOR 
BILLBOARD Co 

the IRD front panel keeps 
the familiar commercial 
VideoCipher Power, Sync, 
Authorize and Bypass status 
lights. 

Your local Standard repre-
sentative has the full story. 

But you might start think-
ing now about what you'll do 
with all that available space. 
Specifications subject to change without notice 

Standard 
Communications 
SATCOM Division 

P.O. Box 92151 

Los Angeles, CA 90009-2151 
Telephone: (800) 243-1357 
In California: (800) 824-7766 
(213) 532-5300 Telex: 67-7173 

Represented in Canada by: 

DGH Communication Systems Ltd. 
Scarborough. Ontario • 416/499-4746 

See us at the NCTA Show, Booths 2427, 2428. 
Reader Service Number 20. 
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Figure 6: I2R losses in 
zener-type clamping circuit 
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built into complete C-COR. Jerrold, RMS and 
Scientific-Atlanta power inserters or as a small 
module (sometimes referred to as the "Amp-
Eater;" which can be retrofitted to existing power 
inserters of these manufacturers). The Amp-
Clamps shunt coax to sheath within a few nano-
seconds, which is fast enough for even the 
steepest lightning pulse travelling in the coax. 
They are robust enough to sink 35 amperes to 
ground continuously or 500 amperes over one 

full AC cycle. 
We tried in a primitive way to test them—first 

with a Variac, then with 110 volts AC straight from 
a power plug and finally with 240 volts AC. All 
this did was pull the breaker. So Alpha took them 
to a lab equipped to run the ANSI/IEEE C62-
41-1980 (formerly referred to as the IEEE 587 test). 
This lab setup was used to repeatedly "zap" 

some production samples with up to 6,000 volts 

at up to 200 amperes. They seemed to be in-
destructible. (If anyone has a failu re I would very 
much like to have an opportunity to examine it 
to try and determine the failure mechanism.) As 
well, a power inserter with an Am pClamp fitted 
shows no change in insertion loss or return loss. 

Figure 4 shows in a little more detail how the 
fault current is sensed and taken to ground. 
Figure 5 shows how the unit integrates with a 

power inserter. 
Since July 1988 we have retrofitted a few hun-

dred in our systems and are looking forward to 
vastly improved outage performance during the 
coming summer storms. New and rebuilt sys-
tems are installing the power inserters with the 
protection already built in. We would be foolish 
not to have this protection at the negligible incre-

mental cost of about $20 per strand mile. 
Nick Worth, vice president of engineering at 

TeleCable Corp., heard about the AmpClamps 
and had trial quantities installed in several 
systems. Not all of them were in time for a full sum-
mer. But Larry Schutz, TeleCable's engineering 
manager, working with Worth on this project said 
that the AmpClamps were installed in the 
Broward, Fla., system. While it is difficult to get 
hard data on a subject like this there is no doubt 
that the outages and related repairs in the areas 
where they were installed were substantially 

reduced. 
This story just in from Mike Scott, chief engi-

neer at the Jones 1,200-mile Augusta, Ga., 
system: He had a section of trunk with splits in 
the vicinity of some power company substations. 
The system nearly always got knocked out during 
storms. He managed to get 12 AmpClamps in-
stalled just in time for the last major storm of the 
year and the system wasn't affected by lightning. 
Scott has already tried enhancing his grounds 
and installing "Florida jumpers," with very little 

effect. 
Fuses are meant to be the weakest link in the 

chain and so it is very effective to change to "slow 
blow," then incrementally increase the ratings 
one step at a time when replacing them. Manu-
facturers tend to underfuse, presumably to pro-
tect the reputation of their products. If you get 
to a stage where you blow a few modules, then 
back off one fuse value. This will then be the opti-
mum between excessive burnups and nuisance 
outages. This has been tried with rewarding 
results by several systems. One engineer from 
Florida told me this one simple technique, costing 
nothing, cut down his nuisance outages by one-

third. 

.1•••• 
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•• The Cable Equipment 
Repair People 

• Line Amplifiers Repaired 
All Makes And Models 

• Signal Level Meters Repaired 

and Calibrated 

• Flat Rate Labor Plus Parts 

For reliable, guaranteed repairs, please 
send your cable equipment to ACS. 

ADVANCED CABLE SERVICES 

2045 S. Valentia St., Suite 4 
Denver, CO 80231 

FAX: (303) 337-3084 

Call (303) 337-4811 

We Market Used Equipment 
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What's the secret? 
What is it that makes the AmpClamp tech-

nology so effective as compared to MOVs (metal 
oxide varistors), zeners and the little gas dis-
charge pellets? The SCR-type switches used can 
sink much more current much faster than MOVs, 

including the new MOV-2s. Also, MOVs exhibit 
a tunnelling effect ultimately leading to their own 

self-destruction. 
Regarding zeners, these have to clip and main-

tain a large voltage across their terminals at high 
currents (Figure 6). The I2R losses are therefore 
many times greater, which severely limits the 
amount of power that a zener of the same bulk 

could get rid of. The voltage across the SCRs 
when conducting is only 03 volts. It does not even 
show as such in Figure 7 where you can see an 
overvoltage of about 220 V instantaneous taken 
to within 0.35 volts of sheath ground in a matter 

of nanoseconds. 
As for the radioactive gas discharge pellets, 

these can shunt high amperages to ground but 
only for microseconds. They have no bulk. Under 
sustained or continuously recurring hits they 
either burn to a short (making an outage difficult 
to find and fix) or burn open, leaving the operator 
with a false sense of security thinking the system 
is protected when it is not. 

Probably one of the most dramatic stories that 
merits repetition comes from the Jones Spacelink 
system in Panama City Beach, Fla. This is a 
123-mile system with a high keraunic number of 
about 85 (Figure 1). Chief Tech Bill Dorsey said 
that he was going nuts with outages; it seemed 
to him that he had outages even if the weather 
only got cloudy. He tried everything he knew, in-
cluding beefing up grounds in the very poor 
Florida dirt and strapping heavy gauge copper 
wire from strand to strand around the amplifiers. 
It helped a little but did not cure the problems. 
In desperation he ordered seven AmpClamp-
protected power inserters and had them installed 
in the worst areas in between the summer light-
ning storms of last year. 
The results were nothing short of phenomenal. 

There were no further outages in that area 
through three major storms. Dorsey called me 
about it in June. Then a day later he called again 
to say that he had just had a fourth—and by far 
the worst storm ever—and still no outages, al-
though another cable system adjacent to his was 
so extensively burned up, it was still out the follow-

ing morning. 
No doubt there will be many more varied 

stories before "the good ol' summertime" is 
done. Next time we will discuss how to com-
pletely eliminate lightning strikes to your tower 

or other facilities. 

References 
l"A Method of Estimating Lightning Performance 
of Transmission Lines," Rep. Transmission & 
Distribution CTE, Volume 69, 1950, AIEE. 
2Roy Ehman, "Outage management," Commu-
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Reducing outages in the plant 
By Austin S. Coryell 
Vice President ol Engineering. Mile Hi Cablevision 

CATV plant requires continuous good, clean and tight electrical junctions 
at all grounding and bonding points to avoid poor performance over time. 
Failures at the electrical connections generate all kinds of system-related 
problems. All of these junctions must be made correctly and protected 
from the environment throughout the life of the plant. 

Environmental corrosion of unprotected grounding and bonding junc-
tions will develop high impedances across these junctions over time, 

creating the following conditions: 
1) Each time there is a high potential developed across these high im-

pedance junctions caused by induction and/or switching transients, flash-
over will occur. This causes the metallic evaporation of the metals and even-

tually loses electrical connections altogether. 
2) With high impedance junctions, flashover also can occur in electronic 

equipment, causing failure of components and blown fuses, which pro-
duce outages and aggravations to subscribers. 

3) Electrolysis at exposed junctions of dissimilar metals is inevitable. 
How well a system protects these junctions through good construction 
and operational practices will determine the severity of this catalytic reac-
tion. Sheath currents are the greatest contributor to severe electrolytic action 
in a highly corrosive environment. Rectifications of these sheath currents 
take place at the junctions of dissimilar metals. The greater the amplitude 
of sheath currents in a plant, the faster the electrolysis process. The most 
severe problems with electrolysis are in the house drop connections at 
the directional taps, grounding blocks and outdoor splitters. All house drops 
have some amount of sheath currents; the greatest amounts are where 
house drops are bonded to the power company grounds. 

To reduce the corrosion of metal parts in a system, protective practices 

LOOKING? 
Look no more! We at Washington Cable Supply, 
Inc. have everything you need. Our people are 
committed to excellence and ready to serve you 
providing fast and efficient delivery. 
• Are you looking for a company that has 

supplies on-site in its warehouse? That's us! 

• If you need a company that can ensure 
delivery on most products immediately! 

That's us! 
• How about a company that will ship your 

supplies anywhere in the nation? That's us! 

• Are you looking for a company that has 
available these types of products (cable t.v. 
equipment 80. accessories, telecommunication 
products, LAN equipment, and much more)? 
That's us! 

• Are you looking for a company that has 
competitive prices? That's us!  

WASHINGTON CABLE SUPPLY, INC. 
Extending beyond the nation's Capitol - 

Serving you from coast-to-coast 

3182 Bladensburg Rd., NE 
Washington, DC 20018 

FAX -: (202) 832-2449 

(202) 832-7422 

Call for Competitive Prices 
or More Information 

1-800-888-0738 

(such as using a rust inhibitor) and procedures should be established. 
In addition, an ongoing inspection is necessary to ensure employees are 
complying and that your practices and procedures are adequate for the 
environment you are working in. Different types of environmental contam-
inants will require different corrective measures. It is important you know 
what kinds of chemicals you are dealing with and what their reactions are 
to the metals you use in hardware and coaxial cable junctions. 
The problem with many rust inhibitors is that personnel must revisit all 

connections periodically and reapply the compound. This can be han-
dled by procedures whereby everyone, when working on a pole, applies 
rust inhibitor to all metal-to-metal contact hardware. This should include 
hinges to amplifiers and also to power supply and MDU (multiple dwelling 

unit) cabinet hinges and security locks. 

Bonding to parallel plant 
Common bonding to utility companies should comply with their local 

and state and/or National Electrical Safety Code (NESC) requirements. 
It is best to study your pole line agreements and discuss bonding issues 
with your local utilities. At the same time, you should keep in mind your 
system architectural bonding plan, which should be directed to a) main-
taining common bonding where possible, to ensure safety of your people 
working on plant; b) minimizing longitudinal sheath currents; c) avoiding 
the transfer of high current surges from the power company primaries to 
the cable plant caused by induced currents from lightning strikes; and 
d) reducing the transfer of high potential transients from the power com-
pany primaries and secondaries to the plant caused by rerouting of power, 
switching in and out capacitor banksto maintain in-phase power currents 
and voltages and switching on and off large motors such as in factories 

and large air conditioners. 
In Section 9 of the NESC covering protective grounding, there are three 

paragraphs that are important: 
"The point of grounding connection on a wye-connected three-phase 

four-wire system or on a single-phase three-wire system shall be the neutral 
conductor" This is where the power companies attach their vertical grounds 

that we commonly bond to. 
"Ground connection points shall be so arranged that under normal cir-

cumstances there will be no objectionable flow of current over the ground-
ing conductor. If an objectionable flow of current occurs [which we refer 
to as longitudinal sheath currents] over a grounding conductor due to the 
use of multiple grounds, one or more of the following should be used: 

1) Abandon one or more grounds. 
2) Change location of grounds. 
3) Interrupt the continuity of the conductor between ground connections. 
4) Subject to the approval of the administrative authority, take other effec-

tive means to limit the current." (This would in most cases be your local 

power company and/or city regulatory body.) 
On multiple-grounded systems, the primary and secondary neutrals 

should be interconnected according to Rule 97B. However, where it is 
necessary to separate the neutrals, interconnection of the neutrals shall 
be made through a spark gap or a device which performs an equivalent 
function. The gap or device shall have a 60 Hz breakdown voltage not 
to exceed 3 kV. At least one other grounding connection on the secon-
dary neutral shall be provided with its grounding electrode located at a 
distance not less than six feet from the primary neutral and surge arrestor 
grounding electrode in addition to the customers' grounds at each ser-

vice entrance." 
As can be seen from the intent of these paragraphs, it is possible for 

a system to strategically place bonds at points that meet its architectural 
design plan and still maintain compliance with local, state and NESC re-
quirements. What is meant by "strategically placing bonds" is the con-
cept of determining the placement of bonding points in a system that will 
minimize possible operational problems and at the same time, complying 

with the local state and NESC requirements. Some situations you may 

encounter while bonding plant are: 
1) Power poles with a spark gap or lightning arrestor shunted between 

each primary power phase and the vertical ground: These spark gaps 
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BUILT 
FOR 

PERFORMANCE 

VM2410A VIDEO MODULATOR 
The R.L. Drake Company is proud to present 
the VM2410A agile modulator with features 
to satisfy the most demanding engineering 
requirements: 
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and arrestors discharge at 12,000 volts and are primarily used to dissipate the #6 ground wire after a bonding connection is made between the two 

induced surges on these primaries, caused by thunderstorm activity and systems. 
static discharge between the earth and clouds, to earth via the vertical If it is necessary to provide an earth ground at this pole, a separate ver-

ground system. Any CATV plant bonded to these particular vertical grounds tical wire and ground rod can be installed or an isolator can be shunted 
can expect to experience 3 to 6 kV at the junction point each time there between the cable plant and the power company neutral. By installing 
is a discharge. The surges caused by these discharges can damage the separate vertical wires and ground rods, imbalance currents are limited 
system's electronic and electrical components and blow fuses, causing due to the earth resistance between the two ground rods and the low voltage 
outages. differential of less than 1 volt. By installing an isolator between the power 

These vertical grounds should be avoided at all times. Should it be company vertical and the cable plant, the imbalance currents are limited 
necessary to install a ground at this pole, it is suggested you install your through the isolator. This isolator will still provide safety for persons working 
own vertical ground wire and attach to the power ground rod at earth. on the plant in situations where surges and transients occur. This isolator 
If you also have longitudinal sheath current develop due to direct con- is a 1 ohm 50- to 100-watt resistor with a high power MOV (metal oxide 
nection at the power ground rod, then install your own ground rod. This varistor) shunted across it that discharges at 10 volts. During transient and 
will alleviate the sheath currents due to the soil resistance at low potential surge discharges, the greatest potential between the power company's 

differences but will provide a near short between the two ground rods vertical and the cable plant will be less than 30 volts. 
during a high current surge putting both plants at the same potential at In many cases, where the cable systems use .750, .875, and 1.000 trunk 
earth. cables or dual-cable plant, the resistance of these parallel paths are con-

2) Power poles where the utility company has a high current imbalance siderably less than the power company's neutrals; consequently, the 
between the phases of the primary and/or secondary circuits: These cur- majority of these imbalance currents are conducted onto the cable plant. 

nt imbalances show up on their neutral conductors and vertical grounds A fully jacketed coax plant can and will complicate the grounding pro-
cess The coaxial cables are the predominant carriers of surge and sheath 
currents because their resistances are considerably lower than the strand 
resistance. Since these jacketed cables (especially the trunk cables) are 
insulated from the strand, the only locations that sheath currents and surges 
can be bled off to ground are at amplifier and passive housings. 

With the strand resistance considerably higher than the trunk cable's 
sheath, it is important to bond at amplifiers and passives for maximum 

dissipation of sheath and surge currents. There are alternative options 
to solve the problem: a) Remove the jacket from the trunk cables and do 
a bond directly to the aluminum sheath. This could be done through a 
special splice with a ground lug or an aluminum alloy strap clamped to 
the aluminum sheath. In both cases, emphasis needs to be put on water-
proofing and moisture inhibitors to prevent oxidation and electrolysis. b) 
When designing and building cable plant, put passives at points where 
bonding will take place. This will require, in many cases, running parallel 
trunk and feeder cables back to the passives' outputs because they do 
not fall at optimum power split points such as intersections. 

Extensive power company imbalance current and cable plant sheath 
current measurements were made in Florida systems on the strand, coax, 
power company neutrals and the vertical bonds both before and after lift-
ing these grounding wires from the power company neutrals. In every case, 
the total current distribution on the coaxial cable plant was less when these 
bonds were removed. We did not see drastic sheath current changes on 
the coaxial cable plant even though there were drastic reductions of im-
balance currents on a specific vertical when it was lifted from the cable 

plant. There are two logical reasons: a) There are complex current wave-
forms on the strand, cables and vertical bonds that are contributed by 
the imbalance currents from all three phases of the power company's 
primaries, consequently giving us the vectoral sums and differences of 
currents on the various plant components. b) By blocking or disconnect-
ing these imbalance currents from the cable plant at a specific location, 
these imbalance currents seek other paths of low resistance that could 
be another location where cable plant and power plant are common-
bonded. This was proved by viewing the current waveforms on a dual-
trace oscilloscope connected to the cable plant through clamp-on current 

transformers. 
Our findings, through these measurements and testing, showed that 

the predominant carrier of the power company's imbalance currents is 
on the .750 and larger trunk coax. The predominant source of these im-
balance currents is caused by common bonding of our power supply 
cabinets to the power company service entrance neutral. Very little cur-
rent was measured on the strand and guy wires. The highest level 
measured was 2.1 amperes; in the majority of cases, no currents were 
greater than 0.1 amperes on any of the vertical bonds between our plant 
and earth grounds. The reason for these low imbalance currents on the 
strand and guy wires is that the strand's resistance is 10 times as great 
as .750 coax and 4.5 times as great as .500 coax. 
Many house drop cables were checked throughout the distribution 

system. In the majority of cases, where the house drops were bonded 
to the power ground, there were sheath currents anywhere from 0.05 to 
3.2 amperes. Due to the inaccuracies of the clamp on current transformers 

and will seek another parallel current path to its reference source if pos-
sible. Any time a cable system is bonded to these types of vertical ground 
situations, these imbalance currents will conduct onto the cables and 
strand. It is possible to measure 30 to 40 amperes of current on a cable 
plant in severe imbalance situations, but normally current measurements 
in the range of 5 to 15 amperes are not uncommon. 

3) Power supply locations where, when bonding to the power company 
service entrance neutral, great amounts of imbalance currents are trans-
ferred to the cable system through the power supply cabinet and 30 or 
60 volt power inserter lead: With this type of situation, it is suggested to 
separate the power supply ground rod from the utility company ground 
and install individual ground rods. An isolator should be installed between 
the two grounding systems at the power supply cabinet to ensure safe 
working conditions in the event of a power line surge or transient. This 
isolator will clamp at 10 volts so you could possibly expect no more than a 
30 volt potential difference between these two grounds during a discharge. 

Frequent use of positive grounds are essential for maintaining a reliable 
system and for providing a safe working environment for those exposed 
to the plant. Just because a cable plant is bonded to the utility company's 
vertical grounds and its own grounding system per established practices 
such as the standard listed in the NESC (every first, last and every 10th 
pole) does not necessarily ensure the cable plant has a positive grounded 

system. 
The NESC recommends the ground resistance of a driven electrode 

shall not exceed 25 ohms, but this is intended as a guide since lower ground 
resistances are desirable and essential in most situations. The most efficient 
way to determine the effectiveness of a positive grounded system is to make 
earth resistance measurements at all ground rod locations (including the 
utility company's) and conduct a thorough inspection of all the vertical 
bonding junctions for tightness of clamps and for non-corrosion. Analysis 
of grounding systems has indicated that each ground location requires 
individual attention. The general requirements of a positive grounded 
system are relatively simple but the testing of each ground is essential to 

assure all system design criteria is met. 

Longitudinal sheath currents 
Longitudinal sheath currents are present on CATV plants as a result of 

common bonding with the local power company's neutral: The resultant 
distribution of current flows back to the power company's reference ground, 
which is in most cases their substation. These sheath currents can and 
will travel for many miles and as a result will induce an electromagnetic 
field between the inner and outer conductors of the coax. Furthermore, 
CAN system electronic and electrical components are subject to over-
voltages not only during extraordinary circumstances (storms, power 
surges, transients, etc.), but even during normal day-to-day steady state 

operation. 
Power company verticals should be avoided if possible at locations where 

high imbalance currents are transferred to the plant when a physical bond 
is made. This condition can be determined by a) using an ammeter con-
nected between the power company vertical and the cable plant before 
a #6 copper wire is attached or b) clamping an ammeter transformer around 
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measuring around the 0.2 amperes range, it was necessary to coil the 
house drop up into a five-turn coil and divide the current readings by five. 
Again, the contribution of sheath currents on the coax and strand was 
the vertical sums or differences of all the sheath currents from the house 
drops. In some cases, the sheath current on one drop would be trans-
ferred to another house drop at the directional tap. This was proved by 
disconnecting and reconnecting house drops while taking measurements. 

Great emphasis should be put on the reduction of longitudinal sheath 
currents. This will improve reliability of the system and reduce electrolysis 
at all dissimilar metal junctions caused by corrosion of metals and rectifi-

cation of the sheath currents at these junctions. 

Surges and transients 
Surges and transients are more destructive on a short-term basis, 

whereas corrosion, electrolysis and sheath currents are the long-term con-
cerns that a system operator must contend with through good plant design 

and active preventive maintenance programs. 
Destructive surges and transients come from four sources: thunder-

storm activity, static discharge cloud to earth, power company load and 
phase switching and industry and heavy power equipment turn-on/turn-
off. In all cases, the CAN plant should have as low a resistance to earth 
ground as possible to keep the potential difference low during high cur-

rents generated from these sources. 
Transients are less than 8 ms in duration and are characterized by 

sinusoidal or exponential wave shapes. These transients are normally 
associated with high impedance sources, and voltage levels can range 
from a few millivolts to 18,000 volts in a normal operating environment. 
Surges are usually greater than 8 ms and are characterized by a square 
wave or exponential wave shapes. These surges are normally associated 

with low impedance sources. 
AC power line disturbances generally fall into two classifications: 1) dis-

turbances of short duration less than 8 ms contributed mostly by thunder-
storm and static discharge activity and 2) disturbances of larger duration 
greater than 8 ms, contributed by load and phase switching transfers and 
industrial heavy electrical equipment turn-on/turn-off activity. 
There are two classes of lightning strikes: 1) The impulsive strike creates 

most damage to electronic systems since it embodies a large percentage 
of high frequency energy. The rate of rise exceeds 10,000 amperes per 
microsecond (A/its) and can achieve rates over 100,000 Nets; and 2) The 
non-impulsive or hot strike rises much slower than the impulsive strike, 
as slowly as 500 Nets. However, it usually lasts much longer, extending 
out to as long as 10 its to the 40th percentile. 

To protect against all destructive forms of induced surges and transients, 
regardless of their cause, the protective equipment or components must 
be designed to satisfy the worst-case situation, at least 99 out of 100 possible 
events. There are numerous types of surge and transient protective devices 
on the market. Some are low impedance, others are high impedance 
devices. Some will handle large joules of energy, others less. Some will 
handle high voltages for sustained periods of time, some will not. Some 
have positive temperature coefficients, others negative. Some have good 
clamping characteristics, others don't. Each has a specific place in pro-
tecting CATV electronics and electrical components. It is not the intent of 
this article to recommend surge and transient protective devices but only 
to make you aware of the complexity of protecting your plant. 

All electronic and electrical equipment should have some kind of pro-
tection to alleviate damages caused by surges, transients, sustained over-
and undervoltage conditions, shorts, etc. Places that should be considered 
for protective devices are: power company service entrances at all system 
power supplies, headends and hubs, and office buildings; system power 
supply locations AC input and output (output protection could be at the 
power inserter); power packs in the amplifiers; gas tubes in all amplifiers; 
all computer and microprocessor equipment including modems and ter-
minals (many systems have the computers protected but leave their data 
systems wide open through the terminals and modems causing damage 
to the main computer); and locations where expensive test equipment 
is plugged into the power system on a continual basis. 1 1 

The author would like to give credit to Kirk Getz of Paragon Cable in St. 
Petersburg, Fla., and Ariale Paradoa of the ATC Florida Division who 
graciously gave their time and their staff's time in conducting extensive 
tests and experiments on sheath currents, bonding and grounding. 
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Lightning protection 
and the grounding interface 
By Roy B. Carpenter Jr. 
Consultant, Lightning Eliminators and Consultants Inc. 

Lightning protection has become one of the most demanding support 
functions for the communications industry. Electronic equipment is be-
coming more sensitive to any form of transient; lightning produces many 
forms of transient phenomena. These are the result of the associated 
electrostatic fields, electromagnetic pulses (EMP), earth currents and 
induced voltages. Equipment produced a few years ago could tolerate 
transients of 100 volts peak; some modern equipment can fail under tran-

sients of as little as 10 volts. 
Protection methods adequate only two years ago are now unsatisfac-

tory for many applications. The single greatest threat is lightning-induced 
transients. Historically, lightning damage has been limited through "ade-
quate" grounding. The standards in use even today call for grounding 
resistances of 5 to 10 ohms; a few use even higher resistances. 
Consider the impact on a 5 ohm ground by an average lightning strike 

(20,000 amperes at peak). From this we find that 100,000 volts could be 
developed across this ground interface. The effect can, of course, be 
minimized through use of a common point ground (CPG) or ground 
window (Figure 1). However, two other factors also must be considered: 
1) the surge impedance of any interconnection. Note that as little as 10 

feet of interconnecting wire can impose enough impedance to permit 

the development of dangerous transients. 
2) paths that tend to bypass the CPG. These include coax from the top 

of the tower into the building, the power source neutral and sometimes 

the conduit. 
All of these add up to a concern over the potential inadequacy of pro-

tection methods that permit lightning to strike a communications site. To 

Figure 1: Recommended grounding 
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Figure 2: Grounding resistance as function of 

soil resistance and number of 10-foot rods 
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Figure 3: Interfacing hemisphere 
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permit the strike to enter the area of concern is to encourage damage. 
To prevent the strike is to eliminate the risk and all side effects. Reducing 
the grounding resistance often lowers the risk of lightning damage but 
seldom eliminates it. Further, the EMP threat actually increases. The cost 
of reducing the grounding resistance is usually exponentially related to 

4(' The Most Significant Breakthrough in 

UNDERGROUND CONSTRUCTION 
in over 13 years. . . 

Introducing the new 8 hp Porta-Mole 
to the Porta-Mole family of 
Horizontal Boring Systems. 

Guaranteed to be the MOST VERSATILE 
Boring Systems made. 

"Pound for Pound, the most Powerful 
Boring Machine" in the World. 

"Dollar for Dollar, the most Profitable boring 
system that you'll ever own."  

• Light Weight (120 lbs) and very maneuverable = no turf damage. 

• Patented aiming system = fast and consistent on grade boring. 

• Capabilities, diameter. = 2" — 13", distance = can exceed 180 ft. 

• Successful in an exceptionally wide range of soil & rock conditions. 
• Normal Set up & bore time (31/2 ", hard clay, 30 ft.) = 20 min. or less. 

• Operates at ground level = eliminates dirty & dangerous pits. 
• Power unit is self contained = no external power source needed. 
• Extensive Customer reference list = makes believers out of skeptics. 

• Favorably recognized in 8 national publications. 

ei Carlton International Mfg. Corp. 
1509 Central Park Dr. 
Hurst, Texas 76053 

L.  ' Once you use a Porta.Mole you'll NEVER go back to the old way,0000 
800-255-9311 

the change in resistance required: the lower the required resistance, the 

higher the cost to achieve it. 

Grounding resistance constraints 
In "The art of reducing grounding resistance" (August 1988, CT), the 

use of conventional techniques was discussed; the limits in grounding 
resistances were presented as a function of soil resistance. Figure 2 is a 
summary of what can be expected from a conventional grounding system. 
This is based on the premise that the rods are 3/4 -inch diameter by 10 feet 
long and are separated by no less than 22 feet. From these data, for a 
typical communications site of about 10,000 square feet, the following 
resistivities may be considered the lowest practical under ideal conditions: 

Soil resistance 
(ohm-meters) 

50 
100 
500 

1,000 
5,000 

Grounding resistance 
(ohms) 

1.1 
2.3 
10 
55 
250 

These estimates are based on the presumptions that the soil contains 
the required amount of moisture and that the temperature is well above 
the frost level. Actual resistance for a conventional ground system will vary 
by about 250 percent from best- to worst-case conditions throughout an 
average year, due to variations in moisture and temperature. Improper 
measurement techniques often create the impression of lower resistivity 
because the technique itself is not exact. An improper measurement will 
invariably indicate a lower resistance than the true resistance. 

Resistivities can be lowered below the conventional limits through un-
conventional methods, such as automated soil treatment. There are two 

factors to be considered: 
1) The effective soil resistance must be lowered, since soil resistance 

determines the ultimate grounding resistance. 
2) The soil within the "interfacing hemisphere" (Figure 3) will exercise 

90 percent of the influence on the ultimate grounding resistance of that 
ground rod. It takes the rest of the earth to influence the remaining 

10 percent. 
From these two factors, it becomes obvious that the soil within the inter-

facing hemisphere must be made more conductive, since only that soil 
is of any real significance. This, then, limits the scope of the conditioning 
process to a relatively small volume. From Figure 4, it can be observed 
that through the addition of a 10 percent solution of salt (NaCl) to that soil, 
the soil resistivity can be lowered from 10,000 to as low as 100 ohm-meters, 

Figure 4: Influence of metallic salts 
on resistivity 
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Figure 5: Chem-Rod test data 
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assuming the proper moisture level. 
A recent development, the Chem-Rod, has made it possible to auto-

matically "condition" the soil within that interfacing hemisphere. By using 
local moisture (or providing its own), it forms a saturated solution of metallic 
salt that in turn infiltrates the surrounding soil, raising the mineral content 
and thereby lowering the surrounding soil resistivity significantly. Figure 
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5 illustrates the results ol tests comparing a horizontal and vertical Chem-
Rod to a conventional 10-foot rod. The horizontal model provided a lower 
resistance, but both rods provided significantly lower resistance. 

Lightning strike prevention 
The article "Lightning strike prevention: A 15-year history" (March 1987, 

CT) described an approach, the Dissipation Array System (DAS). Since 

then, DAS has been used to protect several key facilities in high lightning 
areas, under close evaluation. 

Prior to the DAS installation, the Louisiana State Police were subjected 
to numerous communications systems outages each year from lightning 
activity. Early in 1988 it completed the installation of a new 800 MHz 
communications system—far more sensitive to lightning. The decision was 
made as the result of a three-year test program to install a DAS at the head-
quarters site. The state elected to install the DAS at the 33 sites as each 
was activated. As a result, the 1988 season passed without a single strike 
to any of the sites where the protection systems were installed. 

Early last year the Federal Aviation Administration elected to use the 
DAS to protect its facilities at the Tampa, Fla., airport; included were five 

communications towers. The FAA contracted with another firm to install 
a wire brush assembly in Orlando, Fla., and installed its most sophisticated 
grounding system at the Sarasota, Fla., facility. A consulting firm was then 
hired to evaluate the performance of all three systems. The results were 
spectacular. TV cameras recorded 13 strikes within the survey area at 
Sarasota; 12 strikes at Orlando and none at the Tampa facilities. Tampa 
has the highest lightning rate in the United States and within the FAA system, 
but 1988 was the first year that there were no lightning strikes to an FAA 

facility at the airport. 
The DAS provides a safe environment for communications systems. It 

reduces the electrostatic field in the area around the tower th rough corona 
discharge. But, in doing so, it also reduces the corona noise potential 
normally emitted by any tower during a storm. The end result is no lightning 
strikes and much lower "radio noise" coupled into nearby receivers. 

No lightning damage 
No strikes means no damage from lightning. Grounding systems will 

never eliminate all of the lightning-related side effects. Grounding re-
sistances can be reduced significantly through automated conditioning, 
which may require both moisturization and mineralization. Strike preven-
tion systems do not depend on low resistance grounding interfaces. There-
fore, for difficult sites, it is the only safe protection. Seventeen years of history 

vindicates this premise. 
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CATV power supply characteristics 
By Jerry D. Schultz 
Presdent. Power Guard Inc 

Almost all normal power supplies for CATV use 
are ferroresonant (FR). An FR transformer regu-
lates by operating in saturation at all times. If the 
output does not call for sufficient current to 
saturate the core, there is an internal resonant 
winding that circulates current in a tank circuit 
to complete saturation. This article briefly ex-
plains various operating parameters. 
The input requirements are determined by the 

available power at the power supply location and 
usually are not determined by the cable operator. 
Most manufacturers will furnish their products 
for any required input. These requirements in-
clude input voltage (usually 115 or 220 V), input 
frequency (either 50 or 60 Hz) and sometimes 

input current. 
The output voltage is normally 30 or 60 volts 

RMS. Some supplies can provide either voltage 
by selecting the proper tap on the output wind-
ing of the transformer. Both input voltage and out-
put current must be stated if output voltage toler-
ance (usually 1 percent) is to be meaningful. 
The required output current rating of the 

supply is based on an expected load in the 
system and should range from 5 to 18 amperes 
or more. The actual output capability of a given 
rated supply may vary somewhat from one 
manufacturer to another due to the ranges of 
input conditions that the supply is designed to 

operate over. In selecting an FR power supply 
you should pick a current rating as close to the 
system design current rating as possible. This 
is because the coolest and most efficient opera-
tion of an FR transformer is at the supply's rated 
output (if the transformer is properly designed). 
FR power supplies have an inherent current-

limiting capability that will limit short-circuit 
current from about 100 to 200 percent of the rated 
output current. Some supplies have special 
devices that will drastically limit the short-circuit 
current duration, keeping average short-circuit 
power at a very low level. This will protect passives 

and other line equipment from damage. 
Overload current: Usually, FR power supplies 

under short-circuit conditions will exhibit some 
degree of "fold back limiting." This means that 
the short-circuit current may not bethe maximum 
current a supply can furnish. Since most shorts 
occur at some distance from the supply, there 
will be some unknown resistance (load) in the 
short-circuit path. The overload current can 
therefore be determined by gradually increasing 
the load beyond the supply's rated output until 
the output current begins to drop. This maximum 
current point or knee is the overload current. 

Since higher current supplies will exhibit higher 
overload currents, this also could be used to 
determine if a supply has a marginal current 

rating. 
The output waveform of an FR power supply 

should approach a square wave shape at zero 
or light loads and then become more rounded 
with higher peak voltage as the load is increased. 
The output waveform of some FR supplies (espe-
cially those claiming over 90 percent efficiency) 
may be close to a sinusoidal output waveform 
even under light loads. With these supplies, the 
system efficiency may suffer due to reduced effici-
ency in the linear regulator of the amplifier sup-
plies and, to a lesser degree, in the switching 

regulator supplies. 
Crest voltage is the maximum peak voltage 

measured under any load condition. Since the 
waveform of most FR power supplies becomes 
more rounded as the load is increased, this peak 
will usually happen at or near full load. Lower 
crest voltages will generally give you better oper-
ating efficiency in the voltage regulator of the 

amplifier power supplies. 
Line regulation is a measure of output voltage 

variation as a result of input voltage change. An 
input voltage range of about 90 to 130 V is com-
mon with a resulting change in output voltage 
of 1 to 3 percent. 
Load regulation is a measure of the output 

voltage change caused by a zero to full load out-
put current draw on the supply. Poor load regula-
tion is sometimes the result of using insufficient 
wire size in the transformer windings, which will 
lead to higher temperature operation and 

shorten transformer life. 

FOR EXCELLENT SERVICE AND QUALITY CATV PRODUUTS 
CALL 

JERRY Cp00BoNx4N44, cAhaSmbSersOburCg PA 17201 S, INC. 

(800) 233-7600 (in USA) or (800) 692-7370 (in PA) 
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As consolidation in the cable industry 
continues, what steps are you taking to 
enhance your system's value in the market-
place? The right decisions and investments 
made today for your cable system will 
undoubtedly payoff tomorrow. Make the 
right decision — invest in the most 
technologically advanced cable — invest in 
T6 trunk and feeder and enhance your sys-
tem's value and performance. 

Times Fiber Communications' T6 semiflex cable not 
only satisfies today's cable needs, but is ready to meet 
demands well into the future. T6 is the only cable in the 
industry to feature a 600 MHz bandwidth capacity. A 
bandwidth capacity designed to allow you to respond to 
emerging technologies and additional channel require-

A cutaway of 16 cable. 

ments. T6 also features the exclusive triple 
bonding and full wall seamless construc-
tion. Construction which facilitates in-
stallation, reduces pullouts, and identifies 
internal component damage. Benefits 
which mean reduced maintenance and 
repair costs, yielding actual dollar savings. 
A return on investment virtually unmatched 
in the industry. 

Position yourself for the future, keep 
pace with changing times and keep ahead of the competi-
tion — Specify T6. For more information contact: 

Times Fiber Communications, Inc. 
(203) 265-8482 or 1-800-TFC-CATV 

FC 
TIMES FIBER COMMUNICATIONS, INC 

Ye/icon-pony 
358 Hall Ave • P 0 Box 384 • Wallingford. CT 06492 

ir FC ... Where technology meets the bottom line. 
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• 

Clear Answers 

Stabilization time: FR supplies under no-load 
conditions sometimes have a tendency to be un-
stable at turn-on. This causes the output to flutter 
momentarily but will usually stop in a second or 
two. Since all supplies that are operated in the 
system will be under load, this is usually not a 
problem and is seldom actually specified. 

Efficiency is a ratio of output power to input 
power and must take into account the phase 
angle between current and voltage (power factor) 
to be accurate. Inefficiency in an FR transformer 
is due primarily to core losses (caused by alter-
nating flux in the core) or copper losses (caused 
by the IR drop in the windings). It will manifest 
itself as heat in the transformer. The efficiency 
rating of a CATV power supply is usually stated 
in percent and can be anywhere from less than 

80 to 90 percent or more. The actual efficiency 
of the supply in your system may, however, be 
significantly less and depends on the system 
design. 

Efficiency specifications are always stated at 
full load conditions and will be less as the load 
is reduced. For the maximum efficiency it is there-
fore important to design your system to operate 
as close to full load as possible. If operated at 
or near full load a properly designed supply also 
will run cooler and have a longer life. 

Temperature rise, although seldom specified 
and very difficult for a cable operator to accu-
rately measure, is one of the best indications of 
good transformer design. It is a measure of how 
much heat is generated in the transformer as 
compared to how fast it is conducted or radiated 

away from the transformer. This characteristic is 
stated as the difference in temperature at turn-
on (ambient) as compared to temperature after 
stabilization (about three hours) and is usually 
taken at a number of different load levels from 
no load to full load. In most transformers the wind-
ings are in physical contact with the lamination; 
the wire and lamination temperature will be close 
to the same temperature after stabilization. In 
some high quality transformers the copper losses 
are reduced to the point that it becomes advan-
tageous to insulate the winding from the core. 
This will prevent the core from transferring excess 
heat to the winding. 
Because transformer life is based on the tem-

perature of the wire and not the core, a method 
of checking wire temperature must be used to 
obtain an acceptable degree of accuracy in pro-
jecting the life of the transformer. About the only 
way to do this is by measuring the resistance 
change in the windings and calculating the wire 
temperature Since this test requires experience, 
equipment and a somewhat difficult setup, it is 
seldom done in the field. 
On a power outage, the time delay option will 

prevent power from being applied to the cable 
system for a period of time after the AC line power 
has been restored (usually about 10 seconds or 
as specified by the system engineer). This delay 
will allow the line voltage to stabilize before con-
necting power to the system and therefore keep 
transients from damaging line equipment. For 
maximum protection of line equipment, the time 
delay should get its power from the secondary 
side (60 V) of the transformer. It also should switch 
power on the secondary side. This configuration 
will give the added advantage of limiting the dura-
tion of short-circuit current in the system, should 
a short occur. This will prevent damage that 
would otherwise be caused by excessive heat 
in the system components. 

Surge protection and other devices 
Input surge protection is usually provided by 

some type of metal oxide varistor (MOV) across 
the AC line and, in some cases, from the line to 
ground. MOVs come in a range of ratings from 
about 40 to over 200 joules. The smaller units 
come standard on most supplies and will pro-
vide adequate protection in some areas. The 
MOV exhibits a soft-limiting characteristic, which 
means that the clamping voltage increases as 
the surge voltage increases. MOVs will not take 
repeated high energy surges due to their inability 
to conduct heat away from the internal junction 
point of the device. 

Input circuit breakers: Although almost all 
power companies require external breakers, 
most power supply manufacturers provide inter-
nal input breakers as standard equipment. FR 
supplies are inherently current-limited; therefore, 
a short in the system will usually not trip the cir-
cuit breaker As a result most input breakers are 
used only as a convenient switch for disconnect-
ing power. 
Some types of zener diodes (transzorb, PIP-60, 

etc.) are typically used for output surge protec-
tion. Unlike the MOV, zener diodes are hard-
limiting devices, which meansthey will clamp at 
their rated voltage and hold that voltage until the 

44 MAY 1989 COMMUNICATIONS TECHNOLOGY 



surge is terminated or the zener junction is 
destroyed. Zeners will conduct heat away from 
the internal device junction and therefore can 
handle repeated surges within their ratings 
without damage. 

Various hybrid surge protectors are available 
from a number of manufacturers with a multitude 
of claims and specifications. It is difficult at best 
to predict the nature of surge voltages. Therefore, 
these devices should be checked out thoroughly 
prior to purchasing. 
Since the FR supply is current-limited, output 

circuit breakers are seldom used other than to 
limit the duration of the short-circuit current. If 
used, they should be se-resetting to prevent pro-
longed outages when tripped. 

Voltage and/or current meters are available 
from most manufacturers and may be standard 
on some models. Either meter (voltage or cur-
rent) would normally be monitoring output con-
ditions. When specifying meters, it should be 
remembered that a defective meter could cause 
a power outage. Since test points are usually pro-
vided, meters may not be desirable in the remote 
locations where power supplies are generally 
found. 
Standby power supplies are battery operated 

and furnish power to the system in the event of 
an input power failure. Maximum standby time 
varies with different supply designs but is usually 
about two hours at full load. After input power 
. has been restored, the standby supply will auto-
matically recharge the batteries and be ready 
for the next outage. There are three types in com-
mon use today: the saturating inverter, the driven 
inverter and the driven FR. Standby power may 
be desirable in trunk runs, locations with two or 
more local power grids and any situation where 
a power outage to the power supply may cause 
loss of signal in areas not affected by the elec-
trical outage. Standbys are much more complex 
than normal FR supplies. They are therefore 
more troublesome to maintain. The biggest prob-
lem, however, is the batteries used to power them. 
As a result, properly maintained batteries can 
substantially reduce the maintenance problem. 

Physical factors 
In the past, power supplies were known to be 

big and bulky. This was necessary to allow the 
excessive heat generated by inefficient trans-
formers to dissipate into free air. Efficient trans-
former design, combined with the practice of 
heat sinking transformer laminations directly to 
the housing, allow for much smaller and more 
compact power supply designs. Outside case 
temperature of these smaller supplies will run 
higher since the primary heat transfer from the 
transformer to the outside air is through the 
housing. Size may be an important factor due 
to recent focus on pole space and attachment 
rights in some areas. 

Modularity is a must for easy maintenance and 
quick restoration of power after a failure. Most 
manufacturers claim to have modularity even if 
they do not. True modularity will allow the cable 
operator to remove the electronic parts from the 
housing without disconnecting wires or re-
moving excessive screws or other fastening 
devices. Modularity is also important when your 

local codes require that all connections to power 
be inspected. Some supplies have modular 
wiring harnesses that allow one to change all 
wiring in a matter of minutes if damage is due 
to lightning or mechanical abuse. In order to 
realize the full benefit of a modular system, the 
modules should be available in a variety of out-
put current ratings. This will permit choosing a 
rating that will give the most efficient operation 
at the lowest possible cost in equipment and util-
ity fees. 

To summarize, there are many things to con-
sider in the selection of a power supply that will 
fulfill your needs. If initial cost is important, you 
may select a lower efficiency, non-modular sup-
ply. If operating cost is a prime consideration, 
a high efficiency supply is the answer. For the 

lowest cost operation, a modular supply with a 
range of output settings is a must. This will allow 
you to pick a module that will operate at close 
to the full load rating (maximum efficiency) for 
each power supply location. Surge protection 
also can offer a wide range of choices and can 
add substantial cost to a supply if both input and 
output protection is used in addition to a time 
delay relay. 

Finally, the reliability of any supply is impor-
tant in order to prevent frantic phone calls from 
subscribers, especially when it's Super Bowl 
Sunday, fourth quarter, fourth down, long yard-
age and the score is tied. 

The author wishes to thank Dave Cushman (for 
help in technical content) and Monja Bos. 
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Field powering of test equipment 
By Bret Peters 
Feld Engineer. Tulsa Cable Television 

It seems that 120 VAC can be had in a variety 
of flavors when it is obtained from somewhere 
other than the local power company. Spectrum 
analyzers, monitors and other types of gear 
designed for commercial 120 VAC power may 
not work on non-standard power sources. Some-
times, the devices fill the immediate area with the 
noxious odor of fried silicon then break down. 
Therein lies the challenge: deciding which of the 
available substitutes will operate test equipment 
with a minimum of side effects. 
Accompanying this article are six groups of 

oscilloscope photos representing six types of 120 
VAC power under three different load conditions. 
(See accompanying chart for specs of each 
waveform.) 
• The top row refers to commercial power that 

has been through a magnetic type of regu-
lating transformer. These are our reference 
waveforms. 

• The second and third rows refer to two dif-

ferent 12V input dynamotors (generators that 
use a DC motor to drive an AC alternator). 
One was rated at 500 VA, the other at 1,500 
VA. 

• The fourth row refers to a gasoline engine-
driven generator rated at 1,600 VA. 

• The fifth and six rows are inverters. The first 
unit, an improved inverter, is rated at 250 VA 
with a short duration overload capability of 
500 VA. The second unit, a square-wave in-
verter, is rated at 400 VA continuous. Neither 
inverter is frequency regulated. 

Test conditions 
The three load conditions tested were no load 

(first column), 60 watt resistive (second column) 
and test equipment load (third column). 
• The "no load" waveforms show what 

might be produced by a given supply as well as 
provide a reference voltage to indicate regula-
tion. Dynamotors were at 12 VA, the lowest load 
that would trigger the automatic turn-on circuits. 
• The 60 watt resistive load was simply a light 

Too bad 
C-COR doesn't 
rebuild cars. 

See our ad on p.76-77. 

bulb. The purpose of the bulb was to see what 
the high frequency components would do when 
presented with a low impedance, non-reactive 
load. At 1/2 ampere, none of these units were 
strained to operate. 
• The test equipment load consisted of a 

digital spectrum analyzer, its printer and 12-inch 
amber monitor, and an apartment-type CAN 
amplifier. Total load was 120 VA. The spectrum 
analyzer had a switching power supply; the other 
devices had transformered linear supplies. 

While examining the photos, you will notice that 
peak-to-peak voltages reach as high as 670 volts. 
The "120 VAC" refers to RMS values, which are 
a function of peak-to-peak voltage and duty cycle 
(power under the curve). The duty cycle varies 
for different waveshapes. A true sine wave has 
a duty cycle of 70.7 percent, a perfect square 
wave is 100 percent and a triangle is 50 percent. 
Other waveforms will have duty cycles that are 
functions of their area in the same way. In order 
to estimate the duty cycle of these rather odd 
waveforms, the photos were enlarged and the 
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Oscilloscope waveforms of generators 
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area calculated against an imaginary square 
wave with the same peak value and zero 
crossings. 
The two dynamotórs provided the closest 

approximation of a sine wave of all the units 
tested. Both units tended to flatten out the peak 
of the waveform as they were loaded (increasing 
the duty cycle). The RMS value of the voltage also 
changed with load. The larger unit apparently 
was rated at something other than a light load, 
and this constant overvoltage condition eventu-
ally took its toll on the test equipment that had 
been previously used with it. The small dyna-
motor has given no trouble in service, but the low 
RMS value under load may cause problems 
when used with some types of gear. 
The gasoline generator also approximates a 

sine wave. The duty cycle is slightly lower than 
70.7 percent. Some types of equipment may 
have a hard time digesting the "chatter" at the 
zero crossings that developed under load. 
The more sophisticated inverter has a square 

wave that pauses at the zero crossings briefly. 
This is designed to give a duty cycle and peak 
voltage approximating commercial power. It still 
is a square wave, with the associated high 
energy, high frequency components. The inex-
pensive inverter provides a pure square wave. 
Note the large spike in the output as the tran-
sistors in the multivibrator circuit "handoff." 

What does it matter? 
So what is the issue? As long as the RMS value 

is about 120 VAC, what does it matter what the 
duty cycle or peak-to-peak voltage is? Lower duty 
cycles mean higher peak-to-peak voltages for 
a given RMS value. These peak voltages can ex-
ceed the maximum voltage of the rectifier diodes 
in the power supply and will be especially true 
of switching supplies that have no power 
transformer. 

Higher duty cycles mean lower peak voltages 
for a given RMS value. However; these lower peak 
voltages can fail to bring some types of high 
voltage power supplies to their normal operating 
level. TV sets in particular may show symptoms 
such as reduced raster size or foldover. 
A general rule has emerged from this: A trans-

formerless switching supply will have an easier 
time with higher duty cycle waveforms (those that 
have more power under the curve). The input 
diodes don't have to work as hard and the switch 
transistors may spend more time off. Also, 
transformer input supplies tend to prefer triangle 
waveshapes, since maximum power is trans-
ferred to the secondary when the input voltage 
is changing. A triangle wave is always 
changing—unlike a square wave, which pauses 
at peak value. 

All of the mechanical generators develop fairly 
smooth waveforms, free of large damaging 
spikes and high frequency transitions. Line regu-
lation is poor, however. As the load is increased, 
RMS voltages drop. Frequency regulation also 
is poor. The gas unit lags considerably due to 
hysteresis in the governor. If several devices are 

being operated at once and one is turned off, 
a surge will result that can damage the remain-
ing equipment. 
The test setup that served as the load for the 

third column of pictures did not work with the 

Key to oscilloscope photos 
Waveforms No load 60 watt resistive Test load 
Reference 
waveform 
50 V/vert. div. 
2 ms/horiz. div. 

Commercial power 
340 p-p VAC 
70.7 percent 
120 RMS VAC 

Magnetic regulator 
340 p-p VAC 
71 percent 
120 RMS VAC 

Magnetic regulator 
340 p-p VAC 
71 percent 
120 RMS VAC 

Dynamotor 
(500 VA rated) 
100 V/vert. div. 
2 ms/horiz. div. 

320 p-p VAC 
70.7 percent 
113 RMS VAC 

280 p-p VAC 
70.7 percent 
99 RMS VAC 

260 p-p VAC 
73 percent 
95 RMS VAC 

Dynamotor 
(1,500 VA rated) 
100 V/vert. div. 
2 ms/horiz. div. 

400 p-p VAC 
70.7 percent 
141 RMS VAC 

390 p-p VAC 
70.7 percent 
138 RMS VAC 

380 p-p VAC 
71 percent 
135 RMS VAC 

Gasoline generator 
(1,600 VA rated) 
50 V/vert. div. 
2 ms/horiz. div. 

360 p-p VAC 
69 percent 
124 RMS VAC 

380 p-p VAC 
67 percent 
127 RMS VAC 

330 p-p VAC 
62 percent 
102 RMS VAC 

Improved inverter 
(250/500 VA rated) 
50 V/vert. div. 
2 ms/horiz. div. 

390 p-p VAC 
66 percent 
129 RMS VAC 

380 p-p VAC 
36 percent 
125 RMS VAC 

370 p-p VAC 
66 percent 
122 RMS VAC 
spikes 500 Vp-p 

Square wave 
inverter 
(400 VA rated) 
100 V/vert. div. 
2 ms/horiz. div. 

290 p-p VAC 
92 percent 
133 RMS VAC 
spikes 670 Vp-p 

280 p-p VAC 
92 percent 
129 RMS VAC 
spikes 560 Vp-p 

280 p-p VAC 
92 percent 
129 RMS VAC 
spikes 370 Vp-p 
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large dynamotor. An autotransformer had to be 
used to reduce the voltage. 

Notice that as the load is increased, one of the 
inverters developed spikes and the other lost its 
spikes. The spi kes could trigger the surge arrestor 
in equipment and, since these usually short to 
ground, could damage the inverter. 
The inverters are affected by turn-on surges 

more than the mechanical ones, which flywheel. 
A small TV set pulled several amperes at turn-
on due to the built-in degausser around the face 
of the picture tube. Both frequency and voltage 
were affected. 
An inexpensive 13-inch color TV was used as 

a monitor. All of these generators degraded the 
picture in some form. The gasoline generator 

gave a sparkling hum bar (presumably from the 
sparkplug). The dynamotors put a low level, 
broad, light/dark hum bar in the picture. The in-
verters threw in about four lines, evenly spaced, 
that were darker than the surrounding video and 
traveled like a hum bar. The solution? Try another 
brand of TV set altogether. In this case, the 
replacement set did not show any of these 
defects. 

Some practical notes 
If you are using a truck with an open bed, then 

the fumes and noise from the gasoline generator 
will not be a large problem. If using a van, then 
you will have to set the generator out of the truck 
every time you use it. If you use the DC-to-AC 
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converters, then these can be placed in the 
vehicle (follow the manufacturer's directions and 
warnings). 
The DC-to-AC converters (both inverters and 

dynamotors) have large DC current require-
ments. If we stick to the VA measurement 
method, then estimation of these requirements 
is fairly straightforward and can be done men-
tally. Assuming 120 VAC RMS as an output and 
12V as an input then, neglecting losses, the DC 
current requirement will be 10 times the AC re-
quirement. For example: 

120 RMS VAC x 1.5 ampere = 180 VA 
= 12 VDC x 15 amperes 

In this example, we have ignored the efficiency 
of the generator. The DC current requirements 
will be increased by the inverse of the efficiency 
rating. 

It was proposed that the large dynamotor be 
loaded down with lights or a heater to get the 
voltage down to a usable level. If 750 VA was used 
as a load (one-half the rated load), then we would 
have needed at least 75 amperes on the DC side. 
If you're thinking of using these for standby 
powering during storms and so on, then at the 
full-rated load of 1,500 VA the DC requirement 
will be over 150 amperes. 

It was then proposed that another battery be 
added to the vehicle. This is similar to making 
a dam larger: We could drain the lake at a faster 
rate than the river flows for a while but soon we 
would have only the water provided by the river 
(alternator), since the reserve would be gone. 

Obviously, the alternator on the vehicle will be 
called on to supply all of the current. As a prac-
tical matter, the vehicle will probably have an alter-
nator rated at about 65 amperes. The limit that 
you can really expect to draw continuously from 
this is about 40 amperes. This leaves 25 amperes 
to run the vehicle accessories. If it's nighttime, 
raining and cold, then the accessories will be 
very greedy. Hence, the largest DC-to-AC con-
verter that will be useful with an unmodified vehi-
cle will be in the 400 to 500 VA range This loading 
problem is why a full-rated load test of the con-
verters was not done; we would very quickly 
bump into the limitations of the vehicle's ability 
to supply power. 

Use commercial power 
If you look at waveforms yourself, a tip is 

to power the oscilloscope from a commercial 
source. This will allow you to trigger from the line 
and see easily how far off the frequency of the 
alternate power source is and how much it 
changes with load. 
We ended up using the most inexpensive in-

verter in the group. The test equipment didn't have 
a problem with it and neither did the new test T1/. 
The spikes reduce to negligible under load; also, 
the set is quiet. More sophistication didn't appear 
to yield appreciably better results. 
When selecting your power supply, ask your 

supplier for a trial period. You may need to step 
up or try another type with the equipment you are 
using. Last, ask your test equipment manu-
facturers for their recommendatiOns before you 
power your gear from any source other than 
commercial. I 1 
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Reliability of high efficiency 
switched mode power supplies 
By Peter Deierlein 
Senor Engmeer, Magnavox CATV Systems Co 

The switched mode power supply (SM PS) has 
proven itself for years in the computer industry. 
It appears to be useful for CAN applications 
because of its wide input voltage range, high 
potential efficiency and excellent power density. 
While it has been demonstrated the substantial 
cost savings possible by using high efficiency 
SMPS technology, quality and reliability con-
cerns have led some operators to rely on linear 
technology. As will be shown, SMPS is poten-
tially much more reliable than linear technology 
in the CAN environment. 
Because components of CAN systems are 

typically well-shielded, grounded and inter-
connected with high quality shielded cable, it is 
easy to presume that all of a system's internal 
components are protected from external influ-
ences. However, as many a system operator can 
tell you, a significant proportion of unscheduled 
trunk line maintenance can be traced directly to 
the effects of lightning storms and power distur-
bances. Much work has been done to both de-
scribe the elements of these disturbances and 
their subsequent effects and the measures that 
may be taken to minimize them. 
Since CAN systems must be coupled with a 

main power distribution network, electrical dis-
turbances cannot be eliminated. In many prac-
tical cases, little can be done to significantly 
reduce surge voltage amplitudes, particularly 
those resulting from longitudinal sheath currents 
due to unbalanced loading of the power distribu-
tion system. Because power supplies are closely 
coupled to the power distribution network, they 
are generally most vulnerable to the effects of 
the disturbances. 
A practical power supply must be rugged, reli-

able and designed for efficient operation under 
all conceivable worst-case conditions. To achieve 
this objective, all critical reliability factors must 
first be defined, with specific emphasis placed 
on those related to voltage surges. These fac-
tors can then be compiled with established per-
formance goals and practical factors to yield an 
overall design specification. The ultimate objec-
tive is the realization of the best possible efficiency 
at reasonable cost while meeting goals. 

Reliability factors 
Quality components are important, but even 

"perfect" components will fail if they are sub-
jected to conditions that exceed specified limits. 
For power supplies, there are three areas to con-
sider: environmental conditions (temperature, 
humidity and other physical stress), load charac-
teristics and source characteristics. 

Environmental conditions can be the most 
critical reliability factor in the design of any elec-
trical device, but they are relatively simple to 
determine. Ambient temperature range limits are 
specified, humidity can be anywhere from 1 to 
99 percent (operation while submerged is gener-
ally not considered) and physical stress is predict-

able in most CAN applications. Individual com-
ponent operating temperatures are calculated 
based on device dissipation under worst-case 
source and load conditions, thermal resistance 
and ambient temperature limits. 
Load characteristics are also predictable. 

Worst-case short- and open-circuit conditions 
must be anticipated; load impedance is pre-
sumed to be anywhere between zero and infinity. 
The power supply output must therefore be 
current-limited and stable over this load im-
pedance range. The reactive load component 
must be considered, but it is generally not critical 
to the reliability of a DC supply capable of han-
dling a wide load impedance range. Since most 
modern SMPSs employ load current sensing for 
control reasons, extending their capabilities to 
manage worst-case load conditions is relatively 
simple. For use in CAN systems, power supplies 
also should allow the application of external 
voltage to the output terminals as well as offer 
protection from overvoltage transients. 
Source characteristics are affected by many 

variables considered uncontrollable from the 
designer's point of view. For any power supply 
operating from the power company mains, worst-
case source analysis concentrates on charac-
terization of input voltage variations, known as 
transients, surges, spikes, sags, dropouts, 
brownouts and others. For the purposes of this 
analysis, this group of input voltage variations 
(often collectively referred to as "transients") will 
be broken down into two distinct areas: high 
amplitude, short duration pulses and low ampli-
tude, long duration voltage surges and sags. 
The characteristics of short duration transient 

pulses and their effects on electrical equipment 
have been well-documented. IEEE Standard 587 
defines three classes of exposure and three basic 
types of pulse waveforms for devices connected 
to the mains. But since CAN DC power supplies 
are not connected directly to the mains, the stan-
dards cannot be directly applied. 
IEEE 587 Class C, however, applies to outdoor 

service drops and overhead lines and may there-
fore be applied to the input of the line power 
supply (LPS), used to provide power to the cable 
system. Class C specifies a peak voltage of 
10,000 volts for 50 microseconds into a high 
impedance load and a peak current of 10,000 
amperes for 201.is into a low impedance load. 
These amplitudes would be expected if the 

'A practical power 
supply must be rugged, 
reliable and designed 
for efficient operation 
under all conceivable 
worst-case conditions." 

mains were struck directly by lightning; they 
reflect a source impedance of 1 ohm and a 
sparkover voltage of 10 kV. 
When this pulse passes through the LPS, the 

amplitudes are reduced considerably due to the 
LPS internal impedance and to the cable spark-
over voltage. Based on the output rating of the 
LPS and the physical characteristics of the cable, 
the total source impedance at the LPS output 
would be approximately 5 ohms, sparkover volt-
age would be no greater than 5 kV, and peak 
current would be expected to be under 2,000 
amperes. This peak current value is in line with 
the highest pulse voltage recorded on the cable 
under actual field conditions of 3,600 volts. It is 
lower than the maximums of 6 kV and 3 kA speci-
fied by IEEE Standard 587 Class B, which applies 
to major feeders and short branch systems in resi-
dential and light industrial applications. 
CAN technicians have observed low ampli-

tude, long duration AC voltage surges for some 
time Potentials of over 100 volts (RMS) have been 
recorded for periods exceeding one second and 
sometimes lasting for hours or days. J.C. Herman 
and J. Shekel identified the source of these surge 
voltages in 1975 as due to longitudinal sheath 
current, or AC current flowing in the cable 
sheath? In a three-phase balanced "Y" power 
company distribution circuit, single-phase loads 
are applied between earth ground and each 
phase. Since the power company only balances 
the system within 20 percent (as seen by the 
source), current flow in the neutral wire results. 
The cable system is frequently routed parallel to 
the mains and is usually bonded to the neutral 
wire either directly or through ground cables and 
drops, resulting in significant current flow in the 
cable sheath. The resulting AC voltage poten-
tial may add to or subtract from the cable voltage 
supplied by the LPS, depending on its phase and 
distance from the LPS. While the earth ground 
resistance varies widely depending on soil mois-
ture, composition and ground rod penetration, 
earth ground resistance is generally much higher 
than the neutral wire resistance; therefore, its 
influence is minor. 
According to Herman and Shekel, four power 

companies surveyed limit their maximum neutral 
currents to between 5,000 and 10,000 amperes 
for a maximum of six cycles, with typical values 
between 200 and 3,500 amperes for periods ex-
ceeding one second; circuits are limited to these 
values by fuses and relays. Based on a worst-
case resistance of 0.28 ohm per 20 dB span at 
300 MHz for .500 cable in parallel with #6 copper 
neutral wire (ground resistance ignored), voltage 
potentials of up to 2,800 volts are possible for 
short periods (0.1 second). Potentials between 
56 and 980 volts are possible for periods over 
one second. These maximum amplitudes could 
be expected any time a severe overload occurred 
in the power network, such as a short circuit 
caused by wind or an auto accident. Since these 
values are only valid for one cable span, much 
higher amplitudes would be possible at stations 
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more distant from the LPS. 
It is clear that the transient surge and pulse 

amplitudes present a substantial hazard. CATV 
equipment designers have traditionally relied on 
the gas discharge surge arrestor (GDSA) for pro-
tection. Under surge conditions, the impedance 
of the GDSA in its arcing condition drops to less 
than 0.1 ohm, which means that the majority of 
the surge energy is dissipated in the cable and 
in the LPS. 
Commonly used GDSAs are rated for break-

down voltages between 145 and 150 volts, with 

a typical tolerance of ±20 percent. They also 
have maximum current ratings of up to 20,000 
amperes for short pulses and 200 amperes for 
longer surge durations. While 180 volts is there-
fore the highest worst-case continuous surge 
voltage at the power supply input—because 
GDSAs are slow to respond to fast transient 
pulses—additional protection is required. This 
protection can be provided by a standard clamp-
ing device such as a varistor. 

Complexity: Relative complexity is a very 
significant reliability factor. It directly affects the 

impact of many quality factors in manufacturing 
and testing such as component quality, work-
manship and process control. If a design 
employs many additional circuits to minimize the 
effects of other stress factors, overall reliability will 
decrease due to the increase in components and 
in process requirements. An important design 
objective, therefore, is to meet the reliability, 
ruggedness and performance goals with a mini-
mum number of components. 
Most performance goals and practical factors 

are fixed by the physical and electrical require-
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ments of the application. For a typical CAN main-
station application, a modern SM PS is generally 
required to deliver a highly filtered DC output cur-
rent of 2.5 amperes or more at 24 volts. Unless 
it is intended for a totally new application, the 
SMPS must fit into the space occupied by the 
unit it replaces. Its minimum input voltage must 
be compatible with the system design, and con-
ducted and radiated noise levels must be below 
the existing equipment's susceptibility limits. 
The new unit also must meet requirements of 
worst-case environmental, source and load 
characteristics. 
The ultimate performance goal is to optimize 

efficiency, reliability and ruggedness of the power 
supply. Recent advances in SMPS technology 
promote significant reductions in circuit com-
plexity and dissipation, both of which affect 
reliability. Since additional increases in efficiency 
can be achieved through further reduction or 
elimination of component dissipation (known to 
be a major factor in component failure), increases 
in efficiency can have a major positive impact on 
reliability. 

SMPS technology 
The SMPS has recently become a competitor 

in the overall power supply market, primarily 
because the common "off-line" variant elim-
inates the requirement for a heavy AC power 
transformer. This power supply also can deliver 
more than one regulated output voltage using 
only one regulator circuit. The off-line power 
supply converts the 120 VAC line power directly 
to high voltage DC through simple rectification 

and filter (thus its name). A high speed switching 
circuit drives a special high frequency power 
transformer with a separate secondary winding 
for each output voltage (Figure 1). 
The switching circuit regulates one output by 

varying the pulse width sent to the transformer; 
the other outputs are regulated through tight 
coupling of the secondary windings. Well-insu-
lated from the primary windings, these sec-
ondary windings provide the required isolation 
from the AC line. Since there is no lossy linear 
regulating element, the efficiency of this arrange-
ment could easily exceed 90 percent. But copper 
and core losses in the high frequency trans-
former reduce the overall efficiency to between 
70 and 80 percent—a considerable improve-
ment over the typical 50 to 70 percent efficiency 
of conventional linear types. Early units were very 
susceptible to failure as a consequence of power 
line surges. Recent units have relatively good 
reliability because of higher voltage ratings on 
critical parts and better protection through the 
use of inexpensive MOV (metal oxide varistor) 
surge arrestors. 
CATV manufacturers quickly recognized the 

advantages of excellent efficiency across a wide 
input voltage range. Most CAN SMPS versions, 
however, retained the AC power transformer and 
converted the rectified secondary voltage directly 
to the single output voltage without the loss of 
the high frequency transformer. Retaining the AC 
transformer allows use of the "crowbar" sec-
ondary surge limiting method; it permits the use 
of low cost, low voltage switching circuitry (Figure 
2). Overall efficiency, however, is limited to be-

tween 65 and 75 percent because of transformer 
dissipation and normal switching loss. 

Since the CATV application does not require 
isolation between AC and DC grounds (in fact, 
they are required to be connected), a lossy trans-
former is not required and over 90 percent effic-
iency is attainable using a high efficiency "buck" 
SMPS circuit. A voltage doubler is required to 
raise the unregulated DC buss voltage to 120 
volts (nominal) for wide input voltage range oper-
ation. This is true because while a buck converter 
is capable of step-down ratios of over 20:1, it is 
not capable of step-up operation (Figure 3). 

Referring to our discussion on source charac-
teristics, it is apparent that high voltage rectifica-
tion, filtering and switching components are re-
quired if the circuit is to survive worst-case surge 
conditions, particularly those due to longitudinal 
sheath current. While use of a GDSA will limit 
surge amplitudes to 180 volts, many com ponents 
have to withstand a minimum of 360 volts be-
cause of volt doubler action. 

Similar conditions encountered in off-line 
SMPS use have made components rated for 
operation to 500 volts readily available at reason-
able prices. To handle the much higher ampli-
tude short duration pulses, a standard MOV rated 
for IEEE 587 Class B 120 VAC residential envir-
onments will limit the voltage of any pulse whose 
rise time is too fast to be clamped by the GDSA. 

In early SMPS designs, control circuits were 
made almost entirely of discrete components; 
many additional protection circuits were neces-
sary to maintain control under worst-case con-
ditions. As a result, well over 100 parts were 
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ypically required, circuits were complex, critical 
parameters were difficult to control in mass pro-
duction and many adjustments were required. 
Today, SMPS technology has begun to mature. 
Fourth generation monolithic devices have 
appeared (requiring only two or three additional 
components to form a complete regulator circuit), 
with complete protection from worst-case con-
ditions and no adjustments required. Unfor-
tunately, these devices are typically rated for 
maximum input voltages of only 40 to 70 volts; 
they are not suitable for CAN or off-line use While 
the IC manufacturers are now working on mono-
lithic processes that will permit "high voltage" 

operation, even the most optimistic designers are 
not claiming capabilities over 200 volts in the near 
future. 
There are also a number of new general pur-

pose ICs capable of driving discrete high voltage 
transistors directly. Built into these ICs are nearly 
all the circuits required for state-of-the-art per-
formance. With proper isolation, they may be 
used to control most CAN or off-line SMPS units 
with the addition of only 10 to 15 external 
components. 

Lower dissipation 
Transformerless switched mode power sup-

plies can be designed to operate under the most 
critical worst-case conditions present in CATV 
applications. Compared to conventional linear 
power supplies, SMPS units have considerably 
lower dissipation under normal operating condi-
tions and far lower dissipation under surge con-
ditions. SMPS dissipation is a design conse-
quence, while dissipation of linear units is pri-
marily a function of the voltage difference be-
tween the unregulated DC buss and the output. 
A 60 watt (output), 90 percent efficient SMPS dis-
sipates less than 7 watts while a 75 percent effi-
cient unit would dissipate 20 watts. A series-
regulated linear power supply would dissipate 
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Figure 3: Transformerless CAN "buck" SMPS 

120 VDC 
60 VAC 

1\ 

Controller 

24 VDC 

25 to 60 watts under the same operating condi-
tions and substantially more if the wrong primary 
tap was selected. Under 150 volt surge condi-
tions, dissipation of the 90 percent SMPS unit 
would be expected to increase only slightly to 
around 10 watts, while dissipation of SM PS units 
with AC transformers would increase much more 
due to core saturation in the transformer Dissipa-
tion of series-regulated linear types can increase 
to well over 300 watts during the same surge 
conditions. 
Many linear and SMPS units with AC trans-

formers use secondary crowbar circuits to limit 
internal dissipation and consequent damage 
under surge conditions. This approach causes 
very high primary currents and transformer dis-
sipation; it often results in service interruption due 
to blown fuses or damaged equipment. Because 
the transformerless SMPS can convert the surge 
energy directly to load power with minimal ad-
ditional dissipation, stress to the SMPS, the LPS, 
the amplifier and all components of the cable 
system is avoided. Thus, overall reliability is 
enhanced. 

an An 
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Lightning damage 
susceptibility of fiber 
As the growth of fiber-optics technology con-
tinues in the CATV industry, greater emphasis is 
being placed on cable reliability One of the most 
common concerns is the optical cable's ability 
to withstand a lightning strike. This article 
presents a practical outlook on the lightning 
damage susceptibility of some of today's optical 
cable designs. The objective of this study was 
to establish upper limits of performance for these 
designs. These results are intended to give users 
insight as to the long-term reliability aspects of 
installed cables and fiber-optic systems. 

By Richard E. Clinage 
Supervisor of Marketing Support 

And James J. Scott 
Senor Product Specialist-Cable TV, Siecor Corp 

Concerns first began in the communications 
industry when statistics showed that many 
system breakdowns were due to lightning 
damage. Copper cables suffered pair-to-pair 
and pair-to-ground faults. These electrical instal-
lations also contained very sensitive solid-state 
devices that were vulnerable to even low levels 
of surge current caused by lightning. The intro-
duction of fiber cables has relieved some of these 
concerns; however, some manufacturers have 
been unable to take full advantage of their all-
dielectric nature in all cases. Faced with a lack 
of alternatives, manufacturers often utilize metallic 
components to provide for low-cost strength ele-

ments or optimum mechanical/rodent protec-
tion. As with copper cables, lightning is attracted 
to these metal components because of their 
effective ground potential. 
Cable lightning damage was originally ex-

pected to occur only in aerial installations; how-
ever, it was soon recognized that buried applica-
tions were not completely immune. In principle, 
lightning arcs to cable when the resistance of the 
surrounding air or soil is greater than the re-
sistance of the cable system. The potential for 
lightning damage is expected to increase as the 
number of lightning strikes, the duration of the 
strike, strike current and the surrounding air or 
soil resistivity increase. 
The single most important lightning parameter 

is the level of current discharged during a strike. 
Most lightning discharges range from a few hun-
dred amperes in strength up to several hundred 
thousand amperes. The average lightning strike 
is between 20 and 40 kA. Ninety-five percent of 
all lightning strikes occur at less than 100 kA 
(Figure 1). A map of the most susceptible light-
ning areas across the United States is shown in 
Figure 2. 

Lightning can cause extensive damage to 
cables, resulting in immediate system failure or 
a slow degradation of optical and mechanical 
performance. Since one of the benefits of fiber 
technology is the improvement in system reliability, 
lightning-induced failure should be a major con-

Figure 1: Distribution of maximum current discharged 
during lightning strikes 
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cern. The easiest way to avoid lightning prob-
lems is to use an all-dielectric cable design 
wherever possible. If an armored cable is re-
quired, such as in direct buried applications or 
aerially where there is a known rodent problem, 
the cable's ability to withstand lightning damage 
must be considered. 

Lightning causes cable damage in two ways. 
First, intense heat is often generated during the 
strike, causing both plastic and metallic com-
ponents to be severely burnt or instantaneously 
vaporized. Secondly, lightning can result in 
severe mechanical crushing forces capable of 
crushing fiber cables and even metal pipe. 

History of lightning testing 
For many years, numerous studies have been 

performed in an attempt to understand the 
fundamental behavior of lightning. To date, three 
methods have been developed to evaluate the 
performance of cable. They are the magnetic 
crush test, the longitudinal current test, and the 
arc discharge or "sand box" test. 
A review of the principles of these three tests 

yields two basic scenarios. Lightning damage 
occurs due to either a direct strike or by a strike 
in the vicinity of an object. Previous studies have 
shown that crushing and burning of buried 
cables can result from magnetic field effects 
caused by lightning. The magnetic crush test 
simulates a lightning strike in the vicinity of a 
cable; i.e., not a direct strike. The degree of 
physical damage to the cable is a function of the 
electrical and circumferential conductivity of the 
sheath and crush resistance of the cable core 
design. The higher the conductivity of the shield 
or armoring, the greater the crushing effects. 
The longitudinal current test sim ulates the abil-

ity of a cable (with metallic components) to with-
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stand very high levels of surge current. The 
cable's ability to quickly dissipate this current 
following a lightning strike helps to minimize the 
damage caused by further arcing, burning or 
charring. 
The arc discharge or "sand box" test simu-

lates a direct lightning strike to cables. Both the 
cable's ability to withstand extremely high crush-
ing forces and carry high levels of surge current 
are evaluated in this test. Although there is still 
much discussion as to the accuracy of these tests 
and how they relate to the real world, there has 
been a consensus in the cable industry that the 
proposed sand box test is the most difficult test 
to pass even with today's best cable designs. 
Based on this fact, the sand box test was chosen 
for our evaluation. 
The sand box test was originally developed 

by Bell Laboratories in the 1960s. Since then, 
Bellcore and various standards organizations, 
such as the Electronic Industries Association 
(proposed EIA FOTP 181) have adopted this 
method to characterize fiber cable performance. 
A schematic of the test setup is shown in Figure 3. 
The sand box test utilizes a 0.75-meter (30-

inch) square box filled with 20-40 mesh damp, 
packed sand. The depth of the electrode within 
the box is approximately 30 cm (12 inches). 
Cable specimens are 1 meter (3.3 feet) in length. 
Cables are placed horizontally within the box 

such that the end of the electrode (within the box) 
is approximately 2.5 cm (1 inch) from the cable 
sheath. Both ends of each specimen are stripped 
back and all metallic components are electrically 
shorted to ground. A small pinhole is burnt in the 
cable's sheath to ensure that the arcing occurs 
at the point directly facing the electrode. During 
the test, the arc discharges its energy from the 
electrode to the cable where it then flows through 
the cable to ground. 

Two of the most common concerns today in 
the outside plant are lightning and mechanical/ 
rodent protection. It is our position that all-di-
electric cable eliminates concerns of lightning 
damage because it does not contain the metallic 
components that attract lightning. So aerial appli-
cations should use an all-dielectric cable when 
possible. Because of this relative immunity to 
lightning damage, all-dielectric cable designs 
were omitted from our study. 
When additional mechanical/rodent protection 

is necessary, in either buried or aerial environ-
ments where squirrels, birds or gophers are 
known to cause problems, field results have 
shown that the best rodent protection is provided 
by a steel tape armored design. Unfortunately, 
lightning, seeking a path of least resistance, 
occasionally arcs to these metal components. 
The objective of this study wasto evaluate cur-

rently available metallic cable sheath construc-

tions and establish upper limits (maximum light-
ning strike current levels) for their practical use. 
Previous studies of this kind have concentrated 
on the performance of the outer cable sheath 
only. Cables with longitudinally applied copoly-
mer-coated (steel) armor have consistently 
shown superior lightning performance to other 
sheath armor options in lightning test evaluations. 
Failure criteria is typically based on whether the 
fibers break during the lightning strike. From a 
more practical standpoint, this study examined 
the total damage incurred as a result of the strike, 
including the outer cable sheath and core mate-
rials as well as fiber damage (breaks). 

Results of testing 
Testing ranged from 50 kA (lightning strike cur-

rent) to 229 kA, which accounts for greater than 
99.9 percent of the recorded lightning strikes to 
aerial or buried objects. For each sample tested, 
every layer of outer sheath (polyethylene jacket 
and armor) was removed and photographed fol-
lowing the strike. Close examination of the cables 
revealed that the damage mechanisms were 
both severe mechanical crushing and burning 
effects located at the point where the arc's energy 
was transferred to the metallic components of the 
designs tested. As expected, the damage to 
cables became slightly greater as the current 
levels were increased. 
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Siecor armored Mini-Bundle cable (copoly-
mer-coated ECCS steel armor): No significant 
damage occured to the inner sheath and no core 
damage occurred on this design tested to 115 
kA. Only the outer jacket and armor was 
penetrated at current levels as high as 150 kA. 
At higher levels, to 229 kA, only minor damage 
occurred to the inner jacket and again no core 
damage occurred. 

Siecor Maxi-Bundle cable (copolymer-coated 
ECCS steel armor): At current levels of between 
50 and 150 kA, no significant cable core crushing 
or thermal damage occurred. At levels above 150 
kA, some tests showed minor tube crushing and 
burning. No fiber continuity failures occurred at 
levels as high as 205 kA. Throughout all of this 
testing, 100 percent of the fibers remained 
unbroken. 

Single-core tube design/multiple wire strength 
member sheath: Two designs were tested, one 
containing a copolymer-coated steel armor and 
the other containing a copper/stainless steel ar-
mor. The first design showed severe core dam-
age and fiber breakage occurring at current 
levels as low as 60 kA. The second design tested 
showed severe core damage cccuring at current 
levels of 80 kA with fiber breaks occurring at 
approximately 100 to 110 kA. 

Discussion of results 
Results show that the dominant damage 

mechanisms of lightning strikes are both severe 
mechanical crushing and thermal effects. Given 
this, a well-designed fiber cable must have good 
compressive strength and high temperature re-
sistance properties in both the sheath and the 
cable core. At high current levels, the outer sheath 
and armor contribution to the cable compressive 
strength are overwhelmed by the material prop-
erties and the geometric design of the cable core. 
Consequently, more crush resistant, higher tem-
perature cable core designs will provide the best 
lightning performance characteristics. 

Traditional evaluations of cable crush resis-
tance do not adequately address the crush re-
sistance of the core only. For designs with little 
or no core crush resistance, all of the cable crush 
resistance must be placed solely in the outer 
sheath. While thistechnique is useful in providing 
an acceptable level of overall cable crush resis-
tance, it does little to protect the cable core and 
fibers from damage due to the crushing effect 
that results from a lightning strike. In addition, 
because all of the crush resistance is present in 
the outer sheath, the cable can be stiff and very 
difficult to handle and strip. The optimum design 
is to spread the overall cable crush resistance 
across both the core and the outer sheath. This 
results in a cable that offers superior lightning 
protection, high cable crush resistance, as well 
as a cable that is easy to strip and work with in 
the field. 
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Using fiber in rebuilds and upgrades 
By Geoff Roman 
V,ce Presq.lef If of Marnet,Ig 
Jerrold Distribution Systems Division, General Instrument Corp 

Fiber-optics technology has a variety of appli-
cations in rebuilding and upgrading cable sys-
tems. The list of possible situations where the 
technology can be employed might seem end-
less. 
Perhaps the easiest place to see the applica-

tion of fiber is in the reduction of long amplifier 
cascades. There are some instances where cas-
cades of 60 or more amplifiers are now in oper-

ation. A simple calculation is all that's needed 
to show that the picture quality at the end of the 
cascade is less than that desired. For example, 
with a 70-amplifier cascade providing 36 chan-
nels and using power doubled trunk and bridger 
amps and conventional line extenders, sub-
scribers at the end of the line would see approx-
imately 43 dB carrier-to-noise (C/N) and -55 dB 
composite triple beat (CTB). 
FM fiber supertrunking (Figure 1) offers a 

potential performance solution at a cost of about 
$3.800 per channel and 75 cents per foot of fiber 

Figure 1: Fiber-optic supertrunk 
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cable. Two alternatives are available for the 
deployment of FM supertrunking. The simplest 
is to divide the cascade in half at the midspan 
amp (36th amp in the previous example). A 
supertrunk link is virtually transparent so that for 
all practical purposes the performance at the in-
put of the 36th amp is the same as that of the 
headend. At the end of the line C/N has improved 
to 46 dB, with CTB improved to nearly -59 dB. 
An alternative approach is to extend the super-

trunk to a point two-thirds the distance of the 
cascade from the headend. The amps between 
one-third and two-thirds the headend distance 
are then reversed. This approach for the example 
discussed earlier yields a maximum cascade of 
24 amps and a corresponding C/N of 48 dB and 
a CTB of -60 dB at the tap. 
Each approach has its advantages, but the first 

is easier to implement. If the fiber cable is installed 
in a different route than the coax it replaces, the 
coax can be used as a backup path in the event 
of a break in the fiber. The second approach 
yields the most significant signal quality improve-
ment but requires the direction of 23 amps (in 
the example) to be reversed. 
Replacement of amplitude or frequency mod-

ulated microwave links with the optical super-
trunk is another straightforward application. FM 
fiber links having a signal-to-noise (S/N) greater 
than 60 dB can provide performance improve-
ment when compared to all but the best micro-
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Figure 2: Fiber-optic backbone overlay of CATV system 
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• Fabricated from heavy gauge zinc coated 
steel. 

• Heavy guage steel padlock hasp and 
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A Subsidiary of in MILBANK P.O. Box 419028, KG., MO 64141-0028 

wave links. Further, fiber links are immune to rain 
fade and terrestrial interference. 

Increased bandwidth 
HDTV and its transmission requirements are 

subjects of much concern and discussion today. 
The situation is worsened by the fact that there 
is no HDTV standard and several of the proposed 
systems are not developed to the point that a 
transmission scheme has been identified. How-
ever, despite this uncertainty there are a number 
of things we do know: 1) HDTV will require more 
information to be transmitted, 2) it is likely to be 
received on large-screen TV sets that tend to 
amplify the effects of noise and 3) the Federal 
Communications Commission has ruled that 
HDTV transmission must be NTSC-compatible. 
The fact that HDTV will require additional in-

formation transfer is a subject of universal agree-
ment. This requirement may be accommodated 
with additional bandwidth using an augmenta-
tion channel. A precise time relationship is likely 
to be required between the two channels, 
creating the need to minimize or at least predict 
and control group delay. We can probably look 
to increased signal processing capability in the 
receiver to help handle this requirement. Some 
of the additional transmission needs may be ac-
commodated in the existing 6 MHz channel. 
Such transmission is likely to increase sensitivity 
to reflections and noise. 
Most cable operators have learned through 

experience that subscribers are far more sensi-
tive to picture imperfections when large screens 
(over 20-inch) are used. Tests have shown that 
subscribers with projection TVs find picture qual-
ity objectionable with C/N as high as 47 dB. Other 
studies have shown that viewers don't see the 
advantages of HDTV unless large screens are 
used. Thus, it seems likely that any HDTV format 
will increase viewer sensitivity to noise. 
The FCC ruling on compatibility between 

HDTV and NTSC means that viewers with exist-
ing TV sets must be able to continue receiving 
NTSC signals from the new HDTV signal. Capa-
bility should include no significant changes in 
existing Grade A and B service contours. It also 
means that the inherent redundancy of a NTSC 
signal, which consumes bandwidth, must 
remain. 

Further, any HDTV information introduced in 
the original 6 MHz of spectrum must not degrade 
the NTSC signal. The net result of this require-
ment for compatibility probably makes the cable 
operator's life easier, with the exception of the 
demand for increased bandwidth. 

Fiber optics has the capability to transport the 
needed amount of bandwidth with minimum 
signal quality degradation. It is immune to ingress 
and can provide excellent S/N performance. It 
allows shortening of cascades, reducing the ac-
cumulation of group delay, noise, frequency re-
sponse rolloff and distortion characteristics of 
traditional cascaded amplifier architecture. The 
technology will readily accommodate HDTV as 
a system evolves. 

Channel addition, which results in an increased 
bandwidth requirement, is another driving force 
toward the use of fiber optics. As bandwidth 
is increased, the maximum frequency used 
increases. Thus, the loss of the coax between 
amplifiers increases. We can address this loss 
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Model Super 600 Digital Signal Level Meter 

▪ Illuminated Microameter and LCD Readout 
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by respacing the amps. However, this is a costly 
exercise and may result in the need to replace 
the cable. Also, it lengthens the cascade that is 
probably already longer than desired. Another 
alternative isto use higher gain amps at existing 
locations. This approach limits the bandwidth 
expansion to one step or, in some shorter 
cascades, two steps. This is due to the fact that 
the higher gain amps force the use of lower in-
put levels that increase system noise, higher out-
put levels that increase distortion or some com-
bination of both. 

Today, use of fiber-optic AM backbone trunk-
ing (Figure 2) can transport high quality pictures 
to locations of seven to eight miles from the head-
end or hub site, replacing a cascade of 15 to 20 
trunk amps. The remaining distance to the sub-
scriber can then be traversed successfully with 
a reduced cascade, avoiding the problems 
associated with a long cascade of high gain 
amps as previously described. Furthermore, as 
improvements continue in laser diode tech-
nology, economical upgrades are expected to 
yield further performance improvements using 
the same fiber cable in the near future. 

Consolidation and improved performance 
Yet another application of fiber is headend con-

solidation. Fiber supertrunks allow the elimina-
tion of duplicate antenna sites and consolidate 
backup equipment to increase system availability. 
Such consolidation also permits the insertion of 
commercial and local origination signals at a 
single point for multiple systems, reducing total 
hardware requirements and operating costs. The 
employment of FM supertrunks results in a signal 
quality at each hub site virtually indistinguishable 
from that of the main headend. Since only one 
antenna farm needs to be built, the operator can 
use the best available equipment at an affordable 
cost. 

Finally, fiber also can yield an improvement 
in the utility of the return path. Many operators 
have built a subsplit return capability to allow two-
way communication within their systems. It has 
often been found that such return paths require 
a high level of maintenance due to the summing 
nature of the reverse tree-and-branch architec-
ture. The noise contribution of all active elements 
plus any ingress is summed at the headend, 
creating a high baseline noise level. Any mis-
alignment of amplifiers further reduces the return 
C/N. 
The fiber backbone approach reduces the 

effect of this summation by transporting the 
signals from a relatively small number of trunk 
amps and the associated line extenders back 
to the headend on a dedicated optical fiber. This 
results in a dramatic improvement in C/N and 
increases the tolerance of the system to any mis-
alignment. Further, the summing of ingress is 
reduced to contributions from a smaller geo-
graphic area, giving the operator the ability to 
isolate the cause and more easily implement a 
solution. 
We have just begun to exploit the capability 

of fiber to enhance today's CAN architecture. 
As the technology is employed on a more wide-
spread basis, performance improvements and 
cost reduction of components are likely, further 
increasing the utility of fiber optics. I I 
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International dimensions of CATV 
By Patrick K. McDonough 
Corporate Chief Engineer. United Cable Television Corp 

The widespread use of cable TV as a delivery medium is a relatively 
recent development in Europe. CAN has been available in some coun-
tries, such as Ireland, for many years but only in the past two to three years 
has it really become viable in most of Europe. The reasons behind this 
change are somewhat complex and can have an effect on the type of 
system that is required in a particular country. Whatever the motivation 
behind the change, the fact is that CATV is becoming increasingly visible 
around the world. 

Existing systems range from very small SMATV applications to large 
systems with most of the "bells and whistles" associated with modern 
American plants. Systems carry anything from two or three channels up 
to 40. Newer plants are being designed with bandwidths from 450 to 860 
MHz. European operators take full advantage of the technical advances 
made in the United States and Canada over the past 20 years and manage 
to avoid a number of the mistakes. This, of course, is a tremendous ad-
vantage as new systems come on-line and programming choices increase 
An important consideration in any foreign country is the perception of 

television by the residents. It must be pointed out that in many countries 
television has been a state-owned or state-controlled medium. Reception 
in several nations has been limited to only one or two channels for many 
years. As a result, the people who live there do not always perceive a need 
for additional TV programming. Many times they cannot conceive of how 
they might be able to use more than a half-dozen channels. Beyond this, 
there is a vast difference in the way Americans and Europeans use tele-
vision. Here in the United States we are conditioned to having a large 
number of channels 24 hours a day even in areas not wired. We also are 
quite used to being entertained by television. 

It is the way television is perceived as a method of recreation in America 
that sets us apart from Europe. European subscribers are at first stunned 
by the sheer number of programming choices; they literally do not know 
how to take advantage of cable. It thus becomes part of the operator's 
job to educate the subscribers in this regard. 
One of the most dramatic recent changes in Europe is the advent of 

satellite-delivered programming. Similar to American systems, the intro-
duction of additional programming has been the key element in fostering 
the growth of cable. For the first time, system operators can offer product 
beyond the available off-air channels and locally produced efforts. Fur-
ther increases in satellite capacity are planned and the addition of still more 
channels will give another boost to cable in Europe. 

System configurations 
There are three basic system configurations in use in European plants. 

These are tree-and-branch, switched star and a variation of the switched 
star that is built in the star architecture but does not employ active switches 
at the node points. Again, government regulations have a great deal to 
do with the type of plant configuration employed in specific areas. Beyond 
this, the density of the housing and existing infrastructure are determining 
factors in how systems are designed and built. 
Some countries, most notably the United Kingdom, actively promote 

the use of one configuration over another. The reasons for this can range 
from the pragmatic to a reliance on what outside "experts" have claimed 
to be the best system architecture. In the specific case of Great Britain, 
as an example, the story started with British Telecom (BT), the government-
owned telephone company. As part of a growing trend in Europe, the British 
decided to denationalize the phone company and let it compete on the 
free market as an independent entity. 

At the same time, however, the government decided that there was a 
need for something for BT to compete with. Thus, it created a structure 
governing the development of alternate telecommunications systems such 
as cable TV. The idea behind this was to foster the growth of independent 
systems that can compete with the phone company and avoid monopoly 
control of communications within the country. In their desire to promote 
alternatives to BT and to avoid the situation where only TV service is being 
offered, the governing rules are structured so as to promote the use of 
a switched-star system. The hope is that operators will eventually offer ser-

vices other than just television, such as telephony, data communications 
and soforth. The incentivefor this is an eight-year extension to the 15-year 
license or franchise for operators who build an active switched system. 
The switched-star configuration is based on the use of neighborhood 

nodes that feed the subscribers. This is similar in configuration to the off-
premise converter systems that have been tried in the United States, but 
with more capacity. Systems built in the star configuration, whether switched 
or not, offer a great deal of flexibility to the operator. If properly built and 
maintained, they can provide an extremely reliable plant. 
The other factors mentioned—density and existing infrastructure—also 

affect thefinal build structure. Densities in many areas of Europe are quite 
high compared to the United States. Homes passed on a per-mile basis 
can often exceed 300 and in some instances 1,000 or more. It should be 
noted that per-mile comparisons can be somewhat misleading in the cases 
where star configured plant is being used. Star systems have about 30 
percent less active plant than tree-and-branch topology, so per-mile figures 
are skewed upward. The star configuration is particularly well-suited to 
very high density situations, especially when the vast majority of construc-
tion is extremely expensive underground build. 

For example, let us say we will install nodes so that on average there 
is one node per two blocks of houses. This can be visualized by imagin-
ing a capital H with the node at the center of the crossbar. The legs of 
the H represent the drops that run down the streets past the homes. In 
this configuration there is only one pedestal that houses the node equip-
ment. The bulk of the plant is conduit for future drop feeds. There is no 
need to install taps and pedestals at many locations and expensive street 
crossings are minimized. There are problems with this approach, too. Sub-
scriber installations become more difficult and time-consuming, for in-
stance, but overall the star configuration is a very efficient method. 
The existence or non-existence of usable conduit, the complexity and 

location of the other utilities and the accuracy of underground structure 
maps also contribute to the determination of how a plant is built. In most 
of the areas I have seen, all of the services (electric, phone, gas, etc.) have 
been 100 percent underground. There are exceptions to this but they are 
rare and, in any case all new service is required to be underground anyway. 
Because the existing infrastructure has been in place for a very long 

time and has been rebuilt, modified and changed along the way, it is not 
unusual to find that there are no records that will allow the operator to deter-
mine exact locations for the existing services. In some instances this is 
complicated by the fact that many service feeds, even natural gas, are 
enclosed in plastic pipe, which means metal detectors are useless for 
locating underground structure. It may be that the best an operator can 
do is determine that phone and power are both on one side of the street, 
in which case the CAN plant can be built on the other side. The location 
of the other utilities being even partially known can be the deciding factor 
in determining where CAN facilities need to be placed and thus become 
the ultimate method of fixing on a system architecture. 

In other areas, notably Sweden, the topography and demographics of 
the cities themselves will determine how a system must be constructed. 
Many Swedish cities consist of large areas of MDUs, sometimes 3,000 
or 4,000 units, separated by relatively small areas of single-family dwellings. 
In these cases the structure of the system will be determined by the most 
efficient method of reaching the greatest number of passings—the MDUs— 
and picking up the rest later. This can lead to plants with fairly long super-
trunk runs followed by relatively short feeder systems supplying signal to 
a small area with a large number of dwelling units. This kind of layout falls 
naturally into a tree-and-branch type of design for the system backbone. 
The MDUs are fed from centralized splitter locations, a type of star con-

figuration. TV drop wiring is in place in most of these large apartment build-
ings in internal conduit systems. The normal method of connecting the 
units is a loop system, where each unit is connected in series, rather than 
individual homerun drops. This can impose limits on the options available 
to the operator to provide tiered service levels and/or pay channels. 
Because of government regulations requiring that each unit be able to 
receive the national channels, the operator is usually faced with providing 
a universal service to all dwellings as well. 
One other unusual aspect, at least to most American engineers, is the 
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way systems are defined by layers or networks. The best analogy to describe 
this feature is to use typical U.S. terminology to illustrate the different plant 

categories. Typically, a European plant is described as being composed 
of three separate networks—called D-1, D-2 and D-3—plus the headend 
and hubs. (In some areas the headend itself is considered a distinct layer 
of the system; supertrunk or other interconnect methods can constitute 
an additional layer The most common description is for three layers.) The 

D-1 network is roughly analogous to the main trunk in a U.S. system. The 
D-2 network can be compared to the feeder and the D-3 net is the sub-
scriber system. There are specific points identified as being the turnover 
spot between networks. 

The most important issue here is that in many countries, the D-3 net 
is owned by the subscriber, not the operator. The operator is responsible 
for the signals only up to the point at which they are placed on the D-3 
net. It is interesting to note that the subs usually have to pay for the D-3 
net themselves. The fact that the subs (or apartment house owners) own 
the final part of the system is another limiting factor in CATV design in Europe. 

Technical comparison of European and American systems 

There are very few countries outside of North and South America that 
use the NTSC system of TV transmission. Most European and Middle East 
countries have adopted either the PAL (phase alternation line) or SECAM 
(sequential with memory) systems. The PAL system utilizes 625 lines inter-
laced 2:1 at a rate of 50 fields per second. It uses a 4:3 aspect ratio and 
the sound carrier is frequency modulated. Most commonly, PAL signals 
are either 7 or 8 MHz wide, depending on frequency. 

PAL and SECAM systems differ mainly in the way color signals are pro-
cessed. Both systems are alike in that they separate the chrominance and 
luminance information and transmit the chrominance in the form of two 
color difference signals. These are used to modulate a color subcarrier, 

which is transmitted within the bandwidth of the luminance signal. In the 
PAL way of doing this, the phase of the color subcarrier is changed from 
line to line. This necessitates sending a line switching signal along with 
a color burst. In SECAM, the color subcarrier is frequency modulated, 
alternately, by the color difference signals. This also requires the inclu-

sion of a line switching signal within the channel. Both of these systems 

produce picture quality that, as a rule, is superior to that of the NTSC signal. 
Signals in many areas also include teletext information in the vertical interval. 
The main difference as far as CATV is concerned is the wider band-

widths of European signals. As a general rule (although this is not entirely 
accurate) channels at lower frequencies, comparable to the VHF band, 
are 7 MHz wide. Higher frequencychannels, UHF band, are 8 MHz wide. 
There are five bands of broadcast signals arranged to include both TV 
and FM radio signals. Band I ranges from 41 to 68 MHz, Band II from 
87.5 to 100 MHz (FM radio) and Band III from 582 to 960 MHz. Cable 

systems utilize bandwidths starting at 40 to 50 MHz and extending to 450 
or 550 MHz. There are some designed to operate up to 860 MHz but these 
are the exception. 

Both VHF and UHF frequencies are utilized for broadcast, although 
in Great Britain only UHF is allowed. Because there were until recently 
only a few channels available, most of the older TV sets are limited in the 
number of channels they can receive through their tuners. Newer sets, 
made in the last five years or so, can receive more. 
The combination of UHF-only reception and limited tuner capacity in 

the United Kingdom presents the operator with the need to provide a UHF 
input signal to the receiver. In switched-star systems this can be handled 
by either sending a low frequency UHF signal down the drop or by sending 
down a VHF signal and installing a VHF/UHF upconverter in the sub-
scriber's home. Systems that use converters must install an upconverter 
on the output of the box. The use of the upconverter is complicated by 
the fact the U.K. signals contain teletext information that must be delivered 
to the set in a usable state. The specifications of the upconverter are 
therefore fairly strict. Operators who have chosen to send UHF signals 
down the drop avoid the use of upconverters but find drop lengths limited 
by attenuation factors. This in turn can place restrictions on the node 
locations. 

System operating specifications are generally comparable to those dic-
tated by good engineering practices here in the United States. Composite 

triple beat and cross-modulation are usually expected to be in the -53 
or -54 dB range. Carrier-to-noise is specified for a 43 to 46 dB ratio. Group 
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delay, differential gain and differential phase, system response, hum 
modulation and other parameters are also very similar to U.S. standards. 
Some differences arise in leakage specifications, which tend to be a little 
stricter in Europe and in some specific areas such as port-to-port isola-
tion in subscriber taps. Isolation requirements in some countries can place 
severe restrictions on the tap values available to the system designer and 
complicate amplifier placement and levels. 

The other factor that must be included in considering the European 
systems is the layer of network distinctions. As noted previously, the systems 
are often defined in specific networks. The operator must be aware that 

each portion of the network has its own related set of technical specifica-
tions. These standards are specific to each layer and are generally not 
additive. That is, the D-2 net is expected to meet certain criteria regardless 

of how the D-1 net is operating. The only point where a general set of specs 
apply is at either the subscriber outlet or at the defined turnover point to 
the D-3 net. 

In general, European technical specifications are reasonable and a well-
engineered system will meet these standards easily. The fact that there 
are few channels carried, due to the higher bandwidth per channel, means 
that engineers can define system specifications to run at the high levels 
necessary to meet noise and isolation regulations. This can be done without 
running into severe distortion effects usually associated with high level 
operation. From an overall technical standpoint, the European systems, 
if built according to the standards, will compare quite favorably with those 
in America. 

Technical considerations for European applications 

As in any system, here in the United States or overseas, the principles 
of solid, well-understood engineering practices apply. Systems should be 
designed so that the end-user receives the highest possible quality picture 
available. There should be extremely little or no degradation present and 
the system as a whole must have a very high degree of reliability. 
European systems differ from their American counterparts in several 

areas. Governmental regulations apply one set of considerations to system 
design as noted previously. System topography, as dictated either by regu-

lation or demographics, applies another layer of consideration. Local con-

ditions, such as the UHF requirement in England, add yet another aspect 
to the whole situation. 

A good example of the type of complexity that can arise from a com-
bination of all these factors can be illustrated by looking in detail at a typical 
application in Sweden. The example area is a group of MDUs numbering 
2,000 units requiring about 4 km (2.5 miles) of plant to feed all the buildings. 
Construction must be done underground and the headend will be located 
within the complex. In this area, as in many areas in Sweden, there are 
three off-air channels available, all of which are must-carries. There are 
also several satellite channels available, ranging from Russian broadcast 
TV to a French language channel and a couple of English language 
channels. The apartment owners recently (within the last two or three years) 
rewired all of the apartments in accordance to the Swedish regulations. 
The internal wiring, the D-3 net, is all looped from unit to unit with the feeds 
coming from the basement. 

The operator wants to offer a basic tier of service, consisting of the three 
must-carry channels, to all of the units. Also planned are a second tier— 
an expanded basic level to subscribers willing to pay for it—and a pay 
service. The headend and earth station installation will be fairly straight-
forward and familiar processes. The first decision comes in deciding which 
trunk cable to use Swedish standards call for these cables to have a copper 
outer conductor and a solid copper center conductor. The reason for this 
requirement is the feeling on the part of the authorities that copper cable 
will not corrode as much as aluminum cable in similar circumstances. 
There are a number of cables available, commonly built in a fused disk 

construction. The next decision involves the routing of the D-1 and D-2 
cables to feed the 40 or so buildings in the complex. Strict attention must 

be paid to the specs for each portion of the plant up to the point where 
it is turned over to the D-3 net. Most of this process is familiar CATV engineer-
ing and design. 

However, once inside the buildings the differences become more signifi-
cant. The typical subscriber outlet in use in Sweden contains an FM splitter 
so that there are actually two feeds into the apartment, one for TV and 
the other for radio. The drop, coming from the apartment or basement 
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below, is connected to the outlet and then loops on the next apartment. 
Because of the FM trap it will be difficult to use an American-type address-
able converter that typically needs data carried in the FM band; the data 
will have been trapped out before it can reach the box. 

Likewise, traps present problems. Negative traps, which might be used 
to protect the upper tier and pay channel, can only be installed in the apart-
ment itself because of the loop system. Obviously, this is not the most secure 
situation to have. Positive traps could be used on the pay channels, but 
not for more than one or two because their size will soon become objec-
tionable behind the set. The operator does not own the D-3 net thus can-
not change the configuration to homerun; the owners will be reluctant to 
do so since they rewired a few years ago. Since he must provide the three 
must-carry channels to every unit, the operator must find a way to secure 
these services without spending huge amounts of capital. 
One of the solutions to this dilemma is to use a modified addressable 

box that will receive data at a lower frequency. Another possible approach 
might be to use a combination of a blockconverter for the expanded basic 
tier and a positive trap for the pay channel. This last solution would cer-
tainly be viable and may represent the most economical approach, but 
what happens when additional programming becomes available or the 
operator wants to try pay-per-view? Again, the addressable converter 
seems to be the best bet. The issue of PPV also runs into complications. 
A two-way converter could be used, but the subscriber outlet again causes 
problems. This piece does not use F connectors; instead, the connec-
tions internally are made with screw contacts on the center conductor and 

shield. 
These devices have higher losses and are more prone to ingress/egress 

than similar parts in America. This means that the return data may not 
have the strength to get back to the system at a reasonable level or in a 
non-corrupted state. Faced with this, the operator still has a couple of 
options available: 1) a phone-in approach to PPV event ordering or phone 
return-type of two-way converter or 2)a converter that can be downloaded 
with prepaid credits that are used up as events are watched. The prob-
lems, while numerous, are not such that with a little ingenuity and thought 

cannot be overcome. 

Construction methods 
Most if not all of current CATV construction in Europe is underground. 

Actual construction methods are very similar—as they must be—to those 
in the United States. The use of concrete saws, trenchers and rock saws 
is common. In some instances, because of the uncertainty about other 
utility locations or extreme congestion, hand digging is employed to 

minimize damage to other facilities. 
Construction in the street is rare. Most of the underground in the United 

Kingdom, for instance, is placed underneath the sidewalks in front of the 

dwellings. Density and traffic play a large role in the complexity of con-
struction in urban areas like London. A good deal of time is spent in clear-
ing parked vehicles, controlling pedestrian and traffic flow and maintain-

ing a safe construction site. 
Local regulations can add to the complications. Some municipalities 

require that all the spoil removed from trenches be hauled off-site. Trenches 
are then filled with a slurry mix and the sidewalks refinished. Restoration 
of the sidewalks can be quite complicated as well. Asphalt sidewalks merely 
need a hot asphalt fill, sometimes following a cold patch. Sidewalks made 
of flagstones need to have a layer of sand put down and the paving blocks 
reset (or replaced if they have been damaged). Some sidewalks are made 
of concrete topped with a mastic coating. In these cases the concrete must 

be poured and, when cured, the mastic must be redone. This requires operators is that the greater diversity  hand-finishing of the hot mastic substance and is not only time-consuming and lower coe of cable will eventua - ly prove to be the deciding factors. 
but expensive as well. Newer technologies also are beginning to make themselves felt in 

The age and density of the areas leads to a good deal of congestion Europe. France has done a tremendous amount of research and develop-
in the underground plant. The lack of accurate records indicating utility ment in the area of fiber-optic plant. The end results of this could affect 
locations, as noted earlier, can lead to incredibly complex coordination future cable system configurations in a major way. Likewise, the develop-

problems. Damage to existing underground structure is not uncommon ment of HDTV is of concern to operators. They will be faced with the same 
and must be considered as part of the cost of construction. questions that now confront U.S. CATV systems. What bandwidths will be 
The capital required to build plant is higher because of all these factors. needed to accommodate HDTV channels? How much will system technical 

In relatively clean areas, costs should be about $70,000 to $80,000 per criteria need to change? Will shorter cascades be necessary?How will 
mile. Areas with extremely high density or unusually difficult construction converters be adapted to handle the new signals? 1 I 

can experience even higher costs. Because of the density, even very high 
per-mile costs can translate into pretty reasonable costs on a per-passing Reprinted with permission from the National Cable Television Association's 

basis. 

Because CAN is relatively new in most areas of Europe there is not a 

pool of experienced people to draw from to build, maintain or °berate 
a system. There are few people who have worked with earth stations and 
SMATV systems and have done MDU wiring, but often they are unfamiliar 
with the stricter requirements of cable. 
The operator faces a decision regarding the makeup of workers. Should 

one import experienced people or try and train local workers? The exclu-
sive use of non-residents is often resented and can serve to the operator's 

disadvantage. On the other hand, trying to make a system successful with 
inexperienced people also can lead to severe problems. 
A system operator can use one of several courses to resolve this dilemma. 

The most obvious is to import a small number of experienced cable peo-

ple and utilize their experience to train a local work force. This has the 
benefits of keeping overall costs down (it is very expensive to move people 

to Europe and keep them there) and bu ilding up a good community iden-
tity. Once local workers have been trained and have gained some prac-
tical experience they will be in high demand because of the scarcity of 

such personnel. Fair labor practices and good wages become a must 

to retain qualified people and avoid the costs of constant retraining. 
One other training method involves sending a small group of local people 

to the United States (or another cou ntry with many cable systems) and 
having them train there. 

Operational considerations 
Doing business in Europe can be extremely complicated. There are 

numerous currencies, fluctuating rates of exchange and high taxes to deal 
with. Importing hardware is a complicated process with many potential 

pitfalls along the way. Operators must think in terms of 20- or 40-foot con-
tainers of material; planning is necessary several months in advance to 
ensure that needed equipment is received on schedule. Cost planning 
must take into account the import duties for each nation. Depending on 
the type of equipment being imported, and classifications vary from country 
to country even for the same gear, import duty can range anywhere from 

15 to 150 percent of the value of the equipment. Naturally, the rates of 
exchange also affect this process. If possible an operator should attempt 

to lock in a rate of exchange for some period, such as a year or 18 months. 
The operator also is faced with starting up or somehow modifying existing 

billing systems for use in European systems. The whole area of computer-
ized billing service and addressability require a detailed analysis of local 

requirements. For instance, some people prefer to pay bills monthly by 
coupon at their bank (this is common in the United Kingdom). In other 
countries, quarterly or even annual billing is common. 

Future trends 
The future of CAN in Europe can be viewed from a number of stand-

points. There appears to be a need for additional services in most areas 
but penetration levels, at least in some new systems, are somewhat dis-

appointing. This relates to the cultural differences in how television itself 
is used and the subscriber's perception of the new services. The high den-

sity of many areas is a compelling reason to investigate European CATV 
but this must be balanced by realistic expectations in penetration and a 
full realization of high construction costs involved. 

Europe as a whole is much more interested in DBS than is the United 
States. Several DBS satellites have been planned and at least one has 
been launched. DBS could pose a real threat to the development of CAN 
as could MMDS. The window of opportunity for CAN is about two to three 
ears before DBS becomes major competition. The opinion of European 

"1988 NCTA Technical Papers." 

COMMUNICATIONS TECHNOLOGY MAY 1989 91 



ATTENTION CABLE SYSTEM OPERATORS, 
MANAGERS AND ENGINEERS! 

SCTE now has 48 local chapters and meeting groups across the country, each providing 
low-cost technical training seminars to area cable engineers and technicians. 

SCTE Chapters and Meeting Groups 
Appalachian Mid-Atlantic Chapter 
Chambersburg, Pa. 
Contact: Richard Ginter, (814) 672-5393 

Cactus Chapter 
Phoenix, Ariz. 

Contact: Harold Mackey Jr., (602) 866-0072, x282 

Caribbean Area Chapter 
Hato Rey, Puerto Rico 

Contact: Jerry Fitz, (809) 766-0909, x2241 

Cascade Range Chapter 
Portland, Ore. 
Contact: Norrie Bush, (206) 254-3228 

Central Illinois Chapter 
Urbana, Ill. 
Contact: Tony Lasher, (217) 784-5518 

Central Indiana Chapter 
Columbus, Ind. 
Contact: Joe Shanks, (317) 649-0407 

Chattahoochee Chapter 
Macon, Ga. 

Contact: Jack Connolly, (912) 741-5068 

Chesapeake Chapter 
Timonium, Md. 

Contact: Thomas Gorman, (301) 252-1012 

Delaware Valley Chapter 
Jamison, Pa. 
Contact: Diana Riley, (717) 263-8258 

Florida Chapter 
Riviera Beach, Fla. 
Contact: Denise Rimer, (813) 626-7115 

Gateway Chapter 
Chesterfield, Mo. 
Contact: Darrell Did, (314) 576-4446 

Golden Gate Chapter 
Concord, Calif. 
Contact: Tom Elliott, (408) 727-5295 

Great Lakes Chapter 
Troy, Mich. 
Contact: Daniel Leith, (313) 549-8288 

Greater Chicago Chapter 
Palatine, Ill. 

Contact: John Grothendick, (312) 438-4200 

Heart of America Chapter 
Kansas City, Mo. 
Contact: Wayne Hall, (816) 942-3715 

Hudson Valley Chapter 
Liberty, N.Y. 
Contact: Robert Price, (518) 382-8000 

SCIE 

Iowa Heartland Chapter 
Des Moines, Iowa 
Contact: Dan Passick, (515) 266-2979 

Miss/Lou Chapter 
Pearl, Miss. 

Contact: Charles Thibodeaux, (504) 641-9251 

New England Chapter 
Brockton, Mass. 
Contact: Bill Riley, (508) 588-6895 

North Central Texas Chapter 
Dallas, Texas 

Contact: M.J. Jackson, (800) 528-5567 

North Country Chapter 
Minneapolis, Minn. 
Contact: Doug Ceballos, (612) 522-5200 x705 

North Jersey Chapter 
East Orange, N.J. 
Contact: Art Mutschler, (201) 672-1397 

Ohio Valley Chapter 
Columbus, Ohio 
Contact: Bill Ricker, (614) 236-1292 

Oklahoma Chapter 
Oklahoma City, Okla. 
Contact: Gary Beikmann, (405) 842-2405 

Old Dominion Chapter 
Verona, Va. 
Contact: Margaret Harvey, (703) 248-3400 

Piedmont Chapter 
Raleigh, N.C. 
Contact: Rick Hollowell, (919) 968-4631 

Razorback Chapter 
Hope, Ark. 
Contact: Jim Dickerson, (501) 777-4684 

Rocky Mountain Chapter 
Englewood, Colo. 
Contact: Rildci Lee, (303) 792-0023 

Tip-O-Tex Chapter 
Harlingen, Texas 
Contact: Arnold Cisneros, (512) 425-7880 

Big Sky Meeting Group 
Harlowtown, Mont. 
Contact: Marla DeShaw, (406) 632-4300 

Bonneville Meeting Group 
Salt Lake City, Utah 
Contact: Roger Peterson, (801) 486-3036 

Central California Meeting Group 
Fresno, Calif. 
Contact: Andrew Valles, (209) 453-7791 
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Chaparral Meeting Group 
Clovis, N.M. 
Contact: Bob Baker, (505) 763-4411 

Dairyland Meeting Group 
Wausau, Wis. 
Contact: Jeff Spence, (414) 738-3180 

Dakota Territories Meeting Group 
Aberdeen, S.D. 
Contact: A.J. VandeKamp, (605) 339-3339 

Dixie Meeting Group 
Guntersville, Ala. 
Contact: Greg Harden, (205) 582-6333 

Great Plains Meeting Group 
Aurora, Neb. 
Contact: Jennifer Hays, (402) 333-6484 

Hawaiian Island Meeting Group 
Kahului, Hawaii 
Contact: Howard Feig, (808) 242-7257 

Idaho Meeting Group 
Pocatello, Idaho 
Contact: Jerry Ransbottom, (208) 232-1879 

Inland Empire Meeting Group 
Spokane, Wash. 
Contact: Randy Melius, (509) 484-4931 

Michiana Meeting Group 
South Bend, Ind. 
Contact: Thomas White, (219) 259-8015 

Mount Rainier Meeting Group 
Seattle, Wash. 
Contact: Sally Kinsman, (206) 867-1433 

Palmetto Meeting Group 
Hilton Head, S.C. 
Contact: Rick Barnett, (803) 747-1403 

Southeast Texas Meeting Group 
Houston, Texas 
Contact: Harold Null Jr., (713) 947-7114 

Southern California Meeting Group 
Santa Corita, Calif. 
Contact: Tom Colegrove, (805) 251-8054 

Tennessee Meeting Group 
Memphis, Tenn. 

Contact: Don Shackelford, (901) 365-1770 

Upstate New York Meeting Group 
Rochester, N.Y. 
Contact: Ed Pickett, (716) 325-1111 

Wyoming Meeting Group 
Laramie, Wyo. 
Contact: Matt Forgas, (307) 324-2286 



Small systems 
This is the fourth in a series of articles designed 
to help the small system operator or entrepreneur 
avoid some basic (and perhaps fatal) mistakes. 
It continues a discussion on designing and oper-
ating small systems. Editor's note: Opinions ex-
pressed belong to the authors, based on their 

experiences. 

By Bill Grant 
President. GWG Associates 

And Lee Haefele 
President. Haefele TV 

The accumulation of noise and distortion in a 
string of amplifiers is governed by the laws of 
physics and the transmission performance of any 
particular cascade of units—whether trunk, 
feeder or single-cable applications. This ac-
cumulation is established by the characteristics 
of the amplifiers themselves, the number in 
cascade and the input and output operating 

levels maintained. 
If sound engineering practices are employed, 

the transmission performance of a cascade of 
units in a single-cable system can be determined 
just as precisely as that of a trunk/feeder system. 
The end-of-system performance can equal or 
even surpass that of a conventional trunk/feeder 
design. There is no inherent limitation to system 
bandwidth or transmission capacity in a single-
cable design that does not apply equally to a 
trunk/feeder system; in both cases the penalties 
are largely economic or may involve some restric-
tions on physical system length. 

If all amplifiers are operating at identical input 
and output levels in a system, then we could 
utilize identical equipment at every location. This 
would significantly reduce the problems of stock-
ing spare parts. Even if we utilize two different 
types of equipment—say, manual and automatic 
units—this is still logistically simpler than the five 
or six different types required in a trunk/feeder 
system. 
We do not transition system transmission levels 

anywhere within the plant as we did between 
trunk and feeder subsystems. So, we need not 
have any equipment with two gain modules in 
one housing, such as the trunk/bridger amplifiers 
we had to use in the trunk/feeder plant. All units 
in the single-cable system will be one-module 
amplifiers using smaller and less costly housings; 
they will consume less operating power as well. 
A trunk/bridger unit in a sophisticated urban 
system can cost anywhere between $800 and 
$900. The single-cable amplifiers may only cost 
between $200 and $500. 

Certainly a major cost advantage will be the 
complete elimination of a second cable through-
out the plant. Not only is the cost of the cable 
itself reduced, but the cost of plant construction 
also is lower. This economy may be applied to 
the use of larger cable or lower loss cable in some 
instances. Or it can translate to more plant built, 
serving more subscribers for the same amount 

of money. 
In the long term, the operation and main-

tenance of a system where all transmission levels 

are identical and where only one or two different 
types of equipment are employed permits the 

The last frontier 
effective use of lower levels of technical com-
petence in operating personnel. This is because 
much simpler maintenance procedures may be 
used. In a small operation with a distinctly limited 
revenue base this is extremely important. Such 
operations cannot support sophistication in 
either personnel or operating practices; for-
tunately, the single-cable design does not require 

these. 

Disadvantages of single-cable design 
If irstrue that "there's no free lunch," what are 

the shortcomings of a single-cable approach? 
Most of these are somewhat academic, but it can 

be argued that the system may be more suscept-
ible to outage. This can be due to the fact that 
so many devices and cable connectors are seri-
ally connected in a long run. But in trunk and 
feeder we cannot entirely limit this condition in 
an extended system. In many instances, the 
single-cable design may actually require fewer 
active units such as amplifiers. 
Our experience has been that the mechanical 

hardware (e.g., fittings and taps, etc.) are so much 
improved now. If careful attention to quality work-
manship is applied during construction, single-
cable plant may well be more reliable than con-
ventional systems and certainly should not be 
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How to Improve the 
PICTURE QUALITY of 
Your Data Carriers: 

PICTURE 1 

Spectrum Display 

ATTEN, 
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Performance degradation on a 
broadband network can result in a 
significant expense in lost 
information. But how do you monitor 
your system when traditional sweep 
equipment adds its own problems? 

Introducing the CALAN, Inc. Model 
1776/1777 Sweep System/Spectrum 
Analyzer. 

Frequency response testing has never 
been easier. The Model 1776/1777 
protects the carriers on the system, 
allowing continuous frequency 

response testing even during heavy 
system loading. 

See us at the NCTA Show, 
Booths 1408, 1410. 

600 MHz Spectrum Analyzer 

As if precision frequency response 
measurement isn't enough, a 5-600 
MHz Spectrum Analyzer in the same 
portable package reads Carrier Levels. 
Carrier-to-Noise, Intermodulation, 
and Ingress — all with the same 
instrument. 

Included is direct entry of the Center 
Frequency and Frequency Span, 
digital markers to verify the absolute 
level, and a Peak Hold mode which 
allows readings even on randomly-
keyed carriers. 

CABLE AND LOCAL AREA NETWORKS 

PICTURE 2 
Frequency Response 

Now, your testing can be on your 
schedule — when you want, and 
where you want, with 12 VDC battery 
or 110 VAC line operation. Plus. the 
1776 is weather-sealed to operate 
even under extreme conditions. 

Isn't it time you had the advantage of 
picture-perfect maintenance 
capability? You might even grow to 
enjoy watching your data. 

Picture that. 

CALAN, Inc. 
R.R. I. Box 86T 

Dingmans Ferry. PA 18328 
(717) 828-2356 
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less so. Remember that the conventional ampli-
fiers are by nature more complex and sophis-
ticated. Consequently, they could be considered 
inherently more fragile or less reliable; they will 
require more—or more sophisticated—attention 
over the long term. 

There are no unique construction practices re-
quired with single-cable plant but there may be 
some alternatives worthy of consideration. Since 
in most small systems the amount of plant is dis-
tinctly limited and costs must be aggressively 
reduced, the use of self-supporting cable may 
be advantageous. Such plant does not require 
the use of a lashing machine at all and pole 
attachment hardware is a bit less expensive. But 
perhaps most significantly, self-supporting cable 
can often be placed with a smaller construction 
crew. In these smaller systems there will be many 
situations where the cable must be cut at every 
pole to insert a tap anyway. Therefore, there will 
be fewer long cable runs to be placed. The use 
of self-support could more efficiently utilize cable 
reel ends, perhaps even facilitating the construc-
tion of single-cable spans. 
A word of caution is in order for those who may 

have no experience with self-support construc-
tion. When pole line spans are long in length (per-
haps 300 or 350 feet) self-support plant can 
experience high rates of mechanical vibration 
during periods of high wind. This "dancing" can 
actually cause cable failures in extreme cases. 
Under heavy ice loading (and even during nor-
mal circumstances, in some cases) self-support 
cable also may tend to slip through the pole sup-
port clamps to equalize cable tension between 
adjacent pole spans of different length. Some 
care must be taken with this type of construc-
tion. Sometimes even the addition of extra or false 
dead ends in the plant may be prudent. However, 
self-support cable can be employed effectively 
if good construction practices are followed. 
One technique that has been used effectively 

in smaller systems particularly lends itself to the 
use of self-supporting cable. In one case where 
the plant served a rural community, many short 
side leads were possible,' most of which only 
extended one-fourth of a mile or so to reach per-
haps three or four homes. In urban systems the 
common practice is to construct plant so as to 
be able to service all existing residences. This 
is done even though the plant placed may not 
actually produce revenue either initially or even 
at a later data The smaller system cannot absorb 
the cost of non-productive plant quite as well, so 
we developed the following practice to minimize 

this: 
We designed the system to service the entire 

area and completed the layout for all such side 
lead extensions (including tap values, splitter or 
coupler signal feed, etc.). We simply did not con-
struct the side lead plant at all. The system 
operator did not forego the potential service 
revenues but deferred the construction until a 

sale of service was completed. 
Self-support cable plant can be easily and 

quickly constructed. Since the design, bill of 
materials and even labor estimate for each side 
lead was already available, the operator could 
still offer a two- or three-day service response to 
sales out on the side lead. 

In practice the operator aggressively pursued 

sales on all such extensions, particularly when 
one service order developed on a lead that had 
three or more potential subscribers. But by defer-
ring some construction in this manner, the oper-
ator was able to significantly reduce the amount 
of non-revenue producing plant that was built 
without limiting or restricting the system poten-
tial for subscriptions. The extensions of plant in 
these cases required no additional layout or engi-
neering at all. Thus, it presented no technical 
complications for the originally constructed plant 
that was already in place and in service. 
One unique construction practice restricted 

to small telephone companies in rural areas but 
is perfectly sound and practical is to construct 
the coaxial plant by simply overlashing the new 

cable to existing aerial telephone messenger and 
cable. This is quite inexpensive. 

It is suggested that during the system design 
and layout phase of any project the system 
operator include all possible future system ex-
tensions (however improbable such extensions 
might appear to be). The cost of the additional 
design work is very nominal if done at this time. 
Subsequent extensions can be easily and rapidly 
constructed with no danger of compromising the 
system specifications. More importantly, given 
the design and layout, the actual cost of such 
extensions can be determined with some pre-
cision. This may be a factor in a subsequent 
business judgment of whether or not to actually 
construct the plant. 

Coming Soon! 

The VIC 

Vehicle Information Center 

NEW 

The first full featured 

fleet vehicle system 

designed for CATV. 

Tracks Vehicles, 

Drivers, Maintenance, 

and Accidents. 
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Plant damage claims 
By Mike Mayberry 
Construction Coordinator, Continental Cableviston 

Read the title of this article literally: Damage 
to underground or aerial facilities eats away at 
your profits. But for some time this problem has 
been looked upon only as a slight annoyance. 
Damage "claims" the monies destined for new-
build and consistently tuned systems, not to men-
tion misspent manpower. Up to now, the attitude 
was "temporary it and move on." Today reality 
has set in; we have to go back and fix it before 
we can go on. This costs time and money. 
Our personnel operate like a detective agency 

when damage occurs. Installers and technicians 
who find cut underground or downed aerial 
cable immediately start researching the problem. 
They obtain information on who did the damage 
and where â occurred. How much time our per-
sonnel spent addressing the problem and what 
equipment was used to repair it also are noted. 

All this data is placed on a billing invoice and 
transferred to a damage claims/billing record 
book. Addresses of the damage location and the 
persons responsible are listed. A billing number 
is assigned, the amount charged for the repair 
is assessed and any additional notes or special 
information are provided in the report. 

At least three notices are sent to the offending 
party, but usually retribution is made prior to any 
notices being sent out. Utilities are the best when 
it comes to paying damage claims; non-utilities, 
on the other hand, are blissfully ignorant. In the 

case of damage caused by a non-utility, the dis-
patch department researches to locate the per-
petrator. Just like other claims, all information is 
pursued. 

Then we invite all concerned parties for a dis-
cussion of the damage and possible claims. For 
example, we recently discovered a backhoe 
operator responsible for damage, then re-
searched the business and its insurance com-
pany. The operator refused to pay, so we called 
in the insurers for a visit. Our chief tech, dis-
patcher and I sat down with the claims represen-
tative from the insurance company. With enough 
documentation to convict Santa Claus, we were 
paid over $1,800 for the repairs by the claims rep. 

Preventive claims 

Our approach also involves preventive claims. 
These include house movers, relocation of pole 
lines and cable facilities, and incorrect assump-
tion of easement. 

Actively pursuing damage claims is one of the 

OFF THE SHELF 
OR 

CUSTOM TAILORED 
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FOR CO-CHANNEL PROTECTION WE CAN 

OFFER A LARGE VARIETY OF RUGGEDIZED 
ANTENNAS, INCLUDING OUR COMPUTER 

DESIGNED PHASED-ARRAYS 

Alternatively, Biro Engineering will be 
pleased to assist you with the best antenna 

field testing money can buy. 

THE CO-CHANNEL SEASON 
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"Contractors, 
subcontractors and the 
individual home owner 
must be instructed on 
a large scale to call 
for locates." 

best insurance policies you can have And word 

has gotten around: Cut underground cable 
caused by utilities has dropped off about 40 per-
cent, about 21 percent with non-utilities. While 
these figures are encouraging, the ultimate goal 
of no damages is not entirely impossible. Con-
tractors, subcontractors and the individual home 
owner must be instructed on a large scale to call 
for locates. 

After all, damage claims not only money but 
attitudes and reputations as well. We are in the 
business of entertaining and building good atti-
tudes and reputation. The only claims depart-
ment we should have are for claiming new sub-
scribers! ri 

JONES INTERNATIONAL PROUDLY-
PRESENTS NEW PRODUCTS AND 

PROGRAMMING SERVICES 

WE HAVE SOMETHING FOR LITERALLY 
EVERYONE! 

MIND EXTENSION — UNIVERSITY! 

A FREE basic cable programming service allowing subscribers to earn 
college credits from major universities through quality telecourses. 

GALACTIC RADIO! 

Enhance your basic cable with our FM stereo service including six 
stereo music formats, three sports/news/talk superstations, plus In-
Touch, a reading service for the visually impaired. 

JONES BUSINESS LEARNING GROUP! 
Interactive video and video tape training products for CSR'srrechs and 
in-house personnel. 

THE JONES DICTIONARY! 
The resource of cable terminology. 

FOR MORE INFORMATION, CALL TOLL-FREE 
1-800-525-7002  
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'The baseband S/Ns 
are more nearly a 
measure of the true 
quality of the TV 
picture delivered to 
the customer than 
the RF S/Ns.' 

Figure 2: Suiojective noise weighting 
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Relation between NCTA C/N and other SINS 

S/NTAsD = C/NNcTA - 1.8 dB 
S/NEIA = C/NNcTA + 0.1 dB 

S/Nccin = C/NNcTA - 0.2 dB 
C/NNcTA + 2.7 dB 

Straus, IEEE Transactions on Broadcasting, 

September 1974. 
3 E1A Standard RS-250-A, 1967; RS-250-B, 1976. 
4"A Comparison of Three MAC TV Transmission 
Formats," LC. Palmer, Comsat Technical Review, 

Fall 1986. 
5"CCIR Characteristics of Systems for Mono-

chrome and Colour Television Recommenda-
tions and Reports," Recommendation 470-1 
(1974-1978) of the XlVth Plenary Assembly of 

CCIR, Kyoto, Japan, 1978. 

(Views expressed here are the author's and do 
not necessarily reflect those of Conte!.) 
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Vital statistics 
By Ron Hranac 
President. Society of Cable Television Engineers 

The results are in! SCTE's 1989 elections are 
over and the ballots have been counted. The win-
ners are: at-large directors—Richard Covell and 
Robert Luff; regional directors—Pete Petrovich 
(Region 1), Ron Hranac (Region 2), Bill Kohn 
(Region 6), Jim Farmer (Region 9) and Pete 
Luscombe (Region 11). Proposed changes to 
national SCTE bylaws were passed. 

Membership participation in this year's elec-
tions is up from last year, too. Overall, 30 percent 
of SCTE's national members voted, in contrast 
with 1988's 29 percent (compare these figures 
with 1984; only 2 percent of the membership 
voted then). And, for the first time, here ¡sa break-
down of the percentage of members in each 
region who voted in this year's elections: Region 
1-32 percent, Region 2-35 percent, Region 
6-39 percent, Region 9-29 percent and 
Region 11-27 percent. 

My term as president of the SCTE is near its 
end. I can honestly say it has been a pleasure 
to be involved in the mainstream of the Society's 
activities and incredible growth. Since May 1988, 
1,047 new members have joined our ranks, repre-
senting a 25 percent increase. Our membership 
directory and yearbook grew from 116 pages 
(1986/1987 issue) to 168 pages (1988/1989 
issue). Six new chapters and meeting groups 
sprang up in the past 12 months (up 14 percent) 
and 30 additional certified BCT/E candidates—a 
whopping 400 percent increase. 

In 1988, the Scholarship Committee awarded 
SCTE's first college tuition assistance to Daniels 
& Associates' Jane Lode. Another important mile-
stone was the creation of SCTE's Hall of Fame; 
Cliff Paul was its first inductee. 

SIM • 

The board of directors passed two important 
but voluntary resolutions at last year's Cable-Tec 
Expo, encouraging chapters and meeting groups 
to 1) devote at least three meetings per year to 

combination BCT/E preparation and examination 
and 2) devote at least one meeting per year to 
technical seminars for the non-technical. Many 
of our chapters and meeting groups have 
adopted one or both of these suggestions. The 
first has provided members several opportunities 
to participate in the BCT/E program throughout 
the year. The second has involved those in opera-
tions, marketing and management in Society 
activities. 

Headquarters expansion 
The SCTE has grown sufficiently to warrant the 

purchase of the office next to 669 Exton Com-
mons, allowing expansion of our national head-
quarters. This effectively doubles the size of our 
headquarters, a move that has been needed for 
some time. 

But the area that has been most exciting to me 
is the development of good relationships with 
other professional organizations. These efforts 
really began with a Rocky Mountain Chapter 
meeting in September 1987; the subject of that 
meeting was "Interfacing with Local Broad-
casters," and featured a panel of local TV sta-
tion engineers (SBE members) and CATV engi-
neers (SCTE members). That relationship blos-
somed into one enjoyed at the national level: Last 
year, SBE donated booth space at their annual 
convention to our Society and SBE will have a 
booth courtesy of SCTE at this year's expo. SCTE 
also will have a booth at the National Associa-
tion of Broadcasters convention this year 
Of course, the most recent development in this 

MEMBERSHIP APPLICATION 

Please print or type information Data will be used exactly as it is submitted here 

NAME 

EMPLOYER.  

CO ADDRESS 
Street/PO 

USE HOME ADDRESS' 

YOUR TITLE   

YOUR SIGNATURE 

DATE   

Complete the information below Enclose full payment or charge to MasterCardNISA shown below 

NAME ON CARD 

First 

Company Name 
TEL.. 

Initial Last 

Area Code—Number 

"Since May 1988, 1,047 
new members have 
joined our ranks, 
representing a 25 
percent increase." 

area has been our relationship with the British 
SCTE (see "Building bridges, Part II" in the 
December 1988 issue of CT). Tom Hall, secretary 
of the U.K. Society, will be visiting both the NCTA 
convention in Dallas and our own expo in 
Orlando, Fla. 

The bottom line, though, is that this growth and 
activity is because of you, the 5,274 members 
of the premier technical organization in cable tele-
vision! This has been a team effort that shows 
no sign of slowing down. My hat is off to each 
and every one of you, with a heartfelt thanks— 
keep up the good work. 

Street/PO 
City State ZIP 

Coty  FOR HOW LONG"' State ZIP 

MASTERCARD NO   

VISA NO   

SIGNATURE FOR CHARGE AUTHORITY 

EXP 

*/'• Applications without payment war 
IS NO   be returned Applications from outside 

US /Canada/Mexico enclose additional 
$40 (U S ) to cover mailing expenses 
Sustaining Membership  is nonvoting 
and not corporate or group-type category 

APPLYING FOR: 

  INDIVIDUAL e $40* 

 SUSTAINING (a' $250" 
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I hereby apply for membership in the 
Society of Cable Television Engineers 
Inc. and agree to abide by its bylaws 
Further member materials will be mailed 
to me within 45 days Payment in US 
Funds is enclosed I understand dues 
are billed annually 

SCTE is a 501(c) (6) non-profit profes-
sional membership organization your 
dues may be tax deductible Consult your 
local IRS office or tax advisor 

Make check payable to SCTE Mail to 
SCTE, 669 Exton Commons, Exton, 
PA 19341 



Now in steno. 
A stereo generator ought to 
do more than just light the 
MTS indicator on a sub-
scriber's television set. 

It ought to provide clear 
channel separation, a crisp 
audio signal, and reliable 
performance. 

It ought to have advanced 

features like built-in commer-
cial insertion, a 4.5 MHz out-
put and an AGCL circuit. 
And a real DBX® noise 

suppression system instead 
of an imitation. 

It ought to save precious 
rack space. And it ought to 
save money. 

Standard 
Communications 
SATCOM Division 

P.O. Box 92151 
Los Angeles, CA 90009-2151 
Telephone: (800) 243-1357 
In California: (800) 824-7766 
(213) 532-5300 • Telex: 67-7173 

Represented in Canada by. 
DGH Communication Systems Ltd. 
Scarborough. Ontario • 416 / 499-4746 

Fortunately, one stereo 
generator does all that. And 
more. The new CSG-60 from 
Standard Communications. 
The CSG-60 is almost half 

the cost of conventional units 
when you purchase them 
two at a time in the con-
venient side-by-side rack 
mount. It has features found 
only on much more expen-
sive units. And because it's 
from Standard, you can 
count on set-it-and-forget-it 
reliability. 
To get the full story on the 
CSG-60, contact the SAT-
COM Division for the 
Standard represen -
tative near you. 

DBX n a registered trademark of DBX. Inc 

1q111. 
See us at the NCTA Show, Booths 2427, 2428. 
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PRODUCT NEWS 111111111111111111111111 111111111111111111111111111111111 
Spectrum analyzer 
Avcom introduced a portable spectrum 

analyzer that covers frequencies through 1,000 
MHz in one sweep with a sensitivity greater than 
-90 dBm at narrow spans. The Model PSA-65A 
is either battery or line operated, lightweight (18 
pounds) and is available with a carrying case 
for portability. Options include frequency ex-
tenders to enable the unit to be used at Satcom 
and higher frequencies, audio demod for moni-
toring and log periodic antennas. 

For further information, contact Avcom of 

Virginia Inc., 500 Southlake Blvd., Richmond, 
Va. 23236, (804) 794-2500; or circle #124 on the 
reader service card. 

CAD maps 
Maps for the entire continental United States 

in AutoCAD format are being offered by Amer-
ican Digital Cartography. Each map covers a 
geographic quadrangle of 7.5 minutes of latitude 
high by 7.5 minutes of longitude wide, an area 
of approximately 60 square miles. Translated 
from the U.S. Geological Survey's National 

The SIGnal System 
CATV Design Utilities Package 

for the IBM PC and Compatibles 

For Those Who Simply Need Power 
Version 4.1 The Next Generation 

SIGnal combines speed and ease, with accuracy and reliability into an inexpensive 
integrated design software specially created for the communications industry. Using 
your specifications, SIGnal can design, power and report a bill of materials with 
a simple touch of one or more keys. 

Upgrades are easily attached. User-specified enhancements are also available and 
encouraged — "Together we can make the best CATV design solution."  

4' 
o , 

Sr • 4)/ 7-4 a, 
SIG na 1 Package-A Includes: Priced for 1989 $1695.00 
SIG-MASTER 

SIG-DESIGN 

SIG-POWER 

SIG-BM 

"Mk about our 
CAD draft system 
for the PC." 

/9e 4)-
4 / 

Complete system recalculations (headend check) of design data 
base. Unlimited specifications. Module for each enhancements 
and upgrades. 

Aerial & Underground designs, w/reverse capabilities, rebuild 
capabilities, multiple vendors, and trunk design tools. Pc and 
EQ selection for most vendors. Add the SIG-BoM for equip-
ment totals. 

DC theory constant current-based powering or a powerful 
wattage-based powering program. Power an entire power sup-
ply quickly. Even move a power supply quickly and see the 
results of your change. 

As-built-checker program, which can also be used to design. 
Input existing design and check it, as well as getting an equip-
ment totals report. 

Options are also available. 

Friction Design offers services to include: system design, base, 
strand, design transfer drafting and consultation. A complete 
drafting/design digitizing service is also available. 

Friction Design Company 
P.O. Box 5314, Englewood, CO 80155, (303) 792-2447 FAX (303) 792-2639 
The SIGnal System Copyright 1987. 1988, Signal Communication, Inc. 

Cartographic data base, the maps can be used 
on a computer workstation. The user can display, 
modify and plot them out as necessary. 

Pertinent information is delineated on separate 
layers that permit the user to select information 
needed for a specific use. Available layers in-
clude roads, rivers, pipelines, geographic 
names, contours and an elevation grid. The 
maps are said to be ideal for cable system plan-
ning and design, detection of terrestrial inter-
ference or use as a strategic marketing tool. 

For further information, contact American 
Digital Cartography, 715 W. Parkway, Suite A, 
Appleton, Wis. 54914, (414) 733-6678; or circle 
#119 on the reader service card. 

Trenching blades 
New carbide blades from E-Z Trench are said 

to reduce drag by 40 percent; they are especially 
effective with roots and hard soils. According to 
the company, the blades have a life span of up 
to 10 times that of conventional blades. 

For more information, contact E-Z Trench 
Manufacturing Co., Rt. 3, Box 78-B, Loris, S.C. 
29569, (803) 756-6444; or; or circle #129 on the 
reader service card. 

Flange connectors 
Andrew Corp. is introducing two 3'/8-inch EIA 

flange connectors for its 21/4-inch Heliax air di-
electric coaxial cable. The connectors interface 

(Continued on page 109) 
102 
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CONVERTER 
TOTES.. 
W011 Él£ 

e\N 

\\ 
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CONTACT YOUR MULTILINK 
REPRESENTATIVE 
A & M COMMUNICATIONS (612) 920-5215 MN, 
ND, SD, NE(N), WI, IA(N) 
dB COMMUNICATIONS (800) 526-2332 MA, Ni, VT, 
NH, RI, NY, CT, ME 
W. HITAKER & ASSOC. (317) 447-3345 IN, IL, 
OH, KY. MI, WV 
CABLE EQUIPMENT (215) 886-8652 PA, VA, DE, 
DC, MD 
COM-TEK (415) 785-4790 OR, WA, ID 
MICRO-SAT, INC (800) 438-0812 GA, TN, AL, SC, 
NC, MS, FL, TX, OK, AR, LA 
MEGA HERTZ SALES (314) 429-3600 KS, MO, 
NE(S), IA(S), WY 
SELECTOM SUPPLY, INC. (604) 946-0124 CANADA 
CABLE-TEL COMM, INC. (416) 475-1030 CANADA 
TURNER TECH (408) 734-3231 HI 
PATTERSON COMM, INC. (805) 529-6693 CA, AZ, 
UT, CO, NM, NV 
GRF COMM PROVISIONS (714) 784-0104 
BUDCO, INC. (800) 332-2246 
JERRY CONN ASSOCIATES (717) 263-8258 

! 

'PL JaqwnN aDpuas Japead 

....Ale-- iek 

BENEFITS 
Easily transportable. 
Protection from physical abuse or 
shock. 
Keeps converters out of sight. 
Lockable security. 

Easy to maintain/washable. 
Rugged lightweight construction. 

Stackable. 
Highly durable and holds it's shape. 

Cell/inserts are replaceable. 
Has an attached cover! 

tib Multilink 
TM 

Engineered to Make the Difference 

(216) 324-4941 



BIRO CO-CHANNEL LOCATOR MAP 1111111 

o 
Off-air Ch. 5 

By Steven I. Biro 
President, Biro Engineering 

This is the fourth in a series of maps with technical and program parameter listings for off-air Channels 2-69, designed 
to be used when the cable system experiences co-channel interference. With this information, the headend technician can 
pinpoint the closest (i.e., the most probable) offenders, determine their directions and start the verification process with the 
rotor-mounted search antenna. Based on the tabulated technical information, the search can be concentrated on the most 
powerful stations or those that have the highest transmitting antenna towers. 
The computer program for the maps was developed and data for the listings was collected by the staff of Biro Engineering, 

Princeton, N.J. The information is accurate as of Sept. 1, 1988. 

Key to listing 
Cali letters: Ch. 5 station identification 

City: Station location or the area served by the station 

Network affiliation: 
A/C ABC and CBS programming 
C/N CBS and NBC programming 
A/N ABC and NBC programming 
ACN ABC, CBS and NBC programming 
ED Educational station (PBS) 
IND Independent station 
CBC Canadian Broadcasting Corp. 
CTV Canadian Television Network 
RRQ Reseau Radio Quebec 
WA Canadian Independent Programming 
SRC Societe Radio-Canada 
SP Spanish language programming 

Power: The effective visual radiated output power (in kilowatts) 

Offset: The offset frequency of the station 
No offset 
—10 kHz offset 
+10 kHz offset 

HAAT Transmitting antenna height above average terrain (in feet) 

Call Network 

letters City affiliation Power Offset HAAT 
WKRG Mobile, Ala. CBS 100 + 1915 
KYES Anchorage, Alaska IND 100 0 350 
KPHO Phoenix IND 100 — 1770 
KFSM Fort Smith, Ark. CBS 100 — 1260 
KTLA Los Angeles IND 50 0 3000 
KPIX San Francisco CBS 100 + 1660 
KREX Grand Junction, Colo. C/N 13 — 1 
KOAA Pueblo, Colo. NBC 100 0 1306 
WUFT Gainesville, Fla. ED 100 — 860 
WPTV West Palm Beach, Fla. NBC 100 0 990 
WAGA Atlanta CBS 100 — 1070 
WMAQ Chicago NBC 41 0 1307 
W01 Ames, Iowa ABC 100 0 1850 
KALB Alexandria, La. NBC 100 0 1590 
WABI Bangor, Maine CBS 39 + 1310 
WCVB Boston ABC 100 — 980 
WNEM Bay City, Mich. NBC 100 — 1036 

o 
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Jackson Tool Systems, Inc. 

We Offer a Complete Line and Stocking 
of Aerial Tools for: 
• CATV 
• TELEPHONE 
• FIBER OPTICS 

Cable Block 

Bender 

ite I 

/ 7- ri" -9311r 

Corner Block Corner Block Strand Brakeand Roller 

• Jackson Tools are available thru the industry's leading distributors! 
• Call us today for a FREE catalog and the name of distributor(s) in your area! 

• ASK US ABOUT OUR 3-YEAR TOOL WARRANTY! 

d
0 JacksonTool6  cla yStyosnteomh is, Io4 n5 c3 . 15 

Phone (513) 836-2641 
FAX (513) 836-0396 

VISIT US AT NCTA—BOOTH #1131 

Reader Service Number 75. 



Call Network 
letters City affiliation Power Offset HAAT 

KSTP St. Paul, Minn. ABC 100 1430 
KCTV Kansas City, Mo. CBS 100 + 1131 
KSDK St. Louis NBC 100 — 1090 
KXGN Glendive, Mont. C/N 15 + 513 
KFBB Great Falls, Mont. ABC 100 + 590 
KHAS Hastings, Neb. NBC 100 — 730 
KVVU Henderson, Nev. IND 100 + 1190 
KNBP Reno, Nev. ED 5 0 460 
KNME Albuquerque, N.M. ED 28 + 4230 
WNYW New York IND 18 + 1688 
WPTZ North Pole, N.Y. NBC 25 0 2000 
WTVH Syracuse, N.Y. CBS 100 950 

WRAL Raleigh, N.C. CBS 100 0 1990 
KFYR Bismarck, N.D. NBC 100 0 1402 
WLWT Cincinnati NBC 100 — 1000 
WEWS Cleveland ABC 93 + 1020 
KOCO Oklahoma City ABC 100 0 1520 
KOBI Medford, Ore. NBC 60 0 2700 
WCSC Charleston, S.C. CBS 100 + 1970 
KIVV Lead, S.D. NBC 100 — 1850 
KDLT Mitchell, S.D. NBC 100 + 1510 
WMC Memphis, Tenn. NBC 100 + 1013 
WTVF Nashville CBS 100 0 1394 
KXAS Fort Worth, Texas NBC 100 + 1685 
KTXT Lubbock, Texas ED 100 — 800 
KENS San Antonio CBS 100 0 1392 
KRGV Weslaco, Texas ABC 100 — 950 
KSL Salt Lake City CBS 34 + 3780 
WCYB Bristol, Va. NBC 85 + 2230 
KING Seattle NBC 100 + 820 
WDTV Weston, W. Va. CBS 100 0 884 
WFRV Green Bay, Wis. ABC 100 + 1120 
KGWN Cheyenne. Wyo. C/N 100 + 620 
KGWL Lander, Wyo. CBS 100 0 270 
WTTG Washington, D.C. IND 100 — 770 
CBXT Edmonton, Alberta CBC 318 + 669 
CFCN Cranbrook, British Columbia CTV 1 + 3430 
CJDC Dawson Creek, British Columbia CBC 5 0 1026 
CHKL Kelowna, British Columbia CTV 7 — 1672 
CFJC 100 Mile House, British Columbia CTV 1 0 1900 
CBCH Smithers, British Columbia CBC 1 + 800 
CKX Brandon, Manitoba CBC 100 + 1254 
CBWG Jackhead, Manitoba CBC 7 0 600 
CBHT Aspen, Maritime Provinces CBC 1 — 420 
CJCH Halifax, Maritime Provinces CTV 100 0 822 
CBAF St. John, Maritime Provinces CBC 60 0 641 
CBIT Sydney, Maritime Provinces CBC 54 468 
CBYT Corner Brook, Newfoundland CBC 11 0 490 
CBYT Hawkes Bay, Newfoundland CBC 1 + 215 
CBNT Marystown, Newfoundland CBC 23 800 
CBWC Fort Frances, Ontario CBC 96 0 660 
CBCC Hearst, Ontario CBC 8 + 485 
CHAO Pembroke, Ontario CBC 100 + 1150 
CJIC Sault Ste. Marie, Ontario CBC 78 0 600 
CICI Sudbury, Ontario CTV 100 0 1075 
CBLT Toronto CBC 100 0 1520 
CHAU Carleton, Quebec TVA 88 0 1615 
CFER Gaspe Nord, Quebec ARO 100 + 933 
CKMI Quebec CBC 14 — 460 
CKBI Prince Albert, Saskatchewan CBC 100 0 900 
CJFB Swift Current, Saskatchewan CBC 14 — 511 
CKOS Yorkton, Saskatchewan CBC 14 — 534 
XHFI Chihuahua, Mexico SP 23 5 
XEJ Ciudad Juarez, Mexico SP 10 0 205 
XEJ Juarez, Mexico SP 63 991 
XHAQ Mexicali, Mexico SP 54 0 300 
XHRE Saltillo, Mexico SP 4 + 225 
WORA Mayaguez, Puerto Rico SP 100 — 2000 
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Maximum reliability and precision for maximum 
revenue. The ADCART, an advanced ad insertion system 
from CHANNELMATIC, is a breakthrough in automation 

technology. 

Save in labor costs with automation. Adjustments 
are made from the terminal, not the racks; less editing is 

required with a commercial spot reel for each VCR and 

ADCART's fully automated tape encoding unit. 

From revenue projections to traffic scheduling to 
client billing, AD MANAGER' ̂  traffic and billing 

software will tie it all together. Generate logs, daily avail 

reports in minutes, not hours, billing in hours, not days. 

You'll have these advanced capabilities... 
• Computer-adjusted audio levels 
• Easy keyboard reconfiguration of VCRs and channels 

• Video-quality detection 
Y Record capability for automatic local or satellite-

delivered spot reel duplication 
• Real-time, multi-tasking modular software 

• Minimal rack space requirements — 50% less 
• Super-tight broadcast audio and video performance 

specs 
• Extensive local/remote diagnostics from factory 

V Unlimited expansion capability 

Y Network program scheduling with a bonus loop 

... and many more. 

Maximum fixed-position schedules mean in-

creased revenue. 19,200 spots, 2,400 events, 16-
schedule capacity per channel, tailored for your market and 

budget needs. We have made over 5,000 channels pay for 

themselves countless times over. 

You Can Easily 
Increase 
Your Ad Revenue 
by Modernizing 
Your Approach 

...Don't stifle your growth with an 
obsolete system, specify an 
Adcart. 

It's today's front runner and will 
be for years to come. 

Also a router, black-out, and headend switching 

controller, syndex program exclusivity switcher, 
and program playback system. Its functions are fitted 
to your application. ADCART is designed to grow with your 

system — without locking you into yesterday's technology. 

Increase spontaneous ad sales opportunities with 
quick, flexible scheduling. With its state-of-the-art 

software, ADCART operates in full random access, random 

pod, or random pod sequential mode. 

Save costs in maintenance and missed spots. 
ADCART's spot-to-spot commercial cueing wears VCRs and 

tape up to 75% less. Power failures are no problem — 

100-hour super-capacitor backup assures retention of 

schedules and logs. When power's restored, the system will 

auto restart, reboot and reeve. 

All you have to know is that you could use more 

revenue. Let us handle the rest. We've engineered, de-
signed, and installed hundreds of successful ADCART 

systems. Turn your design over to us and expect results. 

Call CHANNELMATIC toll-free and request a 
demonstration and free catalog. We have over 200 
products, including A/V switchers, DAs, custom time/tone 

switching systems, and much more. In fact, we are the 
world's largest supplier of ad insertion systems, and we 

equip whole systems from our own line. CHANNELMATIC 

knows how to make it all work for you. 

CHANNELMATIC, INC. 
821 Tavern Rd, Alpine, CA 920( 

2 4,01 prIni911 14 1P 

— The recognized leader in ad insertion. More than 5,000 channels in operation — 

See us at the NCTA Show. Booth 2077. 
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Product News 
(Continued from page 102) 

the cable with FM transmitters and antennas that 
commonly terminate in 3118-inch flanges, elim-
inating the need for adapters. 
Model 82RF is a gas pass connector that 

allows pressure to flow through the connector 
interface to an antenna or other pressurized 
component. The Model 82RG includes a gas 
barrier at the interface to allow connection of the 
cable to non-pressurized components. 

For more information, contact Andrew Corp., 
10500 W. 153 St., Orland Park, III. 60462, (312) 
349-3300; or circle #132 on the reader service 
card. 

1989 

TRAINING 

RESOURCE 
DIRECTORY 

1 A Guido tOD 
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Training guide 
Performance Plus' 1989 Training Resource 

Directory contains over 600 individual sources 
in 11 major categories, including computers and 
information systems, technical, financial man-
agement, project management and safety. Each 
category is organized into subsections for im-
mediate access to specific training programs. 
To facilitate training evaluation, each of the indi-
vidual entries is presented in a one-page format 
summarizing the topics covered, audience, ob-
jectives, delivery system, cost and vendor. It also 
lists a publications and catalogs section, with 
over 300 books, newsletters, catalogs and video 
and audio cassettes. 

For more information, contact Performance 
Plus, 1050 Posse Rd., Castle Rock, Colo. 80104, 
(303) 688-1734; or circle #141 on the reader 
service card. 

Catalog 
A 10-page catalog that presents a wide range 

of electrical testing and precision measuring 
equipment is being offered by Biddle Instru-
ments. Some of the items included in the catalog 
are insulation testers, digital low resistance ohm-
meters, high-voltage detectors, phase and motor 
rotation testers, power factor and DC dielectric 
test sets, and earth resistance testers. 

For more information, contact Biddle Instru-
ments, 510 Township Line Rd., Blue Bell, Pa. 
19422, (215) 646-9200; or circle #122 on the 
reader service card. 

T E L - 2 l A 

GAIN MORE 
SIDE REACH AND 
BETTER LINE 
ACCESS WITH 
THE NEW Lev 

TEli29EA,' 
4e0. 
Am' 

Boom-tip-mounted bucket puts your 
operator two feet closer to that hard-to-reach 

splice. And it provides line access from 3 sides of the bucket, 
eliminating expensive rotators. 

Positive hydraulic bucket leveling gives a solid, stable work platform, 
leading to increased productivity and greater worker satisfaction. 

A "cat-track" camer system for 
control, air and hydraulic lines means 
less maintenance, more "up-time." 

The VERSALIFT TEL-29EA can 
be mounted on any 10,500 dual rear 
wheel chassis with 60" C.A. and can 
be tailored to meet any aerial work 
requirement. 

See your VERSALIFT Distributor 
for complete specifications, pricing 
and a demonstration! 

It's TIME to 
check out VERSAL1FT! 

o 
arum 
MANUFACTURING COMPANY 

P.O. Box 20368 Waco, Texas 76702-0368 
(817) 776-0900 TELEX (910)894-5218 FAX (817) 776-7531 

VE SAT ET  
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From Headend to Drop 
NCTI Installer and 
Installer Technician 

Courses 

TV AI Set-top 
Converter 

CAN strandTap 

Feeder cable 

Two-way 
splitter 

To CATV 
power 

Line extender supply 
-_, 1, amplifier Splitter 

lr Feeder Power 
cable inserter 

To second 
Drop cable feeder 

line 

Ground block 

To suitable 
ground 

Ground wire 

NCTI Service 
Technician 
Course 

Trunk bridge, Directional Trunk 
amplifier coupler cable Trunk amplifier 

. , • 

To second 
trunk line 

NCTI System 
Technician Course 

CATV 
power 
saPPly 

011-air CATV 
antennas 

Signal processing 
equipment 

TVRO Satellite 
antenna 

NCTI Advanced 
Technician Course 

NCTI is the industry's technical training source 

1 
Send For Your FREE Training Kit 

Today! 

Name  

Title  

Company  

MS0 affiliation  

Address  

City  

Phone  

State  

Mail this form to: = 

Zip 

NATIONAL CABLE TELEVISION INSTITUTE 

P.O. Box 27277, Denver, CO 80227 
(303) 761-8554 

Where is your technical training need? 
At the installer level? Continuing education for your Chief Tech? 
Technical insight for your Customer Service Reps? No matter 
what level of technical training your operation needs, NCTI has 
courses to offer. 

For more than 21 years NCTI has been providing the technical 
training cable industry professionals need to ensure engineering 
excellence. Why has NCTI become the industry's technical 
training source? 

Technical Excellence 
NCTI lessons are authored by experts and reviewed by a Board 
of Technical Advisors which includes some of the industry's most 
experienced engineers and technicians. 

Up To Date 
NCTI lessons have been undergoing an intensive updating 
process. Material is carefully screened and changed to reflect the 
rapid advancement in technology and techniques. 

Comprehensive 
From F-connectors to satellite receivers, from modulators to set-
top converters, NCTI covers the full range of cable industry 
technical issues. 

Self Paced 
NCTI's courses are designed to allow students to progress at 
their own pace, and to study when and where they are most 
comfortable. As a result, NCTI students complete a far greater 
proportion of courses than most like training programs. 

Easy To Administer 
NCTI takes the pain out of your technical training. We make it 
simple to enroll students and monitor their progress. Each time 
a student submits an exam, a grade report is promptly returned. 
And, each quarter management receives a Progress Report 
showing the status of each student in their system. 

Our goal is to provide the industry's best training materials and 
to produce qualified technicians and engineers equipped to 
construct and operate first class cable television systems. 

To learn how you can put NCTI training to work in your system, 
CT 5/89 or how to enroll, call us at (303) 761-8554, or return the coupon. 

J Do it today! 

Reader Service Number 78. 
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Call before you dig 
Before starting construction of underground CATV plant, it is important to know the location of buried 

cable from other utility companies. The following is a list of phone numbers for locations, arranged alpha-
betically by state, that work with utilities and supply the necessary information. Unless otherwise listed, 
coverage area is statewide. N/A = Not Available. 
The data is reprinted from the 1989-1990 Directory with permission from the One-Call Systems International 

Committee of the Utility Locating & Coordination Council of the American Public Works Association. 

This is the second of two parts. 

Ohio 
Ohio Utilities Protection Service 

(800) 362-2764 

Oklahoma 
Call Okie 

(800) 654-8239 

Oregon 
Utilities Underground Location Center 

(800) 424-5555 
Coverage area: Nine counties 

Wasco County Underground Coordinating 
Council 

(503) 298-5152 
Coverage area: Wasco County 

Linn Benton Utilities Coordinating Council 
(503) 752-8631 
Coverage area: Benton and northwest Linn 
counties 

Lane Utilities Coordinating Council 
(503) 342-6676 
Coverage area: Lane County 

Douglas Utilities Coordinating Council 
(503) 673-6676 
Coverage area: Douglas County 

Josephine Utilities Coordinating Council 
(503) 476-6676 
Coverage area: N/A 

Rogue Basin Utility Coordinating Council 
(503) 779-6676 
Coverage area: Jackson County 

Central Oregon Underground Utility 
Coordinating Council 

(503) 389-6676 
Coverage area: Jefferson, Crook and 
Deschutes counties 

Hood River County Underground Coordinating 
Council 

(503) 386-4505 
Coverage area: Hood River County 

East Linn Coordinating Council 
(503) 259-2992 
Coverage area: Eastern Linn County 

City of Dallas Utility Coordinating Council 
(503) 623-2338 
Coverage area: City of Dallas 

Malheur Utility Coordinating Council 
(503) 889-2468 
Coverage area: Ontario, Vale and Nyssa 

counties 
Klamath Utility Coordinating Council 

(503) 884-6676 
Coverage area: Klamath County 

North Lincoln County Utility Coordinating 

Council 
(503) 994-3900 
Coverage area: North Lincoln County 

South Lincoln County Utility Coordinating 

Council 
(503) 265-7725 
Coverage area: Lincoln County 

Curry Utilities Coordinating Council 
(503) 469-2114 
Coverage area: Curry County 

Utility Notification Center 
(503) 246-6699 
Coverage area: Washington, Multnomah and 
Clackamas counties 

Pennsylvania 
Pennsylvania One-Call System Inc. 

(800) 242-1776 

Rhode Island 
Dig-Safe 

(800) 225-4977 

South Carolina 
Palmetto Utility Location Service 

(800) 922-0983 

Tennessee 
Tennessee One-Call System 

(800) 351-1111 

Texas 
Texas One-Call System 

(800) 245-4545 
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Austin Area Utility Coordinating Council One 
Call 

(512) 472-2822 
Coverage area: Austin area 

Texas Excavation Safety System 
(800) 344-8377 

Utah 
Blue Stakes Location Center 

(800) 662-4111 

Vermont 
Dig-Safe 

(800) 225-4977 

Virginia 
Miss Utility of Virginia 

(800) 552-7001 
Coverage area: Statewide except northern 
Virginia 

Miss Utility 
(800) 257-7777 
Coverage area: Northern Virginia 

Miss Utility of Delmarva 
(800) 441-8355 

Coverage area: Delmarva Peninsula 

Washington 
Utilities Underground Location Center 

(800) 424-5555 

Coverage area: 80 percent of population 
Grays Harbor and Pacific County Utility 
Coordinating Council 

(206) 532-3550 
Coverage area: Grays Harbor and Pacific 
counties 

Cowlitz County Utility Coordinating Council 
(206) 425-2506 
Coverage area: Cowlitz County 

Locating Inc. 
(503) 255-4634 
Coverage area: Greater Portland area and 
parts of Washington state 

Chelan-Douglas Utilities Coordinating Council 
(509) 663-6111 

Coverage area: Chelan and Douglas 
counties 

Upper Yakima Underground Utilities Council 
(509) 248-0202 
Coverage area: Upper half of Yakima County 

Klickitat-Skamania Coordinating Council 
(509) 493-3199 
Coverage area: Klickitat and Skamania 
counties (Washington) and Hood River and 
Wasco counties (Oregon) 

Inland Empire Utility Coordinating Council 
(509) 456-8000 

Coverage area: Spokane County and parts of 
Stevens County 

Palouse Empire Utilities Coordinating Council 
(208) 882-1974 

Coverage area: Pullman, Wash., and 
Moscow, Idaho 

West Virginia 
Miss Utility of West Virginia Inc. 

(800) 245-4848 

Wisconsin 
Diggers Hotline Inc. 

(414) 344-5111 

Wyoming 

West Park Utility Coordinating Council 
(307) 587-4800 (answering service) 
Coverage area: Cody 

Call-In-Dig-In Safety Commission 
(307) 682-9811 
Coverage area: Campbell, Crook and 
Weston counties 

Fremont County Utility Coordinating Council 
(307) 856-7555 
Coverage area: Fremont County 

Central Wyoming Utilities Coordinating Council 
(307) 265-5252 
Coverage area: Natrona County 

Sweetwater County Underground Coordinating 
Council 

(307) 362-8888 
Coverage area: Sweetwater County 

Carbon County Utility Coordinating Council 
(307) 324-6666 
Coverage area: Carbon County area 

Albany County Utility Coordinating Council 
(307) 742-3615 
Coverage area: Albany County 

Southeast Wyoming Utilities Coordinating 
Council 

(307) 638-6666 

Coverage area: N/A 
Converse County Utility Coordinating Council 

(307) 358-5536 
Coverage area: Converse County 

District of Columbia 
Miss Utility 

(800) 257-7777 

Alberta 
Alberta First Call 

(800) 242-3447 

o 
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Cable Exchange 
Technically certified equipment 

Largest database of equipment available 

The following is a partial listing available 
for immediate shipment to qualified buyers. 

Call: 1-(800)-422-2567 to place your order. 
In Colorado, call 1-(303)-694-6789 

BENCO 
BPF-B, BAND PASS FILTER, CH 8 

BLONDER-TONGUE 
BPF, CH SINGLE 
ESMZVRO, MODULATOR 
MCA-B, CH PROCESSOR AGC 
MCA-BTVB, CH PROCESSOR AGC 
MCX-V, XTAL CONTROL CONV 

BRAIN 
MD-43, DECODER DTMF 5FUN 

CASCADE 
CEPS-3, POWER SUPPLY 

CCOR 
CSA-300-3, EQUALIZER T4XX 
DISP-3, DISTRIBUTION SPLITTER 3-3 
EQA-1A, EQUALIZER T4XX 
EQA-220-2, EQUALIZER T4XX 
EOA-220-4, EQUALIZER T4XX 
EQA-220-6, EQUALIZER T4XX 
EQS-186-4, EQUALIZER LAN 
T-421-002, TRUNK AMP 

CENTURY 3 
3122H, AMP MODULE 

COMPUVID 
CDD-5, WEATHER COMPUTER 
CDD-51, COMPUTER INTERFACE 
CKB-1, KEYBOARD 
PS-209-1, BAROMETER 

EAGLE 
NE-E, TRAP 
NE-F, TRAP 

JERROLD 
A0-36, SURGE SUPPRESSOR, 30V 
A0-6, SURGE SUPPRESSOR, 60V 
C2-CAR-AGC, COM II 
C2-CHASSIS, COM II 
C2-CH/IF-07, COM II 
C2-CH/IF-11, COM II 
C2-IFA-2, COM II 
C2-IF/CH-04. COM II 
C2-IF/CH-10, COM II 
C2-PSC-2, COM II 
CFM-5, COM FM CHASSIS 
CFM-5FM, COM FM FM MOD 
CFM-5PS, COM FM POWER SUPPLY 
COM-MC-13, COMM II SIGNAL PROCESSOR 
FFT4-17, FEED FORWARD TAP 
FFT4-20, FEED FORWARD TAP 
FFT4-23, FEED FORWARD TAP 
FFT4-26, FEED FORWARD TAP 
FFT4-29, FEED FORWARD TAP 
FM-1, FEEDER MAKER 
FM-2, FEEDER MAKER 
FM-3, FEEDER MAKER 
FM-4, FEEDER MAKER 
JRX3102, CONVERTER 
JSM2, CONVERTER 
JSM2DIC, CONVERTER 
JSM3, CONVERTER 

JSM3DIC, CONVERTER 
LFP1S, PASSIVE FILTER 
RCG-115N, RETURN CARRIER GENERATOR 
SEP-225H, EQUALIZER-ADJ. 
SEP-250H, EQUALIZER-ADJ. 
SEP-255H, EQUALIZER-ADJ. 
SEP-260H, EQUALIZER-ADJ. 
SEP-260J, EQUALIZER-ADJ. 
SEP-260L, EQUALIZER-ADJ. 
SEP-274H, EQUALIZER-ADJ. 
SEP-274L, EQUALIZER-ADJ. 
SEP-274ST, EQUALIZER-ADJ. 
SEP-274TL, EQUALIZER-ADJ. 
TRA-108A, RETURN AMP 

MACOM 
DCW-06DB, MINITAP 
DCW-09DB, MINITAP 
DCW-12DB, MINITAP 
DCW-16DB, MINITAP 
DCW-20DB, MINITAP 
DCW-24DB, MINITAP 
DCW-30DB, MINITAP 
DSV-3, SPLITTER, 3-WAY, 5.5DB 

MAGNAVOX 
3800-30, SPLITTER 

MISC 
4-WAY, 4-WAY SPLITTER 
40-00532, MAST CLAMP 

OAK 
MARK-III, SCRAMBLER 

PECA 
1SD1212 

PHASECOM 
2105-10, MODULATOR, TV, 10 IN, IF OUT 
2105-13, MODULATOR, TV, 13 IN, IF OUT 
2106-10, MODULATOR, TV SAW, CH 10 
2106-IF, MODULATOR, TV, IF/OUT 
2175-E, MODULATOR, COHERENT, CH E 
2176-10, MODULATOR, COHERENT, CH E 
2206-E, MODULATOR, TV, CH E 
7060, CHASSIS FOR DRAWER 
7060-00, CHASSIS FOR DRAWER 
7060-03, CHASSIS FOR DRAWER 
7060-RACK, RACK FOR 7060 CHASSIS 
7120-02, MODULATOR, PHASE LOCKED, CH 2 
7161-05, MODULATOR, HRC CH 5 
7161-06, MODULATOR, HRC CH 6 
7161-09, MODULATOR, HRC CH 9 
7161-10, MODULATOR, HRC CH 10 
7161-11, MODULATOR, HRC CH 11 
7161-12, MODULATOR, HRC CH 12 
7161-168, MODULATOR, HRC CH 168 
7161-F, MODULATOR, HRC CH F 
7161-G, MODULATOR, HRC CH 10 
7161-PCG072, PILOT CARRIER, HRC, CH 72 
7161-PCG120, PILOT CARRIER, HRC, CH 120 
7161-PCG168, PILOT CARRIER, HRC, CH 168 
7170-03, MODULATOR COHERENT, CH 3 
7170-04, MODULATOR, COHERENT, CH 4 -I" 



Cable Exchange 
PHASECOM 
7170-05, MODULATOR, COHERENT, CH 5 
7170-06, MODULATOR, COHERENT, CH 6 
7170-07, MODULATOR, COHERENT, CH 7 
7170-08, MODULATOR, COHERENT, CH 8 
7170-09, MODULATOR, COHERENT, CH 9 
7170-10, MODULATOR, COHERENT, CH 10 
7170-11, MODULATOR, COHERENT, CH 11 
7170-12, MODULATOR, COHERENT, CH 12 
7170-13, MODULATOR, COHERENT, CH 13 
7260-06, DEMODULATOR, TV, CH 6 
7360-02, PROCESSOR, HETRODYNE, CH 2 
7360-03, PROCESSOR, HETRODYNE, CH 3 
7360-04, PROCESSOR, HETRODYNE, CH 4 
7360-05, PROCESSOR, HETRODYNE, CH 5 
7360-06, PROCESSOR, HETRODYNE, CH 6 
7360-07, PROCESSOR, HETRODYNE, CH 7 
7360-08, PROCESSOR, HETRODYNE, CH 8 
7360-10, PROCESSOR, HETRODYNE, CH 10 
7360-11, PROCESSOR, HETRODYNE, CH 11 
7360-12, PROCESSOR, HETRODYNE, CH 12 
7360-13, PROCESSOR, HETRODYNE, CH 13 
7360-F, PROCESSOR, HETRODYNE, CH F 
7500-02, INPUT CONVERTER, CH 2 
7760-02, INPUT CONVERTER, CH 2 
7760-03, INPUT CONVERTER, CH 3 
7760-04, INPUT CONVERTER, CH 4 
7760-06, INPUT CONVERTER, CH 6 
7760-07, INPUT CONVERTER, CH 7 
7760-08, INPUT CONVERTER, CH 8 
7760-10, INPUT CONVERTER, CH 10 
7760-11, INPUT CONVERTER, CH 11 
7760-13, INPUT CONVERTER, CH 13 
7780-11, INPUT CONVERTER, CH 11 
7780-12, INPUT CONVERTER, CH 12 
7780-22, INPUT CONVERTER, CH 22 
7780-24, INPUT CONVERTER, CH 24 
7780-29, INPUT CONVERTER, CH 29 
7780-35, INPUT CONVERTER, CH 35 

PICO 
XUV-H, XTAL CONTROL CONV 

PIONEER 
BC2001, CONVERTER 
BC3300, CONVERTER 

RAYCHEM 
TF-500-C, THERMOCRIMP CONNECTOR 
TP-500-C, THERMOCRIMP CONNECTOR 
TP-750-C, THERMOCRIMP CONNECTOR 
TP-875-C, THERMOCRIMP CONNECTOR 
TS-500-C, THERMOCRIMP CONNECTOR 
TS-750-C, THERMOCRIMP CONNECTOR 
TX-750-C, THERMOCRIMP CONNECTOR 

SCIENTIFIC ATLANTA 
C230250, SPECTRUM INVERTER FOR 6350 

STANDARD COMPONENTS 
CS PLUS-2, CONVERTER 

STURGEON BAY 
CC-1005, ROKA CLIP 
CC-1010, ROKA CLIP 
CC-1020, ROKA CLIP 

TEXSCAN 
EQ-08/250, EQUALIZER, 250MHZ/8DB 
EQ-08/300, EQUALIZER, 300MHZ/8DB 
EQ-12/300, EQUALIZER, 300MHZ/12DB 
KCMG, MANUAL GAIN BRIDGER 
PCAB-1, TRUNK BRIDGER AGC 
PCAD-1D, TRUNK BRIDGER AGC 
PCAD-1H, HOUSING FOR PCAD-1D 
PCMD-2, TRUNK BRIDGER 
PCMB-2H, HOUSING FOR PCMB-2 

PCM-4, TRUNK AMP 
PCM-4H, HOUSING FOR PCM-4 
PCRA, RETURN AMP 
PCSPL-1, SPLITTER 
PCSPL-2, SPLITTER 
PCSPL-3, SPLITTER 
PCSPL-4, SPLITTER 
PCTB-6, TRUNK TERMINATING BRIDGER 
PD-0, PAD 
PD-3, PAD 
PD-6, PAD 
PD-9, PAD 
PH, HOUSING - P SERIES 
PPLUG, POWER PLUG 
T3LE, LINE EXTENDER 
T4BDC-8, PAD 
T4BDL-12, PAD 
T4CM, CONTINUITY MODULE 
T4SPL, PAD 
TFAV, TRUNK AMP AGC 
TFM, TRUNK AMP MGC 
TFPS, POWER SUPPLY 
TH, HOUSING FOR T SERIES 
VEQ-12/250, EQUALIZER 
VEQ-12/300, EQUALIZER 
VEQ-8/300, EQUALIZER 
XH, HOUSING FOR X SERIES 
XR2A, FORWARD MOD AGC 
XR2B, BRIDGER MOD INTERMEDIATE 
XR2B-2, BRIDGER 2 OUTPUT 
XR2B-4, BRIDGER 4 OUTPUT 
XR2DA, DIST AMP HYBRID AGC 
XR2DM, DIST AMP HYBRID MGC 
XR2F-1, INPUT MOD 
XR2F-13, INPUT MOD 
XR2F-14, OUTPUT MOD 
XR2F-19, OUTPUT MOD 
XR2F-3/110, INPUT MOD 
XR2F-4, INPUT MOD 
XR2F-5, OUTPUT MOD 
XR2F-7/110, OUTPUT MOD 
XRF2-8, OUTPUT MOD 
XR2HA, LINE AMP HYBRID HRC 
XR2HM, LINE AMP HYBRID HRC 
XR2LAF-1, POWER INPUT MOD 
XR2LAF-2, POWER INPUT MOD 
XR2LAF-3, POWER OUTPUT MOD 
XR2LAF-4, POWER OUTPUT MOD 
XR2LARA, REVERSE AMP MOD 
XR2LA-PS, POWER SUPPLY 
XR2LS-3, LINE EXT 
XR2M, FORWARD MGC MOD 
XR2PS, POWER SUPPLY 
XR2RHA110, REVERSE AGC MOD 
XR2SPH, HOUSING FOR XR2PS 
XR2-13, TAP, 4 WAY 
XRBI, INTERMEDIATE BRIDGER 
XRCE-3, LINE EXT 
XRCE-6, LINE EXT 
XRDC-16, LINE EXT 
XRDC-8, LINE EXT 
XRLA, LINE AMP 
XRLS-2, LINE EXT 
XRLS-3, LINE EXT 
XRPG-3, PILOT CARRIER GENERATOR 
XRPR, POWER SUPPLY 
XRRP, LINE EXT 
XRSP, LINE EXT 

TIMES FIBER 
T6875. CABLE. .875 BARE/NEW/2600 PER REEL 

Call: 1-(800)-422-2567 to place your order. 
In Colorado, call 1-(303)-694-6789 

Reader Service Number 79. 
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Help Wanted 

C4 MEDIA CABLE 
has openings for 

ENGINEERS — TECHNICIANS 
Excellent career opportunities exist with one of the industry's fastest growing MS0s. 
We have immediate openings in our VA, NC, SC, TN and GA operations for strong 
self-motivated individuals with engineering and construction backgrounds to fill the 
positions of: 

REGIONAL ENGINEER—Prior construction and technical management experience, 
proven technical abilities, and strong administrative and organizational skills are a 
must. VA location. 

DISTRICT ENGINEER—Must be technically well-versed and possess prior construc-
tion supervision and technical operations experience. VA location. 

REGIONAL FIELD TECHNICIANS—A minimum of 3 years experience with demon-
strated abilities in headend construction, basic plant design, and system activation 
and sweep is necessary for these positions in VA and NC. 

Excellent salary and benefits including dental, vision and company vehicle. 

Please send resume and salary history to: 
Scott Madison, Director of Engineering 

C4 Media Cable 
450 Maple Ave., East, Suite 301 

Vienna, VA 22180 
E.O.E. M/F 

WANTED: 
C.A.D.D. 
DESIGNERS 
Utilizing C.A.D.D. "MAGIC" 

system to upgrade 3200 

miles of plant from 300 MHz 
to 450 MHz. On site design 
- two terminals. 

Contact: 
Cox Cable Hampton Roads, Inc. 
4585 Village Avenue 
Norfolk, Virginia 23502 
Del Albert (804) 857-5555 

UNDERGROUND PERSONNEL 
AND SPLICERS NEEDED 

Long-term employment 

CONTACT: 

EARLY & SONS 
(508) 374-8033 

Fax (508) 374-1876 

TECHNICAL SALES 
CATV Test Equipment Manufacturer 
Excellent Compensation/Full Benefits 

NY METRO AREA 1-201-569-3323 

Respond in Strict Confidence 

Technician/Plant Manager 
Required for small cable system in southern 
Nevada. Salary negotiable. Immediate 
opening. Call (800) 457-1800. 

NOW HIRING 
SUBCONTRACTORS 

& CREWS. 
Mid-West & South Areas 

G.V.I. 
222 N. Main 

Sikeston, MO. 63801 
(314) 471-9449 MO. 
(409) 588-2066 TX. 

Equipment For Sale 

TOWER SPACE AVAILABLE 
Northern California 

38° 34' 50" N 
120° 36' 45" W 

305 foot tower. Top elevation 3628 feet. 
Battery and generator back-up power. 

CONTACT PETER at (209) 267-0096 
RO. Box 41 

Sutter Creek, CA 95685 

A Complete Package 
Jerrold Addressable System 

• 1,000 DRZP 2A Jerrold 
Addressable Converters 

• Jerrold 2E Digital Computer 

• LA 120 RA Printer 

• PRA Jerrold Prom Burner 

Call: John G. George 
Avenue TV Cable 
(805) 643-9971 

BATTERY CHARGERS 
Power Conversion Products 

75 AMP 24 VOLT 
695.00 + Tax, Freight Collect 

Other Sizes in Stock 

Micro Supply 
915-685-3000 

JERROLD HEADEND 
EQUIPMENT AND 

CONVERTER PARTS 
For Sale: Jerrold modulator, demod-
ulators, decoder and headend TV 
monitor, model RM-13TR. Make offer. 
Also Data 10 Prom Burner and various 
extensive Jerrold convert parts inven-
tory. Call Arthur Terceira, 508-295-7374. 

PLOW BLADES 
Irrigation/Wire/Combination 

For Any Machine—For Any Application 

(800) 383-PLOW rtZ>eltr., 
P.O. Box 17701 

Colorado Springs, CO 80935 
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Equipment For Sale Professional Services 

CONVERTER EXCHANGE 
Jerrold JSX 

BOUGHT, SOLD and SERVICED 
Arena Systems, Inc 

(215) 630-0320 

Equipment For Repair 

The Cable Equipment Repair People" 
• Line Amplifiers Repaired 

All Makes And Models 

• Signal Level Meters Repaired and Calibrated 

• Flat Rate Labor Plus Parts 

For reliable, guaranteed repair please 
send your cable equipment to ACS 

ADVANCED CABLE SERVICES 
2045 S. Valentia St., Suite 4 

Denver, CO 80231 
FAX: (303) 337-3084 
Call (303) 337-4811 

LIVe Meet Used Equipment 

ANALOG RF DIGITAL 
ENGINEERING RESOURCE 

30 YEARS EXPERIENCE 
FOR DETAILS CALL OR WRITE 

SERENICS, INC. 
129 SOUTH TAFT AVENUE 
CHALFONT, PA 18914 

TELEPHONE (215) 822-8249 

ket3cott 
THE PROFESSIONAL 
CABLE PLACEMENT DAVID ALLEN. JUDY BOUER-PRINCIPALS 

COMPANY 1259 Rt 46, Parsippany, NJ 07054 201-263-3355 

COMMUNICATIONS 

TECHNOLOGY 

To Place A Classified Ad 
Call Barbara Bellomo 
at 1-303-792-0023 

Our nationwide clients include 

MSO's, Networks, Regional 

& Independent Operators. 
All levels of Management. Fees paid. 

QUALITY COUNTS 
(Precision Converter Repair) 

We have found that both quality and integrity count. We 
know that you want to be able to count on your converter 
and decoder repair facility for just that. At SCI Service 
and Repair, we offer you both — integrity and quality. 

SCI's repair expertise covers the following: 
• ALL JERROLD ADDRESSABLES 
• ALL OAK TO and SIGMA ADDRESSABLES 
• ALL OAK HEAD-END 
• ALL NON-DATA ADDRESSABLES 

Scientific Atlanta, Pioneer, Oak, Hamlin 

Benefits: 
• Turn-around on most orders is less than 3 weeks. 

• Six-month limited warranty • Recently modernized facilities 
• 99% + perfect last 18 months—few warranty returns. 

When Quality Counts...OUR QUALITY SHOWS 

(619) 438-1518 

SCI See us at the 

NCTA Show. Booth 1499. 

2265 Camino Vida Roble, Carlsbad, California 92008 

Equipment To Purchase 

WANTED TO PURCHASE 
Cable lasher. 

Used in good condition. 
Model C or J. 

Immediate need. 
Will consider renting. 

Bocco Cable 
24-14th St. 

Wheeling, WV 26003 
304/233-0655 

Let your 

classified ad 

get through the door! 

Call 

(303) 792-0023 

for placement! 

3 
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MANUFACTUPING CO 

5662 LaRibera, Suite E 
Livermore, CA 94550 

(415) 443-8619 

• Foldup & Carry Cable Caddy 
• Aluminum Cable Clips— 
Single & Dual 
• Mini Wrench 7/16'. 
Plastic or Aluminum 

• Jumpers Any Size 
• VCR Switch Kits 
• "Work Area" Signs 
• Aluminum Tie Strap Holder 

OIV,ION OF IRAEIIR 1,1112PR,, 1,1 

Corporate Office: 

518-783-5425 
FAX: 518-783-0256 
216 Troy-Schenectady Rd. 
Latham, NY 12110 

Florida Division 

813-334-8776 
2506 Second St., Suite 2 
Ft. Myers, FL 33901 

TRABER 
COMMUNICATIONS 
SERVICES 

• HOME INSTALLATIONS 
• MDU PREWIRE POSTWIRE 

• AERIAL-UNDERGROUND 
CONSTRUCTION 

• TAP AUDITS 

• DIRECT SALES 
"When your system requires excellence" 

D & D CABLE CONTRACTORS 

IN' Aerial Underground Installation 
11.- Post-Wiring—Pre-Wiring 

Drop Replacements 
10- Tap Audits 
10- Underground Construction 

Dwayne Witt 
4 Seneca Ct. 
Appleton, WI 
54911 

Drop Transfer 

(414) 738-9041 

Aerial and Underground 
Cable Television Construction 

Edward A. Schenck, President 
Oliver J. Longnecker, Vice President 
Imel L. Wheat, Jr., Vice President 

Schenck Construction Company, Inc. 
15042 N.E. 95th 

Redmond, Washington 98052 
(206) 867-9694 

Prdru—e-eAssociates 
Professional Placements for Cable Television 

"We offer a Search tailored to your needs at both System & Cor-
porate level. Candidates are screened to insure quality performance 
and are backed by a 6 month guarantee...the best offered" 

President 

Call or write for additional information: 
(602) 292-1088 5151 N. Oracle Road, Suite 200 Tucson, AZ 85704 

SIGNAL LEVEL METER REPAIR 

Prompt, Professional Service 
at Reasonable Prices 

JGL 
ELECTRONICS, INC. 

4425 8-40KSTONE DRIVE 
INDIANAPOLIS. INDIANA 4623; 

317 783 6130 

MC COMMUNICATIONS 
NATIONWIDE CABLE SPECIALISTS 

• Aerial/Underground • Converter Recovery 
Installations 
• Prewire/Postwire • ç  je • Drop Replacements 
MDU's 
• Auditing Services R • Postwire Repairs 
• Complete Operational • Management 
Support Consultants 

"Contractor Opportunities Nationwide" 
Call Toil-Free Nationwide 1-800-348-9988 

THE 

8 INSTALL 

PEOPLE. 

Ii 

"SERVING THE 
INDUSTRY 
SINCE 1974" 

ENGLISH 
ENTERPRIZES 
P.O. Box 6494 

Orlando, Florida 32853 
1-407-857-2960 

Aerial Installs 
Underground 
Installs 
Drop Transfer 
Commercial 
Developement 
Design 
Tap Audits 
Underground and 
Aerial Construction 
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TSB, Inc. 
B 

• DESIGN STRAND MAP AS-BUILTS 
• CAD DRAFTING SERVICE 
• HEADEND RACKING AND RENOVATIONS 
• CLI 
• TAP AUDITS 
• ONSIGHT TECHNICAL TRAINING 
• STRUCTURAL ANALYSIS OF TOWERS 

P.O. Box 244 
(605) 665-1393 

Yankton, SD 
57078 

Herold Bighorn 
%Wee 

Cable Construction, Inc. 
Complete CATV Construction 

(904) 932-6869 

Specializing in Rebuilds 

P.O. lox 903 
Gulf breeze, FL 32561 

Quality Reconditioned 
Test and Measurement Instruments 

Signal Level Meters Spectrum Analyzers 
Network Analyzers Sweep Generators 

Microwave/Waveguide Components 

hp Tektronix Riser Bond Texscan Wavetek 

Calibration and Repair Service 

gnitzuments 800-234-7434 

TELECOMMUNICATIONS 
CORP. 

• Door to door sales 

II Audits 

▪ Drop Rebuilds 

• Trapping 

• Drop Installation 

II Pre/Post Wire 

2 N. Sandusky Street • P.O. Box 690 • Delaware, Ohio 43015 
(614) 363-3645 • (800) 937-AMCI • FAX (614) 363-1451 

"Cable Television - Second Edition" 
By Bill Grant 

A complete text on basic CATV technology 
for self-study or reference including 

Hard cover - 400 pages - 140 illustrations 
Complete index - 10 page Glossary of Terms 

$32 per copy includes mailing inside USA 

(add $5 for shipment outside USA) 

Send check or money order to 

GWG Associates, PO Box 473 
Richmondville, N.Y. 12149 
Phone (518) 868-2246 

SYSTEMS WEST 

• CATV/LAN Design 
• Base/Strand/Asbuilt 
• Digitizing/Scanning 
▪ Applications Programming 

CAD Sales/Training/Rentals 
AutoCAD CATV Software• 

AutoCAD Specialist 
Mobile Operator 

23825 Anza Ave., Suite 149 • Torrance, CA 90505 • (213) 375-1183 

CATV DESIGN 

ASSOCIATES, INC. 
• Design 

• Strand Mapping 
• As—Built Mapping 
• System Analysis 

• AutoCad Drafting 

• LinexCad Drafting 
• Cad Training/Setup 
• Drafting Services 

3100 S. LAMAR SUfTE 101, AUSTIN, TX 78704 

STEVE WILLIAMS (512) 444-24-61 President DOUG BURNS 
Vice President 

White Sancti 
Jumper Cables 

Custom connectors and cables for all aspects of CATV 
Gilbert AHS All types of cable from 
PPC Belden 
LAC and others Comm Scope 

Times 

Quick delivery on all colors and lengths 
Write or call (602) 581-0331 
RO. Box 43437, Phoenix, AZ 85080-3437 
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TODAY'S CABLE OPERATIONS 
...WHAT YOU NEED TO KNOW! 

If you are involved with cable system 
operations and management, you need a 
subscription to Cable Strategies magazine. 

Monthly issues cover: 

• Regulatory issues 
• Programming highlights 
• Customer service 
• Community relations 
• Marketing techniques 
• Financial news 
• Products and services 
• Professional development 

Upcoming issues will address: 
• Increasing your subscriber base: How cable operators are facing this task... 
• Technology and competition: What's new and how it will affect the future... 
• System/MS0 sales and acquisitions: The fast-changing cable industry... 
• Basic programmers: A competitive market gets tougher... 
• Sports on cable: Cable is gathering a larger share of sports programming... 

Cable operations managers are reading Cable Strategies every month because it 

contains unique management articles that are unavailable from any other source. 

To receive your FREE subscription to the most valuable journal available 
to the cable industry, return this form to CT Publications Corp. 

Cable Strategies is distributed FREE of charge to qualified cable professionals. Before you can quality 
however, you must complete a subscription form. INCOMPLETE FORMS WILL NOT BE PROCESSED. 

I wish to receive/continue to receive Cable Strategies 0 New Subscription 
-s No 0 Address Change 

Name 
(pease mvityp,] 

Title   
(pease te specec) 

Company Name 

Address 

City 

Signature 

1. Primarily, my responsibilities Include: 
, Corporate Marketing 

El Corporate Operations 
11 System Marketing 
ri System Operations 
El Other (please specify) - 

State ZIP _ 

Date 

2. In the performance of my Job I 
authorize, specify or purchase products 
and/or services. 

es No 

3. Please check the category that best describes your firm's 
primary business (please check only one). 
1 Cable TV Systems Operations 

E a. Independent Cable TV Systems 
D b. MSO (two or more Cable TV Systems) 
O 2. Cable TV Contractor 
O 3. Cable TV Program Network 
D 4. SMATV or DBS Operator 
O 5. MDS. SW. or LPTV Operator 
O 6. Microwave or Telephone Company 
O 7. Commercial Television Broadcaster 
O 8. Cable TV Component Manufacturer 
O 9. Cable TV Investor 
D 10. Financial Institution Broker, Consultant 
• 11. Law Firm or Government Agency 
O 12. Program Producer or Distributor 
O 13. Advertising Agency 
D 14. Educational TV Station, School or Library 
D 15. Other   

(pkoase describe) CT 5/89 



Operations and engineering 
managers read Cable Strategies 

Upcoming editorial focus: 

June 
Customer Service: Next to programming, the most important, and often overlooked 
service a cable system has to offer its subscribers. 

July 
The Basic Programmers: A competitive market gets tougher. Who will survive and why? 

August 
System/MSO Sales and Acquisitions: The fast-changing cable industry. Who realhy owns 
who? And who really benefits? 

September 
Sports on Cable: Cable is gathering a larger share of sports programming than ever 
before. 

October 
Increasing Your Subscriber Base: How cable operators are facing this task with strategies 
that work. 

November 
Pay-Per-View Programming: Third annual pay-per-view survey and more. 

December 
Technology and Competition: What's new in technology and how it will affect the 
future of cable television. 

Return this card for your free subscription. 

Place 
Stamp 
Here 

_e•e_  14 :1131JCATIONS CORP.  

P.O. Box 3208 
Englewood, CO 80155-3208 



TexsJSTRUçan TRILITHIC 

ARE YOU SEARCHING FOR CLI COMPLIANCE EQUIPMENT? 

TFC-450 AND TFC-600 

SEARCHER 

ONLY TRILITHIC HAS IT ALL! 

TRILITHIC is the only source for all your CLI 
compliance needs. 
• The new SEARCHER PLUS provides vehicle 
mounted and handheld CLI measurement 
capability. 
• The TFC-450 and TFC-600 frequency counters 
keep your carriers on frequency. 
• The SEARCHER midband channel receiver 
and the FDM Series of dedicated carrier 
receivers offer affordable leakage monitoring. 

[HORIZON] 

PM MTV 
COMM MC. 

IIPS E CP... Ave 
PA I/013 

7111 11148ea. MOP, 233 2117 
pAAAA,iranat eon 482 2396 

P 

SEARCHER PLUS 

FDM-5 

• C.L.I.C.S. (Cumulative Leakage Index 
Computing Software) wraps it all up. 

Search high and low — only TRILITHIC has 
everything you need for CLI compliance. You 
just supply the leaks. 

For more information on TRILITHIC'S 
complete line of CLI instrumentation and 
accessories contact TRILITHIC or your 
authorized TRILITHIC representative. 

contact us at: 

*TRILITHIC INC. 
3169 N. Shadeland Ave. 
Indianapolis, Indiana 46226-6233 
(317) 545-4196 
Toll free outside Indiana: (800) 344-2412 
TLX: 244-334 (RCA) FAX: (317) 547-2496 

See us at the NCTA Show, Booths 29538. Reader Service Number 80. 



TAYLOR'S II tif  

Conventional wisdom 
By Archer S. Taylor 
Senior Vice President of Engineering, Malarkey-layiof Associates 

In today's high technology environment, con-
ventional wisdom is, at best, a dubious guide. 
Forty years ago, conventional wisdom said co-
axial cable networks could not carry adjacent 
channels. Ten years ago, conventional wisdom 
reported that there was no conceivable need for 
more than 25 to 35 TV channels. Conventional 
wisdom convinced many of us that optical fiber 
could only be used in cable TV networks for 
limited, point-to-point supertrunks. After all, 
according to conventional wisdom, lasers are 
essentially on/off devices that cannot be modu-
lated with sufficient linearity for multichannel AM 
analog transmissions. 

Well, conventional wisdom has often been 
naive, misleading or just plain wrong. 
Now, conventional wisdom seems to be telling 

us that it is only a matter of time until the legal 
and regulatory barriers restraining the all-power-
ful telephone industry will fall. Because of the 
enormous financial and political resources of the 
regional Bell Operating Companies (RBOCs), 
conventional wisdom sees the takeover of the 
cable TV industry as all but inevitable. 

But hold on a moment. A funny thing is hap-
pening on the way to the inevitable. While the 

telcos were proclaiming their invincible superior-
ity in optical transmission technology, Jim Chid-
dix and his colleagues at ATC were defying con-
ventional wisdom. With help from many sources, 
they have demonstrated that laser technology 
can be made sufficiently linear to carry 40 con-
ventional AM analog TV channels over distances 
up to 15 kilometers (9.3 miles) of optical fiber with 
technical performance roughly equivalent to a 
cascade of three or four conventional line ampli-
fiers. This was the breakthrough needed to match 
the long recognized benefits of fiber-optic tech-
nology to the archaic if not obsolete television 
transmission technology still in use throughout 
the world. Ever since the late 1930s, all home tele-
vision receivers—whether NTSC, PAL or SECAM 
—have been based on vestigial sideband analog 
AM transmission with virtually no significant 
change. 

For once, the cable TV industry is leading the 
way. Bell Labs may hold many of the key patents, 
but the operators who are building or planning 
to build fiber backbone networks are already way 
ahead of the telcos in adapting the many ad-
vantages of optical fiber to the coaxial "last mile" 
from the central exchange (or headend) to the 
ultimate consumer. 
Since the explosive and highly competitive in-

PREVECTRON® 
lightning protection 

PREVECTRON is the state of the art for your 
lightning protection system. PREVECTRON is 
the new self-charging lightning protection 
system. It creates the ionization effect via a 
patented process and effectively controls the 
lightning strike and takes it harmlessly to 
ground. 

PREVECTRON ADVANTAGES 
• Guaranteed ionization during stormy weather 
• High reliability (tested at more than 1.000K 

volts) 
• Architecturally pleasing 
• Perfect for existing structures (retrofit) 
• Lower installed cost vs Faraday systems 
• Three models available; the right size 
system for your project, big or small. 

DESIGN AND INSTALLATION SERVICES 
AVAILABLE NATIONWIDE 

CALL, FAX, OR WRITE FOR YOUR 
PROJECT NOW. 

ADVANCED TECHNOLOGY 
THE RIGHT CHOICE 
FOR YOUR PROJECT 

INDELEC 
Lightning Protection - Surge Protection - Critical Grounding Systems 

Chemical Ground Electrodes, Ground Mats, Ground Bars 
NATIONAL LIGHTNING PROTECTION CORP. 
11098 Jasper Rd. • Lafayette, CO 80026 • Phone: 303-665-5259 • FAX: 303-665-5274 

USA 

Reader Service Number 90. 
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The operators who 
are building...fiber 
backbone networks 
are already way ahead 
of the telcos." 

stallation of optical fiber for long-haul and inter-
exchange telecommunications links during the 
1980s, the telcos have vigorously moved toward 
extending the benefits of fiber all the way to sub-
scriber premises. Recently, however, some have 
begun to worry about justifying the installation 
of fiber that is capable of transmitting at least a 
million times more bandwidth than is needed for 
POTS (plain old telephone service). Why use an 
elephant gun to swat a fie What better consumer 
of bandwidth could they find to use up the spec-
trum than video, which the cable TV industry has 
already developed into a profitable market. 
Here is where conventional wisdom tends to 

run amok. The network for delivering POTS must 
necessarily be based on switched-star topology. 
A separate dedicated transmission path is re-
quired in each direction between a switching 
center and each subscriber terminal. For this 
reason, and others, the network is inherently 
more costly than the tree-and-branch topology 
used for cable TV. Even if telco's video distribu-
tion business were to be unregulated, a growing 
concern about cross-subsidies is likely to inhibit 
attempts to allocate costs in such a way as to 
counteract the excessive real cost of the switched 
star. Finally, the tree-and-branch configuration 
required for economical video distribution is 

inherently incompatible with the star distribution 
required for POTS, without resorting to such eso-
teric concepts as packet switching and token 
passing rings for the full duplex voice and data 
services. 
As a consequence, the telcos are now begin-

ning to talk about analog transmission and coop-
erative efforts with cable TV operators. Neverthe-
less, it is hard to see how the essentially switched-
star services can realistically be integrated with 
the economical tree-and-branch video distribu-
tion services. Is it only conventional wisdom 
again that sees two physically separate networks, 
whether copper, coaxial cable or optical fiber, 
rather than a single integrated telephone net-
work? For an integrated network, either cable TV 
services would have to be changed over to a 
switched star (at great cost and some loss of cus-
tomer convenience) or the voice and data ser-
vices would have to be changed over to tree-
and-branch (at enormous cost and logistical 
complexity). 
Whether conventional wisdom or not, it is my 

judgment that for many years to come, the net-
works used for video services now known as 
CATV will not be integrated with networks used 
for POTS and residential data services. 
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REPAIR LAB 
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SAM METER ALIGNMENT 
AND CALIBRATION SPECIAL 

(REPAIR LABOR; IF NECESSARY; IS ADDITIONAL) 

ORF Repair Lab Offers... 
• Most up-to-date equipment • Our repair costs are inexpensive 
• Huge inventory of replacement components • 90 day warranty 
• A knowledgeable staff of trained technicians • Standard, express or rush repair service 

PUT OUR EXPERT ENGINEERING ADVICE AT YOUR FINGERTIPS 

800-327-9767 CALL TOLL-FREF 800-433-0107 (IN FL.) 
With confidence in our products, money back guarantee, 

experienced personnel and a proven track record, why would 
you settle for less? 

WHEN ONLY EXCELLENCE WILL DO! 
THE NAME TO REMEMBER IS 

QUALITY RF SERVICES, INC. 
850 PARKWAY • JUPITER, FL 33477 

See us at the NCTA Show. Reader Service Number 81. 



News 
(Continued from page 14) 

According to Sie, the plan, aimed at fighting 
foreign HDTV competition, would "benefit the 
American public with a cost-effective system 
without disruption and forced obsolescence of 
current sets." The proposed digital HDTV system 
is based on digitalization technology more 
sophisticated than any other proposed to date; 
it could transmit video signals by broadcast, 
cable and all other TV distribution media. 

• The Wisconsin Cable Communications 
Association became an active member for the 
1989 Great Lakes Expo and will host the show 
in 1994. The state associations of Illinois, Indiana, 
Michigan and Ohio also promote the expo, 
which will take place Sept. 20-22 at the Conven-
tion Center in Columbus, Ohio. 
• The executive search and consulting firm 

Future Sense was recently formed to assist the 
cable and cellular industries. Its headquarters 
is located at 68 Shoreline Dr., Gulf Breeze, Fla. 
32561, (904) 932-2800. 
• RMS signed an agreement with Gibraltar 

Corp. of America for a $3 million revolving line 
of credit; the agreement was scheduled to close 
on or before April 30. This follows the recent ter-
mination of the RMS credit line by Irving Trust Co. 
• At its annual government/industry dinner 

March 15, the Electronics Industries Association 

(EIA) presented the 1989 Medal of Honor to 
Sidney Topol, chairman of Scientific-Atlanta Inc. 
as well as EIA's Advanced Television Commit-
tee chairman. The award is the EIA's highest 
honor. 
• GNB Industrial Battery Co. of Langhorne, 

Pa., was awarded a contract from Nippon Tele-
graph and Telephone Co. of Tokyo. In the con-
tract, estimated at over $10 million, GNB will 
supply its Absolyte lead acid standby batteries. 
• Continental Cablevision recently ordered 

$5 million worth of baseband converters from 
General Instrument's Jerrold Division. The 
TOCOM 5503-VIP converters will be used in the 
upgrade and expansion of the MSO's Los 
Angeles Metro system. 
• Television Technology Corp. and Faroud-

ja Laboratories reached a joint agreement to 
demonstrate a live, over-the-air transmission of 
an advanced compatible high definition TV 
system. The Faroudja SuperNTSC signal would 
be transmitted from KBLR-TV in Las Vegas dur-
ing the National Association of Broadcasters 
convention April 29-May 2. 

Correction 
In the article "Installation of fiber cable" (April 

C7), the first paragraph of the second column 
on page 45 should have read: "With the figure 
eight design, cable is clipped or bonded to a 
messenger. The messenger is normally poly-
coated and can be steel, Aramid yarn or, more 
commonly, fiberglass-reinforced plastic (FRP). 
Figure eight cables typically install quicker and 

Cable industry 
loses two leaders 
NEW YORK—March was a sad month for 
the cable industry as it mourned the loss 
of two of its leaders, Peter Gilbert and 
Joseph Connolly Jr. 

Gilbert, a multifaceted entrepreneur, 
had a very diverse background: from 
serving as the youngest sergeant-major 
in the British army to running a multimillion 
dollar company. He began his career in 
cable with the purchase of Suffolk Cable-
vision in 1970. More recently, Gilbert had 
been a managing partner (along with Cox 
Cable) of Staten Island Cable in New York 
and owner of the Newark, N.J., cable 
system. He died March 26 at 62 years of 
age. 

Connolly, 42, was president of the 
Reading Division of American Television 
and Communications Corp. He joined 
ATO in 1980 as general manager of Berks-
Cable, the system serving the Reading 
area. He also was vice chairman of the 
Pennsylvania Cable Television Associa-
tion. He died March 14. 

more economical. For short spans, 1/4 -inch ex-
tra high strength steel wire messengers are most 
often used." We regret any inconvenience this 
error may have caused. 
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Lectro® 
More Efficiency. 
In response to operators' concerns over 
shyrocketing utility costs, Lectro designed and 
delivered the first Super Efficient power supplies. 
Now, a complete line of Super Efficient products 
is available for }ou. 

More Modularity. 
Lectro features plug-in modularity so advanced, 
so simple that maintenance is a snap! Just ask the 
man in the bucket. 

More Designs 
Lectro has the most diversified product line in 
the business, ranging from 4 amp to 18 amp. 
You'll find products to meet every application. 

More Service. 
We've been powering cable systems for decades. 
we back up our service and warranties with field 
and fwtory support personnel. A satisfied 
customer is our most important asset. 

CALL 1-800-551-3790. 
In Georgia, call (404) 543-1904 

IF Lectro* 
More power to you 

Lectro Products, Inc. 
420 Athena Dr. 
Athens. GA 30601 

Made in U.S.A. 

See us at the NCTA Show. 
Booth 2268. 
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Rational expectations for ATV 
By Walter S. Clciora, Ph.D. 
Vice President of Technology 
American Television and Communications Corp. 

Realistically, when can we expect advanced 
television (ATV) to arrive? When will proponents 
have hardware to test? When can testing begin 
and how long will it take? As long as we're ex-
ploring our crystal ball, when can we expect AN 
to be commercially significant? 

Expert opinions 
The Federal Communications Commission 

has created an advisory committee of industry 
experts to recommend a course of action. Ulti-
mately, the FCC is the only entity in the United 
States empowered to decide the outcome for ter-
restrial broadcast. The advisory committee has 
three subcommittees and a group of working 
parties. The Systems Subcommittee Working 
Party 1 (SSWP1) is charged with the initial analysis 
of proponents. This is the point at which pro-
posals are submitted to the advisory committee 
for consideration. 
SSWP1 conducted a "Hell Week" during 

which all proponents presented their systems 
and answered questions. One of the important 
questions concerned the availability of hardware 
for testing. Many promised fourth quarter 1989 
while some said mid-1990 would be the earliest 
possible delivery date. Anyone experienced in 
engineering knows Murphy's law and how it ap-
plies to delivery schedules. The well-intentioned 
promises made by proponent management and 
the reality of producing the hardware by pro-
ponent engineers will likely have some discrep-
ancy. Hardware availability forms an important 
limiting condition on testing. Testing cannot begin 
without hardware and should not begin until a 
steady flow of proponent hardware is available. 
Otherwise, costly periods of inactivity will ineffi-
ciently consume limited testing budgets. 
Cable Labs is scheduling its own minil'Hell 

Week" to serve as the mechanism for propo-
nents to indicate their interest in being con-
sidered for cable application. These sessions are 
likely to last one or two days and concentrate on 
the cable aspects of proponents' systems. 

At the 1989 Electronic Industries Association 
(EIA) Winter Consumer Electronics Show in Las 
Vegas, there were three panel sessions on high 
definition television (HDTV). Alex Felker, FCC 
Mass Media Bureau chief, probably made the 
most important statement about HDTV stan-
dards: "We're already about 18 months into this 
process...and in many ways we haven't come all 
that far...We're looking at somewhere around 
another 18 months, perhaps another two years 
before testing is complete and the commission 
would be in a position to select a transmission 
standard." After testing is com plete, a few months 
will be required by the advisory committee to 
digest the results and make its recommendations 
to the commission. The commission can only 
then make its decision. A year or so longer and 

the first products will be introduced. 
The committee's System Subcommittee Work-

ing Party 2 (SSWP2) is charged with the actual 
testing. Of course, SSWP2 has no budget and 
is staffed with volunteers. It must be dependent 
on others to implement the tests. Specifically, the 
Advanced Television Test Center (ATTC) and 
Cable Labs are expected to be helpful. SSWP2 
produced an interim report in February. It was 
reported that ATTC expects to be ready for testing 
this October and that testing will take from 11/2 
to two years. This is in agreement with the assess-
ment by Felker. 
We expect testing to begin in the first or sec-

ond quarter of 1990. Testing should be complete 
by middle to end of 1991. The first AN receivers 
maybe available at the end of 1991 or the begin-
ning of 1992. 

Consumer electronics experiences 
The growth in penetration of consúmer elec-

tronics products is a well-understood phenom-
enon. Experience with radio, black and white TV, 
color Nand VCRs provides guidance in making 
predictions on how HDTV will grow. Color N took 
seven years after introduction to reach 1 percent 
of U.S. N households. Ten percent penetration 
was reached in 11 years after introduction. This 
is important information to test the validity of 
anyone's HDTV penetration projections. 
How can we expect the growth of AN to com-

pare with other consumer electronics products? 
The difference between black and white TV and 
radio was tremendous. The difference between 
color N and black and white was considerably 
less. Color N penetration took more than twice 
as long than black and white N penetration. It 
is believed that the consumer will perceive an 
even smaller difference between AN and color 
NTSC. This means the driving force behind AN 
penetration will be less powerful than those 
behind color or black and white N. We can 
expect AN penetration to be slower than the 
penetration of either color TV or black and white. 

Typically, when first introduced a new con-
sumer electronics product is very expensive and 
growth is very slow. When the first black and white 
receivers were introduced, they cost about as 
much as a compact car. Likewise, when the first 
color N receivers were introduced, they cost as 
much as a compact car of that day. It would be 
reasonable to expect the first HDTV receivers to 
cost about as much as a Hyundai. The growth 
curve for these kinds of products involves a long 
shallow rise over 10 to 12 years, reaching less 
than 10 percent of N households. 

Then, a certain price point is reached where 
consumers generally consider the product a 
good deal and the penetration curve turns almost 
straight up. Sixty to 70 percent penetration is 
achieved in just three to four more years. It is 
rational to expect that it will be between 12 and 
15 years before commercially significant penetra-
tion of HDTV receivers is achieved. Any more ag-

"We can expect ATV 
penetration to be 
slower than the 
penetration of either 
color TV or black 
and white." 

gressive projection is out of line with past expe-
rience and begs for an explanation of the 
deviation. 

Large-screen TV 
AN and really large N screen displays are 

so synergistic that I believe one can't happen 
without the other. 

All of the early consumer research on AN has 
indicated that viewers see little difference be-
tween NTSC and AN if they are more than three 
or four picture heights away from the display. In 
normal living rooms, people sit six to eight feet 
from the screen. For AN to be noticeably better 
than NTSC, the screen must be 2 to 3 feet high. 
Since Ns are normally described in terms of 
diagonal measure, the screen needs to be 50-
to 75-inches for the wider aspect ratio. Less than 
that and most viewers won't see the difference 
between NTSC and AN. 

Conversely, anyone who has seen a large 
NTSC projection set is dismayed at how poor the 
picture can be. This is due to the shortcomings 
of NTSC, created at a time when technology had 
to strain to provide a 12-inch picture. AN is critical 
to the volume sale of large screen Ns. 
Research on cost-effective, bright, large-

screen displays is well under way in Japan and 
elsewhere. However, consumer products are still 
about 10 years away. This is very much in con-
cert with the time frames described earlier. Large 
screens and the growth in penetration of AN will 
go hand in hand. Incidentally, the need for a large 
screen will keep AN as an upper price point 
product. It is unlikely that inexpensive receivers 
in the $200 to $300 range will ever be anything 
other than good old NTSC. } 
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TELEPHONY 

Two way interactive switched TV service. 
Low cost telephony on the TV Coaxial drop cable. 

Talk to Cabletime, the world leaders in switched star, 
about dual systems. 

Cabletime Limited, Maidenhead House, Bartholomew Street, 
Newbury, Berkshire, RG14 5DT, England. 

Telephone: (0635) 35111 Telex: 848331 CABLE G Fax: (0635)35913 
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Install REgAt quality 
in your system today! 

STRIP GAUGE FOR 
CORRECT CENTER 
CONDUCTOR TRIM 
LENGTH 

IMPREGNATED 
360 ALUMINUM ALLOY 
HOUSING DOUBLE 

POLYURETHANE 
COATING Muhl Tap features not shown: 

• All 600 MHZ 
• Special grounding design 
• Non-rotational center conductor seizure post for installation consistency 
• 4 seizure screws 
• Tapered entry for center conductor guide 
• Small unit size 
• Numbered "F" ports 

5/8" PORT ENTRY 
EXTENSIONS 

0' RING TO SEAL F" 
PORT THRU FACEPLATE 
UNDER PROTECTIVE NUT 

NEOPRENE WEATHER 
GASKET BETWEEN 
HOUSING AND 
FACEPLATE 

WOVEN METALLIC RFI 
GASKET IN HOUSING 
CHANNEL 

PRINTED CIRCUIT 
(PCB) 

PLASTIC COVER TO 
PROTECT COMPONENTS 
AND PRINTED CIRCUIT 
BOARD 

Regal taps and line passives have become 
widely used in the Cable TV industry since 
Anixter introduced them in 1982. Regal 
multi-taps, line passives and drop passives are in 
stock through Anixter's nationwide network to 
meet your construction and installation needs. 

PLASTIC WASHER 
UNDER PLATE HOLD-
DOWN BOLT TO PROTECT 
FROM SCRATCHING 
POLYURETHANE 
COATING 

STAINLESS STEEL 
HARDWARE 

SEALED ONE-PIECE. 
CADMIUM-PLATED, 
MACHINE-BRASS "F" 
PORTS 

INTERLOCKING TONGUE-
AND-GROOVE FACEPLATE 
HOUSING CHANNEL 

COLOR-CODED TAP 
VALUE LABEL 

Contact the Anixter Cable TV location nearest 
you to place your order, or to receive the new 
Regal Multi-Tap Data Sheet and the complete 
Regal product brochure. 

MICR 
CABLE TV 

WEST-ANAHEIM: (714) 779-0500. (800) 854-0443: DENVER: (303) 740-8949, (800) 841-1531; SEATTLE: (206) 251-6760. (800) 426-7665. MIDWEST-CHICAGO: 
(312) 364-7000, (800) 544-5368, CLEVELAND: (216) 526-091a (800) 321-8068; DALLAS: (214) 446-7337, (800) 231-5006; IRON MOUNTAIN, MI: (906) 774-4111, 

(800) 624-8358, SKOKIE, IL HDOTRS: (312) 677-2600: EAST-ATLANTA: (404) 995-5110, (800) 241-5790; LONG ISLAND, NY: (516) 293-7788, (800) 645-9510; 
NEW JERSEY: (201) 328-0980. (800) 631-9603; TAMPA: (813) 626-7115. (800) 282-9164: CANADA-CALGARY: (403) 250-9646: MONTREAL: (514) 636-3636; 
TORONTO: (416) 625-5110: VANCOUVER: (604) 321-5885. 

In an emergency, weekends and holidays or after 5 PM call loll free 1 (800) 323-8166. 
CORPORATE OFFICES, ANIXTER CABLE TV. 4711 Golf Road, Skokie, IL 60076. (312) 677-2600 1989 Anixter Cable TV 

See us at the NCTA Show. Booth 1869, Reader Service Number 84. 


