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""We choose Utility Products’ Super Safe
for two good reasons.

No rust. No theft.

SELKIRK COMMUNICATIONS, INC.

€= WA ENTRANCE

BOB ZEQUEIRA, JR., PURCHASING & CONTRACTS ADMINISTRATOR,
SELKIRK COMMUNICATIONS, INC.

Like many cable operators, Bob Zequeira found his system
the victim of extensive cable theft. Cable thieves were
connecting their own service by gaining illegal entry into the
cable enclosures. Selkirk Communications' only recourse was
to find a high security enclosure capable of restricting
unauthorized entry.

But security wasn't Selkirk’s only problem. The harsh
South Florida coastal environment was another factor to be
dealt with, since constant exposure to salt air can be highly
corrosive.

Their choice for security and durability; Utility Products’
Super Safe. “We chose the Super Safe because of its unique
locking mechanism. We had already established the box
would last for many, many years! said Bob.

Reliable Electric/Utility Products 11333 Addison Street/Franklin Park, lllinois 60131

See us at the Cable-Tec Expo Booth 342.
Reader Service Number 3.

Corrosion-resistance has been a major factor in the
purchase of cable enclosures since Selkirk established its
system seven years ago. ‘‘We have used your apartment box
for many years. We realized it was a very good product
because of its finish. We tested it and installed it in buildings
and areas where the salt concentration is the heaviest. We
found it to last without any problems.”

Super Safe, like all Utility Products’ enclosures, features
heavy-gauge, mill galvanized steel coated with a corrosion
resistant nine step finishing process. It's interlocking cap and
variety of locking mechanisms fortify the security of the unit.

So if security and durability are important in your system,
rely on proven quality; Utility Products pedestals and
enclosures. Built to last.

For further product information, phone or write us.

312-455-8010/Telex 728393

RELIANCE
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R emember when converters were
only needed to convert TV
signals? Subscribers demands were
simple...all they wanted was the ability
to see more than 12 television
channels. But as the years went on,

cancwidth increased, programming
proliferated, and subscribers became
niore sophisticated. More and more
Jeatures were demanded and, although
some converters could be modified,
most became obsolete and bad to be
replaced. They simply could not satisfy
the needs of the future.

Remember when one or two simple features in a converter were considered

quite sufficient? Now...

Jerrold STARCOM VI
Subscriber Satistying

Today's cable subscriber is looking for more than just a clear picture and
extra channels from his cable converter. Consumer electronics are booming,
With so many feature-loaded items on the market, subscribers now expect the
same conveniences from their converters. Satisfy their craving for features with
the STARCOM VI addressable family with:

 IMPULSE PAY-PER-VIEW. Extra revenue for you when you let your subscribers
select what they want, when they want it, using STARFONE™ for one-way
addressable systems or STARVUE™ if your system is two-way.

¢ VOLUME CONTROL. Now you can offer your subscribers the convenience of
remotely-controlled volume and muting in an RF converter.

* VCR COMPATIBILITY. Encourage the link between cable and VCRs and
increase subscriber satisfaction and your revenues with time-controlled
programming,

¢ EVEN MORE CONVENIENCE. Favorite channel selections, last channel recall,
channel-by-channel parental control and stereo ready. Keep your subscribers
satisfied.

Jerrold STARCOM VI, the feature-loaded family of RF addressable
converters, makes all these features and revenue enhancements possible. Send
for our STARCOM VI brochure for further details. Call or write today, Jerrold
Division, General Instrument Corporation, 2200 Byberry Road, Hatboro,

PA 19040. (215) 674-4800.

JERROLD

You know we'll be there.

See us at the Cable-Tec Expo Booth 100. ?{EN EML
Reader Service Number 4. INSI" UMENT

®General Instrument 1986



the Beast™

OFTEN IMITATED -
NEVER EQUALED

Cable Security Systems introduced
this industry’s first truly high security
apartment box in 1981, when we
combined a box-in-a-box design with
a revolutionary new locking system
designed specifically to meet the
demands of the CATV industry.
Today, The Beast™ is used in more
major urban new builds than any
other apartment box.

It stops theft and it lasts. It is also
very competitively priced - Good
reasons why more and more systems
aren’'t settling for anything less
than the proven performer for all
their apartment box needs. Call or
write for more information.

e

BOOTH 448 —CABLE-TEC EXPO
Reader Service Number 5.

Cable Security Systems, Inc.

205/821-0745 « P.O. Box 2088 » Auburn, AL 38631
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PUBLISHER'S LETTERIIIIIIII

By the time

we get to Phoemx

Once again it's time to roll up the shirt-
sleeves and get down to work at the
SCTE's Cable-Tec Expo in Phoenix. And
once again, Communications Technology
is quite proud to be representing the
SCTE as its official trade journal. While the
SCTE's ranks have been swollen by 25
percent since our premiere issue in March
1984, there are still many engineers who
could benefit by joining this esteemed or-
ganization. We strongly encourage mem-
bership in the SCTE for the overall benefit
of the cable industry.

New additions

Last month we instituted a department
called “Tech Book.” This monthly pull-out
section has been designed as an every-
day work tool for engineers. The idea for
this section was the brainchild of our
friends at Jones Intercable — Ron Hranac
and Bruce Catter. The first installment
provided basic information on all you
need to know about dBmV to microvolt
conversions. This month's section de-
scribes in detail North American television
channel frequencies.

This show issue also includes the first of
many columns from our East Coast Corre-
spondent Lawrence W. Lockwood. Lock-
wood, a well-known veteran of the cable
and data industries, has been an engi-
neer for more than 40 years, presently
specializing in telecommunications. Cur-
rently president of TeleResources, a con-
sulting firm in Arlington, Va., he is a mem-
ber of the NCTA engineering committee
and the |EEE 802.7 subcommittee (setting
standards for LANSs).

Operator alert

While | don't usually delve into heavy
technical matters in my publisher's letter,
my editors insisted | reprint an operator
alert disseminated by the NCTA on leak-
age:

"A recent incident, resulting from car-
rier frequency drift and signal leakage, re-
emphasized the need for compliance with
the FCC frequency tolerance specifica-
tions and signal leakage monitoring
requirements.

“The local oscillator of an amplitude
modulated link microwave receiver
drifted, apparently due to an unusual fail-
ure of the phase lock system, resulting in
all carriers on the affected portion of the
system changing frequency. In particular,
the frequency of the Channel 14 (A) visual
carrier drifted from the authorized fre-
quency of 121.25 MHz to the air and ma-
rine emergency frequency of 121.5 MHz.

This frequency drift would probably not
have caused a problem if the system did
not leak. Unfortunately, the system leaked
at a level high enough to trigger the moni-
toring circuitry in the COSPAS/SARSAT
satellite

“The COSPAS/SARSAT satellite is Io-
cated in a polar orbit and one of its func-
tions is to monitor the emergency frequen-
ciesof 121.5 MHz and 243.0 MHz. When it
receives a distress signal on either of
these frequencies the location information
is relayed to the Air Force and search and
rescue operations begin. In this instance
the Air Force determined that the signal
was not a normal emergency locator
transmitter signal. They passed the loca-
tion information on to the FCC, who lo-
cated the source of the signal and had the
channel turned off until the problems were
rectified.

“The FCC, in their final disposition of
Docket 21006 allowed the cable industry
access to the aviation band providing as-
signed carrier frequencies were main-
tained within 5 kHz and signal leakage
was monitored and corrected. Every sys-
tem operating in these bands, as part of
its routine maintenance, should be
checking to ensure compliance with the
frequency tolerance specifications. The
checks should be performed on the out-
put carriers of all devices that could cause
achange in frequency, including modula-
tors, heterodyne processors and AML re-
ceivers. Also, signal leakage levels
should be monitored continuously and re-
pairs made when limits are exceeded.

"Compliance with the regulations will
ensure cable's continued access to the
bands. Non-compliance will result in for-
feiture proceedings and could eventually
lead to the loss of cable access to the

COMMUNICATIONS TECHNOLOGY
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Analysts
Service Specialists

CONVERTERS

Expanded Repair Service includes Oak addressables
and Jerrold addressables.

Manufacturers’ Authorization

JERROLD

Wa00snTY 1OVICE Crume

OAK

wasaants 1eviCt Conme

Including all factory authorized modifications.

Servicing single channel and multichannel,
unscrambled and addressable units by many
manufacturers.

LINE EQUIPMENT - HEADEND GEAR - TEST EQUIPMENT

Servicing most manufacturers - Emergency service available

SATELLITE EQUIPMENT
Receivers, LNAs and block downconverters

PROOF-OF-PERFORMANCE
Vans equipped with computerized test equipment

COMPUTER AIDED TESTING SYSTEM

Monitors your system operation (frequency, levels
and trends) local or remote

Fully computerized - including reports

Innovation in Services and Products for Cable

Corporate Office: Western Facllity:

112 E. Ellen Street 2245 Camino Vida Roble
Fenton, M 48430 Carisbad, CA 92008
(313) 750-9341 (6191 438-4405
I Eastern Facillty: RF/Superior:
1255 Boston Ave. 2010 Pne Terace
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Cable-Tec Expo '86:
Bigger and better than ever

WEST CHESTER, Pa.—This year's Cable
Tec Expo, taking place June 12-15in
Phoenix, Ariz., plans to be even larger
than the 1985 show held in Washington,
D.C. During this annual event, over 1,000
cable engineers and technicians are ex-
pected to participate in nine different
workshops ranging from commercial in-
sertion to signal sweep and analysis.

With pre-registration numbers well
ahead of last year's, the 1986 show has
plotted more exhibition space and hands-
on equipment demonstrations than ever
before. This has put the Cable-Tec Expo
in the enviable position of being one of the
few conventions steadily increasing in
participants and features.

The schedule of events for the Annual
Spring Engineering Conference is as
follows:

Wednesday, June 11
6-8 p.m.—Registration (Baliroom foyer)

Thursday, June 12

7:30-9 a.m.—Registration (Ballroom
foyer)

9-9:30 a.m.—Opening remarks: William
Riker, executive vice president, Society of
Cable Television Engineers

9:30-10:30 a.m.—Session A: Developing
Technical Management Skills. Edward
Scannell, University Conference Bureau,
Arizona State University

10:45 a.m.-noon--Session B: Pay-Per-
View Revisited. David Archer (modera-
tor), general manager, Viacom Telecom-
munications

Noon-2:00 p.m.—Luncheon, SCTE mem-
bership meeting with awards and Key-
note Speaker James Mooney, president,
NCTA

2-3:15 p.m.—Session C: Improving Com-
munications Between Engineering and
Management, Part Il. Robert Luff (moder-
ator), senior vice president, engineering,
United Artists Cablesystems Inc.

3:30-5:30 p.m.—Session D: New Tech-
nologies in Cable System Powering. Dan
Pike (moderator), vice president, engi-
neering, Prime Cable Corp.

The agenda for the Cable-Tec Expo,
which takes place at the Phoenix Civic
Plaza, is as follows:

Thursday, June 12

3-5 p.m.—Expo registration (Hyatt Re-
gency Ballroom foyer)

7-11 p.m.—Hospitality events presented
by exhibitors

SOCIETY OF CASBLE
,_,""; _TELEVISION ENGINEERS

L NDPOV-. V= E—
. CABLE-TEC
EXPO
., '86

SUTE

JUNE 12-15, 1986 ‘\
PHOENIX \.J

"VALLEY OF THE SUN" L(a

“or
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Friday, June 13
7:30 a.m.-4 p.m.—Expo registration
(Phoenix Civic Plaza lobby)

8:30-9:30 a.m.—Workshop Period A
9:45-10:45 a.m.—Workshop Period B
11-noon—Workshop Period C

Noon-5 p.m.—Exhibit Hall open (Civic
Plaza Exhibit Hall A)

Noon-2 p.m.—Lunch served in Exhibit
Hall

4-5 p.m.—Exhibitors’ reception (Exhibit
Hall A)

5-8:30 p.m.—Tour of Scientific-Atlanta
and Gilbert Engineering manufacturing
facilities (space is limited)

7-11 p.m.—Hospitality events presented
by exhibitors

Saturday, June 14
8 a.m.-4 p.m.—Expo registration (Phoe-
nix Civic Plaza Lobby)

8:30-9:30 a.m.—Workshop Period D
9:45-10:45 a.m.—Workshop Period E
11-noon—Workshop Period F
Noon-5 p.m.—Exhibit Hall open

Noon-2 p.m.—Lunch served in Exhibit
Hall

6:30-11 p.m.—Expo Evening: Steak bar-
becue and hayride at "Rawhide"” (Re-
demption coupons must be exchanged
for admission tickets at the SCTE Mem-
bership Booth before 1 p.m. on Friday,
June 13)

Sunday, June 15
8:30-noon—BCT/E Professional Certifi-
cation examinations

9:30-11 a.m.—Chapter Development
Meeting (Roundtable discussion on how
to start new SCTE chapters and improve
the operation of existing groups. All Expo

COMMUNICATIONS TECHNOLOGY

CABLE
LINK
INC.

The cable
operators
converter
store and a
whole lot

280 Cozzins St., Suite 2-A
Columbus, OH 432715

(61¢) 221-3131

Let us add you to our
long list of satisfied
customers. Just to
mention a few:

—Buckeye Cablevision
Toledo, OH

—Consolidated TV Cable
Frankfort, KY

—Tri-County
Communications
Richmond, IN

Reader Service Number 74
See us at the Cable-Tec Expo Booth 345
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attendees are invited). Various committee
meetings

Every workshop will be presented dur-
ing each workshop period designated in
the schedule of events, except where
noted. This repetition of workshops allows
for a reduced attendee-to-instructor ratio,
encouraging greater interaction. Each at-
tendee may choose the six workshops of
most interest from the following list. If one
workshop is overly crowded, please se-
lect an alternate for that period and try
again later

@ CPR and Industrial First Aid, American
Ambulance Co.

® Video and Audio Signals and Systems
(BCT/E review course), Paul Beeman,
MTV Networks

@ Developing a Preventative Maintenance
Program, Ron Hranac, Jones Intercable

® Basic Electronics and Electricity, Ray
Randolph, NCTI

e Implementing Stereo Headend Equip-
ment, Tom Williams, Scientific-Atlanta
and Ned Mountain, Wegener Communi-
cations

® Field Intensity and RF Field Strength,

When they put you in of opera-

and support of the Oak organization,” and

tions for a cable system of 185,000 subscri- later added, “"Oak engineers worked with

bers, you're faced with a lot of tough
decisions.

us to develop an electronic second set rela-
tionship which allows the converter of the

Frank DeJoy, Vice President of Operations primary set to authorize the secondary set

of Suburban Cable in East Orange, New
Jersey can testify to that. He and his staff
took a year and a half to study all the

converter to function."
Oak solved a dilemma for Frank DeJoy
and Suburban Cable. And in the process,

problems and considerations of addressabil- developed a technology that is now a stan-

ity for a

as large as Suburban's.
When S

ey finally made their choice, it

dard part of Oak's Sigma converter-decoder.
If you'd like more information concerning

was Sigma. “It offers security we'll be able  Sigma, call your nearest Oak representative

to rely on for the next ten years,” DeJoy
explains, “and technically, it is far superior
to anything else we looked at.”

But technology wasn't the only reason

or contact us directly at (619) 451-1500.
We'll save you a fortune on cable theft.

And speaking from a Frank point of view,

we'll also save you a year and a half of your

DeJoy chose Sigma. “I like the cooperation time.

SIGMA
HereTomorrow.

Osk Communications Inc. lglgAVKh % Rancho Bmﬁ:do CA 82127 (619) 461-1500
Reader Service Number 8.
See us at the Cable-Tec Expo Booth 337.
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Ron Adamson, Texscan

® Commercial Insertion Equipment Up-
date, Tom Carbaugh, Telecommunica-
tion Products Corp. and Alan Kirby, Fal-
con Communications

® System Sweep and Analysis, Steve Win-
del, Wavetek

e One-on-One With the FCC, Syd Brad-
field and John Wong, FCC

NCTA asks FCC to
favor frequency use

WASHINGTON, D.C.—The National
Cable Television Association (NCTA) has
endorsed the FCC's proposal to allow
cable operators to use frequencies in the
2, 6.4 and 7 GHz bands. In comments
filed during the FCC's proceedings on
spectrum utitization, NCTA opposed ef-
forts by broadcasters and common carri-
ers to exclude cable operators from these
frequencies.

“There is no basis for the suggestion
that broadcasters' use of microwave fre-
quencies for electronic news gathering
(ENG) and remote pickups is somehow
infused with unique public interest re-
sponsibilities while cable's is not,"” the as-
sociation said. “Broadcasters and cable
operators generally engage in ENG and
remote pickups for the same reason: to
provide programming that appeals to and
meets the needs of viewers.

NCTA said it found “equally offensive
and groundless” some broadcasters’
claims that cable operators should be ex-
cluded from the 2 and 7 GHz bands
because they might not cooperate in vol-
untary frequency coordination arrange-
ments. NCTA noted that it is currently par-
ticipating with the NAB and others in the
formation of a council to deal on a continu-
ing basis with frequency coordination
problems.

NCTA also endorsed the FCC's pro-
posal to make available on a primary ba-
sis to cable operators and broadcasters
the 6.4 GHz band, noting that common
carriers typically use the band for local
television transmission service (LTTS). "If
there happen to be no available frequen-
cies inthe 2 and 7 GHz bands, it makes no
sense to force the broadcaster or cable
operator to hire a carrier to perform a ser-
vice that he could perform himself,” NCTA
said.

Winegard initiates
statistical controls

BURLINGTON, lowa—The Winegard Co.
has adopted a system of quality control
through statistical education. The pro-
gram, “Transformation of American In-
dustry,"” also is known as the Deming sys-
tem, after Dr. W. Edwards Deming, who
introduced statistical quality control to the
Japanese in the 1950s. The concept uses

COMMUNICATIONS TECHNOLOGY



WAITING FOR YOUR LNC-LNB TO BE REPAIRED
PRECISE MFG. HAS DOWN CONVERTERS IN STOCK NOW!
FOR USE WITH YOUR LNA

The PRECISE Model 1350-OD, Outdoor Downconverter is designed to be used with an LNA
to provide a 270 - 770 MHz block down conversion of the 3.7 - 4.2 GHz satellite TVRO signal.

The key features of the 1350-OD are weather-proof; corrosion resistant housing with full RF
shielding, 4 GHz double balanced mixer, crystal controlled synthesized oscillator, and cable
center conductor powering with power pass-thru to the LNA.

CABLE SPECIAL

SEE US AT BOOTH
ORDER YOURS NOW OR AT THE SHOW IN PHOENIX #329

CALL TOLL FREE

1-800-821-0862

PRECISE | MANUFACTURING COMPANY

2143 EAST FIFTH STREET * TEMPE, ARIZONA 85281 * (602) 8670030
MANUFACTURERS OF QUALITY HEADEND EQUIPMENT

Reader Service Number 9.



statistical tools to control quality, based
on the idea that everything can be mea-
sured.

Statistical process contro! (SPC) is
aimed at preventing scrap and rework,
thereby lowering costs and improving effi-
ciencies associated with manufacturing
and other departments in the company,
according to Randy Winegard, president
of Winegard. "The system is geared to the
prevention of problems — not detection of
failures after the work is completed.”

Statistical specialist Terry Reichardt
joined Winegard in January as director of
quality assurance and has organized all
SPC activities. Reichardt defined SPC as
“trying to improve our competitive posi-

tion through improvement in productivity,
product quality and reliability. The princi-
pal objective,” he explained, “is to im-
prove productivity, which will allow us to
maintain control over the cost of manufac-
turing while improving our product.”

Winegard has instituted training pro-
grams at all levels of the company, from
the custodians to the president. Contin-
ued involvement after training is encour-
aged by employee membership on one of
the product-process improvement com-
mittees, designed to assure access to all
the knowledge and talents of every Wine-
gard employee. Major programs that ad-
dress the issues of productivity are being
developed.

TOBE RELIABLE,
YOUHAVETO
HAVE THE

Pull off our
cover and
see why Alpha
is the CA
Stand-by Power
Supply leader. Sure,
we could have designed a
system using two transform-
ers like most manufacturers,
but no, we decided that a single
ferro-transformer would be
more reliable. It was gutsy, it
was innovative, and it works.
Some customers wanted to
check power supplies just by
driving by. So we built-in Auto-
matic Performance Monitoring.

GUTS.

Other
customers
didn’t want
to leave their
office. What
did we do? We
designed and built the
first standalone status

monitoring system — another

innovation from Alpha.
Our guts reflect our sincere
desire to give you the standby
power supply features you
want because serving our

customers is as important to us

as serving your customers is to

you. The way we see it, if we

take care of you, you can take
care of them.

 TECHNOLOOES

We're here to back you up.
3767 Alpha Way Bellingham, WA 98225 206-647-2360

Reader Service Number 10.

12 JUNE 1986

Microdyne adds
Allied to roster

OCALA, Fla.—Microdyne Corp. has an-
nounced the appointment of Allied inter-
national as a stocking distributor of
selected Microdyne satellite communica-
tions products. Allied will represent Micro-
dyne in certain locations around the
world.

Eart Currier, Microdyne sales manager,
said Allied was chosen because of its ex-
perience in selling broadcast products in
the international marketplace. Allied has
over 60 broadcast representatives world-
wide. This, combined with product sup-
port, is expected to increase Microdyne's
ability to provide complete TVRO and
SCPC systems to the international market,
as well as individual products. Allied also
will offer antennas ranging from 1.2 to 7
meters in size for S-band, C-band and Ku-
band applications

Microwave Filter to
sell ham radio division

EAST SYRACUSE, N.Y.—Microwave Fil-
ter Co. Inc. announced it will sell its Una-
dilla Amateur Radio Products Division.
The division produces antenna accesso-
ries for amateur radio operators.

“The ham division is being sold to allow
the company toincrease efforts on its high
growth markets including cable televi-
sion, satellite communications and gov-
ernment products,” said Emily Bostick,
executive vice president of sales and
marketing.

"The division's employees and floor
space will be absorbed into other opera-
tions,” she added

o Effective May 1, 1986, Audioguard
Inc. has changed its name to Power
Guard Inc. In May 1982, Audioguard was
established as a manufacturer of sonic
burglar alarms. Since February 1985, the
company has devoted its time to the de-
velopment of a line of ferroresonant and
standby power supplies for use in the
cable television industry

o Pirelli Cable Corp.'s Communica-
tions Division has completed production
and delivery of its first fiber-optic cables
from its manufacturing facility in Lexing-
ton, S.C.. The cables are to be used for
both voice and data transmission by in-
diana Telephone Co. as part of an opera-
tion to upgrade its copper-cable system
to a high-speed digital network con-
necting to major nationwide long-distance
carriers.

® The St. Louis regional sales office of
Scientific-Atlanta Inc. has moved to Cop-
per Bend South, 936 S. 59 St., Belleville,
Il. 62223, (618) 233-7203

COMMUNICATIONS TECHNOLOGY



HEART and SOUL

80% of all operating expenses are directly related to converters
and line electronics, they are the heart and soul of a cable system.

Terminal Control System

238

The new converter management system to handle and
transport converters in an orderly and professional manner.

¢ Protect converters: Eliminate bezel and keypad
damages. Establish quick accurate check in/out.

¢ Field proven results. Quick payback!

¢ For Installers, Technicians and Business Office
use. Stackable and secure.

e Accessories include: Dollies, locking tops, canvas
covers and secure truck cabinets. Converter bags!

Establish the value. Enhance system Image!

Ampli/guard

The new system to protect and control line electronics
used in plant operations.

¢ Eliminate physical damages to system electronics
and reduce maintenance expenses. Establish
inventory control.

¢ Versatile: Installs easily in existing shelves and bins.
Holds all makes and types of electronics efficiently.

¢ Protect TV’'s and test equipment.

¢ Cost effective: Protect $10,000.00 worth of elec-
tronics for under $100.00!

Create an organized professional work environment.

Eliminate the Splice /

ULTRA’NINE
THE FIRST 90° CONNECTOR

Good RF Practice dictates keeping
splices to a minimum. Until now,
when you needed a 90° connection,
you had to use a splice block.

Eliminate the splice with Ultra’Nine
and realize the accepted benefits!

Ultra’Nine: The new value in cable
construction.

REDUCE INGRESS AND RADIATION

IMPROVE LONG TERM SYSTEM INTEGRITY
ELIMINATE THE WEAK LINK!

Call Now!
1-800-752-CATV

In Massachusetts Call (617) 567-1600

P g@m )
Cable Resources Inc., 156 Porter St., Sulte 200, E. Boston, MA 02128 e
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Panasonic CATV.

For a number of good reasons.

Reliability has long been a Panasonic
trademark. But the 99.88% success
rate of our first CATV converter* is
only one reason to choose Panasonic
CATV components. Our performance,
features and full line are equally
good reasons.

The VCS-1 Switcher.

For your subscribers who want to
get the most out of their video com-
ponents, offer them the Panasonic®
VCS-1 switcher.

The VCS-1 lets your subscribers

record a pay channel while they
watch a basic channel. In fact, your
subscribers can record any CATV
channel while they watch any one
of four video sources. Like a second
VCR, a second converter/descram-
bler—even a video camera.

To get the VCS-1 message to
your subscribers, Panasonic
provides extensive marketing sup-
port. Like cooperative advertising
funds, statement stuffers, point-of-
purchase displays, create kits con-
taining complete print ads—even a
TV spot to run on your local avails.

The TZ-PC120 and
TZ-PC150 converters.

Qur Non-Addressable Remote
Converter, the TZ-PC120, features

68-channel capability. Each channel
is precisely controlied by phase-
locked synthesized tuning, switch-
able between HRC and Standard
IRC offsets.

We didn't forget the favorite-
channel memory. In fact, the
TZ-PC120 can store up to 68 chan-
nels. It also features direct-access
tuning, two-speed all-channel scan
and last-channel recall. All this
without an “Enter” button

When it comes to our optional



parental control, the TZ-PC120

lets your subscribers lock out the
sensitive channels they don't want
their children to see, without affect-
ing the remaining channels. And
thanks to our innovative Stored
Charge Non-Volatile Memory,
parental control channels and
other memory functions will not be
affected by a power outage. There's
also an 18-button infrared remote
control. It's compact, controls every
function and comes complete with
Panasonic batteries.

For your subscribers who want
even more, there's the TZ-PC150. It
has all the features of the TZ-PC120
plus volume control and mute.
Parental control and base-band
audio and video outputs are optional.

The new addressable
PC-200 converter.

When it comes to your headend, the
new PC-200 addressable converter

can help give you a head start
Downloadable features include

channel map, channel authorization,

clear parental control, initial activation
and emergency alert.

The PC-200 also features 68
channels, a full-function infrared
remote control, electronic parental
control, favorite-channel recall and

Reader Service Number 12,

two-speed scan

Pay-per-view capabilities include
simultaneous events, multi-episode
events and both inclusive and
exclusive events.

Panasonic CATV components.
The performance and features your

subscribers want. The reliability you

demand. ‘Basedonin-warranty repairs as of 4/1/86
from all converters sold since 8/84

For more information, contact
Panasonic industrial Company,
Video Communications Division,
One Panasonic Way, Secaucus,
NJ 07094. Or call

EastCoast:  (201) 392-4109

West Coast:  (415) 672-2592

Panasonic
Industrial Compa_ny_




BLAONDER'S VIEVV T

5-D TV

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

The buzzword of today in television is
stereo. To be precise, stereo sound, not
stereo vision, is the new ingredient in the
TV world. No one misinterprets the phrase
TV stereo to mean anything else but bin-
aural sound. That is, no one except me,
and some scientists in Russia, Japan and
Germany. To properly relate the saga of
stereo vision, we will begin at the begin-
ning.

Sir David Brewster in 1856 wrote, "It is,
therefore, a fact well-known to every per-
son of common sagacity that the picture
of bodies seen by both eyes are formed
by the union of two dissimilar pictures
formed by each. This palpable truth was
well-known and published by ancient
mathematicians.”

Sir Charles Wheatstone invented the
mirror stereoscope in 1833 and was the
first scientist to describe stereo vision in
modern terms. He created many line
drawings that appeared three dimen-
sional in his stereoscope. When photog-
raphy was born in 1839, Wheatstone em-
ployed the Talbotype process to create

the first stereographs. However, it was not
until the London exhibition in 1851, when
Queen Victoria was presented with a
Brewster stereoviewer, that this science
became a fixture in every home. View-
master cards are the only modern survi-
vors of a once dominant photographic
medium.

Motion pictures, both single and stereo
vision, started as early as 1855 with se-
quential photos mounted on a cylinder ro-
tated by hand and viewed through a slit.
Edison, who is credited with inventing the
first practical motion picture camera sys-
tem, also filed patent applications for
stereoscopic cameras.

The art of amateur stereo photography
flourished after World War Il in the 35mm
color “Stereo Realist” format until the '50s,
when suddenly the fickle public turned to
TV and forgot the realism of stereo.

By far the finest quality 3-D technique is
with an optical single-person viewer
blending two photographs into a superb
image. A television stereo format for the
individual viewer is also simple and
effective.

Various methods of 3-D
Polarization is too well-known to waste
space in description. The big screen the-

SUMMER SUPER SALE
15% Repair

Discount™®

ANY FIELD STRENGTH METER
< N

0 We Buy, Sell
@ and Repair
O OO | cavasmary
| EQUIPMENT
ke p,
*Expires Aug. 86
\ 800-228-0633
RRASY encineering, Inc. Out of Stote
625 E. Taylor Avenue 408-733-4830
Sunnyvale, CA 94086 In California

See us at the Cable-Tec Expo Booth 535.
Reader Service Number 13.
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ater in 3-D still attracts an audience and
occasionally an itinerant producer will try
again with another “arrow-in-the-face”
spectacular. Unfortunately, the 3-D ef-
fects swamp the storyline and detract
from, rather than enhance, the entertain-
ment quality of the film. Thus, only at the
Disneyworlds is there an ongoing continu-
ous showing of the polarized 3-D format.

Back in 1853, the anaglyph method of
combining two images, one red and one
green, first was proposed. This became a
low-cost stereo TV delivery method and
created some transient interest that ap-
parently has run its course. Anaglyph has
serious defects — blurred image without
glasses, green bleeding through the red
filter causing ghost images, lack of color,
eye fatigue and light level loss.

Lenticular stereoscopy is another very
old procedure using either slits or a cylin-
drical lens sheet, which, properly located,
presents to each eye its own stereo view
while hiding the other image. The attrac-
tiveness of this glassless technique has
resulted in more research on lenticular
systems than all the others combined.
Russia, in particular, as related by Profes-
sor Valyus, built many lenticular versions
for the giant screen without regard to the
expense, a body of work largely unknown
in the western world. Three-dimensional
TV research is well-funded in Russia, Ja-
pan and Germany, not so in the United
States, where | could not find a single sig-
nificant current research project report.

Lenticular also has many drawbacks.
Pseudostereo occurs when the eyes see
the wrong images. Autostereoscopic
viewing (without glasses) only occurs in
zones horizontal to the screen and limited
in distance from the screen as well. It is
also advisable to present as many views
as possible (seven is common) to in-
crease the autostereoscopic viewing
areas. New on the horizon is an LCD len-
ticular TV presentation that combines
autostereoscopic viewing along with the
polarization of each picture element, al-
lowing simultaneous viewing with polar-
ized spectacles. This may be tomorrow's
television!

Holographic TV: What a marvelous ex-
cuse for the physicist to wallow in mathe-
matics and indigestible viewing propos-
als! Too complex to cover in a few words,
but some general comments will suffice. It
is hard to find a working system even for
stationary scenes, color adds to the con-
fusion, autostereoscopic viewing may
never happen, and the bandwidth needed
— hold your head and pocketbook — is
from 120 MHz for the least and 1,500 GHz
for the maximum quality system.

Nevertheless, 3-D TVis in our future, not
from the U.S. R&D, but from our friendly
overseas neighbors. [t
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IS YOUR HEADEND
LEGAL®?

ISS LEADS THE WAY.

By 1990 all headend systems must meet the new offset frequency
standards set by the Federal Communications Commission. ISS
believes in thinking ahead. With the new ISS GL-2610 you can buy a
hyperband frequency modulator that fulfills FCC requirements today.

The ISS GL-2610 modulator moves ahead of the pack by offering
state-of-the-art stereo readiness for dual audio channel transmission.
And GL-2610 modulator doesn’t stop there, it also delivers frequency

agility at a low fixed channel cost. Get the ISS edge on the future.
Prices start at under $500.

Call today.
ISS

INTERNATIONAL SATELLITE SYSTEMS
1004 Del Norte Avenue, Menlo Park, CA 94026 Reader Service Number 14.
800-227-6288  415-853-0833



No fear of fiber optics in Queens

T K—rys e o &‘ . —

The ins and ouls of the Queens
satellite antenna farm. The site
also will be used as a hub.

By Roosevelt Mikhail
Senior Vice President. Engineenng and Construction
Brooklyn Queens Cable Television. a Warner Cable Co

One of the basic technical problems we
faced in the development of our franchise
in the New York City borough of Queens
was the need to place the headend at a
different location from the antenna farm.

It was necessary that the headend and
offices be toward one end of the franchise
area, at alocation with appropriate height
to mount the off-air antennas and com-
mon carrier microwave receiving an-
tenna. On the other hand, the satellite an-
tenna site had to be in a location suitable
for satellite signal reception although not
necessarily suitable for antenna towers.

Essentially, Queens is a sprawling,
high-density “bedroom borough” with a
population of about 1.9 million people. Al-
though it contains several industrial
areas, it has many neighborhoods and
shopping strips, rather than a single, cen-
tralized downtown area. So while our
headend is located in a shopping strip sit-
vated in the Flushing community, not far
from the Whitestone Bridge, the nearest
practical site for our satellite antenna farm
turned out to be 6 kilometers south of the
headend. This location also will be used
as a hub to serve the 60 percent of our
subscribers in the southern section of our
franchise.

Our basic design called for 930 miles of
plant reaching about 285,000 homes
passed or as many as 112,000 subscrib-
ers by the end of 1988. The system is ad-
dressable and has a total capacity of 77
television channels.

At the satellite antenna farm, we now
have two 7-meter dishes by Scientific-
Atlanta and one 7-meter Simulsat an-
tenna. We're taking signals from four sat-
ellites: Galaxy |, Satcom F3R, Telstar 303
and Satcom F4. A total of 38 satellite
channels, coming in at 3720 to 4160 GHz,
are received. We take the signals from
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each antenna to the satellite receivers,
through 7-inch pressurized coax cables.

A 40-channel capacity transportation
system is required to carry the satellite
signals in the upstream direction from the
antenna farm to the headend. Also, in the
opposite direction, the transportation sys-
tem would have a capacity of 80 channels
to carry the cable TV signals from the
headend to the hub.

The CATV engineer typically has three
options to implement such a transporta-
tion system: microwave, FM on coaxial
cable and fiber optics. In our case, how-
ever, we were limited to only two choices
FM coaxial cable and fiber optics.

Analysis and selection

Both systems were analyzed to select
the most appropriate one. The factors
considered in the analysis were cost, sys-
tem fidelity, reliability and maintainability.
In addition, consideration was given to the
difference between construction of five
.875-inch coaxial cables and one .500-
inch fiber cable. Two of the coaxial cables
would carry the 40 upstream channels
and the other three would carry the 80
downstream channels. Each of the cables
would take 10 amplifiers in cascade for a
total of 50 amplifiers over a 6 kilometer
run. On the other hand, no repeaters are
required for the fiber-optics system, giv-
ing a major savings in maintenance re-
quirements.

Of course many technical considera-
tions had to be studied before we were
convinced that a fiber trunk was the best
possible option. Ellery Litz, our director of
engineering, examined all aspects of the
fiber system: wavelength, light source,
type and size of fiber and cable, possible
need for repeaters, and associated op-

tical transmitter and receiver, before
drawing up a set of specifications.

We were fortunate to have the expertise
of our commercial data services group on
hand. This department is involved in pro-
viding fiber-optic alternate access net-
works in several of our franchise areas.

We aiso took the time to examine the
qualifications of suppliers. Our choice of
Pirelli Optronic Systems, in Meriden,
Conn., was based on the company's ex-
perience, proximity to our location and
service policies, as well as its turnkey sys-
tems approach and quality products.

Pirelli provided us with a complete
transport system, including a 17-fiber
(single-mode in loose tube buffers) aerial
cable, six single-mode laser transmitters
and six receivers (including one spare of
each). The system also called for five
upconverter/amplifiers, 40 pairs of upcon-
verters and downconverters, and 10
eight-way combiner/splitters.

And then there was. . .

For our application, the signals from the
dishes are fed into Scientific-Atlanta 6600
series split-site satellite receivers, bring-
ing them down to 70 MHz intermediate
frequency (IF). Then they are frequency
multiplexed into the optical transmitters,
guided through the fiber-optic cable,
without repeaters, detected by optical re-
ceivers and further demodulated to base-
band. The system provides us with 40
baseband video and companion FM au-
dio signals.

The optical transmission is “transpar-
ent.” that is, measured at less than 1 dB
signal-to-noise ratio (S/N) degradation.
The distortion products are —40 dB or bet-
ter, as called for in the specs. Because we
were able to stack eight channels on each
fiber, we only activated five fibers when
the fiber system became operational in
November 1985. Since then. we have had
only one momentary outage, a power cir-
cuit failure, easily replaced with a spare in
a few minutes.

The second phase of construction will
be to activate the antenna farm as a hub.
This involves using the remaining 10 fi-
bers (leaving two spare fibers) running
from the headend to the hub. It will allow
us to send 80 channels from the headend
to the hub, including off-air channels and
the local origination channels, which are
received and processed at the headend.

Another project for which we will be
considering fiber is system interconnects,
a basic requirement by the city of New
York. When the city decides to implement
this provision, and all the franchisees get
together, | certainly will recommend a
thorough investigation of a fiber intercon-
nect system.There's no fear of fiber optics
here. =
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Incompatible scrambling between different brands of
converters creates operational headaches. Just ask anyonc
who’s trapped by one scrambling method. Or locked into
one source of supply.

At times you feel like you're forced to haphazardly
“patch” together several types of obsolete converters —
just to offer your system the necessary functionality and
scrambling compatibility.

But today there’s a better solution. Now you can pur-
chase the BA-5000 addressable converter which consoli-
dates the scrambling methods of Jerrold, Oak, Hamlin,
and Sylvania into one converter.

If you’re dissatisfied with your converter, the reliable
BA-5000 can be integrated into any system using a com-
patible scrambling method. And if you’re managing more
than one system, cach using different scrambling, the BA-
5000 becomes an immediate second source of supply for
your entire business. Imagine the inventory reduction and
operational consolidation that one single converter in all
your systems can mean.

Call us today at 1-800-421-6450 and find out how
quickly the BA-5000 works to improve your system
performance.

A\ PIONEER

PIONEER COMMUNICATIONS OF AMERICA, INC.

2200 Dividend Drive, Columbus, Ohio 43228 (614)876-0771

Outside Ohio, 1-800-421-6450

) 1986, Pioneer Communications of America, Inc.
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See us at the Cable-Tec Expo Booth 243.
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! B ER OPTI1ICS
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device that was transportable, usable in a
field environment, and with automatic po-
sitioning capabilities of = 0.0001 mm
over a 1.0 mm range with little or no back-
lash or friction. Figure 5 shows some of the
design elements that will be described.

The leading challenge was to design
the positioning device to meet these
goals. The design that was developed
tackles the problems of friction and back-
lash through the use of two systems. The
first is a gear-driven cam; the second, a
flexure-based lever system. In this de-
sign, the stepper motor drives through a
gear train to a cam. The backlash of the
gear train is removed by a constant-force
spring.The lever system rides on the cam
and transforms the motion of the cam to
motion of the fiber/ferrule assembly rela-
tive to the lens

This system is designed with flexure
pivots to fully eliminate friction and back-
lash. This combined design approach al-
lows the problem of coarse and fine mo-
tion in fiber positioning to be provided.
Ideally, the positioning device should not
have to cover the full 1.0 mm range in
0.0001 mm steps. Four stepper motor
drive systems are used. one each for
coarse and fine in both the X and the Y
axis. These four cams are linked to the fer-
rule holder through two 10:1 leverage sys-
tems. The leverage system is then con-
nected to a linkage providing both 20:1
and 200:1 ratio motions. This allows for
coarse positioning in steps of 0.001 mm
and fine positioning of 0.0001 mm about
any point covered by the coarse system.
This design meets all of the goals for the
micropositioning system.

Two other approaches were consid-
ered. Piezoelectnc positioning elements

presented the possibility of very fine mo-
tions in a very small package. This ap-
proach was not fully developed due to the
requirements of 1.0 mm of positioner
travel and the uncertainty of piezo per-
formance in high-humidity environments.

Another possible approach was the use
of small DC gear drive motors. These mo-
tors offer the benefits of small size, ease of
control and environmental stability, but
fall short of the goals of minimal backlash
and low energy dissipation. The starting
and stopping inertia of this design ap-
proach limited its usefulness in sub-
micron positioning systems, while the
high heat generation of analog control
was wasteful of energy

Feedback for the positioning system is
the next requirement for a fully automatic
fiber positioner. The electro-optical de-
sign requires end faunch of light from a re-
mote source. The choice of wavelength
was resolved by the detector that was
needed to sense the position of the light
emitted from the connector lens. Position-
sensing diodes of either the lateral effect
or quad cell geometry for 1,300 nm light
are essentially unavailable. Most materi-
als in the size required for a position sen-
sor have an excessive amount of noise
and require cryogenic cooling for stable
operation. This leaves silicon detectors
and light sources emitting wavelengths
less than 1,000 nm as the alternative. Ex-
periments have shown that although the
fiber is multimode at 820 nm, a silicon lat-
eral effect device can sense the light and
provide feedback to position the fiber to
the required accuracies.

An original design goal, to use 1,300
nm light locally injected a few centimeters
from the fiber/ferrule assembly, was

Add
addressability

lo your system
for less than

Head-end
computer and

software
Eagle’s addressable
descrambler offers
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losing your investment
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® pay-per-view
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4562 Waterhouse Road
Clay, NY 13041
(315]) 622-3402

Reader Service Number 19.



The ultimate OTDR
for fiber optics

Laser Precision, who developed the worlds
first totally integrated Optical Time Domain
Reflectometer, has now introduced the ulti-
mate OTDR for optical cable testing and
fault locating. Designed for all wavelengths,

singlemode or multimode, the TD-9950 of-
fers plug-in 850, 1300, 1550, and dual wave-
length 1300/1550nM modules. The TD-9950
combines high performance with user-
friendly software and built-in digital X-Y
plotter for easier, faster characterization of
fiber optic cable links.
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In the automatic splice loss mode, the
amount of loss at the splice point is accu-
rately measured to within 0.01dB and is in-
stantly displayed on the CRT. Only a single
marker is required to establish the splicing
location on the CRT. This location is main-
tained going from fiber to fiber. No re-
programming required. The real-time dis-
play acts as a “live monitor” so that fiber
core alignment can be optimized for mini-
mum loss.

For fault locating, the dual cursors can be
used to accurately measure the distance of a
fault from any point along the cable, such as
a documented splice, to help pinpoint its ex-
act location. All of the data—dB loss, abso-
lute distance, and relative distance mea-
surements—are clearly spelled out on the
CRT and hardcopy printout, so that cable
problems can quickly be corrected.

Easy to use, the TD-9950s unique HELP
BUTTON provides instant display of operat-
ing instructions or on-line application notes.
This feature can be used at any time to ob-
tain a quick reference, without interfering
with work in process—making it ideal for
the field.

Specifications include: +0.01% base-accu-
racy, 0.01dB resolution, 20dB min. one-way
backscatter range, 131 km distance range,
one meter resolution, dual cursors, and real-
time display.

For more information, contact: LASER
PRECISION CORPORATION, 1231 Hart
St., Utica, NY 13502, or call (315) 797-4449
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Figure 6: single-mode attenuator
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abandoned because there was little op-
portunity to strip the cladding modes be-
fore the light entered the positioning de-
vice. Aligning the fiber using cladding
modes is not an acceptable alternative.
Also, local injection of light through a
0.900 mm buffer has not been shown to
be universally feasible.

The optical system used in the fiber po-
sitioning device is illustrated in Figure 5.
The lens was chosen to be plano-convex
so that the three-ball mounting system
used in the connector could also be used
in this device. This lens not only focuses
the light onto the detector but it also pro-
vides insensitivity to lateral position of the
connector lens. The main support rods
are made of Invar steel and all of the op-
tical components are made of fused silica
for temperature stability. The entire op-
tical system is suspended to offer protec-
tion from shock and vibration.

The electronic components of the fiber
positioning device also are straightfor-
ward. Chopper stabilized pre-amplifiers
are used to control offset. All noisy cir-
cuitry such as the stepper motor drivers
are isolated to prevent crosstalk. The ini-
tial etectronic design incorporates a
pseudo-bus structure allowing the use of
both stock and custom PC boards. Future
innovation has much to offer in this area of
electronic design.

Attenuator design

For a single-mode connector to be
judged acceptable in the industry, attenu-
ators are needed to allow the system de-
signer some flexibility in system specifica-
tions. Figure 6 illustrates the design
approach for meeting the necessary
requirements.

The design of the attenuator is based
on the fact that the precisely controlled
tilts of the lenses result in precise attenua-
tion. These tilts are accomplished by an
attenuator tube that has end faces ground

and polished at precise angles with
respect to each other. The relationship

_ [itan©Y\?
T=e N w, s

where T is the transmission factor, f is the
focal length, N is the lens index of refrac-
tion, wq is the 1&° semidiameter of the
gaussian beam within the fiber and © is
the included lens tilt angle. The value of
these angles range from 0 to 8 minutes of
arc. The choice of a hollow tube configu-
ration for the attenuator part results in no
additional system reflection loss.

An attenuator adapter, similar in con-
cept to the connector adapter, also is re-
quired. This allows precision angular
alignment of both lenses. It also creates
the ability to retain the attenuator tube
without affecting the strain relief concept.

This approach for attenuators was cho-
sen over the use of an absorbing filter be-
cause of the risk of performance changes
(filter fade) over a 20-year design life and
because of the potential such filters could
have for creating unwanted reflections
back into the system. Diaphragms also
were considered and not chosen primar-
ily because of reflection considerations.
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New approaches .
to securing basic services

The shift toward increased revenue gen-
eration from basic services and a corre-
sponding decrease in multi-tier pay reve-
nues strengthens the need to protect
basic from signal piracy. In the past,
scrambling and addressability have been
used primarily to protect pay services.
Now there is clearly a need for a cost-ef-
fective method to secure basic channels
without rendering existing equipment, es-
pecially plain converters, obsolete.

This article discusses converter-
compatible solutions to the problem and
describes two specific examples, each
capable of being overlaid on an existing
system already equipped with converters.
The more secure of the approaches ap-
plies encryption to provide a very high de-
gree of security. The other approach is an
add-on decoder, examples of which have
been available for some time.

By Graham S. Stubbs

Vice President. Science and Technology.
Oak Communications Inc

Signal security techniques, as applied
in cable today, are designed primarily to
control the delivery of pay services and to
protect revenues. Addressable methods

have been introduced to enhance pay TV
operations by making the changing of
subscription packages less costly to the
operator and more convenient to the sub-
scriber. Addressability is almost a prereg-
uisite for most forms of pay-per-view
(PPV). Security in scrambled signals has
been enhanced by the use of addressa-
bility for delivery of decryption keys.

Few cable systems scramble basic
channels, yet the greater part of cable
systems’ revenues in 1986 is projected to
come from basic subscriptions, and in fu-
ture years that percentage of income is
expected to increase. Most cable opera-
tors admit to some degree of theft of ba-
sic, but not many have taken steps to
make these signals more secure.

Some pay program material has to be
scrambled, for obvious reasons. And of
course, it's simplest to deliver basic pro-
grams in the clear, either directly to the tel-
evision receiver or through an inexpen-
sive converter. However, there can be
some interesting challenges for cross-
innovation in security methods.

In an existing addressable system it is
possible to scramble some or all of basic
in the same manner as pay channels.

However, this means supplying convert-
er/decoders (with their attendant capital
costs) to all subscribers, which can place
a greater burden on the security of older
and less sophisticated scrambling tech-
niques. Most cable subscribers today are
supplied with non-addressable convert-
ers of either the programmable (convert-
er/decoder) variety, or non-program-
mable (plain vanilla) type.

Before discussing the details and mer-
its of specific approaches, it is as well to
review some observations regarding "ba-
sic” requirements.
® Security — As the value of the entertain-

ment product continues to increase, so
will the ingenuity and determination of
pirates. Defeating secured basic as well
as scrambled pay could be looked
upon as twice as rewarding by the
pirate.

e Compatibility — A successful approach
should not obsolete existing subscriber
terminal equipment.

® Cost— No technique will be acceptable
unless there is a financial pay-off.

® Addressing — Individual device control
is a necessary component of a secure
system. However, the multi-tier/multi-
function controls, usually incorporated
into addressable pay systems, are not
necessary for basic.

Two proposed methods

In order to illustrate the possibilities of
using pay TV security technigues to pro-
tect basic, two methods will be outlined
having in common the use of an addres-
sable device located on the subscriber’s
premises, interfaced with an existing con-
verter (or non-addressable converter/de-
coder). There are significant differences
between the two approaches related to
adaptability to other uses and security.

Post-converter addressable decoder:
Devices of this kind have been offered for
several years by a number of manufactur-
ers of addressable systems, marketed
primarily for the addition of pay services to
systems equipped with non-decoder type
converters. Usually they have been de-
signed for system compatibility with con-
verter/decoders that decode the same

A representative block diagram (Figure
1) is shown of one of these devices that
employs out-of-band addressing. The de-
coder is equipped with four connectors.
The signal from the drop cable loops
through the decoder to permit access to
the out-of-band FSK addressing channel
and is connected to the converter input.
After channel selection, the converter out-
put signal loops again through the de-
coder in order to accomplish program tag

Figure 1: Post-converter addressable video decoder
Model TCM-1
TV
Cable receiver
— Auth. —
- FSK ®| Channel 3 A
i receiver decoder
address Tag detector
control Prra—
v A scrambled signals.
Converter Ch.3
Input output
32 JUNE 1986 COMMUNICATIONS TECHNOLOGY



THE MOST MEMORABLE FEATURE
OF THE NEW WATCHMAN II
ISYOU CAN FORGETIT.

The new Watchman®1l is
a worry free battery designed
for CATV and other stand-
by power applications. You
install it. You forget it.

Here's why:

The new Watchmanl's
Absolyte™ sealed lead acid
technology means no
maintenance, and no main-
tenance cost. It means no
climbing poles to service
batteries. The WatchmanIl
never needs watering,
there’'s no acid spillage or
corrosive fumes to damage
electronics. And because
! itis sealed, you can use the
WatchmanIlL in any position,
in any location, no matter
how remote, even freezing
will not hurt it. Unlike most
standby batteries, Watchman
1I thrives on cycling and
can be cycled over 200
times, even after being in
day-after-day float service.

For more information,
and other technical data.
write or call Product
Manager— Specialty,

GNB Batteries Inc.,
PO. Box 64140, St. Paul,
MN 55164, 612/681-5000.

g ;..';,H
& i

GINE

WATCHMAN Il

StaLrd

GNB

. o -
Tademark GNE Batienes foc See us at the Cable-Tec Expo Booth 251. GNB Batteries Inc.

Reader Service Number 22.



recognition and decoding. The decoder
output is connected to the television
receiver

The FSK receiver, similar to that used in
other addressable devices, extracts serial
addressing control data. The control data
contains, in decoder-specific messages,
the identity of authorized program levels
that are stored in the decoder. The output
signal of the converter passes through the
decoder tag detection circuit. If the se-
lected channel is scrambled, the decoder
automatically extracts program level infor-
mation from the tag signals, which are
transmitted in the vertical blanking inter-
val. Control circuits compare the tag lev-
els with stored authorized program levels,

and if there is a match, activate the de-
coding circuit

This type of decoder can be used in a
system presently employing a mixture of
plain converters and converter/decoders,
either addressable or non-addressable,
to permit scrambling of all channels, in-
cluding basic. Any scheme involving en-
coding of basic naturally requires all ba-
sic subscribers in the system (or section
of the system in which scrambling is em-
ployed) to be provided with appropriate
decoding devices. Once installed, the
same decoder can be used to extend pay
coverage without additional investment in
converter/decoders.

As the decoder utilizes signals that al-
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ready have passed through a converter,
particular attention must be paid in this
type of decoder to the effect of converter
fine tuning. In the device described,
frequency-sensitive portions of the de-
coding detection and tag detection cir-
cuits operate at a special intermediate fre-
quency (IF). Automatic frequency control
(AFC) is used to maintain accurate control
of this IF. The decoder is designed to be
system compatible with the addressing
commands of its converter/decoder
counterpart.

Devices of this type are relatively
inexpensive—approximately one-half the
cost of a converter/decoder — and are al-
ready developed and available. They em-
ploy, however, relatively unsophisticated
analog scrambling.

Post-converter audio restorer: This de-
scribes a concept, not a product already
developed for low-cost manufacture

Security of basic channels is achieved
by digital encoding and encrypting the
audio portions of each channel for trans-
mission through the cable system in the
portion of the cable spectrum dedicated
to the high-speed data transmission of au-
dio. For example, a single 6 MHz channel
could easily carry 10 stereo channels.

Each controlled television channel is
transmitted with clear video but with no
analog audio modulation. Instead, a tag
signal identifying the channel is transmit-
ted on the sound carrier.

The equipment provided to the sub-
scriber is connected in the configuration
shown in Figure 2. Again, a four-connec-
tor device is used. The cabie signai loops
through the decoder, allowing the high-
speed program audio data to be ex-
tracted. The high-speed data channel
comprises digital encrypted audio, error
protection and control signals.

After television program selection by
the converter, the signal passes to the tag
detector section of the decoder (Figure
3). If the channel selected is "tagged.,” the
decoder's tag receiver identifies the tag
signal and seeks a matching digitized au-
dio signal from the receiver of high-speed
data by control of the demultiplexer
(demux)

The audio data is decrypted and con-
verted to analog audio in the decrypter/
DAC circuit. It then modulates a voltage
controlled oscillator (VCO) used to gener-
ate a restored audio carrier.

The signal from the converter is con-
verted to an IF, passes through a filter to
remove the sound carrier transmitted
through the cable system and is recom-
bined with the restored audio carrier. Pre-
cise phase-lock loop techniques are used
in the frequency conversion and VCO cir-
cuits to assure maintenance of intercarrier
frequency accuracy and to minimize inci-
dental FM noise.

The signal passed to the television re-
ceiver is a conventional monaural signal;
however, this scheme is readily extend-
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Figure 2: Post-converter audio restorer
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Comparison of the two methods
Both proposed methods employ ad-
A dressable devices, using time-proven
tag-matching methodologies. In both
cases basic service can be authorized as
a single tier or split into sub-tiers
The post-converter/decoder can be

Ch.3 used to control pay services without the

use of additional scrambling equipment
The audio denial method, on the other
hand, cannot be used to protect all pay
services without some additional means
of assuming visual privacy. it can be used
to enhance the security of analog scram-
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bling methods used to protect pay ser-
vices.

In both cases, the home terminal device
costs about the same — about half the
cost of a converter/decoder. Both tech-
niques are designed around the use of ex-
isting converters with the assumption that
the converters still have significant re-
maining useful lives.

The decoder method has limitations in
relation to stereo. inherentin the audio de-
nial method, however, is the ability to de-
liver a stereo signal.

The greatest contrast between the two
techniques is the degree of security. Ana-
log video scrambling technigues such as
sine wave or gated sync suppression are
relatively unsophisticated. Digital en-
crypted audio, on the other hand, is now
well established as the state-of-the-art in
securing cable television signals.

Conclusions

In the cable industry scrambling and
addressable techniques have in the past
been applied primarily to protect pay sig-
nals. The financial indicators suggest,
moreover, that cable is becoming even
more dependent upon revenue from ba-
sic services. It is time to consider the ap-
plication of the developments in program
security technology to the protection of
these basic service revenues.

Two converter-compatible methods of
securing basic services have been out-

Figure 3: Audio decryptor/restorer
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lined and compared. Regardless of the
specific advantages or disadvantages of
these particular techniques, it is clear that
pay TV technology can already provide
some useful tools to protect cable's pri-
mary revenue stream from piracy.

It is timely to re-examine our priorities
and determine whether all our efforts to

secure signals within cable should be di-
rected at pay TV and PPV, or whether per-
haps some of this ingenuity is better re-
directed to securing basic.

Reprinted with permission from the Na-
tional Cable Television Association’s
1986 NCTA Technical Papers.”
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Inside an in-band RF
addressable system

By Gaylord Hart
Software Engineer. Hamlin U.S.A

Addressable encoding/decoding hard-
ware has been around for years in the ca-
ble industry. Most systems have per-
formed reliably and proved themselves
technically and economically, for manu-
facturers and operators who have in-

stalled them. Others have not fared as
well.

The decision to go addressable is not
an easy one for a cable operator; how-
ever, the increased security and flexibility
of a well-designed system make it attract-
ive, especially now that pay-per-view
(PPV) is gathering momentum among
program suppliers and cable operators.
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The decision as to which system to in-
stall is more difficult. No operator wishes
to be saddled to a system that cannot
meet future, or even current, needs. At is-
sue are such matters as the cost of the
hardware, reliability, customer conven-
ience (for the operator and the subscrib-
ers), security, stereo compatibility, flexi-
bility, features, expandibility, picture
quality, the ability to interface to a billing
system and handle PPV, and compatibil-
ity with existing hardware. As well, there
are numerous technologies and manufac-
turers of systems to choose from and, of
course, each cable system has its own
unique requirements.

The ideal hardware would be all things
to alt operators. This is not possible, and
tradeoffs are necessary (e.g., television
stereo vs. baseband technology). How-
ever, a carefully designed system can
minimize some of the tradeofts while
maximizing performance in other areas.

Before Hamlin began work engineering
an addressable system, four broad de-
sign goals were set: it had to be secure,
flexible, reliable and economical. The ob-
jective was to optimize the design to meet
these goals. Although we had no desire to
re-invent the wheel, we decided to rethink
some of the basic tenets of addressable
design.

We began with a rigorous system defi-
nition, which was tempered by discus-
sions with cable operators, a knowledge
of those systems that went before us, and
experience with our MLD-1200 program-
mable descrambling system. Further-
more, the new system had to operate in a
compatible mode with our programmable
system so that existing users could up-
grade to addressability without losing
their investment in programmable hard-
ware. It also had to work in a non-
compatible mode with random variations
in the scrambling format for greater secu-
rity for new users and MLD-1200 users
who wanted complete addressability.

System overview
The MLD-6400A is an in-band addres-

sable RF-gated sync suppression encod-
ing/decoding system. The RF sync sup-.
pression approach was chosen for stereo
compatibility, fewer components, lower
cost, greater reliability and compatibility
with our existing RF programmable sys-
tem. The security of an RF system — pro-
vided sync recovery information is not
placed on the sound carrier — is excellent
if part of the scrambling format can be var-
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ied randomly and the method of informing
the decoder of these variations utilizes en-
cryption. The MLD-6400A meets all these
requirements. Gated sync suppression
does not process any portions of the pic-
ture that are actually on-screen, and
therefore does not have the noise and pic-
ture processing problems often associa-
ted with sine-wave suppression.

An emphasis was placed on replacing
as much of the analog circuitry as possi-
ble with digital circuitry. This eliminates
many problems associated with tempera-
ture drift, component aging, analog noise
susceptibility and alignment of analog cir-
cuits. The decoder has only two adjust-
ments, and these are preset at the factory.

Emphasis also was placed on putting
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the digital circuits as possible were re-
placed with software. A microcomputer in
the decoder literally tracks the video sig-
nal in software in real time. If two logic lev-
els were "ANDed" in software; then the
corresponding hardware gate was re-
moved. The move from hardware to soft-
ware achieves a greater increase in the
benefits derived from moving from analog
to digital. The system becomes more flexi-
ble; design modifications and upgrades
become software changes, not hardware
modifications.

Software techniques also allow a high
degree of error detection and correction
to be implemented that would otherwise
be too expensive or limited if imple-
mented in hardware. Software can be
written to recognize changes in the imme-
diate environment and adapt to them — it
has memory and decision-making capa-
bilities.

In-band transmission of addressing
data was chosen over the standard pilot-
carrier technique, which uses a single
data carrier in or near the FM band for ad-
dressing all decoders. MLD-6400A sys-
tem data is placed in the vertical blanking
interval by each encoder.

The advantages of in-band addressing
are manifold. Valuable spectrum space is
saved by eliminating the pilot carrier. The
system works directly over microwave
links without any special provisions for
data transmission. Security is enhanced
because the data stream may not be
trapped out without losing the accompa-
nying picture signal. Pilot-carrier systems
normally use a time-out counter in the de-
coder. This monitors data reception to
prevent subscribers from using an RF trap
at the pilot-carrier frequency to withhold
de-authorization information after a de-
coder has been fully authorized. The
counter also prevents subscribers from
detuning the data receiver or cutting the
data lead from the pilot-carrier receiver
output. As long as data is being received,
the counter is kept at zero. If the data
stream disappears, the counter begins to
increment. When a predetermined value
is reached the decoder shuts itself down.
Such timers can be troublesome if the pi-
lot-carrier transmitter fails at the headend,
unless the time-out period is long: but a
longer time-out period means lower
security.

Such a timer is unnecessary in an in-
band system since data and picture are
integral. Furthermore, the MLD-6400A will
not decode if data is absent since the data
provides the video format information
necessary to perform the decoding on
that channel. Extensive error detection
and correction techniques are used to as-
sure that proper decoding is not inter-
fered with by data errors. If the decoder is
decoding it also is being addressed. The
only way a subscriber can keep his box
from being de-authorized on a particular
channel is by not watching that channel,

COMMUNICATIONS TECHNOLOGY



which in essence means he has de-
authorized himself.

Another advantage is that a synchro-
nous data format may be used for trans-
mission, since video timing information
may be used to establish the bit polling
points of the incoming data. Pilot-carrier
systems that use an asynchronous format
send a start bit, eight data bits and a stop
bit; the start and stop bits are used for
synchronization. Thus, 10 bits must be
sent to receive eight data bits. The
MLD-6400A sends eight bits to receive
eight data bits since the start/stop bits are
unnecessary. The transmission format is
more efficent and faster.

The synchronous format also adds to
security. The data not only must be re-
ceived properly, but with the proper tim-
ing relationship to the video stream it is
placed within. Pirates who might easily
succeed in providing TTL-level asynchro-
nous data (generated by a home com-
puter at the standard baud rates used in
data transmission) instead of the pilot-
carrier receiver data will find it difficult to
provide the synchronous format and syn-
chronize it with the incoming video

Circuit simplification, which reduces
cost and increases reliability, is another
advantage of in-band data transmission
A pilot-carrier system decoder typically
requires two receivers: one for removing
video timing information from the sound
carrier and another for receiving the pilot-

carrier data. The MLD-6400A transmits
both timing and data in the video. There-
fore, the decoder requires only one re-
ceiver; a simple video detector is used to
extract timing and data from the demodu-
lated channel video

In-band also allows distributed pro-
cessing to be used at the headend in the
encoders. Each encoder in the system is
intelligent and generates its own data
stream for its channe!. It also locally stores
the entire customer data base information
for its channel. Unlike the pilot-carrier sys-
tem, which can suffer a complete shut-
down if the pilot-carrier transmitter goes
dead, an MLD-6400A encoder failure will
only affect a single channel. Distributed
processing also allows faster system ad-
dressing. Instead of a single data stream,
there are as many data transmitters as
there are encoded channels. In addition
to certain global commands, each en-
coder sends authorization information
only for its channel. Time is not wasted try-
ing to authorize a decoder for Channel 4
when it is tuned to Channel 7. The de-
coder receives anly the data it requires for
the channel currently tuned to.

System components

Aside from the hardware normally asso-
ciated with cable transmission, the
MLD-6400A system consists of six com-
ponents: encoder, encoder battery
backup unit, headend data multiplexer,

prom programmer, stand-alone decoder,
and converter with built-in decoder.

The system supports up to 128 en-
coded channels; at least one is unscram-
bled and used as a barker channel. Multi-
ple barker channels may be defined. One
encoder is required for each scrambled
or barker channel. Data is transmitted in-
band on the barker, as well as on scram-
bled, channels. Other channels do not re-
quire encoders.

Additionally, the scrambling format
(Figure 1) may be defined on an encoder-
by-encoder basis. The decoder deter-
mines the current format from the video
data and responds accordingly. Each en-
coder is set to one of four formats (barker,
1200, 6400 or NTSC) by a front panel
switch.

The headend configuration is shown in
Figure 2. Program video is supplied to the
encoder, which then strips all incoming
sync pulses from the source. It replaces
them with locally generated sync. This re-
moves any irregularities on the incoming
video sync pulses, as well as any noise
that may have been added during trans-
mission and reception at the headend. In
addition, five lines of data are added to
the video in each field. This processed
video is then used to feed the modulator
for the given channel.

The configuration uses a standard IF
loop to suppress the RF sync pulses. No
timing information or data is placed on the
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sound carrier. If the IF loop is placed be-
fore the sound and picture carriers are
combined in the modulator, no telltale tim-
ing references will be placed on the
sound carrier. This eliminates the possibil-
ity of a pirate decoder being built based
on AM detection of the sound carrier

Toinstall the encoder, only three adjust-
ments are necessary: IF loop delay, video
output level and replacement sync level.
The IF loop delay compensates for any in-
ternal delays of the modulator being used
with the encoder. It also is used to center
the horizontal blanking pedestal within the
sync-suppression pulse generated in the
IF loop. Once set, this adjustment need
not be changed.

The video output and replacement
sync-level adjustments are performed
with two front-panel controls while levels
are monitored on built-in LED bar graph
meters. Since the metering is always ac-
tive, level verification only requires a
glance at the encoder. in addition, four
status LEDs on the encoder front panel
monitor the status of the encoder and pro-
vide output from the internal microcom-
puters’ self-test diagnostics. These LEDs
indicate 1) billing system computer off-
line, 2) parity error in subscriber data

memory, 3) subscriber data memory not
initialized (indicates power loss occurred
in memory), and 4) data transfer failure
between the two microcomputers in the
encoder.

If lit, the first LED requires that the oper-
ator locate the point where the data link is
broken and take corrective action. The
second and third LEDs do not require op-
erator intervention. The encoder corrects
the problem the next time it communi-
cates with the billing system computer, re-
questing an update of either the memory
containing the parity error or the entire
data base if a power failure has occurred.
The fourth LED indicates an internal hard-
ware problem, which means a new en-
coder should be swapped in until the
problem can be corrected.

Notably absent in the headend configu-
ration is a slave computer serving as the
interface between billing and the head-
end data transmitter. All encoders in the
system are intelligent and communicate
directly with billing, eliminating the need
for an expensive headend computer and
the possibility of its failing. Each encoder
stores the entire subscriber data base au-
thorization information for its channel (up
to 114,624 subscribers, which may be ex-

Figure 2: Headend block diagram

Business office
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panded). The information is stored inter-
nally in random-access memory dynamic,
(RAM), which utilizes parity checking for
detecting memory errors. Should they oc-
cur, the errors are flagged for updating
and are not passed on to the decoders.
Additionally, a battery backup unit pro-
tects the encoder’s memory during power
failures, using sealed gel cells that are
constantly trickle charged. Each unit
maintains eight encoders for one hour (or
fewer encoders for a correspondingly
longer period). The charge state of the
batteries is indicated on the front panel by
an LED bar graph. Since the rest of the
headend is presumably also out of power
during the power failure, the backup unit
only maintains the internal RAM circuits of
the encoder. As long as the power failure
is shorter than the rating period of the
backup unit, the encoder powers up with
its RAM intact after a power failure and im-
mediately begins addressing decoders.
Should the failure exceed the period,
the encoder powers up when power is re-
stored, but indicates it has lost its memory
by lighting one of the status LEDs previ-
ously mentioned. It also immediately be-
gins addressing boxes, but sends each
box an idle message instead of its authori-
zation information. An idle tells the de-
coder to use the last status authorized for
on this channel; the decoder retains in its
own RAM all its authorization information.
The encoder then requests a full memory
refresh from the billing system the next
time they communicate. This is performed
transparently to the system and the
subscribers.
The last piece of headend equipment is
a data multiplexer, a dumb interface be-
tween the single RS232 line from billing
and the individual RS232 fines that go to
each encoder. Each multiplexer can sup-
port up to 11 encoders. If more lines are
necessary, multiplexers may be placed in
series (two provide 21 lines, three provide
31, etc.). Each multiplexer has several
status LEDs on its front panel indicating
the on-line status of each encoder and the
billing system computer, as well as the
transmit and receive line status of billing.
Communication between billing and
encoders may be over modems con-
nected to a telephone line or direct via a
hardwired RS232 line. An asynchronous
data format of eight data bits, no parity
and one stop bit is used. Standard rates
from 150 to 19,200 baud are supported at
the encoder. If a cable system is not al-
ready tied to a billing computer, Hamlin
offers a control system based on an

The prom programmer is used to pro-
gram the address {C in the decoder —
both stand-alone and built-in models —
and the non-volatile memory of the
CR-7000A converter. The CR-7000A is
programmed externally via the infrared
receiver normally used for remote-control
operation. The programmer sports a
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menu-driven LCD and a 16-key keypad.

The last two components of the system
are the subscriber devices: the stand-
alone addressable decoder and the
CR-7000A converter with built-in de-
coder. The stand-alone decoder will work
behind any converter, provided the output
channel of the converter matches the op-
erating channel of the decoder. Thus, ca-
ble systems may go addressable without
giving up the investment they already
have in converters.

The decoder may be ordered with an
operating channel of 2, 3 or 4. Since all
addressing is handled in-band, no de-
coder loop-through for a pilot carrier is re-
quired before the converter. The decoder
supports individual contro! of up to 128
channels, including PPV, parental control
and jamming of the sound carrier on un-
authorized or parental-control channels.
Since the stand-alone decoder has no
keypad, parental-control information s
downloaded from the headend on a
channel-by-channel basis. Parental con-
trol 1s turned on or off with an optional key
switch on the side of the unit.

Four LEDs on the rear of the decoder
provide a quick indication of operation
that a subscriber can relay over the phone
to the cable office should problems arise.
When lit, the four LEDs indicate the follow-
ing: 1) locked to video and receiving valid
data, 2) receiving its address in the data

stream, 3) authorized for the currently
tuned channel, and 4) parental control set
for the currently tuned channel. The same
four LEDs are used to report the results of
extensive self-test diagnostics built into
the decoder's microcomputer. The diag-
nostic routines are started by shorting an
internal test point to ground. These rou-
tines verify, among other things, the mi-
crocomputer RAM, read-only memory
(ROM), timer, input/output (I/O) lines, a
valid decoder address and basic video
CO-processor operations.

The converter with built-in decoder of-
fers several standard features, many of
which are controiled by data downloaded
from the headend via the decoder and
others that the subscriber has direct con-
trol of. The headend directly enables/
disables the handheld remote-control
unit. the converter itself and channel au-
thorization for encoded channels. A dis-
abled converter tunes to the barker chan-
nel, displays “00" as the channel. and will
not allow other channels to be tuned. Tun-
ing an unauthonzed channel results in the
converter tuning to the barker. Thus, au-
dio jamming s not necessary for the
built-in decoder.

Significant capabilties for downloading
other information have aiready been de-
signed into the system should future ex-
pansion require new features, such as
control of a stereo decoder, etc. The

Figure 3: Decoder block diagram
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CR-7000A tunes to the barker channel
when the convenience outlet for the TV is
turned off, so that addressing continues
while the converter is not in use.

Several keyboard commands give the
subscriber flexible control of the con-
verter. Six favorite-channel memories are
supported (recalling the channel and ca-
bie with a single key), as well as locally
programmable parental control for 132
channels (66 channels per cable, dual ca-
ble, 450 MHz), and a subscriber-pro-
grammable, five-digit parental access
code.

Another command allows quick deter-
mination via the two-digit LED display of
which channels have been programmed
for parental control. The subscriber al-
ways knows whether parental control it-
self is turned on or off by a separate LED
in the display. Should the subscriber for-
get his five-digit access code, there is a
command for giving a randomly gener-
ated encrypted readout of the code
which may be used by the cable office to
determine the code without making a ser-
vice call.

Should problems arise with the con-
verter, another command allows the sub-
scriber 1o run the self-test diagnostics of
both the converter and decoder. Results
of the tests are displayed via the LEDs
and may be reported to the office over the
phone.

The converter also supports many fea-
tures that are programmed into the con-
verter via the infrared receiver associated
with the remote-control unit. These in-
clude mapping or lockout for all channels,
the tuning mode (STD, HRC, IRC), the
barker channel number and other op-
tions. All options are programmed in this
manner, so there are no internal jumpers
to be cut or connected. To protect critical
data from power failures. non-volatile
memory is used to store channel mapping
data, parental control, parental access
code, tuning mode and other operational
parameters.

Video formats and decoding process

Figure 1 shows three of the four video
formats the encoder is capable of gener-
ating. The NTSC format s standard video
The MLD-1200 format is compatible with
the Hamlin programmable decoder. The
MLD-6400A format is unique to the Ham-
lin addressable decoder. However, this
decoder also 1s compatible with the
MLD-1200 format. Not shown is the barker
channei format, which is identical to the
NTSC format except that five lines of data
are added to each field. This aliows the
decoder to address on an unscrambled
channel

In all four formats the encoder strips all
incoming sync from the source video and
inserts replacement sync before feeding
the modulator. Data and replacement
sync are generated at the video level. Any
data present in the source video that may

COMMUNICATIONS TECHNOLOGY
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very close the hardware. Without altering
the hardware, virtually any video format
may be defined by changing the software
in the MCU and the microcode for the
VCP. Generally speaking, the video and
data processing are shared between the
MCU and VCP. The MCU is responsible
for the lower speed operations, and the
VCP for the higher speed. Most of the time
they provide each other with timing infor-
mation and data, and track the video sig-
nal in real time.

The VCP and MCU begin by locating
and locking to the first six equalizing
pulses in the front porch of Field 1. Since
lockup is digitally controlled, there are no
analog timing adjustments to be made,

and actual reference timing is established
within one or two video frames. The VCP
then extracts the data bits from the video
stream, formats them and passes them
over to the MCU (where they are stored for
later processing). During the vertical pe-
riod both devices are fully active in
tracking and processing video informa-
tion. The VCP then handles all video pro-
cessing by itself until the vertical interval
of Field 2, when both devices become
fully engaged again in video processing.
A complete message from the encoder
consists of the combined data from each
field. Thus, one message is transmitted
per frame.

The MCU uses the few milliseconds be-
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tween vertical intervals to process the in-
coming data and handle any local book-
keeping chores. Field lock and data are
verified, addressing commands are exe-
cuted, authorization is established, pa-
rental control is checked, the video format
is determined, etc. Based on this, decod-
ing is either begun or not. This process is
repeated each video frame.

The operation of the decoder is fairly
straightforward outside of the digital sec-
tion. The VCP provides the properly timed
descramble pulses necessary to drive the
switchable attenuator and restore the
suppressed sync. The MCU controls the
audio jamming circuitry. The address of
the decoder is programmed into registers
within the VCP microcode IC. The ad-
dress itself is stored in an encrypted for-
mat, which makes it extremely difficult for
a pirate to invent a new address. If the
MCU detects an illegally encrypted ad-
dress, it refuses to decode and begins to
scramble pictures not originally scram-
bled.

Upon first being tuned to a subscribed,
encoded channel, the decoder must be
addressed before it will decode. This
takes less than 7 seconds maximum,
average about 3.5 seconds, for a
10,000-subscriber system. Since authori-
zation data is specific to the channel it is
transmitted on, each encoded channel
the customer subscribes to must be au-
thorized in the same fashion the first time.

Ali channel authorization and parental-
control information is stored locally in the
decoder’'s RAM. Once a decoder has
been authorized for a channel, it locks to it
immediately upon subsequent tuning.
The decoder begins decolling within
three or four video frames after it is tuned
lo a channel already authorized, taking
about 100-150 milliseconds. The cus-
tomer never is aware that the channel is
scrambled

To provide noise immunity and protec-
tion from data errors, the MCU maintains
several counters and tables in its internal
RAM. These enable it to function in the
presence of data errors by using past
video history to make decisions about the
current frame should an error occur. Time
averaging and frame redundancy detect
and correct data errors. Once the MCU
has locked to the incoming video, it turns
the receiver off during those periods when
it is not actively looking for sync or data.
This protects the digital circuits from fals-
ing to noise pulses and prevents the re-
ceiver AGC from being upset by them.

Extensive lab testing for immunity to im-
pulse and broadband white noise showed
the decoder to be virtually immune. Im-
pulse noise tests used a switchable oscil-
lator tuned to the picture carrier and 20 dB
above it. This is much like the signal gen-
erated by high-level sweep systems to
evaluate cable transmission. Both the
width of the carrier pulses and their repeti-
tion rate could be varied.
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Testing with worst-case widths and
rates showed that the television AGC and
sync circuits failed before the decoder re-
fused to decode. Although the decoder
took occasional “hits” under these cir-
cumstances, decoder recovery time was
typically only one or two video frames.
This caused only a momentary flash of the
picture, difficult to detect since the noise
itself virtually destroyed the picture. Un-
der normal high-level sweep operation
within a system, the decoder will have no
problems. Additional testing was per-
formed in an actual cable system over an
AML link followed by a 60-amplifier cas-

cade. The decoder locked immediately
with no data errors or timing difficulties.

System data communications

Data communications begin with the
billing system and work downward to indi-
vidual decoders. There are several
phases of communication between the
original message sent from billing and the
message received by the decoder. The
first link is between billing and the en-
coders, direct and bidirectional. As men-
tioned previously, several baud rates may
be used, and transmission is asynchro-
nous.
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Each message from billing contains 34
bytes: two message synchronization
bytes, a checksum for error detection, an
encoder number and the message
proper. There are several types of mes-
sages that can be sent to an encoder,
including status checks, subscriber up-
dates and PPV control. Subscriber up-
dates may be performed on an individual
decoder or group basis. Group updates
allow efficient high-speed updating, since
144 decoders are updated with a single
34-byte message from the billing system

All encoders are essentially wired in
parallel by the data multiplexer, and each
encoder receives all messages sent by
billing. Once a message is verified, only
that encoder whose number is contained
in the message will respond to it. The re-
sponse consists of executing the encoder
message and sending a reply message
back to billing. All return messages are
seven bytes long, being similar to the
messages sent to the encoder. The return
message indicates whether the communi-
cation between the computers was suc-
cessful, as well as the current encoder
status

The encoder can request billing to take
specific actions to correct errors that may
have arisen, such as a complete power
failure at the encoder. These operations
are transparent to the system operator,
except that billing notifies a terminal oper-
ator if communications with an encoder is
impossible. This allows prompt, correc-
tive action for a situation requiring opera-
tor intervention.

Encoder communications do not place
a real-time demand on the billing system
computer. Billing need not communicate
with an encoder except to change de-
coder authorization levels. This could be
set up to occur as infrequently as once a
day or once a week. The typical system is
set up to communicate more frequently,
perhaps every 5 or 10 minutes, or as
changes are made to the subscriber data
base at billing. Frequent communication
is more desirable because it allows rapid
updates of decoder authorization, as well
as frequent checks of each encoder's
status.

Once an encoder has the decoder au-
thorization it needs for its channel, it be-
gins to address those decoders. The en-
coder contains two microcomputers, one
to maintain the data base and the other to
encode the signal and transmit the in-
band addressing data. Once per frame,
the first computer passes on to the sec-
ond the data to transmit. The primary
commands sent on the barker channel re-
late to systemwide functions, e.g., re-
mote-control or decoder authorization. A
decoder must be authorized for system
operation as well as individual channel
operation. An encoded channel sends
parental control, PPV and channel author-
ization, as well as system authorization.

(Continued on page 65.)
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(Continued from page 50.)

All addressing and system data is
transmitted in-band in Lines 10-14 of the
vertical blanking interval (Fields 1 and 2).
Each video line contains 24 bits of data,
each bit being 2 ps. Thus, 240 bits of data
are sent per frame, averaging 7,200 bits
per second (BPS). This may seem slow,
but by optimizing the addressing format a
very high addressing rate may be
achieved. The system actually addresses
4,320 decoders per second (259,200 per
minute). Since three different commands
are sent on an encoder at any given time
(e.g.. parental control, channel authoriza-
tion and decoder authorization on an en-
coded channel), the actual total update
rate is 1,440 boxes per second. The fast
addressing rate is achieved by updating
a group of 144 decoders with each mes-
sage. The total address space of the sys-
tem is 9,437,040 decoders.

The message a decoder receives con-
tains, among other things, channel num-
ber, encryption key, video format informa-
tion, a command, group address and
decoder authorization field. Certain data
bytes in the message are currently unde-
fined and reserved for future expansion.
Upon receiving a message, the decoder
checks for data errors and takes correc-
tive action if necessary. The decoder then
uses the video format data and the en-
cryption key to set up for decoding the
next frame. Then the transmitted group
address is tested for a match with the de-
coder’s group address. If they match, the
decoder verifies that the command byte
and the channel number are valid. It then
executes the command based on the
specific portion of the decoder authoriza-
tion field which applies.

To prevent data errors that might not be
detected from momentarily denying ser-
vice to authorized viewers, de-authoriza-
tion messages must be received twice
before being acted upon. Authorization is
achieved with a single message. Any er-
rors that may occur on a channel not cur-
rently tuned will have no effect on the de-
coder, since in-band addressing is used.

The entire data communications sys-
tem has been designed to be fail-safe.
Should billing go off-line, the encoders will
continue to address the system from the
data base in their internal RAM. Should
power fail at the headend, the battery
backup unit will maintain this data base in
the encoder memory. Should the backup
fail, the encoder will recognize its loss of
memory upon power restoration and send
idle messages to all the decoders.

The encoder also will transparently re-
quest a full data base refresh from billing
after power is restored. Upon receiving an
idle, provided the decoders themselves
have not lost power, the decoders will
continue to operate on the service levels
already stored internally in their RAM.
Should the data base computer in the en-
coder itself suffer a hardware failure, the

See us at the Cable-Tec Expo Booth 341-343.

Find RF leaks fast
‘withaVitek Tracer!

Two models, the TR-1 and TR-2,
offer a choice of signal detection
sensitivity, power options, and unit
size. No transmitters are needed,

which allows you to utilize existing

signals.

The TR-1is calibrated tothe FCC

specification of 20 uV/meter.

Each model features a crystal

LRC
VITEK

Quality and Innovation

.controlled local oscillator with front
panel frequency adjustment, meter
display and tone to signal detected

leakage.
To

get complete information on

the Vitek TR-1 and TR-2 Tracers,

call or write t.oda_g.;

LRC/Vitek Electronics, Inc.
901 South Avenue

Box 111, Horseheads,NY 14845
(607) 796-2611

Reader Service Number 40.

second encoder microcomputer will
begin sending idles on its own. All of the
devices in the data chain have status
monitoring LEDs for quickly detecting
problems, and most of these devices
have provisions in hardware/software for
dealing with various failure modes and
data errors.

Conclusion

To justify itself, an addressable system
must provide a cable operator with
greater opportunities for profit than he
would otherwise have by not going ad-
dressable. Toward this end, an addressa-
ble system must aim at reducing operat-
ing expenses while increasing revenue.

COMMUNICATIONS TECHNOLOGY

By its very nature, addressability elimi-
nates service calls to change levels of
subscriber service and allows new mar-
keting strategies to be used through PPV
And since the billing system controls sub-
scriber service levels, it will always reflect
actual authorization.

The initial system installation cost must
be reasonable and the ongoing mainte-
nance must be minimal. Reliability and se-
curity are essential, since signal theft rep-
resents lost revenue. The system must be
efficient, for the operator and the sub-
scribers, and fiexible. It must offer fea-
tures demanded by today's subscribers
and be capable of expansion as the need
arises
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Broadband:
For flexibility in outdoor distribution amplifiers

Broadband has a complete line of one and two- Excellent heat sinking, with an extruded
way outdoor distribution amplifiers to meet any aluminum chassis in close contact with the
line extender or distribution requirement. housing heat sink fins, assures the best possible

heat transfer. That means lower operating

Flexibility is the key word. With gains of 26 to temperatures and long life.

50 dB and bandwidths up to 550 MHz, we can
meet virtually any requirement that you have. For information on specifications, pricing and
delivery, call Broadband Engineering.at 800-327-
6690 (305-747-5000 in Florida) or write us at 1311
Commerce Lane, Jupiter, Florida 33458.

We offer reduced distortions with power doubler
hybrids in many models.

For ease of maintenance, our amplifiers feature
plug-in hybrids.

For quality, performance and service, call Broadband

[IT41] BRORDBAND

Quality and Innovation

See us at the Cable-Tec Expo Booth 341-343.
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Dynamic switched sync
suppression scrambling

By Harley Jones
Application Engineer Supervisor. Scientific-Atlanta

Several methods, both mechanical and
electrical, exist for securing special ser-
vices in cable television today. Originally,
existing low-band channels were popular
for transmitting premium services, due to
their good propagation and the availabil-
ity of mechanical filters, or traps, which
kept the signals from customers not sub-
scribing to the service. Traps, however,
had to be placed at the homes of all non-
premium subscribers.

Later, as channel capacity of distribu-
tion plants expanded, operators moved
some of these services to the mid-band
region of the spectrum, out of reach of the
television tuner. Only revenue-generating
subscribers had to be equipped with
some form of converter. However, as tele-
visions became more sophisticated and
tuned these channels without aid, a more
secure method of transmitting the pro-
gramming was required.

Next, interfering carriers were added
on top of the premium signal, rendering it
unpleasant to watch. The carrier was then
notched out at the subscriber's home with
a mechanical trap, which often took video
information along with the interfering sig-
nal, or drifted away from its intended
frequency.

Scrambling systems were devised to
provide a high level of security for pre-
mium program delivery. The term scram-
ble is a misnomer, since all we actually do
is suppress the synchronization pulses at
the transmission site. The signal only ap-
pears to be scrambled because the tele-
vision cannot properly reconstruct it with-
out these hidden pulses. The set-top
terminal contains the circuitry to recover
these sync pulses and present the com-
plete signal to the television set.

Square-wave sync suppression scram-
bling systems typically switch on an atten-
uvator during the time sync occurs,
reducing the sync level by 6 dB. The de-
scrambler must amplify this exact interval
by precisely the same amount it was sup-
pressed. Extremely accurate timing rela-
tionships must exist between the head-
endscramblerandtheremote
descrambler. To properly convey the nec-
essary timing information, communica-
tions betweenthetwomustbe
established.

While a few out-of-band techniques
using separate discrete data carriers per-
sist, this data is normally carried within the
channel bandwidth. This in-band timing

‘The term scramble
is a misnomer, since
all we actually do is
suppress the
synchronization
pulses at the
transmission site’

information is placed either in the video
signal itself, or more commonly, it is
merged with the sound carrier of the af-
fected channel. Scientific-Atlanta sys-
tems utilize the frequency-modulated
sound carrier as the transmission medium
for this data. Amplitude-modulated timing
pulses are added to the sound carrier of
the scrambled channel. They are re-
ceived by the descrambler and used to
trigger the sync amplification.

Some scrambling systems use a timing
pulse, which occurs at the beginning of
the horizontal blanking interval. Once the
pulse is detected, the descrambling am-
plifier is turned on for 12 to 13 microsec-
onds, and the sync is restored. The de-
scrambler for this type of system is quite
simple, requiring only pulse detection and
timing networks to be successful in de-
scrambling. This “on-time” method often
falls victim to piracy, due to the ease of the
pulse detection and the predictability of
the timing interval.

A timely advance

A much more secure scrambling
method is one that advances in time the
relationship of the audio pulse to the hori-
zontal blanking interval. In order to utilize
these pulses, the descrambler must delay
the sync restoration by a precise amount.
A delay accuracy of about 2 percent must
be maintained for an acceptable picture.
Set-top terminals employing this technol-
ogy use custom digital electronics and a
precision crystal oscillator. Pirates’ boxes
with limited accuracy will not deliver to-
tally descrambled pictures. The other al-
ternative is to build a complex digital cir-
cuit using discrete integrated circuits,
which is quite expensive and unwieldy.

Animprovement in security may be had
by dynamically varying the position of the
recovery pulses with respect to the hori-
zontal blanking interval. In the Scientific-
Atlanta patented system, the pulses are
transmitted at random times prior to the
blanking interval.

COMMUNICATIONS TECHNOLOGY

For example, the pulses are transmitted
at a time advancement of 25 microsec-
onds, followed by advancement of 40 mi-
croseconds, followed by advancement of
15 microseconds, and so forth. The
scrambler controls the system by gener-
ating a random sequence of timing off-
sets, which change on a field-to-field ba-
sis. During the current field, the scrambler
transmits the offset information pertaining
to the next field. This information is re-
layed to the descrambler by a separate
set of encoded audio pulses and de-
coded by a custom microprocessor.

In the absence of these encoded
pulses, the descrambler reverts to a fixed
timing mode that will decode the on-time
types of scrambling, providing multi-
vendor compatibility in one terminal. A
third mode of operation allows the de-
scrambler to decode systems that place
restoration information in the vertical inter-
val. The addition of a Scientific-Atlanta
scrambler to the existing channel pro-
vides duplicate decoding information on
both the vertical interval and on the audio
carrier simultaneously. Since the entire
timing process is digital, there are few
setup adjustments initially, and practically
no periodic maintenance is required at
the scramblers.

In-band flexibility

This intelligent, proprietary in-band
data transmission between the headend
and the descrambler provides additional
flexibility. On-time, vertical interval and
dynamic scrambling may be mixed in the
same system and decoded by a single
terminal. PROM programmable terminals
also utilize this dynamic descrambling,
but require slightly different information
from the scrambler. This prevents pro-
grammable terminals from descrambling
addressable channels unless the opera-
tor specifically chooses to set the scram-
bler for mixed operation.

An additional mode of operation pre-
vents piracy by decoders that reconstruct
sync while ignoring the audio information
altogether. This requires the use of a spe-
cial scrambler at the headend, but no
changes need to be made to the convert-
ers. They simply obey commands given
over the in-band data channel.

An added benefit of offset timing is real-
ized when BTSC stereo is added to the
scrambled signal. Since the timing pulses
occur well away from sync, they are not
amplified by the descrambler and do not
interfere with the stereo signal. (
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Satellite scrambling:
The Microdyne/VC Il interface

Microdyne, a producer of satellite com-
munications and telemetry equipment,
has been supplying the cable industry
with satellite receivers since the begin-
ning of satellite-delivered television. With
thousands of various models of Micro-
dyne receivers in operation throughout
the country, the interfacing of particular
models with the new scrambling standard
of VideoCipher Il (VC Il) has created
some challenges. In many cases, Micro-
dyne receivers will mate with a VC Il de-
scrambler unit without any problems. But
depending on the amount of system mar-
gin or input signal strength, the model! of
receiver and variation thereof, problems
may be encountered when the program
uplink throws the scramble switch.

By Brett L. Swigert
Sales Engineer, Microdyne Corp

Provided that the signal level input to
the satellite receiver is above threshold,
almost all Microdyne receivers are fully
compatible with the VC Il system without
any modifications or additions. The only
receivers that have to be field modified
are the Models 1100 X1(S), 1100 TVRM,
1100 X(24) and those receivers with the
104-042 demod board installed. How-
ever, even with alarge system margin and
compatible model receiver, the cable op-
erator may want to go ahead and make
the modifications anyway, in order to avert
the potential disaster of a lowered signal
input due to problems at the uplink, in-
clement weather or any other possible
disruptions.

Antenna peaking

One way to ensure the best possible
signal input to the satellite receiver is to
occasionally check the peaking of the an-
tenna. High winds, ground settlement and
even movement of the satellite can cause
a dish to receive less signal over time. If
the receiver has an accessible automatic
gain control (AGC) test point, a DC volt-
meter can be used to check the antenna’s
positioning. Simply adjust the azimuth
and elevation of the antenna mount for the
strongest signal level on the voltmeter.

If the receiver has an IF test point, the
following process may be followed to test
antenna peaking: First, find an unscram-
bled video transponder on the satellite of
choice. Next, place the receiver in manual
gain mode and connect a power meter,
microwattmeter or millivoltmeter to the 70
MHz or 600 MHz IF test point. Select the 0
to -10 dB range on the power meter and
adjust the manual gain on the receiver to
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Figure 1: Normal hook-up with de-emphasis
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Figure 2: Hook-up for Model 1100-LPR*
*With serial numbers 5224 or lower.
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-7 dB (-13 dBm for 600 MHz IF). Now, ad-
just the azimuth and elevation of the an-
tenna mount for a maximum power meter
reading. Find the optimum position by
passing through a maximum power read-
ing, then back to that reading, and adjust
azimuth and elevation levels twice or
more to ensure that adjustments are con-
sistent with one another. If no test equip-
ment is available, an operator may want to
test antenna peaking by making minor ad-
justments in azimuth and elevation with a
visual check on the monitor.

After the antenna is peaked, make cer-
tain that feed polarity adjustments are ac-
curate. The simplest technique is to twist
the feed clockwise untit the picture is de-

‘High winds, ground
settlement and
movement of the
satellite can cause a
dish to receive less
signal over time’

graded slightly, then twist the feed coun-
terclockwise until the picture is equally
degraded. Split the difference in rotation
distance and secure the feed

There are many other points in the satel-
lite system to check for best receiver sig-
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CABLE PRODUCTS
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(Clothing”

STARRING
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COMM-DUCT

THE DUCT SYSTEM that can be pulled or plowed in long lengths.
PRE-INSTALLED coaxial cable of your choice WITH full warranty

and testing, yields SAVINGS of 25% to 50% in installation costs.
PRODUCED BY Tamaqua Cable Products Corporation, ‘
Schuylkill Haven, PA 17972.

FAX: 717-385-1092
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TELEX: 834-573

nal input. Are cable connectors clean and
dry? Are Type “N" connectors’ center
pins flush with end of connector for proper
mating (i.e., pins too short — no contact;
pins too long — damaged components)?
Is there proper drive voltage to DC-
powered LNAs? Is there proper signal
level input to the receivers (i.e., 4 GHz re-
ceiver starved for signal or block-down-
converter receiver overdriven or starved)?

If the pictures look great, why go
through all the trouble of repeaking the
system? Maybe a few words about how
the VideoCipher Il technology operates
will answer that question. First, for our pur-
poses, VC Il operates in the two modes
of global command and individual ad-
dress. Global command means that all
VC Il descrambler units are authorized to
receive. Individual address means that an
ID code for each VC Il descrambler must
lie in the data stream being transmitted
within the video signal for that unit to
operate

The signal transmitted from the VC Hi
scrambler has been modified by replac-
ing the front porch and sync area of every
horizontal blanking interval with a digital
signal composed of digitized audio chan-
nels and security address data. The back
porch and chroma (color) burst of the hor-
izontal blanking interval have been shifted
in DC level to a point approximately cen-
tered within the peak-to-peak video sig-
nal. The video lines of visible picture infor-
mation have been inverted and their
amplitude has been increased by 40 per-
cent. The normal NTSC vertical interval
has been replaced by full amplitude sync,
half of which is inverted from the other
half. The sync inversion point represents
the normal vertical sync timing and the DC
levels of the blank lines between the hori-
zontal timing establishes what appear to
be the peak black and white references
for the video AGC built into the VC I

Since most video receivers have a low-
pass filter or traps to reduce the amplitude
of audio subcarriers, the effect of chroma
delay through these components could
be a problem to the VC Il descrambler.
And if timing error of the chroma and lumi-
nance components of the receiver's video
signal exceeds =25 nanoseconds, dis-
tortion of the digital signals during hori-
zontal blanking could increase the bit er-
ror rate of the digital information. An
excessive bit error rate could prevent the
VC Il from receiving its authorization
code. Atthe very least, amarginal bit error
rate can cause pops and clicks in the au-
dio signal. As long as the VC |l authorizes
and descrambles, a poor bit error rate will
not affect the viewed video quality. This
phenomenon occurs because the video
portion of the signal is transmitted as an
analog FM carrier.

If group delay or chroma vs. luminance
timing is not the problem, then the re-
maining source of bit error rate is poor
carrier-to-noise ratio (C/N). With a poor

COMMUNICATIONS TECHNOLOGY



Agile Omni, the industry’s most advanced
receiver designed by the most relied upon
name in the business...Standard.

ith the new Agile
W Omni, you need no
other receiver.

Standard designed it for
cable TV operators, broad-
casters, CATV, SMATYV, and
business and special telecon-
ferencing networks —now
and in the future.

An onboard micropro-
cessor permits selection of
any band available from
domestic satellites, includ-
ing the 32-channel ANIK C2.
Channel tuning provides
direct reading of the tran-
sponder-assigned channel
number and a format control
permits selection of six
frequency band formats—
24-channel C-band, SBS/
USAT and Spacenet already
installed. Select channel
and format, and the micropro-
cessor controls frequency,
channel spacing, tran-
sponder bandwidth, audio

—
—

frequency and bandwidth,
and antenna and video
polarity —automatically.

Omni’s flexible design
can handle up to three
separate subcarriers
including stereo program-
ming or data. Omni also
will accept descrambling
modules —eliminating the
need for expensive add-on
descramblers.

For CATV and SMATV
applications, severe micro-
wave terrestrial interference
is minimized by optional
internal SAW notch filters,
automatically programmed
to switch in. A 30 MHz low
DG/DP LC bandwidth filter
is standard, and a second
internally installed optional
filter of 18, 22, 26, or 36
MHz bandwidth can be con-
trolled by the microproces-
sor, or manually switched.

Standard’s proven RF
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subcarrier frequency selection,
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loop-thru circuitry and
blockdown conversion tech-
nology combine, with better
image rejection and lower
differential gain and phase,
to provide excellent video
performance. C/N threshold
is an impressive 6.5 dB at
the wide 30 MHz bandwidth.

Agile Omni is an afford-
able, flexible receiver
designed to keep you in
business, a commitment
Standard backs with its
unique 5-year warranty
program. Contact us for
further information.

@_ Standard
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P.O. Box 92151

Los Angeles, CA 90009-2151

Toll free 800/243-1357

(In Calif. 800/824-7766, ext. 275)

Engineered to a new Standard
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TRILOGY LEADS IN TECHNOLOGY-
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THE PERFECT
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ONLY

That unique achievement resulted in
the only coaxial cable with 93% velocity
of propagation. Which means the lowest
attenuation over the longest distances. It
means fewer amplifiers in new installations
and stronger signals with less noise in re-
builds and upgrades. Cost-effectiveness in

all situations is significant.

And the polyethylene sleeve —totally
bonded to sheath and disc spacers—assures
superior handling characteristics. With MC,
you don't have to trade off signal strength for
tight bends and ruggedness.

Call or write for a free sample and brochure
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COMMUNICATIONS INC.
800-874-5649

TRILOGY COMMUNICATIONS INC. » 2910 Highway 80 East, Pearl, Mississiopi 39208 ¢11 9302461
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Figure 3: De-emphasis network

Fixed inductor

8,200 PF 750 PF

T 1
1 4

Note: This device must have a 75 ohm source and a 75 ohm load to function properly.

39-43 UH
N LYY Y\ ]
In ) 4 Out
270 ohm
75 ohm 75 ohm
18-23 ohm

with the de-emphasis network outside of
the loop for VC Il hook-up and therefore
require an external unit. This external unit
may be purchased through M/A-COM or
built by any electronics technician (see
Figure 3). Also, the 1100-LPR receiver
with serial numbers of 5224 or lower may
require the addition of an external delay
equalizer unit. This corrects any timing
discrepancy between receiver chroma
and luminance components and VC Il de-
scrambler requirements. The units, Model
#150-740, are available either through
Microdyne or authorized distributors.
Again, an operator will not have to make
these modifications as long as the system
margin and signal input to the receiver is
sufficiently high.

Solving the problem

The VideoCipher Il integration has
surely been and will probably continue to
be a problem for many operators and
vendors as well. Having produced thou-
sands of various models of satellite re-
ceivers, Microdyne is by no means im-
mune from difficulties with this new
attachment. Now that all the VideoCipher
Il requirements are known and it has be-
come the standard of the CATV industry,
Microdyne has incorporated the appropri-
ate engineering into its latest model re-
ceivers. [ ]

CIN or low signal input to the receiver, the
receiver will be the source of “sparkles” in

N
the video. This added impulse noise not &’
only increases the bit error rate of the digi- Q MOdel 290 1 B
tal signal, but also causes clamper prob-
lems within the VC Il descrambler. CABLE FAULT LOCATOR

When the video from the receiver is
clamped and the clamper is reacting ad-
versely to the digital signal within the

video, the bit error rate will increase. The
clamper within the VC Il descrambler can
overwork itself to correct the receiver
clamper errors and the result will be
streaks in the video. A high system margin
or signal level input to the receiver could
prevent most, if not all, of the problems as-
sociated with interfacing to a VC Il unit.
Whenever hooking up a Microdyne re-
ceiver to a VideoCipher Il, you should be
sure to have an instruction manual to
guide the progress. Manuals are avail-
able at no charge through either Micro-
dyne or M/A-COM. Even though the ac-
tual hook-up is fairly simple (see Figures 1
and 2). various models of receivers may
require an internal or external modifica-
tion of one kind or another. For example,
some later versions of receivers may re-
quire a minor internal modification to pro-
vide a DC coupled video output. In addi- ‘
tion, an external de-emphasis network el —

With ... “Variable Sensitivity”

Communications

R. Alan Communications

may be needed. This exists in all receivers Digital Time Domain Reflectometer 8120 Knue Rd., Suite 106

to restore the proper gain vs. frequency

Indianapolis, IN 46250
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dio signal
Various models of receivers were built
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Digital data ) )
communications on microwave

Many corporations and new communica-
tion services are using coaxial cable and
microwaves to move large volumes of dig-
ital data such as computer-to-computer
communications, telephone services,
high-speed facsimile, etc., on wide area
nets, metropolitan nets and local area
nets (WANS, MANs and LANs). Many of
these services classically have been sup-
plied by the telephone company. These
services are notonly long distance but are
being provided for the short haul — intra-
city, the “local loop." Microwaves are at-
tractive for bypassing the local loop, par-
ticularly with DTS. This article discusses
engineering design considerations, gov-
ernmental regulations and presents a sur-
vey of available equipment related to
microwaves used for digital data commu-
nications.

By Lawrence W. Lockwood
President, TeleResources

The frequencies used for microwave
transmission of digital data are 2 through
40 GHz. The most common bands for
common carrier long-haul communica-
tions (e.g., relay towers are typically 20-30
miles apart) are the 2, 4 and 6 GHz bands.
With increasing congestion at these fre-
quencies, the 11 GHz band is now being
used more frequently. The FCC has re-
served parts of the 10 and 18 GHz bands
for local data distribution, called the digi-
tal termination service (DTS). CATV uses

frequencies in the 12 and 18 GHz band
for community antenna radio service
(CARS). Higher frequency microwaves
are being used for short point-to-point
links (e.g., between buildings). Typically
the 18 and 23 GHz bands are used. The
higher frequencies are less useful for
longer distance because of increased at-
tenuation, but are quite adequate for
shorter distances. In addition, at the
higher frequencies, antennas are smaller
and cheaper.

There are two methods of using micro-
wave for digital data communications.
They are: point-to-point and point-to-
multipoint (DTS services).

Table 1 shows the authorized fre-
quency bands as regulated by the FCC.
The frequencies allocated by the FCC
(Part 21.701) for common carrier use of
point-to-point, fixed station microwave are
noted in the table with a (C). The maxi-
mum bandwidths authorized for each of
the common carrier point-to-point fre-
quency bands are also listed. The list
does not include frequency allocations
outside the purview of this paper, i.e., no
aeronautical, maritime, mobile or amateur
allocations are shown.

System design considerations
Whether for point-to-point or point-to-
multipoint, the following system design
considerations must be addressed. For
digital transmission the FCC imposes a

minimum transmission efficiency. Part
21.122 of the rules requires that any digi-
tal radio transmissions below 15 GHz
shall have at least the efficiency of 1 bit
per hertz. As an example, equipment
transmitting at a 20 MBPS rate must not
require a bandwidth of greater than 20
MHz. The high efficiencies are accom-
plished by the use of combinations of vari-
ous types of phase modulation.

In addition, the FCC imposes limitations
on path lengths in Part 21.710 of the rules.
These limitations and FCC mandated min-
imum digital data rates are shown in Table
2

An important part of system design is a
power budget analysis for the equipment/
path under examination. The equipment
gains/losses (e.g., transmitter power, re-
ceiver sensitivity, waveguide losses, etc.)
may be obtained from equipment specifi-
cations. The free-space loss of a signal
leaving an isotropic antenna (an ideal an-
tenna with a reference gainof 1[ 0 dB],
radiating equally in all directions, i.e., per-
fectly omnidirectional) may be calculated
from the following commonly accepted
formula:

Lgg = 366 + 20log D + 20 log f

where:
Lgs = path loss in dB
D = path distance in miles
f = frequency of transmission in MHz

Figure 1: Antenna gain Figure 2: propagation conditions for multipath fading
nomogram
Frequency Gain  Antenna
(MHz) (dB) diameter (ft.)
-— 30,000 120
[ 20,000 5
i 75
— 10,000 — 60 :5'8
[~ 8,000 - 55 C
I~ 6,000 % 0
- So00 s iy
3,000 — 40 i
- =35 10
= 2,000 =~ 30 = 8
i =25 =
— 1,000 =20 -4
- 800 =15 = 3
=0 = 10 -
- % - =
_ 300 ~0 f7] Good (mountainous)
1
B B Difficult (humid, coastal)
L a [ Average (inland, rolling plains)
74 JUNE 1986 COMMUNICATIONS TECHNOLOGY



Frequency (MHz)
1,990- 2,1107*
2,110- 2,130 (C)'37
2,130- 2,160%
2,160- 2,180 (C)'2°
2,180- 2,200%
2,200- 2,390'®
2,500- 2,65574
2,655- 2,69074%
3,700- 4,200 (C)°®
4,400- 4,990'®
5,925- 6,425 (C)°6825
6,425- 6,525%'74
6,525- 6,875'69
6,875- 7,1251674

10,550-10,680°"

11,700-12,200%' %
12,200-12,700%4 100
12,700-13,20074 7894
13,200-13,250 (C)*°*
14,200-14,500%°
14,400-15,350'¢
17,700-18,580 (C)>1°1®
18,580-18,820 (C)°1°1®
18,820-18,92021 747694
18,920-19,160 (C)®'°1°
19,160-19,26021 747894
19,260-19,700 (C)°'°1®
21,200-22,000 (C)* 111213

25,250-27,500'®

31,000-31,300 (C)'°

7,125- 8,500'® 1,

10,700-11,700 (C)8° g

22,000-23,600 (C)* ' 12 1,
2,
27,500-29,500 (C)® 2,

36,000-37,000'® 1,
37,000-38,600162194 U
38,600-40,000 (C)* 1,

Available
bandwidth (MHz)

Tablie 1: Frequency allocations

Maximum usable
bandwidth/channel (MHz)
120
20 315
30
20 35
20
190
155
35
500 20.0
590
500 30.0
100
350
250
375
130 5.0
000 40.0
500
500
500
50 25.0
300
950
880 220.0
240 20.0
100 10.0
240 20.0
100 10.0
440 220.0
800 100.0
600 100.0
250
000 220.0
200 25.0 or 50.0
000
600
400 50.0

' Frequencies in this band are shared with con-
trol and repeater stations in the domestic public
land mobile radio services and with stations in
the international fixed public radio communica-
tion services located south of 25°30" north lati-
tude in Florida and U.S. possessions in the Car-
ibbean. Additionally, 2160-2162 MHz is shared

with stations in the multipoint distribution
service.

2 Except upon a showing that no alternative fre-
quencies are available, no new assignments
will be made in the band 2160-2162 MHz for
stations located within 50 miles of the coordi-
nates of the cities listed in Part 21.901.

3 Television transmission in this band is not au-
thorized and radio frequency channel widths
shall not exceed 3.5 MHz.

4 Frequencies in this band are shared with fixed
and mobile stations licensed in other services.
® Frequencies in this band are shared with sta-
tions in the fixed-satellite service.

® These frequencies are not available for as-
signment to mobile earth stations.

7 Frequencies in the band 2110-2120 MHz may
be authorized on a case-by-case basis to gov-
ernment or non-government space research
earth stations for telecommand purposes in
connection with deep space research.

8 This frequency band is shared with station(s)
in the local television transmission service and,
in the U.S. possessions in the Caribbean, with
stations in the international fixed public radio-
communication services.

9 The bands 10.95-11.2 and 11.45-11.7 GHz
are shared with space stations (space-to-earth)
in the fixed-satellite service.

' This band is co-equally shared with stations
in the fixed services under Parts 21, 74 (auxil-
iary broadcasting). 78 (cable television relay)
and 94 (private operational fixed microwave) of
the FCC's rules.

"' Frequencies in this band are shared with gov-
ernment stations.

'2 Assignments to common carriers in this band
are normally made in the segments 21.2-21.8
GHz and 22.4-23.0 GHz and to operational
fixed users in the segments 21.8-22.4 and
23.0-23.6 GHz. Assignments may be made
otherwise only upon showing that no interfer-
ence-free frequencies are available in the ap-
propriate band segments.

'3 Frequencies in this band are shared with sta-
tions in the earth exploration satellite service
(space-to-earth}.

'S Stations licensed as of Sept. 9, 1983, to use
frequencies in the 17.7-19.7 GHz band may,
upon proper application. continue to be author-
ized for such operation.

'8 Reserved for government, fixed.

2! Domestic, public fixed. Specifics in Part 21 of
the rules.

25 gatellite communications. Specifics in Part
25 of the rules.

74 Auxiliary broadcasting. Specifics in Part 74 of
the rules.

7 Cable television relay (CARS). Specifics in
Part 78 of the rules.

% Private operational fixed microwave. Specif-
ics in Part 94 of the rules.

'% Direct broadcast satellite. Specifics in Part
100 of the rules.

The gain of a directional antenna may
be obtained from the nomogram in Figure
1 (where a 55 percent efficiency is as-
sumed for the antenna)

Beamwidths are narrow with high-gain
directional (parabolic reflector) antennas
(see Table 3). Because of this it i1s evident
that considerable accuracy is required in
pointing the antennas

For a point-to-point system, a path pro-
file must be determined to ensure that the
transmitter and receiver antennas are
high enough that they are able to “see’
each other. Factors such as the curvature
of the Earth, the Fresnel zone clearance

Table 2: rPath lengths/data rates

Minimum path

Minimum digital

Frequency (GHz) length (km) data rate
2110- 2.130 5 No minimum
2.160- 2.180 ) No minimum
3.700 - 4.200 17 10 MBPS
5.925- 6.425 17 10 MBPS

10.700 - 11.700 5 5 M8PS
(20 MHz bandwidth or less)

10.700 - 11.700 ) 10 MBPS
(bandwidth more than 20 MHz)
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Chapters

Appalachia Mid-Atlantic Chapter
Warner Cable of Marietta

P.O. Box 129

Marietta, Pa. 17547

Ron Mountain. Sec./Treas.

(717) 984-2878

Chattahoochee Chapter
P.O. Box 76339

Atlanta. Ga. 30358

Gary Donaldson. President
(404) 979-0010

Delaware Valley Chapter
P.O. Box 282

Jamison, Pa. 19829
Beverly Zane. President
(215) 674-4800

Golden Gate Chapter
P.O. Box 455
Pleasanton. Calif. 94566
Walt Reames. President
(408) 998-7344

Hudson Valley Chapter
P.O. Box 72
Newburgh. N.Y. 12550
Andy Healey. President
(914) 561-7880

North Jersey Chapter

P.O. Box 3522

Wayne, N.J. 07470

Don Danials, President

Ed Buchmann, (201) 239-8183

Rocky Mountain Chapter
P.O. Box 5317

Englewood, Colo. 80155
Joe Thomas. (303) 466-7376

Meeting Groups

Blue Ridge Mountain Meeting Group
P.O. Box 2362

North Wilkesboro, N.C. 28659

Jim Beavers, President

(919) 667-4151

Cactus Meeting Group
Texscan Corp.

P.O. Box 27548

Phoenix. Ariz. 85061

Bill Down. (800) 528-0199

Capitol Cities Meeting Group
2004 6th St. South

Arlington, Va. 22204

Randy Paschak. (202) 338-8556

Caribbean Area Meeting Group
P.O. Box 4198

Hato Rey. Puerto Rico 00919
Phillip Glidewell. President
(809) 758-8408

Central Indiana Meeting Group
P.O. Box 18439

Indianapolis. Ind. 46218

Rick Cole. President

Lou Zimmerman, Secretary/Treasurer

(317) 632-9077

Reader Service Number 1.

Dairyland Meeting Group
P.O. Box 55312

Madison, Wis. 53705

Neil McLain, (608) 274-3822

Florida Meeting Group
P.O. Box 7835

Sarasota, Fia. 34278

Dick Kirn. (813) 924-8541

Great Lakes Meeting Group
P.O. Box 375

Bloomfield Hills. Mich. 48303
David Spallinger. President
(313) 827-7330

Midlands Cable Training Assoc
P.O. Box 1113

Council Bluffs. lowa 51502
John Page. (712) 323-0420

New England Meeting Group
Suite 118

1614 Middlesex Street
Lowell. Mass. 01851

Gene Bartlett, (617) 337-4100

PO. Box 2389
West Chester, Pa. 19380
(215) 363-6888

North Central Texas Meeting Grou
P.O. Box 15154

Dallas, Texas 75201

M.J. Jackson, President

Lynn Watson. (214) 241-1421

Razorback Meeting Group
P.O. Box 5082
Jonesboro. Ark. 72401
Ron Boyer. Assistant
(800) 438-0812

Southern California Meeting Group
P.O. Box 378

Van Nuys. Calif. 91411

Joe Girard. President

(213) 208-2340

South Lake Meeting Group
P.O. Box 488

Valparaiso. Ind. 46383
Scott Weber, (219) 464-2288

West Texas Meeting Group
P.O. Box 1871

Big Springs. Texas 79721
Jimmy McCain. President
(915) 267-3821




Table 3: Antenna
beamwidths
Half-power
Gain (dB) beamwidth
30 5°
35 3°
44 1°

and, of course, any obstacle in the line of
sight path must be considered.

Fading

In addition to factors such as transmit-
ter power, transmitter and receiver an-
tenna gains, waveguide losses, etc., a
fade margin must be considered. When a
receive level varies from the free-space
calculated level for a given far-end trans-
mitter output, the result is called fading.
There are two general types of fading —
multipath and power.

Multipath fading is due to interference
between a direct wave and another wave,
usually areflected wave. Multipath fading
may display fades in excess of 30 dB for
periods of seconds or minutes. The princi-
pal type of fading below 10 GHz is multi-
path fading. The Internationa! Consultive
Committee for Radio (CCIR) Report 784
states that: “Multipath effects due to at-
mosphere increase slowly with frequency,
but more rapidly with path length (the
deep fading probability follows an ap-
proximate law f x d®5, where f is the car-
rier frequency and d is the distance).”
Multipath fading in its extreme conditions
approaches a mathematically defined re-
lation in statistics called a Rayleigh distri-
bution.

Power fading is a change in the power
transmission on the microwave path be-
tween the transmitter and receiver due to
several factors, the most significant being
an intrusion of atmospheric layers into the
propagation path (diffraction fading).
Power fading is characterized by marked
decreases in the free-space signal level
for extended time periods. Diffraction may
persist for several hours with fade depths
of 20-30 dB.

A good approach to determine the fade
margin is to simply assume what is often
considered the worst fading condition on
a-single radiolink hop. This is the familiar
Rayleigh fading, which can be summar-
ized as shown in Table 4

For other propagation reliability values,
simple interpolation can be used. For in-
stance, for ahop where 99.95 percentreli-
ability is desired, the fade margin re-
quired for Rayleigh fading would be 33
dB.

Here is an example of a very cursory
treatment of a link power budget analysis,
using the factors described: Assume a
transmitter of 2150 GHz with a power out-
put of 20 dBm (100 mW), a path length of

17 miles, 8-foot dishes at each end, 2 dB
for total line losses for both ends of the link
(waveguide/transmission line losses) and
areceiver sensitivity of -79 dBm for an un-
faded bit error rate (BER) of 10-°. From
the formula for Lge, the path loss is
127.8 dB. From the antenna gain nomo-
gram, the antenna gain is 32 dB. Thus:

Transmitter power + 20
Transmitter antenna gain + 32
Transmitter waveguide loss - 1
Path ioss - 127.8
Receiver antenna gain + 32
Receiver waveguide loss - 1
Receiver sensitivity + 79
33.2dB
margin

If the fade margin is 33.2 dB the reliability
is 99.95 percent and the outage will be
44.8 seconds/day (average).

Rainfall is an important factor in fading,
especially above 10 GHz. A map showing
typical CONUS (continental United
States) rainfall effects is shown in Figure
2.

A useful nomogram for estimating loss
due to rainfall is shown in Figure 3. We are
interested here not with the total quantity
of rain but with periods of heavy intensity.
One short cloudburst can cause more
outage than weeks of a light drizzle.

Itis good practice to add a miscellane-
ous loss margin to the derived fade mar-
gin. This additional is required to account
for minor antenna misalignment and sys-
tem gain degradation (e.g., waveguide
corrosion, transmitter output and receiver
noise factor degradations due to aging).
The Defense Communications Agency of
the U.S. Department of Defense recom-
mends 6 dB for this additiona! margin.

Fading is countered with diversity re-
ception, which is based on the fact that ra-
dio signals arriving at a point of reception
over separate paths may be in a condition
of fade on one path while the identical sig-
nal on another path may not be in a fade.

Separate paths

What are separate paths and how *sep-
arate" must they be? According to CCIR
Report 376, the separation may be in:

o frequency,

® space (including angle of arrival and
polarization),

e time (a time delay of two identical sig-
nals on parallel paths) or

® path (signals arrive on geographically
separate paths).

The most common forms of diversity in
radio link systems are those of frequency
and space. A frequency diversity System
utilizes the phenomenon that the period of
fading differs for carrier frequencies sep-
arated by 2-5 percent. Such a system em-
ploys two transmitters and two receivers
with each pair tuned to a different fre-
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quency (usually 2-5 percent separation,
since the frequency band allocations are
limited). If the fading period at one fre-
quency extends for a period of time, the
same signal on the other frequency will be
received at a higher level, with the resul-
tant improvement in propagation reliabil-
ity. Besides the expense of the additional
equipment, the use of additional frequen-
cies without carrying additional traffic is a
severe disadvantage in frequency diver-
sity, especially when frequency assign-
ments are even harder to get in highly
developed areas where demand for fre-
quencies is the greatest.

One of the main attractions of space di-
versity is that no additional frequency as-
signment is required. In a space diversity
system, if two or more antennas are
spaced many wavelengths apart in the
vertical plane, multipath fading will not oc-
cur simultaneously at both antennas. The
goal in space diversity is to make the sep-
aration of diversity antennas such that the
reflected wave travels a half-wavelength
farther than the normal path. Any spacing
between 100 and 200 wavelengths is usu-
ally found to be satisfactory (e.g., approxi-
mately a 5-foot spacing for a 20 GHz
system).

Generally speaking, equipment operat-
ing in the approximately 2-11 GHz range
is applied to requirements of longer paths
than equipment of the higher frequencies.
They also have a high digital modulation
efficiency (many in the range of 3-4
bits/Hz) and therefore have higher digital
throughput rates than the bandwidths
they use for modulation. Thus, this equip-
ment is expensive, in the region of
$85,000 with hot standby, and requires
digital transmission rates near their maxi-
mum capabilities to warrant their costs.
(Hot standby is the provision of a parallel
equipment configuration such that it can
be switched in nearly instantaneously on
the failure of operating equipment. The
switch-over takes place usually in micro-
seconds, often less than 10.)

For shorter paths, and particularly for
applications in local area digital data
communications, point-to-point digital ra-
dio equipment has been developed and
is widely used in both the 18 GHz and the
23 GHz bands (17.7-19.7 GHz and
21.2-23.6 GHz). The uses in these bands
are regulated in Parts 21 and 94 of the
FCC regulations.

Currently, in mid-1986, three compa-
nies that are typical large providers of 23
GHz equipment are General Electric (GE
recently sold its line to Motorola), M/A-
COM and the Digital Microwave Corp.
The General Electric (Motorola) equip-
ment is called Gemlink. It is AM modu-
lated and the Model LSV-112 has a trans-
mission power rate of 2-T1 (the T1 rateis a
Bell standard and is 1.544 MBPS) with a
transmitter power of 14 dBm (25 mW). GE
claims operating distances of 5-7 miles. A
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Table 4: Mmultipath fading

Amount of outage

Single-hop
Fade propagation Per Per
margin reliability Per month day
(dB) (percent) Percent year (avg.) (avg.)
8.0 90.0 10.0 876.0 hrs. 73.0 hrs. 2.4 hrs.
18.0 99.0 1.0 87.6 hrs. 7.3 hrs. 14.0 mins.
28.0 99.9 0.1 8.8 hrs. 44.0 mins. 1.4 mins.
38.0 99.99 0.01 53.0 mins. 4.4 mins. 8.6 secs.
48.0 99.999 0.001 5.3 mins. 26.0 secs. 0.9 secs.

Table 5: DTS frequency assignments

Local node to subscriber

Subscriber to local nodes

Ch: 1 10,565.01t0 10,570.0 (5.0) 10,630.0 to 10,635.0 (5.0)
Extended 2 10,570.0t0 10,575.0 (5.0) 10,635.010 10,640.0 (5.0)
3 10,575.010 10,580.0 (5.0)  10,640.01010,645.0 (5.0)
1 4 10,580.0 10 10,585.0 (5.0) 10,645.0 t0 10,650.0 (5.0)
Ch. 5 10,600.0 to 10,602.5 (2.5) 10,665.0 10 10,667.5 (2.5)
6 10,602.5t010,605.0 (2.5) 10.667.510 10,670.0 (2.5)
: 7 10,605.0 to 10,607.5 (2.5) 10,670.0 to 10,672.5 (2.5)
Limited 8 10,607.51010,610.0 (2.5) 10,672.510 10,675.0 (2.5)
* 9 10,610.0t0 10,612.5 (2.5) 10,675.0t0 10,677.5 (2.5)
| 10 10,612,510 10,615.0 (2.5) 10,677.5t0 10,680.0 (2.5)
TCh. 1920 10,585.0t0 10,590.0 (5.0) 10,650.0 to 10,655.0 (5.0)
(Note 2) * 21/22 10,590.0 t0 10,595.0 (5.0) 10,655.0 to 10,660.0 (5.0)
* 23/24 10,595.0 to 10,600.0 (5.0) 10,660.0to 10.665.0 (5.0)
tCh. 25 18,820.0 to 18,830.0 (10.0) 19,160.0 to 19,170.0 (10.0)
t 26 18,830.0to 18,840.0 (10.0) 19,170.0 to 19,180.0 (10.0)
t 27 18,840.0to 18,850.0 (10.0) 19,180.0t0 19,190.0 (10.0)
Extendedt 28 18,850.0 to 18,860.0 (10.0) 19,190.0 to 19,200.0 (10.0)
and t 29 18,860.0 to 18,870.0 (10.0) 19,200.0 10 19,210.0 (10.0)
limited Ch. 30 18,870.0 to 18,880.0 (10.0) 19,210.0 10 19,220.0 (10.0)
31 18,880.0 to 18,890.0 (10.0) 19,220.0 to 19,230.0 (10.0)
32 18,890.0 to 18,900.0 (10.0) 19,230.0 to 19,240.0 (10.0)
33 18,900.0 to 18,910.0 (10.0) 19,240.0 to 19,250.0 (10.0)
J_ 34 18,910.0 to 18,920.0 (10.0) 19,250.0 10 19,260.0 (10.0)
Internodal Internodal
_[— Ch. 11 10,550.0 to 10,552.5 (2.5) 10,615.0t0 10,617.5 (2.5)
12 10,552.5 to 10,555.0 (2.5) 10,617.5 to 10,620.0 (2.5)
13 10,555.0 to 10,557.5 (2.5) 10,620.0 to 10,622.5 (2.5)
Extended 14 10,557.5 10 10,560.0 (2.5) 10,622.5 to 10,625.0 (2.5)
and 15 10,560.0t0 10,561.25 (1.25) 10,625.0 10 10,626.25 (1.25)
limited 16 10,561.25 10 10,562.5 (1.25) 10,626.25 to 10,627.5 (1.25)
17 10,562.510 10,563.75 (1.25)  10,627.5 to 10,628.75 (1 .25)
_l__ 18 10,563.7510 10,565.0 (1.25) 10,6628.75 to 10,630.0 (1.25)

* These channels are also allocated for private users in Part 94.189 of the rules.
t These channels are allocated for private users only in Part 94.189 of the rules.
1) All frequencies in MHz.
2) Channels 19-24 originally each had 2.5 MHz in each direction. At present, two channels of 2.5
MHz can be grouped together to make a single channel of 5 MHz. After April 16, 1986. the 5
MHz channels may be divided into two 2.5 MHz channels,

transmitter/receiver system is approxi
mately $21.000. In a hot standby configu-
ration it will be over $40.000

The M/A-COM equipment (Models
23DR and 23DR 12T) has transmission
rates up to 12 T1 (18.5 MBPS) with a trans-
mitter power of 18 dBm (66 mW). Modula-
tion is frequency shift keying (FSK). M/A-
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COM claims operating distances up to 15
miles with a 99.99 percent reliability and
an unfaded BER of 10 '?. A system with
hot standby costs about $49,000

The Digital Microwave Corp. 23 GHz
equipment (Model DMC 23) has transmis-
sionratesupto 8 448 MBPS with a
claimed range up to 10 mites. The system

Figure 3: Attenuation
due to rain
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with a one T1 configuration 1s between
$30.000 and $35,000

Representative of the 18 GHz equip-
ment 1s the Digital Microwave's Model
DMC 18. It has transmission rates up to 28
T1 (45 MBPS) with a transmitter power of
23 dBm (200 mW). Modulation is mini-
mum shift keying (MSK). In the past. non-
coherent detection was commonly used
with FSK modulation. Today. more and
more nterest 1S being shown in certain
modified versions of FSK, particularly
those with coherent detection. A major
constraint on Iimiting the bandwidth of
FSK systems 1s the abrupt phase change
when shifting from one frequency to the
other. The modified FSK techniques are
based on the idea of continuous phase,
often denoted by CP-FSK. MSK is a sub-
set of CP-FSK. With a system gain ex-
ceeding 100 dB, the claim is for a rehable
point-to-point range up to 15 miles. The
system costs between $120,000 and
$150,000 depending upon the configura-
tion

Digital termination service
An important part of local area digital
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EFFORTLESS DISTORTION MEASUREMENTS

made AFFORDABLE by the
MODEL R-75
Signal Strength and Distortion Analyzer

PRICE $6500

PRINTER INTERFACE
OPTION $450

RS-232 OR IEEE 488
REMOTE CONTROL
INTERFACE OPTIONS
$1100 EACH

=~ FEATURES:

o AUTOMATICALLY MEASURES COMPOSITE TRIPLE BEAT, COMPOSITE SECOND ORDER BEAT,
CARRIER-TO-NOISE, CROSS-MODULATION, DISCRETE SECOND ORDER, AND DISCRETE THIRD
ORDER DISTORTIONS.

o CROSS MODULATION, DISCRETE SECOND ORDER, AND DISCRETE THIRD ORDER
MEASUREMENTS DOWN TO BETTER THAN -95 dB.

e COMPOSITE TRIPLE BEAT AND COMPOSITE SECOND ORDER BEAT MEASUREMENTS DOWN TO
BETTER THAN -77dB.

e CARRIER-TO-NOISE MEASUREMENTS DOWN TO BETTER THAN -60 dB.
o OPERATES OVER A RANGE OF 50 TO 500 MHz.

e FACTORY PRE-PROGRAMMED TO MAKE MEASUREMENTS ON ALL CATV FREQUENCIES FROM
CHANNEL 2 TO CHANNEL H31 USING STANDARD, IRC, OR HRC CARRIERS.

e CAN BE FIELD-PROGRAMMED BY THE OPERATOR TO RECEIVE NON-STANDARD FREQUENCIES
IN THE RANGE OF 50 TO 500 MHz.

e COMPOSITE TRIPLE BEAT, COMPOSITE SECOND ORDER BEAT, AND CARRIER-TO-NOISE
MEASUREMENTS CAN ALSO BE MADE AT FREQUENCIES WHERE NO CARRIER EXISTS.

o OPERATES AT SIGNAL LEVELS OF -5 TO +75 dBmV.

e DISTORTIONS ARE INDICATED DIRECTLY ON A 3'2 DIGIT DISPLAY WITH A 0.1 dB RESOLUTION.
e SIGNAL STRENGTH IS DISPLAYED LINEARLY IN dBmV ON AN ANALOG METER.

o COMPACT DESIGN—7'%2" X 17" X 14'%", 28 POUNDS.

e AVAILABLE WITH AN OPTIONAL PARALLEL (CENTRONICS-TYPE) PRINTER PORT WHICH
PERMITS ALL AVAILABLE DATA TO BE OUTPUT AT THE PRESS OF A SINGLE BUTTON.

AVAILABLE WITH OPTIONAL REMOTE CONTROL INTERFACE FOR RS-232 OR THE IEEE 488 BUS.

J 160 OSER AVENUE
éﬁgf_mx HAUPPAUGE, NEW YORK 11788-3776

T TEST EQUIPMENT TELEPHONE: (516) 435-0925
A TELEX: 968877

Send for our new 12-page brochure.
Reader Service Number 49.




A Direct
Line To
Excellence

data microwave communications is the
DTS service. The digital electronic mes-
sage service (DEMS) is defined in the
common carrier part of the FCC rules
(Parts 21.500-21.512) as “two-way do-
mestic end-to-end fixed radio service uti-
lizing digital termination systems (DTS) for
the exchange of digital information. In ad-
dition, this service may make use of point-
to-point microwave facilities, satellite fa-
cilities or other communication media.”
Also, Part 94, Sections 181-199 of the
rules permits licensing of DTS systems to
private users. The digital termination sys-
tems are wideband microwave local
loops.

DTS is a legacy of Xten, the wideband
digital communications service proposed
— and later dropped — by Xerox. In filing
for the Xten service, Xerox asked the FCC
to allocate space in little-used portions of
the frequency spectrum for intra-city com-
munications (10.55 to 10.68 GHz and
19.21-19.26 GHz). Xerox planned to use
the new frequencies for a digital micro-
wave radio link between rooftop antennas
within a city, or between the rooftop anten-
nas and a nearby satellite earth station. In
January 1981, the FCC approved the re-
quest and, although Xerox withdrew,
many other firms have subsequently filed
to offer digital electronic message service
based on the use of DTS local toops.

DTS systems can be configured in two
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fundamental ways: point-to-multipoint or
point-to-point. If user requirements call for
it, a system can combine both patterns, as
seen in Figure 4.

The point-to-multipoint DTS is applica-
ble when information is to be exchanged
between a central point (local node) and
several locations (subscribers), which are
positioned within the coverage area of the
local node. The local node station trans-
mits and receives to and from all sub-

‘scribers located in its area. Requirements

for the exchange of information between
two points in a geographically proximate
area can be met with a point-to-point DTS
system.

In Products
And Services

In its rulemaking, the FCC established
two types of DTS networks: extended and
limited. An extended network carrier must
provide service in a minimum of 30 cities
or standard metropolitan statistical areas
(SMSAs). Limited network carriers can
provide service in one city or as many as
29 SMSAs.

A 30-city base for an extended system
indicates a large operation, while the lim-
ited service can be used in much more
modest operations. Even some of the re-
gional phone companies have filed for
DTS operations to bypass their own cur-
rent facilities, which have limited digital
data transmission capabilities.

Each extended DTS network is allo-

cated either two 5 MHz or two 10 MHz
channels: one channel for transmission
from the central station to subscribers and
the other channel for use by the subscrib-
ers when sending information and data to
the central station. The assigned channel
width for each limited DTS network opera-
tor is either two 2.5 MHz, two 5 MHz or two
10 MHz channels: one channel for cen-
tral-subscriber operations and the other
channel for subscriber-central station
operations.

In DTS common carrier operations only,
four channels of 1.25 MHz and four chan-
nels of 2.5 MHz are available for inter-
nodal communications for both extended
and limited operations. For DTS common
carrier extended networks the FCC allo-
cated 170 MHz for local distribution and
30 MHz for internodal links, and for limited
networks the allocations are 160 and 30
MHz respectively, as shown in Table 5.

"Presently there are several manufactur-
ers of DTS equipment. M/A-COM and
NEC are large suppliers. Both companies’
equipment operate with the same data
rates (to 2.1 MBPS). The NEC equipment
uses qQuadrature phase shift keying
(QPSK) modulation and the M/A-COM
uses four-level FSK modulation. NEC
claims a BER of 108 at 15.2 dB carrier-
to-noise (C/N) ratio for central to sub-
scriber path and 17.5 dB for the sub-

¢ Dependable service
® Large inventories
® Quality products
¢ Prompt delivery
® Quick response

: 1}
We Make The Connection
Three Wrigley

Irvine, CA 92718
714/586-3196

Reader Service Number 50.
See us at the Cable-Tec Expo Booth 544,

COMMUNICATIONS TECHNOLOGY

a



For more information on TECHDEX®, call

Communications Technology at (800) 325-0156 or
(303) 792-0023.

GENERAL MANAGER

200 Berg Street

MARY JANE JELDEN
Algonquin, IL 60102

P.O. Box 4094 « ENGLEWOOD, COLORADO 80155 © [303) 694-6789
National Sales Manager

! : 312-658-0300
| |

CABLE |
i EXCHANGE |
: CABLE TELEVISION EQUIPMENT BROKERS I
| ' INTRASTELLAR
i HAROLD BJORKLUND i B ELECTRONICS
| |
| |
| |

1

DALE BOCK

ABSINC.

7231 Garden Grove Bivd, Suite E
Garden Grove, CA 92641
(714) 894-4499

1 Spool, 2 Spool AND 4 Spool Wire Horse (With Truck Mounts)
66 Spool Wire Caddy and 16 Spool Wire Caddy with Tool Box
They all fold up for carrying and storage.

On July 21, 1983, we
completed our 1,000,000th

lNSTALL residential installation.
PEQPLE. Were the instail people.

Since 1974,
ENGLISH G::;:I l::‘:::s
ENTERPRIZES Inslal:: "
P.O. Box 6494 Commercial
Orlando, Florida 32853
ando, Florida Development

1-305-841-7210 Drop Transfer
Design

WITH WIRES AND

-

With QINTAR'S Video Control (§
Center you can view & record
TV & Cable/VCR simultaneously.

CALL QINTAR AT e %
W (800)252-7889 - In CAL.(800)572-6262

EXPERIENCED @ —
CONTRACTORS 2 ﬂm%m?mj S

I
|
|
I
|
For Aerial and |
I ROBERT PRICE
|
|
|
i
|
|

Underground
Construction SENIOR VICE PRESIDENT
Services
Est. 1972
1023 State St §901 Breckenndge Pkwy 4630 Pacific Highway East
Reidsville, Georgia PO Box 739 Sude | Suite B-7
Schenectady, NY 12301 Tampa, FL 33610 Fife, WA 98424

Kennedy Cable Construction, Inc.

(PO. Box 760), 30453, (912)557-4751 WATTS 1-800-841-4361
TELEX: 11 710-442-2981-BRADSCH




—— s — — —————— C———— —— i, o T . S M S S W, S S S e S S S S o S e S S S e S S WM . S S S, S S S S T S S SIS S S S S S Y.

-QUALITY CONVERTER AND

LINE EQUIPMENT REPAIR ITT Informations Systems

® Personal computers/systems

Cottonwood Communications, Broadcast Systems

-PARTS SALES iy
Division

|
|
|
|
|
|
|
-CONVERTER SALES } Champion Business Software Systems
|
|
|
|
|
|

CATV EQUIPMENT-

REPAIRS AND MODIFICATIONS
ALPHA TECHNOLOGIES-WARRANTY
REPAIRS V00 e and oy, Collr wris o compete detai.

HUGHES KLYSTRON POWER SUPPLIES-
INCLUDING “MOD B UPGRADES

& B Sales Eastern Distributors Wanted
. Bradley P.0. Box 206
Pleasanton, Ca. 94566

A
F-N
—r
.
z
H
F-3
&
[= -]
N
—r
w

INSTALL
PEOPLE.

FNw § MK
QUALITY ELECTRONICS FOR THE HOME.

(800)252-7889 - In CAL.(800)572-6262

Sales and Service

+ All major brands of converters
+ CATV Equipment




scriber to central path (16 dBm = 40 mW
transmitter powers). M/A-COM claims a
BER of 10-8 at C/N ratios of 22 dB for both
paths (transmitter powers: central to sub
24 dBm = 250 mW and sub to central 19
dBm = 8 mW). Both companies claim
about the same range capabilities; 6-12
miles point-to-multipoint and 15-20 miles
point-to-point. Their costs are compara-
ble, depending on configurations: about
$50,000 for central to subscriber path
(with hot standby) and about $20,000 for
subscriber to central path (with hot
standby).

Adequate availability

Of the 2 GHz to 40 GHz frequencies
used for digital data transmission, the
bands in the 2 to 11 GHz region are com-
monly used for medium to long hauls
(e.g.. relay towers are typically 20-30
miles apart), and the short hauls (e.g.,
intra-city) are more frequently in the 18 or
23 GHz bands. The DTS bands of 10 and
18 GHz are also in wide use for the short
haul (particularly for telephone bypass).
Although transmission efficiencies are
possible at higher amounts, the typical
transmission efficiency on the medium/
long haul circuit is 3-4 bits/Hz. It is quite
often as low as approximately 1 bit/Hz for
the higher frequency short haul circuits.
Although muitipath fading may not be as
significant a factor in the higher frequen-
cy/shorter haul systems, rainfall attenua-

Point-to-multipoint

o

\H}-EL_

Local node terminal with

Legend o
90° fan beam antenna

K Point-to-point terminal with
parabolic antenna

[J< Subscriber station terminal
with parabolic antenna

- Radio link

Figure 4: DTS system configurations

Point-to-point

Point-to-multipoint

N=

Ve

._S—‘}D

\\\J{]

X

tion is much more important at these fre-
quencies. and higher fade margins (to
overcome rainfall) may be required to
achieve the desired reliability. The higher
fade margins are usually obtained by
either increasing transmission powers or
by decreasing path lengths where possi-
ble (e.g.. relay path lengths).

Frequency and equipment availability
appears more than adequate to meet the
near-term requirements for the antic-

ipated explosion of short path, long path,
networking, internetworking, telephone
bypass and the myriad other types of mi-
crowave digital data transmission.
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Figure 1: second order intermodulation
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Intermod distortion simplified

By Ray St. Louis

President. R F St. Louis Associates

Don't let complex formulas scare you

Figure 2: Third order intermodulation

away from a clear understanding of Inter- P

modulation (IM). Determining the frequen- 0dB

cies where IM will fall is as easy as adding S

and subtracting the frequencies that are

involved in generating it. Even the relative oMz | 500

levels of the intermod beats can be deter-
mined by using the rules of IM behavior

IM is not a phenomenon that suddenly c
appears at a certain operating level. This
is the definition of visible IM distortion and -17dB
the point where we become concerned PR TIRAI

level
with the interference that it causes to other =

signals. The factis, IM is always present in
any active (non-linear) device, even
though it may not be measurable. An am-
plifier with an output capability of 50
dBmV for —-60 dB third order IM has a ca-

pability of 0 dBmV for 160 dB third order =800

intermod. Even with no input signal, IM

between thermal noise will be present in ~56 dB

the amplifier at a level of perhaps 400 dB

below the thermal noise level. . < 45 MHz » ” 45 MHz >
Intermodulation also can be present in

devices not usually thought of as active

devices, such as multitaps and splitters —61d8 -61dB -61d8 -73dB

that use ferrite transformers, or in cor- 920 | 920 920 | 920

roded connectors and coax center con- kHz | kHz kHz | kHz

ductors that contain a residue of the - | - | |

dielectric 2xP-§ 2xP-C  P4+C-S P P+S5-C C S 2x5-C 2xS-P

This is seldom seen, but can be a prob-
lemin an instance where a headend is de-
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‘Intermodulation also
can be presentin
devices not usually
thought of as active
devices, such as
multitaps’

livering 54 dBmV in the downstream path
to a directional coupler headend com-
biner and is trying to receive return sig-
nals of 0 dBmV in the upstream path. If the
IM generated in the combiner by the
downstream signals (f,—f,) fell on the fre-
quency of the upstream signal, and was
90 dB below the 54 dBmV downstream
level, it would only be 36 dB below the up-
stream signal level.

Second and third order IM
In CATV we are basically concerned
with second and third order IM because
these are the first to be seen in the TV pic-
ture, usually before the higher order beats
(such as fourth and fifth order) can even
be measured on a spectrum analyzer.
Second order intermodulation (see Fig-
ure 1) is generated by:
1) Two times frequency #1 (called 2f, or
one tone second order IM, or more

commonly, second harmonic). Behav-

ior: One tone second order IM varies 2

dB for each 1 dB change in f, level.

2) Frequency #1 plus (or minus) fre-
quency #2 (called f, =f, or two tone
second order IM). Behavior: Beat var-
ies 2 dB for each 1 dB change of both f,
and f, and 1dB for each 1dB change in
f, orf,. With carriers of equal level, f, =1,
will be 6 dB stronger than 2f,.
Examples of one and two tone second

order IM are beats caused by low- and

high-band falling in mid- and super-band
and beats caused by mid- and super-
band falling in low- and high-band.

Third order intermodulation (see Fig-
ure 2) is generated by:

1) Three times frequency #1 (called 3f,,
one tone third order IM or third har-
monic). Behavior: Varies 3 dB for each
1 dB change in f,.

2) Two times frequency #1 = frequency
#2 (called 2f, =1, or two tone third or-
der IM). Behavior: Varies 3 dB for each
1 dB change of both f, and f,; 2 dB per
dB forchangeinf,; and 1 dB per dB for
change in f,.

Examples of one and two tone third or-
der IM are beat interterence from lower
adjacent sound and beats 4.5 MHz below
picture and 4.5 MHz above sound in
channel processor or modulator.

3) Frequency #1 = frequency #2 = fre-
quency #3 (called f,=f, =1, or three

tone third order IM, or commonly called

in CATV, triple beat). Behavior: Varies

3 dB for each 1 dB change in all three

carriers, 1 dB per dB change in any in-

dividual carrier.

Examples of three tone third order are
triple beat in broadband distribution sys-
tems and 920 kHz beat in single TV chan-
nel devices. With carriers of equal level,
fy =1, = {3 will be 15.6 dB stronger than 3f,.

Cross-modulation (see Figure 3) is
three tone third order intermodulation
generated by frequency #1 = frequency
#2 =+ frequency #3 (f, =1, = 1,), where f,
and f, are carriers and f, is the modulation
sidebands of these carriers. Since the
sync modulation of the TV channel gener-
ates the strongest sidebands, sync cross-
modaulation is usually the first to be seen in
the TV picture.

Cross-modulation will change 2 dB for
each 1dBchangeinbothf, andf,.{;is the
modulation sidebands of f, or f, and can
only be changed by changing the modu-
lation level. Changing by 1 dB will reduce
the cross-mod by 1 dB, but this would be
ineffective because the modulation to in-
terfering cross-modulation ratio would re-
main unchanged.

Intercept point

Intercept point (IP) is a term widely
used to denote the intermodulation figure
of merit of a device. It is the calculated
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level at which the IM level equals (or inter-

cepts) the level of the signal(s) that gener-

ated the IM. IP must be calculated as it
cannot be measured, because gain com-
pression occurs in the device under test

before these levels become equal, and a

change in dB in input level does not result

in an equal change in dB in output level of
the signals generating the IM. IP is calcu-
lated by measuring the IM performance of

a device at a level well below the gain

compression point and then scaling up to

the IP by using the IM behavior rules.

In like manner, you can use these rules
to scale the |P down to any desired signal
level and any type of IM within the same
order. As an example, let's say that you
want to determine how much triple beat
IM you have with 50 dBmV into a mixer
that is specified to have a 20 dBm (68.75
dBmV) two tone third order input IP. The
only rules we need are:

1) Two tone third order IM decreases 3 dB
for each dB reduction in the level of the
two tones.

2) Triple beat is 15.6 dB-9.6 dB = 6 dB
stronger than two tone third order IM.

68.75 dBmV two tone third order
input IP
- 50.00 dBmV input signal level

18.75dB  lower input signal
than the IP spec
resulting in a 3 x
18.75 dB decrease in
IM = 56.25 dB lower
IM than the 68.75
dBmV IP, or 12.5
dBmV M level.

Figure 3: Cross-modulation

60 MHz picture carrier (P) 132 MHz unmodulated carrier (UMC)
59.985 60.015
\ | £
131.985 132.015
N 7
| | | 1
Modulation lower Modulation upper Cross-modulation  Cross-modulation

¢ : caused by: caused by:
sidebands (LSB) sidebands (USB) UMC + LSB- P UMC + USB - P
UMC + P-USB UMC + P-LSB

Remember, we must add 6 dB to the IM
level, because triple beat is 6 dB stronger
than two tone third order, which will give
us a total of 18.5 dBmV IM, or referenced
to the 50 dBmV input signal, 32.5 dB
down.

This might appear to be very high. But if
we were using the mixer for high level
conversion of a single TV channel, our
tones would be picture, color and sound.
So we can reduce this 32.5 dB number by

16 dB if the sound carrier is down 16 dB,
and by 17 dB because the color subcar-
rier only peaks as high as 17 dB below
picture carrier. The new IM level will be a
clean 65.5 dB down.

Ray St. Louis has spent 24 years in the
cable industry and is president of R.F. St.
Louis Associates, an Essex Fells, N.J.,
electronic design consulting firm serving
the cable industry since 1978.
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Test your knowledge
Read this article again and try your

skills at answering these questions:

1) Figure 2 is missing one 920 kHz beat
that falls in the upper adjacent channel.
What combination of signals causes
this beat?

2) How many dB is the two tone third or-
der beat caused by 2f,-f, attenuated
when the 2f, frequency is attenuated
2.5dB?

3) True or false: Three tone third order IM
generated by f, +f,—f; is 9.6 dB
stronger than the one tone third order
IM generated by the third harmonic 3f,.

4) Abeatin a TV channel caused by lower
adjacent channel sound is caused by
what combination of signals?

5) What is the relative level of the beat in
Question #17?

6) Using a picture carrier of 0 dBmV, what
is the two tone third order output inter-
cept point of an amplifier with the out-
put IM performance shown in Figure 2?
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ONE OF A KIND

Only one manufacturer can provide all of the
television program automation services in this rack —

TEXSCAN MSI/COMPUVID
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For CATV, SMATV, MMDS, LPTV, MATV and
Corporate and Industrial Closed Circuit Systems, Large or Small.
® Automatic commercial insertion.

® Automatic VCR and character generator program playback.
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® NAPLPS computer graphics news and advertising display.

® Traffic and billing systems for commercial insertion.

|Texscan|
mm 3855 South 500 West ® Suite S ® Salt Lake City, Utah 84115 (801) 262-8475

See us at the Cable-Tec Expo Booth 229.
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Test system expedites
satellite network development

By Bill Davidson
Lead Engineer, Harnis Satelite Communication Division

Major television networks are rushing to de-
velop bypass distribution systems to reduce
expense and to improve marginally adequate
quality of present land line networks for video
service. Satellite transmission appears to be a
natural medium for these bypass networks. In
addition to offering higher bandwidths, natu-
rally widespread coverage and continually
decreasing transmission costs as more spe-
cialized common carriers enter the market-
place, the flexibility of originating TV produc-
tions from both coasts and from mobile re-
motes is a major advantage.

To find a modern alternative to its present
distribution system, NBC-TV selected Harris
Corp.'s Satellite Communication Division to
design a Ku-band satellite transmission net-
work. Using existing Comsat facilities, the sys-
tem will distribute all NBC-TV programming to
network affiliates. Transponders on the Space
Shuttle-launched SBS Il satellite are to be
used for widespread distribution of network TV
programming.

Due to the new system's complexity and
widespread coverage, system designers
faced interesting problems in the develop-
ment of a test system for initial acceptance
testing and for regular maintenance. Trans-
mission can originate from one of two master
sites, New York City and Los Angeles, or from
one of six portable remotes. Network control is
centralized in New York. There are presently
170 receive-only network affiliates in the con-
tinental United States. NBC is rushing com-
pletion of the $100 million system for an obvi-
ous competitive advantage: The new Ku-band
system, with its improved performance, could
establish an industry standard for TV coverage
if introduced quickly.

System evaluation and customer accept-
ance depended upon complete audio and
video transmission testing of the satellite fink
and comprehensive data collection. Initial
testing could be performed manually, but a
quicker, automated test system was needed to
keep costs down and maintain tight test
schedules when field installation crews were
sent out.

Instrumentation needs

Harris turned to various instrumentation
suppliers for assistance in developing a cus-
tom, fully automated system to speed test
procedures, and to provide centralized data
collection and formatting for the volume of
data that was expected. An important consid-
eration was to find a supplier that could pro-
vide software support as well as a completely
integrated hardware package.

Video equipment was required to test the

Figure 1: Basic system configuration
SBS
Molbourne Site under test
field test bed
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satellite circuits per EIA RS250B video trans-
mission standards with NBC and Satcomm
supplying some of the specific test parame-
ters. An audio source had to be found that
could supply a +18 dBm, 1 kHz output with
jow residual distortion to accurately test peak
audio program level distortion.

All instrumentation was to be remotely con-
trollable from a Harris field test facility located
in Melbourne, Fia. The two ends of the satellite
link could be as much as 3,000 miles apart.
And since most links would be set up as one-
way, simplex transmission links, control of the
testing would be a complex problem. In addi-
tion, both local and remote reporting of the test
data were required. It also was necessary to
have both a real-time graphics display of test
information as well as a hard copy printoutin a
format specified by Harris.

Transportability was a must. All test equip-
ment and its associated power supplies had to
fitin a normal-sized van fortransportationtothe
various field sites. There would be up to 10
field teams operating simuitaneously to com-
plete the system test.

Tektronix involvement

Discussions with Tektronix concerning test
instrumentation began in the winter of 1982.
The broad scope of the requirement for
equipment drew across three Tektronix prod-
uct lines: instruments, television and portable
spectrum analyzers (RF). It indicated the ne-
cessity for a coordinated effort, which in-
cluded software as well as hardware support.

COMMUNICATIONS TECHNOLOGY

Tektronix was awarded the contract for instru-
mentation based on its ability to supply the
total hardware package and provide suitable
prewritten applications packages for the au-
tomated test routines.

Software modifications to customize ex-
isting Tektronix programs took several months.
Phase 1 testing began in the fall of 1983 with
20 field sites. This testing proved the viability of
the satellite link as well as the test equipment.
After customer review of the data, Phase 2
testing began in the spring of 1984 to check
the remaining 150 field sites and the six mobile
TV remotes to be commissioned in Florida.

Transmission at Ku-band is affected more by
precipitation than earlier C-band links. Pre-
liminary measurements indicated that this out-
age was less than expected partially as a
result of the large fade margins designed into
the system and the ability to reroute transmis-
sion from the central network control.

System configuration

The system is basically a simplex audio and
video transmission system (see Figure 1). A
channel on one of the satellite’s transponders
is reserved for testing. Tests are initiated and
controlled from Harris' field test facility, which
excites the transponder channel with video
and audio test signals. The signalis beamed to
the SBS Il satellite, which rebroadcasts it for
general U.S. coverage. Each receiving site
has four receivers to be tested.

A field test team travels to a remote receive
station with the instrumentation van and when
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ready, calls the Melbourne tacility over regular
phone lines to schedule a test. This line is used
for voice communications throughout the test
session. Melbourne then calls back on another
land line that is used for data transmission

At the transmitting end a programmable
audio oscillator continuously outputs a 1 kHz
test tone that is used to confirm that the path is
operational before starting any testing. A pro-
grammable video test set is used as an exciter
for the video testing. Atthe receiving end of the
satellite link, an audio analyzer measures the
signal-to-noise ratio (S/N), frequency re-
sponse and harmonic distortion. An automatic
video measurement set is used to measure the
RSB250B parameters. A spectrum analyzer is
used for making the various carrier-to-noise
density ratio (C/N) measurements.

Test sequencing is controlled by a standard

instrumentation controlier at each end of a link.
During testing, the two controllers operate in a
master/slave mode with the Melbourne end
controller as the master. Controllers com-
municate in handshaking mode using 1,200-
baud modems over the second dial-up land
line. Audio and video test routines, resident in
the slave controlier PROMSs, are initiated upon
command from the master controlier.

These routines are part of the large Tektronix
library of packaged applications programs.
Written in Tektronix 4041 BASIC, the programs
are easily customized by end users. However,
the software for the overall control of site tests
from the master controller at Melbourne main-
tenance center had to be written specifically
for this job. This was the first application of a
two-controller master/slave, remote-controlled
test/data collection application. A second test

YOU BUY

QUIPMENT
WORK.

VERSALIFT

Down-Time is a bad
word in any working fleet. It’s
expensive. It wastes time.

n n [ s B That's why we build Versalifts

to work. And work efficiently.

More than 14,000 Versalifts have
been built over the years. Most of them are still out there in
the field. Working. The most complete line of aerial
devices on the market, with the best in-service

records and lowest operating and maintenance
costs. That’s Versalift. Your local Versalift
distributor will be glad to work with you
to choose the model and size best

suited to meet your aerial
work requirements.

Versalift is a service
proven product of Time
Manufacturing
Company.

Reader Service Number 48.

94 JUNE 1986

g |
E)

P.0. Box 20368
Waco, TX 76702-0368
(817) 776-0900

—_——— —

bed at Melbourne was used to develop the
initial system. which then was turned over to
manufacturing for other duties.

Video tests are performed first; the instru-
mentation is then manually patched over and
the audio tests are performed. Data is sent
back to Melbourne via a land line data link for
display and printing. This configuration sup-
ports centralized data collection, yet enables
local test technicians to view the results in real
time. In the event data is lost or garbled in
transmission, there is back-up available at the
remote field site so the tests do not have to be
rerun.

Instrumentation used

Figure 2 lists the instrumentation used at the
transmit end at Melbourne and Figure 3 the
receive end in the field test vans. All test
equipment except the Tektronix Answer video
measurement set uses the IEEE 488 general
purpose interface bus (GPIB). The Answer set
uses EIA RS232C ports to interface with the
outside world. Digital control circuitry on all
programmable test equipment permits remote
setting and reading of front panel controls and
indicators on all test equipment.

All instrumentation is controlled by a Tek-
tronix 4041 system controller in each test bed.
The 4041 contains three microprocessors, the
CPU being the powerful 16-bit Motorola
MC68000. The controller can be configured
with from 32K bytes to 512K bytes of memory.
A 20-character alphanumeric LED display, a
DC100 cassette drive, and a 20-character
thermal printer are provided for input/output
requirements. Two IEEE 488 and two RS232
ports are also available, eliminating the need
for extra interface units. Up to 14 GPIB instru-
ments can be connected to each IEEE 488
bus. If mass storage is required, a mass stor-
age interface and extra RS232 port are
available.

There are two modes of operation, a pro-
gram development mode and an operate-only
mode. A detachable keyboard and set of pro-
gram development ROM packs turns an oper-
ate-only controller into a development unit. in
the operate-only mode, the programs are pro-
tected against accidental modification. Pro-
grammed front panel user prompts and 10
user-definable function keys simplify opera-
tion for operators of all skill levels.

The Tektronix SG 5010 signal generator and
AA 5001 audio analyzer used for audio tests
are products in the Tektronix TM 5000 Series of
modular, programmable test equipment
These instruments feature high output power
and low internal noise and distortion for per-
forming audio frequency response and dis-
tortion measurements.

Video measurements are made using a
Model 1980 Answer automatic video mea-
surement set at the remote end of the link. This
set is programmed for a wide range of video
measurements and operates with a remote
terminal over telephone lines, making it ideally
suited for our application. Microprocessor-
assisted controls and digital circuitry yield
consistent measurements and high repeat-
ability. Application programs are available for
the 1980 to make most NTSC and PAL video
broadcast measurements.

At the field site end, the video carrier and
other signal components are displayed at RF
on the Tektronix 492P fully programmable
spectrum analyzer. This spectrum analyzer
can be configured to cover the range from 50
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Figure 2: mMelbourne test facility Figure 3: Field test equipment
equipment configuration configuration
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kHz up t0 220 GHz. The 492P can be remotely
configured over the IEEE 488 bus and in-
structed to send the digitized spectra in ASCH
or binary format to a controller and/or record-
ing device.

Formatted test results are displayed in Mel-
bourne on a Tektronix 4025 graphics display
terminal. This terminal is equipped with 16K
memory to allow data buifering, scrolling and
split-screen display. With its optional character
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set for forms ruling and plotting, easy-to-read,
high-quality tabulated data forms are gener-
ated. Hard copy for official test results sub-
mission comes from a Tektronix 4611 hard
copy printer at the field test facility.

Evaluation of test system

During Phase 1, the equipment performed
all tests satisfactorily with no additional mog-
ifications or changes. Testing all four receivers
at each site takes only two hours excluding
travel and set up. This rapid test cycle allowed
us to cut the number of field teams from 10 to
five and still remain on schedule.

Local processing and printout of test data is
a major benefit for the field team. If a path
outage or system malfunction occurs, the
team is immediately aware of it and can remain
in place to perform corrective maintenance
and rerun another test cycle. In fact, if the line
printer malfunctions, a thermal printer built into
each 4041 system controller can be used as
back-up. The system produces easily inter-
preted documentation of test results to assist
in the system sign-off required by NBC

Customer benefits

A single supplier for all hardware and soft-
ware greatly assisted in the implementation of
the satellite test system. The unique applica-
tion would not have been possible without the
standardization throughout the product lines
An example is the use of the IEEE 488 GPIB
and use of standard operating codes within
the Extended BASIC instruction set, which
facilitated program development, equipment
interconnect and overall test control

The number of tests to be performed, cou-
pled with the number of field teams operating
simultaneously and the large amount of data to
be collected, made an automated system
mandatory. Encoding the analog test data im-
mediately at the receiving site permits local
formatting, digital transmission, high accuracy
and repeatable performance. Furthermore,
the system is collectively small enough and
rugged enough to be transported by van.

COMMUNICATIONS TECHNOLOGY
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1,000-watt UPS

Nifepower 1000, a new on-line
1,000-watt uninterruptible power system
(UPS) and AC power conditioner from
SAB NIFE, has been designed to meet the
functional and aesthetic needs of today's
office environment. The Nifepower is 17
inches high, weighs 130 pounds, can be
moved around easily, and plugs into a
120 VAC wall outlet, eliminating the need
for special field wiring.

To ensure optimum protection of data
and computer equipment in professional
offices, UPS and power conditioning sys-
tems of 1,000 watts or larger are often re-
quired. Such systems were generally
bulky, stationary and normally mounted in
industrial-style racks.

According to the company, this product
does not buzz or hum excessively. The
unit's transistorized inverter (DC-to-AC
current converter) is said to provide ex-

ceptionally quiet, efficient and reliable
operation

For more information, contact SAB NIFE
Inc., Dept. 837, P.O. Box 100, George
Washington Hwy., Lincoln, R.l. 02865.

Channel tuner

Universal Security Instruments Inc. has
announced the availability of its wireless
remote-control TV/cable channel tuner,
the Model V-7109. The product is a
109-channel tuner, including mid- and
super-band cable channels, as well as
standard UHF/VHF channels. itincludes a
full-function remote-control and remote-
signal source switching from two different
input sources. It is said to incorporate un-
limited favorite channel memory and
stereo MPX output.

For more information, contact Universal
Security Instruments Inc., 10324 S. Dol-
field Rd., Owings Mills, Md. 21117, (301)
363-3000.

Fiber-optic
assemblies

Customized fiber-optic cable assem-
blies for short-distance data communica-
tions are now offered by S.I. Tech. The

patch cord assemblies for use between
instruments and patch panels or wiring
closets range in length from 5 to 50 feet (3
to 10 m). They also can serve to extend
too-short existing fiber-optic cable as-
semblies using couplers. According to
the company, connectors on either end
can be mixed or matched to make diverse
equipment completely compatible

Selection of components from a specifi-
cation menu-guide provides several hun-
dred tailor-made choices. Users can
specify fiber core size; type of buffer,
cable and connector; cable attenuation
manufacturer of cable and connector;
and if needed, a breakout kit. Single-
sourcing of fiber-optic cable assemblies
1$ said to save users the time and effort as-
sociated with in-house component pur-
chasing and assembly.

For more information, contact S.I. Tech,
P.O. Box 609, Geneva. lll. 60134, (312)
232-8640

Model improvements

Progressive Electronics Inc. has an-
nounced two new improvements in its
Model 501, an RF-type cable locator for
tracing the path and finding the depth of
cables, wires and pipes underground, as
well as in walls, floors and ceilings. The
501 now includes a speaker in the re-
ceiver for listening to the tracking tone
With this addition, the headphones no
longer are needed. The carrying case
now contains molded compartments for
each part of the product.

For more information, contact Progres-
sive Electronics, Inc., 325 S. El Dorado,
Mesa, Ariz. 85202, (602) 966-2931 or
(800) 528-8224.
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PREVENTINVE MAINTENANCE T

Fiber-optic systems

By Bradley Elkins
Project Manager, Fiber-Optic Systems
Times Fiber Communications Inc

Preventive maintenance (PM) is not a
new term in the communications network
business, whether the field is telco, CATV
or data transmission. What is new is that
PM has become a more crucial segment
of the business as these networks be-
come more sophisticated and load bear-
ing.

Fiber, in particular, requires an intensi-
fied PM program because of the greater
capacity that it carries today. The fiber
systems of a few years ago, having band-
widths of several hundred megahertz,
now are being replaced with systems ca-
pable of 1 gigahertz or more of usable
bandwidth. Such increased-capacity sys-
tems actually have fewer maintenance
points, yet they require more critical spec-
ifications for operation and maintenance.

Design and installation

Establishing the criteria for a PM pro-
gram for a fiber network begins at the de-
sign stage. The margin built into the sys-
tem must be known and must represent
some percentage of the minimum operat-
ing parameters of the network. Economic
selection studies usually define the com-
parison between components and the
costs associated with the amount of mar-
gin. The manufacturers' specifications will

dictate the expected life and degradation
curve for the particular equipment being
used.

Once the equipment is selected, the
loss budgets are defined and the theoreti-
cal margin then is known. Next, the instal-
lation is critical since the objective is to
achieve the design margin.

The installation plays a major role in the
PM program because, in theory, the sys-
tem should never perform better than the
day it was installed. Accurate documenta-
tion at this stage is vital, including:

e List of test equipment/date of calibra-
tion.

® Optical power levels at all transmit and
receive locations.

® Actual losses from fiber, splices and
connectors. Optical time domain reflec-
tometer (OTDR) display tapes should
be given for each fiber.

¢ AC and DC voltages that supply all op-
tical components, i.e.. laser bias,
cooler, shuntand diode, where accessi-
ble.

e Comparison of design to actual.

e RF and distortion levels at proof of
performance.

The system should be completely doc-
umented to provide a comprehensive ref-
erence for its performance over time. The
original record should be transcribed
onto periodic maintenance forms that
have spaces available for new entries.

name

Figure 1: sample evaluation sheet

Note: Points C and E not for periodic maintenance.
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‘Establishing the
criteria for a PM
program. .. begins at
the design stage’

Generally, a loose-leaf binder works
nicely. This document should contain: a
system description (block diagram),
OTDR traces of each fiber, initial set-up
levels, and periodic maintenance sheets
specifying levels and voltages at each
location.

Figure 1 is a sample of a broadband
video network evaluation sheet. This
sheet then would be modified for the peri-
odic maintenance checks recommended
by the manufacturer.

Typically, a system presents one or
both of the following situations: Either it is
impossible to conduct direct optical
power measurements without degrading
the system, or the system is on-line and
would cause disruption of service to test
the RF data. Therefore, DC power and RF
measurements of the optical components
are the only effective means of monitoring
the system's condition. Once the system
is turned on and operating, the risk of per-
formance degradation is minimal and dis-
ruption of the optical path should be the
last resort for PM program monitoring.
Usually, disruption of the connectors
causes some degradation or requires ex-
tensive alignment procedures. Perform-
ance degradation can occur because
some of the mating interfaces are “con-
tacting," fluid coupled or tuned.

Inexperienced observers like to “see
the light" and therefore cycle the connec-
tors in an optical system. One should not
disrupt the connection for this purpose. It
is a very dangerous practice that could re-
sult in retinal damage.

No mystique

Optical systems contain no mystique.
They require monitoring, just as other net-
works do. The RF data and DC test points
provide all the information required to
properly maintain a system. New technol-
ogies, such as alarm circuits and remote
monitoring, will make this task easier. But,
while innovation may continually add ser-
vices and “load” these high-bandwidth
systems, it is important to remember that
the corresponding PM program must be
more intensive.
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CONSTRUCTION TECHMNIGQUES T

Fiber-optic splicing

This article focuses primarily on multi-
mode optical fibers, since it is the pre-
dominant form used in LANs and cable
television systems. Single-mode fiber has
similar requirements but to a much more
critical degree. The alignment tolerances
are much finer because of the smaller
core diameter of single-mode fiber.

By Thomas J. Jordan
Communications Consulting Manager, LANetCO Group

And Hal Krepp

Fiber-Optic Installation Manager, LanPro Communications

Fiber-optic communications is continu-
ing to develop into a mature technology
that is finding a valuable use in local area
networks (LANs), cable TV and long-haul
telephone systems. Beyond all of the de-
tailed technical discussions looms the
question of what type of splice to use for
connecting two fibers together. The type
and quality of fiber splices often has a
great impact on the system cost.
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Splices fall into three categories: fusion,
mechanical and elastomeric. Fusion
splicing uses an electrical arc to literally
weld the two fibers together. Light is trans-
mitted along a continuous run of fiber with
only a slight discontinuity at the splice.
Mechanical and elastomeric splicing
each use a physical connector housing to
butt the ends of the fiber together. While
there is some discontinuity at the splice,
index matching fluid is used to minimize
the light loss.

The preparation

The first step to making an optical fiber
splice is to break out the individual fibers
from the cable bundle. While most LAN
cables have only two fibers, there can be
anywhere from six to over 100 fibers in a
cable. Virtually half of a technician's time
is spent breaking out the fibers.

After the individual fibers have been
separated, the end of each fiber must be
cleaned. This is commonly done with
either acetone or alcohol. Aicohol is pre-
ferred from both safety and performance
standpoints. In some fibers the dyes used
to color code the fibers are dissolved by
the acetone and get dragged across the
glass fiber during the cleaning process.
Alcohol does not dissolve the dyes and
still provides as clean an end as acetone.
One exception to this is gell-filled cables,
which can require the use of acetone to
remove the flooding compound.

To achieve the maximum transfer of
light energy through the splice requires
that the end faces of the fibers be very
smooth and perpendicular to the axis of
the fiber. This is accomplished by cleav-
ing the fiber where the splice is to be
made. In this step a cleaving tool is used
to lightly drag a diamond tip across the fi-
ber. The technician then snaps at the ex-
cess length of the fiber and it separates at
the cleave, ideally leaving a smooth, per-
pendicular end face. For multi-mode or
single-mode fibers, hand cleaving is
quickest and with experience it can be as
good as mechanical cleaving.

The steps up to this point simply have
been the preparation of the fibers for
splicing. An experienced technician
should be able to break out and prepare
two 48-fiber cables in only one to two
hours. But properly preparing the fibers is
as important as any of the other steps.
After cleaning the fiber again we are now
ready to perform the actual splicing of the
fibers.

‘The type and quality
of fiber splices often

has a great impact on
the system cost’

The splicing process

As stated earlier, fusion splicing uses
an electrical arc to heat the fiber ends and
weld them together. Each fiber is first in-
serted into the fusion splicer and pre-
fused at a low energy level. Pre-fusing
warms the fiber and removes any mois-
ture or particulate matter from the end of
the fiber

Pre-fusing should leave the end of the
fiber smooth and flat and not rounded (as
many of us were originally taught). Splices
having less than 0.1 dB of loss can be
consistently obtained by not rounding the
fiber end. Finally, using a higher energy
level, the fusion of the two fibers is made
to complete the splice.

Fusion splicing is the most reliable and
offers the greatest integrity of any type of
splice. In fact, if one tries to break a fusion
splice, it is more likely that the fiber itself
will break before the splice does. It also
offers the lowest loss of various splices.
The major drawback of this method of
splicing is that a fusion splicer is very ex-
pensive and not cost-effective to pur-
chase if you have only a few splices to do.

A mechanical splice uses a solid plastic
or metallic body to couple the fibers to-
gether. The coupling itself is spring
loaded to maintain as small a distance as
possible between the two fibers to mini-
mize the splice loss. To further reduce the
energy loss, an index matching fluid is
placed into the coupling between the two
fibers.

The cost of a mechanical splice varies
anywhere from $70 to $350. Some require
that the fiber ends be polished, while
cleaving is satisfactory for others. An ex-
perienced technician may spend from 20
to 40 minutes polishing the fibers.

The last type of splice available is the
elastomeric splice. This consists of mem-
ory plastic that surrounds and grips the fi-
bers after they are inserted into the splice
body. The index matching fluid used to re-
duce the splice loss produces a hydraulic
effect that causes the fiber to draw out of
the splice body. it is generally recom-
mended only for emergency or temporary
splices until a mechanical or fusion splice
can be made. (|

COMMUNICATIONS TECHNOLOGY



TECHBOOK T

By Ron Hranac and Bruce Catter
O Jones Intercable Inc.

North American television channel frequencies

TV Channel at RF TV Channel at IF .
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45.75
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(41 .25)
Sound MHz
Color
45 4217 4.5
MHz Color MHz MHz
—— .25 25 -
1.25 3.58 MHz | MRz 3.58 1.25
MHz MHz MHz MHz
- >
| 7
6 MHz 6 MHz
- —- -+ -
Off-air channeis (MHz2)
Receiver/ Recelver/
processor processor
Chennel Channel local Channel Channel tocal
O no. boundaries Picture Color Sound osclliator no. boundaries Picture Color Sound osciilator
39 620-626 621.25 624.83 625.75 667
VHF television frequencies 40 626-632 627.25 630.83 631.75 673
(low band) 41 632-638 633.25 636.83 637.75 679
42 638-644 639.25 642.83 643.75 685
2 54-60 55.25 58.83 59.75 101 43 644-650 645.25 648.83 649.75 691
3 60-66 61.25 64.83 65.75 107 44 6850-656 851.25 654.83 655.75 697
4 66-72 67.25 70.83 nis 13 45 656-662 657.25 660.83 661.75 703
5 76-82 77.25 80.83 81.75 123 46 662-668 663.25 666.83 6867.75 709
6 82-88 83.25 86.83 87.75 129 47 668-674 669.25 672.83 673.75 715
48 674-680 675.25 678.83 679.75 721
49 680-686 681.25 684.83 685.75 727
(high band) 50 686-692 687.25 690.83 691.75 733
51 692-698 693.25 696.83 697.75 739
7 174-180 175.25 178.83 178.75 221 52 696-704 699.25 702.83 703.75 745
8 180-186 181.25 184.83 185.75 227 53 704-710 705.25 708.83 709.75 751
9 186-192 187.25 190.83 191.75 233 54 710-716 711.25 714.83 715.75 757
10 192-198 193.25 196.83 197.75 239 55 716-722 71725 720.83 721.75 763
1" 198-204 199.25 202.83 203.75 245 56 722-728 723.25 726.83 727.75 769
12 204-210 205.25 208.83 209.75 251 57 728-734 729.25 732.83 733.75 775
13 210-216 211.25 214.83 215.75 257 58 734-740 735.25 738.83 739.75 781
UHF television frequencies
14 470-476 471.25 47483 475.75 517 59 740-746 741.25 74483 745.75 787
15 476-482 477.25 480.83 481.75 523 60 746-752 747.25 750.83 751.75 793
16 482-488 483.25 486.83 487.75 529 61 752-758 753.25 758.83 757.75 799
17 488-494 489.25 492.83 493.75 535 62 758-764 759.25 762.83 763.75 805
18 494-500 495.25 496.83 499.75 541 63 764-770 765.25 768.83 769.75 811
19 500-506 501.25 504.83 505.75 547 64 770-776 771.25 77483 775.75 817
20 506-512 507.25 510.83 511.75 553 65 776-782 777.25 780.83 781.75 823
21 512-518 513.25 516.83 517.75 559 66 782-788 783.25 786.83 787.75 829
22 518-524 51925 522.83 523.75 565 67 788-794 789.25 792.83 793.75 835
23 524-530 525.25 528.83 529.75 57 68 794-800 795.25 798.83 799.75 841
24 530-536 531.25 534.83 535.75 577 69 800-806 801.25 804.83 805.75 847
25 536-542 537.25 540.83 541.75 583 70 806-812 807.25 810.83 811.75 853
26 542-548 543.25 546.83 547.75 589 7 812-818 813.25 816.83 817.75 859
548-554 549.25 552.83 553.75 595 72 818-824 819.25 822,83 823.75 885
28 554-560 555.25 558.83 559.75 601 73 824-830 825.25 828.83 829.75 a7
29 560-566 581.25 564.83 565.75 607 74 830-836 831.25 834.83 835.75 877
30 566-572 587.25 570.83 571.75 613 75 836-842 837.25 840.83 841.75 883
31 572-578 573.25 576.83 577.75 619 76 842-848 843.25 846.83 847.75 889
32 578-584 579.25 582.83 583.75 625 7 848-854 84925 852.83 853.75 895
3 584-590 585.25 588.83 589.75 631 78 854-860 855.25 858.83 859.75 901
M 590-596 591.25 594.83 595.75 637 79 860-866 861.25 864.83 865.75 207
35 596-602 597.25 600.83 601.75 643 80 866-872 867.25 870.83 871.75 213
36 602-608 603.25 606.83 607.75 649 81 872-878 873.25 876.83 877.75 219
37 608-614 609.25 612.83 613.75 655 82 878-884 879.25 882.83 883.75 925
38 614-620 615.25 618.83 619.75 661 83 884-890 885.25 888.83 889.75 931
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CATV channels (MHz2)

EIA/NCTA
Std. channel Standard HRC IRC
channel no.
no, (1S-8) Picture Color Sound Picture Color Sound Picture Color Sound
17 7 10.58 1.5
T8 13 16.58 17.5
T-9 19 22.58 235
T-10 25 28.58 295
T-1 3 34.58 35.5
T-12 37 40.58 415
T-13 43 46.58 47.5
2 2 55.25 58.83 69.75 54 67.58 58.5 55.25 58.83 59.75
3 3 61.25 64.83 65.75 60 63.58 64.5 61.25 64.83 65.75
4 4 67.25 70.83 71.75 66 69.58 705 67.25 70.83 7.75
A-8 1 - - — 72 75.58 765 73.25 76.83 77.75
5 5 77.25 80.83 81.75 78 81.58 825 79.25 82.83 83.75
6 6 83.25 86.83 87.75 84 87.58 86.5 85.25 88.83 89.75
A5 95 91.25 94.83 95.75 90 93.58 945 91.25 94.83 95.75
A-4 96 97.25 100.83 101.75 96 99.58 100.5 97.25 100.83 101.75
A-3 97 103.25 106.83 107.75 102 105.58 106.5 103.25 106.83 107.75
A-2 98 109.25 112.83 113.75 108 111.58 125 109.25 112.83 1375
A1 99 115.25 118.83 119.75 114 117.58 118.5 115.25 118.83 119.76
A 14 121.25 124.83 125.75 120 123.58 124.5 121.25 124.83 125.75
B 15 127.25 130.83 131.75 126 129.58 130.5 127.25 130.83 131.75
o] 16 133.25 136.83 137.75 132 135.58 136.5 133.25 136.83 137.75
o] 17 139.25 142.83 143.75 138 141.58 1425 139.25 142.83 143.75
E 18 145.25 148.83 149.75 144 147.58 1485 145.25 148.83 149.75
F 19 151.25 154.83 155.75 150 153.58 1545 151.25 154.83 155.75
G 20 157.25 180.83 161.75 156 159.58 160.5 167.25 160.83 161.75
H 21 163.25 166.83 167.75 162 165.58 166.5 163.25 186.83 167.75
! 22 169.25 172.83 173.75 166 171.58 1725 169.25 172.83 173.75
7 7 175.25 178.83 179.75 174 177.58 178.5 175.25 178.83 179.75
8 8 181.25 184.83 185.75 180 183.58 1845 181.25 184.83 185.75
9 9 187.25 190.83 191.75 186 189.58 190.5 187.25 190.83 191.75
10 10 193.25 196.83 197.75 192 195.58 196.5 193.25 196.83 197.75
" 1" 199.25 202.83 203.75 198 201.58 2025 199.25 202.83 203.75
12 12 205.25 208.83 209.75 204 207.58 208.5 205.25 208.83 209.75
13 13 211.25 214.83 215.75 210 213.58 214.5 211.25 214.83 215.75
J 23 217.25 220.83 221.75 216 219.58 220.5 217.25 220.83 221.75
K 24 223.25 226.83 227.75 222 225.58 226.5 223.25 226.83 227.75
L 25 229.25 232.83 233.75 228 231.58 2325 229.25 232.83 233.75
(] 26 235.25 238.83 239.75 234 237.58 2385 235.25 238.83 239.76
N 27 241.25 244.83 245.75 240 243.58 244.5 241.25 244.83 245.75
(o] 28 247.25 250.83 251.75 246 249.58 250.5 247.25 250.83 251.75
P 29 253.25 256.83 257.75 252 255.58 256.5 253.25 256.83 257.75
Q 30 259.25 262.83 263.75 258 261.58 262.5 259.25 262.83 263.75
R 31 265.25 268.83 269.75 264 267.58 268.5 265.25 268.83 269.75
S 32 271.25 274.83 275.75 270 273.58 274.5 271.25 274.83 275.75
T 33 277.25 280.83 281.75 276 279.58 280.5 277.25 280.83 281.75
u 34 283.25 286.83 287.75 282 285.58 286.5 283.25 286.83 287.75
v 35 289.25 292.83 293.75 288 291.58 2925 289.25 292.83 293.75
w 36 295.25 298.83 299.75 294 297.58 298.5 295.25 298.83 299.75
AA 37 301.25 304.83 305.75 300 303.58 304.5 301.25 304.83 305.75
BB 38 307.25 310.83 311.75 306 309.58 310.5 307.25 310.83 311.75
cc 39 313.25 316.83 317.75 312 315.58 316.5 313.25 316.83 317.75
0o 40 319.25 322.83 323.75 318 321.58 3225 319.25 322.83 32375
EE 41 325.25 328.83 329.75 324 327.58 328.5 325.25 328.83 329.75
FF 4?2 331.25 334.83 335.75 330 333.58 334.5 331.25 334.83 335.75
GG 43 337.25 340.83 341.75 336 339.58 340.5 337.25 340.83 341.75
HH 44 343.25 346.83 347.75 342 345.58 346.5 343.25 346.83 347.75
] 45 349.25 352.83 353.75 348 351.58 352.5 349.25 352.83 353.75
JJ 46 365.25 358.83 359.75 354 357.58 358.5 355.25 358.83 359.75
KK 47 361.25 364.83 365.75 360 363.58 364.5 361.25 364.83 365.75
LL 48 367.25 370.83 371.75 366 369.58 370.5 367.25 370.83 371.75
MM 49 373.25 376.83 377.75 372 375.58 376.5 373.25 376.83 377.75
NN 50 379.25 382.83 383.75 378 381.58 3825 379.25 382.83 383.75
00 51 385.25 388.83 389.75 384 387.58 388.5 385.25 388.83 389.75
PP 52 391.25 394.83 395.75 390 393.58 394.5 391.25 394.83 395.75
QaQ 53 397.25 400.83 401.75 396 399.58 400.5 397.25 400.83 401.75
RR 54 403.25 406.83 407.75 402 405.58 406.5 403.25 406.83 407.75
SS 55 409.25 412.83 413.75 408 411.58 4125 409.25 412.83 413.75
T 56 415.25 418.83 419.75 414 417.58 418.5 415.25 418.83 419.75
uu 57 42125 424.83 425.75 420 423.58 4245 421.25 424.83 425.75
w 58 427.25 430.83 431.75 426 429.58 430.5 427.25 430.83 431.75
ww 59 433.25 436.83 437.75 432 435.58 436.5 433.25 436.83 437.75
XX 60 439.25 442.83 443.75 438 441.58 4425 439.25 442.83 443.75
YY 61 445.25 448.83 449.75 444 447.58 448.5 445.25 448.83 449,75
22 62 451.25 454.83 455.75 450 453.58 454.5 451.25 454.83 455.75
63 457.25 460.83 461.75 456 459,58 460.5 457.25 460.83 461.75
64 463.25 466.83 467.75 462 465.58 466.5 463.25 466.83 467.75
65 469.25 472.83 473.75 468 471.58 4725 469.25 472.83 473.75
66 475.25 478.83 479.75 474 477.58 478.5 475.25 478.83 479.75
67 481.25 484.83 485.75 460 483.58 484.5 481.25 484.83 485.75
66 487.25 490.83 491.75 486 489.58 490.5 487.25 490.83 491.75
69 493.25 496.83 497.75 492 495.58 496.5 493.25 496.83 497.75
70 499.25 502.83 503.75 498 501.58 502.5 499.25 502.83 503.75

*Channet 5 and Channel 6 (HRC/IRC only) also are referred o as A-7 and A-G respectively.
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TECH TIPS

Measuring scrambled signals

By Marcus Stewart
Technical Writer, Wavetek Indiana Inc.

Today many premium channels use
signal scrambling to help deter piracy.
Scrambling rearranges the structure of a
modulated waveform to prevent reception
by unpaying customers. Without special
detection circuitry, the incoming scram-
bled signal cannot be displayed. This re-
arrangement of the video modulated car-
rier can create problems for the service
technician using a signal level meter to
measure the scrambled signal. These
problems may be more than just an inac-
curacy in level measurement. Fluctua-
tions in meter movement may be drastic
enough to render a measurement impos-
sible.

There are several methods of scram-
bling practiced in the industry. Horizontal
and vertical sync suppression are com-
mon methods that directly affect the accu-
racy of a signal level measurement. In a
typical unscrambled signal (Figure 1) the
peak carrier amplitude is the top of the
horizontal and vertical sync tip pulses.
These sync pulses are detected, con-
verted to an average DC level and dis-
played on the meter.

Horizontal sync suppression (Figure 2)
hides the horizontal sync puises by atten-
uating the video signal during the time in-
terval of the pulse. Descrambling is ac-
complished by turning on an amplifier in
the set-top converter during the sync
pulse interval. For proper descrambler
operation, a timing reference must be pro-
vided to the converter. Amplitude modu-
lating the audio subcarrier with this timing
reference is common in the industry.

Some scrambling systems incorporate
both horizontal and vertical sync suppres-
sion. In this mode there are no horizontal
or vertical sync tips to be recognized by
the meter. The video picture information
will be the peak of the AM envelope and
will vary in amplitude depending on the
presence of white or black information be-
ing present (black being maximum level
and white, minimum level).

The signal level meter

Signal level meters (SLMs) are essen-
tial tools for every cable technician. in or-
der to better understand how scrambled
signals are measured, the basic principle
of how the SLM detects and displays in-
coming signal levels should be consid-
ered. The meter uses a peak detector to
detect the incoming signal. Detector

Video IF

Flgure 1: unscrambled signal
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Figure 2: Horizontal sync suppression
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specifications are an important consider-
ation when comparing the accuracy of
various meters. Not all detectors have the
same parameters. In Figure 3, during the
positive half cycle the diode is forward
biased, connecting the source directly
across the capacitor and allowing it to
charge to the amplitude of the input signal
(minus the forward diode drop of approxi-
mately .7 volts).

As the input drops in amplitude, the di-
ode turns off, allowing the capacitor to
discharge through the meter load resis-
tance. The effect of the capacitor charg-
ing and discharging creates a DC ripple
voltage that is supplied to the meter de-
flection circuitry (Figure 4). The meter it-
self is set up to display the average DC
level of this ripple voltage. The ripple fac-
tor is therefore proportional to the RC time
constant of the RF detector.

The shorter the time constant the
greater the ripple and, likewise, the longer
the time constant the lower the ripple
Changes in peak amplitude of the input

COMMUNICATIONS TECHNOLOGY

will be detected and cause the average
DC voltage to change the meter deflec-
tion. The amount of time it takes the meter
to change is determined by the RC time
constant of the detector. Remember that
horizontal sync suppression is accom-
plished by attenuating the horizontal
pulses to a much lower level than the
video information. The detector recog-
nizes this decrease in peak input level
and generates a relative decrease in volt-
age to the meter. Since the RC time con-
stant is relatively short in most meters, the
meter will fluctuate randomly with the
other components of the modulated sig-
nal. Thus, it will be difficult to arrive at a
truly accurate measurement. It is easy to
see that detectors with a very short time
constant will have a greater ripple factor
and will be less accurate when measuring
scrambled signals.

Detecting scrambled signals
To remedy this inaccuracy, SLMs that
incorporate a peak detector containing an
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SURVEY CO.

CABLE SYSTEM

MAPPING ® DESIGN ® AS-BUILTS
COMPLETE DRAFTING SERVICES

Planning a project this year or next year?
Call us for more information.

17 Peddlers Row
Newark, DE 19702

Tom Tetreault
(302) 368-2436

Reader Service Number 58.

Utility Locate Service, Inc.
Is in the Business
of Saving YOU Money!

If one of your cables is damaged, we will determine
and document liability of the damage. We will
immediately repair the damage and get your customers
back on line. If replacement is necessary, we will handle
the problem and bill the responsible party for damages.

Not only does this service decrease the number of times
the system is damaged, it alleviates the owner’s problem
of downtime, increased costs and loss of revenue.

Now with all things considered, can you afford to
operate without Utility Locate Service, Inc.?

-
—

Utilituocate Service, Inc.
6848 h Revere Parkway Suite 350
Englewood, Colorado 80112
{303} 799-8686

Reader Service Number 59.
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Op-Amp buffer between the detector ca-
pacitor and the meter load can be used.
The Op-Amp has a high characteristic in-
put impedance that creates a very long
discharge time of the capacitor. This in-
creases the RC time constant of the de-
tector. Additionally, the method of feed-
back designed into the Op-Amp results in
a much more stable meter deflection. Al-
though the horizontal sync pulse is attenu-
ated, this detector can recognize the
peak of the vertical sync tips.

Because the capacitor discharges at a
much slower rate, the average DC meter
deflection voltage will not drastically de-
crease between vertical sync pulses.
When measuring signals that suppress
both the horizontal and vertical sync, this
type detector will respond to relative
changes in the video information. The me-
ter changes with this detector are quite
small, compared to drastic fluctuations in
standard SLMs. The operator can make
relative comparisons between the scram-
bled signal and an adjacent channel that
is not scrambled, or the suppression mo-
mentarily can be stopped long enough to
achieve an accurate comparison.

One of the first indications of major sys-
tem malfunctions — other than numerous
phone calls from irate customers — are
drastic changes in signal levels at various
test points throughout the cable network.
If the meter is responding only to relative
changes in video information, an absolute
level is not always obtainable. In this case,
reading actual level in dBmV is unattaina-
ble and the necessity of the meter to con-
sistently deliver constant readings is of
prime importance. Accuracy can be
achieved by reducing drastic fluctuations
iIn meter movement and providing a stable
reference for measuring scrambled
signals. -]

COMMUNICATIONS TECHNOLOGY

W WY e immemee—



The Biggest Success
in Pay-Per-View
Hlstory.’..

CHY CHa ON/OFF

- .
SPRUCER

. Just Got
Better

In the last year, SPRUCER'’s 2-way addressable system helped NYT Cable TV,
Cherry Hill, NJ, record new milestones in cable- and pay-TV.

Today, we're proud to introduce the SPRUCER 300—the new generation of
addressable converters.

Smaller. Lighter. And better.

With all the features that made the original SPRUCER successful.

Plus lots more. ... All designed to help you make pay-per-view and impulse-pay-
per-view a profitable reality in your system. So call us. It will really pay off.

S pRUCERGAddressability that pays in profits.

BY @ KANEMATSU-GOSHO (USA) INC. 400 COTTONTAIL LANE, SOMERSET, NJ 08873 (201) 271-7544/TWX 710-991-0048/FAX (201) 271-7370
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FRCEERPING TRACKIIHIHIHHH

Donley International, a
Houston-based distributor of
commercial and home satellite
equipment, has announced
the appointment of J. D.
Thomas as president
Thomas has been vice presi-
dent of Donley for the past
several years.

Also, Vic Castro has joined
Donley's sales staff. Most re-
cently he has focused on de-
veloping Caribbean, Mexican
and Central American ac-
counts. Castro was formerly
with Cable TV Supply. Con-
tact: 7720 Biankenship, Hous-
ton, Texas 77055, (713) 956-
2984

Dr. Peter Clark has been
appointed vice president and
general manager of TRW Mi-
crowave. Clark joined TRW in
1977 as the director of the sys-
tems group research staff in
Redondo Beach, Calif. His

most recent assignment was
manager of the electronics
and technology operations for
the Military Electronics Divi-
sion. Prior to joining TRW, he
held research management
positions with Hughes Aircraft
and the Defense Advanced
Research Projects Agency
Contact: 825 Stewart Dr., Sun-
nyvale, Calif. 94086, (408)
732-0880.

Tele-Wire Supply Corp.
has announced the addition of
Tom Pearman to its lron
Mountain, Mich. warehouse lo-
cation, and Jim Bell to its Sar-
asota, Fla., location. Pearman
comes from Klugness Eiec-
tronic Supply, and Bell from
Cable TV Supply, where he
worked as a senior account
executive. Contact: 7018
Stephenson Ave., Iron Moun-
tain, Mich. 49801, (906)
774-4111; and Garden Indus-

AUTOMATIC
VIDEQ LEVEL STABILITY

The VC-2500P automatically corrects
the video output of satellite receivers,
VCR's, TV cameras, etc. The AGC
circuit maintains a constant 1V P-P

rolling

synchronizing and blanking signals.
This will solve most stability
problems such as jitter, bending, and

trial Park, Porter Rd., Bldg
#1, Sarasota, Fla. 33532
(813) 371-3447

Hightower

Robert Hightower has
joined LeCroy Corp. as prod-
uct manager. He will be re-
sponsible for a new line of in-

struments to be announced at
a later date. Hightower's 10
years at Tektronix were spent
in marketing. His background
also includes positions with
John Fluke Manufacturing Co.,
Wavetek and Summation Inc.
Contact: 700 S. Main St
Spring Valley, N.Y. 10977,
(914) 578-6084

Scientific-Atlanta Inc. has
appointed George Bell gen-
eral manager of the Digital
Video Systems Division (DVS)
in Toronto. Bell comes from
M/A-COM where he was vice
president, sales and market-
ing, for the Cable Home Group
Prior to joining M/A-COM in
1980, he held various engi-
neering and marketing posi-
tions at Microdyne and Pan
American Airways

Also at Scientific-Atlanta,
John Buckett has been ap-
pointed to the position of na-

stability in video tape duplication and
CCTV surveillance systems. Available
in NTSC and PAL. The NTSC price is

only $495.00. Call or write for

video level. When multiple video literature

sources with different levels are
being switched into a common load,
the VC-2500P will smooth out these

The VC-2500P prevents over/under
modulation level problems in CATV
and MATV systems and solves
potential stability problems at the
same time. The unit is also
invaluable for maintaining levels and

ICM VIDEO

701 WEST SHERIDAN AVENUE + P.0. BOX 26330
OKLAHOMA CITY, OK 73126

(800) 426-9825 TOLL FREE

level differences. The VC-2500P also
completely regenerates all

Reader Service Number 61.
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tional sales manager for the
company's Broadband Com-
munications Division. Buckett
has been with S-A for more
than four years as account
manager in the company's
Washington, D.C., office.
Contact: 1 Technology
Parkway, Box 105600, Atlanta,

house maintenance and
repair. Stefanick was most
recently with Group W Satellite
Communications in Stamford,
Conn., where his duties in-
cluded the upkeep of the com-
pany's technical plant. Con-
tact: 5 Audrey PI., Fairfield,
N.J. 070086, (201) 882-0890.

Ga. 30348, (404) 441-4000.

R. Alan Communications
Inc. has promoted Tim
Meschke to district salesman.
His territory will include lllinois,

Avtec Industries has ap-
pointed John Stefanick ser-
vice manager for field and in-

Kentucky, Kansas and Mis-
souri, coordinating all repre-
sentative and distribution
sales in these areas. He be-
gan at R. Alan in May 1985.
Contact: 8120 Knue Rd., Suite
106, Indianapolis, Ind. 46250,
(317) 849-7572.

Texscan Corp. has an-
nounced the appointment of
Thomas Zimmerman as di-
rector of software engineering
for its Salt Lake City division.

I T

Zimmerman will be responsi-
ble for the software develop-
ment and maintenance of
commercial insertion and
character generator products.
Prior to this, he served as engi-
neering manager for Comtel
MSI in 1980 when Texscan ac-
quired MS! and has served the
Salt Lake division in various
positions in the past. Contact:
3855 S. 500 West, Suite S, Salt
Lake City, Utah 84115, (801)
262- 8475.
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SYSTEM ECONCOMNY T

Amplifier power packs
and circuit protection

By Fred Rogers
President, Quality RF Services Inc

Power pack efficiency and system relia-
bility may be 1986's best bottom-tine in-
vestment for cable. Power pack efficiency
reduces electrical bills or allows improved
technologies such as power doubling,
parallel hybrids and feedforward to be
added without additional power de-
mands.

At least three manufacturers plan to of-
fer 85 to 90 percent efficient, highly relia-
ble, transformerless power packs for re-
duced system power consumption in
existing amplifiers.

The power efficiency is accomplished
with newly designed electronics that will
retrofit or replace existing power packs.
Coupled with now standard circuit protec-
tion devices, total system downtime also
can be drastically reduced. Less system
downtime means less overtime, less
equipment wear and tear, and higher cus-
tomer satistaction, resulting in more
bottom-line profits.

Circuit protective devices

“There are three different types of cir-
cuit protective devices plus fuses which
can be used for different applications.
These devices can absorb, without dam-
age, thousands of times the transient
surges (voltage and current) that signal
transistors or diodes can. Such devices
are beginning to be used widely in most
modern electronic equipment. With a
good, comprehensive understanding of
these devices, older equipment can be
modified to incorporate more protec-
tion.”" These devices and fuses are
shown in Table 1.

"“The gas discharge device is used
widely on cable signal lines. In its static
condition it displays almost infinite resis-
tance and low capacity. When it fires
(arcs) due to over voltage it displays very
low resistance and can carry several hun-
dreds of amperes of current over a short
period of time. It is a crowbar-type circuit
protection device going to a near short
circuit, as long as enough current is avail-
able. Its main shortcomings are that it
takes over 1 microsecond for it to arc and,

cable systems for years, the improved
ruggedness of modern-day hybrid ampli-
fiers and DC power packs may have
made obsolete the need for them. If a sys-
tem has customer outages due to shorted
gas tubes, one possible solution would be
heavier duty parts, for example the Sie-
mens A71-A150.% The A71-A150 replaces
the BG145L and BC145 while offering
twice the surge current capability (10 kA)
and 50 amp peak AC follow current at 60
volts RMS (root mean square).? Field ex-
perience has indicated a minimum of 90
percent reduction in shorted gas tubes
when using the A71-A150.

“The avalanche surge zener (trans-
zorb) has a sharp clamp knee. Its internal
design is somewhat different than con-
ventional zener diodes and a larger de-
vice (e.g., 50 watt) is put in a smaller
package (e.g., 5 watt size). For short peri-
ods of time, these devices can handlie
large surges of power. For instance, a 5
watt unit can handle 1,200 watt peaks for
1 millisecond. Its failure mode, due to
overdissipation, is to internally weld to a
short condition. This is a good failure
mode during transient conditions be-
cause it still protects transistor circuitry
even though the device has to be re-
placed."’

Due to its large internal capacitance a
transzorb cannot be used on signal lines.
Its main use is for low-voltage DC power
supply lines, i.e., protecting the DC sup-
ply voltage to CATV hybrids.

"“Inmost applications, the transient sup-
pressor device is placed in parallel with
the equipment or component to be pro-
tected. In this situation, there is a time de-
lay associated with the capacitance of the
device and an overshoot condition asso-
ciated with the inductance of the device
and the inductance of the connection
method. The capacitive effect is of minor
importance in the parallel protection
scheme because it only produces a time
delay in the transition from the operating
voltage to the clamp voltage.

‘Power pack
efficiency reduces
electrical bills or
allows improved
technologies. . . to be
added without
additional power
demands’

“The inductive effects in the device are
due to actual turn-on time (time required
for the device to go from zero current to
full current) and lead inductance. This in-
ductive effect produces an overshoot in
the voltage across the equipment or com-
ponent being protected. Minimizing this
overshoot is very important in the applica-
tion, since the main purpose for adding a
transient suppressor is to clamp voltage
spikes. The 1N 6267 series has very good
response time, typically 1 nanosecond
and negligible inductance. However, ex-
ternal inductive effects could produce
unacceptable overshoot. Proper circuit
layout, minimum lead lengths and placing
the suppressor device as close as possi-
ble to the equipment or components to be
protected will minimize this overshoot."*

Some input impedance, represented
by Z-in, is essential to prevent overstress
of the protection device. This impedance
should be as high as possible, without re-
stricting the circuit operation.®

“Metal oxide varistor (MOV) devices

Table 1: Circuit protective devices and fuses

after itfires, it can become so hot that it will Device Type Use

not release \:vhfn used %n lovly impedancg Gas discharge Crowbar Signal lines

power supply lines such as line powere: valanche

amplifiers. This effect is sometimes re- A i mdk:'e gamp 2ocwel' suplp:!y s

ferred to as ‘follow on current.’"" Metal oxide varistor 8 pomeriines
Although gas tubes (gas-filled surge Slo-blo and Normal blo Fuse Overload protection

voltage protectors) have been used in
108 JUNE 1986

COMMUNICATIONS TECHNOLOGY



ADD A CHANNEL TO YOUR COMMERCIAL SYSTEM

1300 SATELLITE RECEIVER

The PRECISE Model 1300 SATELLITE RECEIVER has many prominent features within it’s
1-3/4” X 19” package, such as DUAL SAW 70 MHz IF Filters, 270-770 MHz block down
converter input, Dual 70 MHz IF Loops for terrestrial filter insertion, Front Panel mounted
input Level Meter, 24 Channel frequency agility, Phase-locked video and audio demodula-
tion, Synthesized Tuning, extended low-signal threshold extension, and modular
construction for field serviceability.

COMPATIBLE WITH ESTABLISHED 270—770 MGz RECEIVER INPUTS

A Perfect Match for the 1350 Block Down Converter

See us at CABLE TECH EXPO, Phoenix, Booth #329

CALL TOLL FREE

1-800-821-0862

PRECISE | MANUFACTURING COMPANY

2143 EAST FIFTH STREET * TEMPE, ARIZONA 85281 ¢ (602) 967-0030
MANUFACTURERS OF QUALITY HEADEND EQUIPMENT

Reader Service Number 63.



Metal oxide varistors.

are not semiconductors. They are rather a
soft clamp device for AC power lines of 4
to 2,800 volts. They can, however, dissi-
pate extremely high energy transients
without damage."’

MOVs are used in applications requir-
ing transient suppression caused by in-
ternal switching, surges, fuse arcing,
lightning, accidental shorting, stray
pickup, start-up transients and loss of
regulation. Transients are momentary
surges of electrical energy in AC power,
CATV lines and other electrical circuitry.
MOVs provide cost-effective insurance to
nrevent the loss and destruction of expen-

sive equipment or componentry.567
The MOV must operate under steady
state and transient conditions. Ratings al-
low a selection of the proper size device to
ensure reliable operation. The selection
process requires a knowledge of the elec-
trical environment. When the environment
is not fully defined, some approximations
can be made.®
For most applications, selection is a
five-step process:
1) Determine the necessary steady state
voltage rating (working voitage)
2) Establish the transient energy ab-
sorbed by the varistor.

3) Calculate the peak transient current
through the varistor.

4) Determine power dissipation require-
ments.

5) Select a model to provide the required
voltage-clamping characteristic.

To determine working voltage, use the
secondary side of the power transformer
at maximum secondary voltage for a
transformerless design and measure the
maximum raw unregulated DC voltage.
CATV voltages are square wave and must
be adjusted for RMS values by using
peak-to-peak voltages or DC voltage
specifications. =

References

' Hansel Mead. Lightning and CATV Systems,
Q-Bit Corp.. handout pamphlet

2 Siemens, Standard Duty SVPs with Leads, speci-
flcatnons sheet, 10/78-S129
3 Lumex Opto/Components, Gas Tubes. catalog
83-1

“Motorola Semiconductors, Zener Overvoltage
Transient Suppressor, specifications sheet for IN
6267 Series, 1979, DC 7052

5 Stetron International Inc.. MNR Varistors (metal
oxide type). specifications pamphiet

¢ General Electric. Transient Voltage Suppression,
Fourth Edition, Electronic Data Library. publica-
tion number 400.3

" Panasonic, ZNR Transient/Surge Absorbers,
specifications pamphiet, 20M8-61/10M.

In the conclusion of this article next
month, fuse ratings and guidelines for im-
plementing them will be covered.

(] CAN YOU IGNORE
STEREOT.V.?

The over-the-air broadcasters, TV set manufacturers,
and (more important) the consumers have adopted
the BTSC format as the de facto standard for
stereophonic sound with television. In fact, more than
three quarters of all homes are in the vicinity of one or
more BTSC transmitting stations; and there are millions !
of TV sets and stereo VCR’s already in service which
are capable of receiving BTSC.

The Leaming MTS-1 BTSC Stereo Generator offers you a
cost effective solution to the problem of getting
satellite delivered services through your cable system
in the BTSC format.

THE BTSC soLUTION FROM

180 McCormick Avenue ¢ Costa Mesa « CA 92626 « (714) 979-4511 TWX: 510 600 4362

LEAMING INDUSTRIES
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Hamlin 6400 System:

The “Affordable Addressable”

Why discard Convertors? Or Descramblers?
Conserve Capital with these *‘Standalone
Addressables.” They are fully compatible with
any standard Convertor. And with Hamlin MLD
Programmable Decoders.

Note these features:

B Half the cost of comparable Systems.

M Highest addressing speed in the industry.
@ All Channel In Band Addressing Capability.
W Address space for 9 million subscribers.

@ Parental Control Option.

@ Random RF Sync Suppression w/32 encryption
algorithms in 6400 mode.

B “‘Blue Sound” Suppression on unauthorized
channels.

The MLD 6400A is also
available built into the new
Hamlin CR-7000 66 Channel Convertor.

MLE 64A Encoder

MLD 6400A
Descrambler

B Status LED’s for customer-assisted telephone
trouble shooting.

B Self Diagnostics for bench trouble shooting.
@ Full Pay-Per-View Capability.

A PROPRIETARY CUSTOM DIGITAL VIDEO
COPROCESSOR provides the ULTIMATE
SECURITY. With HAMLIN reliability. The fifth gen-
eration Data Receiver has extremely wide dynamic
range and virtual noise immunity.

Highest Quality... Moderate Cost...
Superb Performance.

The Clear Choice is

'y ® 74

heRliaBIe One

e 64 Corporate Offices, 13610-1st gvenue South. Seattle, WA 98168/(206) 246-9330
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Engineer il

Employee will apply extensive and diversified engineering
principles and methods on broadband coaxial cable and elec-
tronic systems. Plan, develop. coordinate large and vital
broadband cable and electronic system instailations or smaller
projects with many complex aspects: develop a preventive
maintenance program for broadband and electronic systems:
design broadband cable trunk and distribution systems: con-
sult on maintenance and trouble shooting problems for broad-
band cable. analog. digital and radio frequency communica-
tion systems: assist with development of improved operational
procedures for high technology systems and direct training of
technical personnel. Required: a BSEE: rcasonable progres-
sive and responsible experience in planning and designing
broadband and electronic systems. installations and equip-
ment, some supervisory experience. Desired: registration as a
PE in the statc of Michigan. Contact Michigan State Univer-
sity Employment Office. 110 Nisbet Bldg.. 1407 S. Harrison
Road, East Lansing. M1 48824. Refer to position A654

MSU is an Affirmative Action/EOE institution

Reader Service Number 65.
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The converter
S];_Q\C]dl}s:ﬁs

9/3-\ (}ig

makes/all models in our rebuilt
converter bank.

And service specialists can
quickly diagnose and repair the
most serious converter ailments.
Nationwide operating rooms are
fast and efficient.

Keep your system profits
healthy. Call in the specialists.

Are you suffering from weak
inventories? Are your converters
calling in sick? Call in the con-
verter specialists for sales and
service.

Sales specialists can quickly fill
your order or bring your inventory
to full strength. New Jerrold
converters are in-stock. Plus we
can match your type with all

PTS EXPRESS
CONVERTER

Contact Corporate
Headquarters at:

PTS CORPORATION
P.O. Box 272
Bloomington, IN 47402
(812) 824-9331

for the Servicenter nearest you.

Reader Service Number 66.
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June

June 12-15: SCTE Cable-Tec
Expo, Convention Center,
Phoenix, Ariz. Contact Bilt Ri-
ker, (215) 363-6888

June 13: Wavetek system
sweeping seminar, the Wave-
tek factory, Beech Grove, Ind
Contact Steve Windle, (317)
788-5980.

June 15-17: Oregon Cable
Communications Associa-
tion annual convention, Em-
barcadero Resort Hotel & Ma-
rina, Newport, Ore. Contact
Mike Dewey, (503) 362-8838.
June 15-17: Virginia Cable
Television Association 20th
annual convention, Pavilion
Tower Hotel, Virginia Beach,
Va. Contact (804) 780-1776
June 18: SCTE Delaware Val-
ley Chapter meeting on signal
processing centers with
BCT/E exams on video and
audio signals and systems,
Williamson Restaurant, Hor-
sham, Pa. Contact Bev Zane,
| (215) 674-4800.

[ June 23-25: SCTE and New
York State Cable TV Com-

Planning ahead

July 15-17: Community
Antenna Television Associ-
ation annual convention,
MGM Grand Hotel, Reno,
Nev

July 20-22: Eastern Show,
Merchandise Mart, Atlanta.
Sept. 23-25: Great Lakes
Cable Expo, Hyatt Conven-
tion Center, Columbus,
Ohio

Oct. 28-30: Atlantic Show,
Convention Hall, Atlantic
City, N.J.

Dec. 3-5: Western Show,
Convention Center, Ana-
heim, Calif

mission Northeast cable tele-
vision technical seminar,
Roaring Brook Ranch, Lake
George, N.Y. Contact Bob
Levy, (518) 474-1324

June 24-26: C-COR Electron-
ics technical seminar, Balti-
more. Contact Debra Cree,
(800) 233-2267 or (814)
238-2461
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With our CAT System you
can monitor your headend
without leaving your office.
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Now you can measure headends, hubsites and remote
test points with the touch of a bufton — right from your desk!

It's as quick as a cat with RF/Superior's Computer Aided Test
System. It's fast. Safe. FCC accurate. In-depth. Cost effective.
And we can put it to work for you in your office right now.

Imagine! Now you can measure system test point levels to
within = 0.6dB and frequency to better than 0.0001% — all
without disturbing a single connector.

Plus you can compute system response and system
stability; predict when channel frequency will exceed FCC
limits; print data in graphical or numerical formats; flag
out-of-limit conditions; and more.

The best part is, you can do it all automatically right from
v the comfort of your office while you sit back and pour
yourself another cup of coffee.

Get the picture? Good. Because we'd like to tell you more,

For a free brochure call or write: RF/Superior, 2010 Pine
Terrace, Sarasota, FL 33581, (813) 922-1551.

RES™

S JUCLILIE B TG A division of RF Analysts Inc.
Booth 236 at the SCTE.

112 E. Ellen Street
Fenton, MI 48430
313-750-9341

See us at the Cable-Tec Expo Booth 236/238.
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CORRESPONDENT'S REPGRT [T

Data net standards

By Lawrence W. Lockwood
East Coast Correspondent

The Institute of Electrical and Electronic
Engineers (IEEE) 802 committees have
had recent developments of interest to
those in CATV and data communications.

The committee and its groups — 802.3,
802.4, 802.6 and 802.7 — are setting, and
in some cases already have set, standards
for data communications on local area
nets (LANs). The groups noted all have
standards regarding utilization of CATV-
type (broadband) systems.

Draft C of the 802.7 proposed standard
is currently in general committee review
and will be voted on in a May letter ballot.
Then it will be sent to the IEEE TCCC for
acceptance in July. Upon acceptance, it
will become the 802.7 standard and then
an ANSI standard.

The 802.7 standard is a general defini-
tion of requirements for a broadband
transmission system for use in a data
LAN. Its scope as defined in Dratft C is:

“This document recommends the phys-
ical, electrical and mechanical practices
for a properly designed |IEEE 802.7
broadband coaxial medium. The criteria
and specifications are intended as the
minimum acceptable parameters for the
design, implementation and operation of
an IEEE 802.7 broadband coaxial me-
dium. This document also provides guid-
ance to design, test and maintain broad-
band coaxial systems.

“Users and LAN manufacturers are
provided with a common set of specifica-
tions to ensure compatibility, co-exis-
tence among present and future informa-
tion systems as it pertains to the physical
medium. Both single- and dual-cable sys-
tems are covered, as well as how this set
of recommended practices relates to ex-
isting IEEE 802.3 and IEEE 802.4 broad-
band standards."”

The reference model as defined in Dratft
Cis:
® Radius from headend — 10 km
e Maximum outbound amplifier cascade

— 16 amplifiers
o Maximum number of inbound amplifiers

— 128
e Channel boundaries — 6 MHz
e Channel energy (power) — NCTA TV

standard

Typical applications might be in the
other LAN protocols, i.e., 802.3—CMSA/
CD Ethernet; 802.4 — token bus; 802.6 —
metropolitan area net (MAN) and General
Motors' manufacturing automation proto-
col (MAP).

This 802.7 standard recommends a
mid- or high-split configuration for ex-
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isting systems but a high-split for new sys-

tems. The sub- and high-split configura-

tion specifications in the current 802.4

are:

@ Sub: 5-30 MHz inbound, 54 MHz and up
outbound.

o Mid: 5-108 MHz inbound, 162 MHz and
up outbound.

® High: 5-174 MHz inbound, 234 MHz and
up outbound.

However it should be noted that the IEEE

802.4 “preferred” standard is mid-split.
The wording regarding the split config-

urations in 802.7 Draft C is: “The following

frequency limits for the two transmission

formats are recommended:

Mid-split

inbound lower limit: 5 MHz; upper limit:
not less than 108 MHz.

Outbound lower limit: not greater than
174 MHz; upper limit: not less than 300
MHz.

High-split

Inbound: lower limit: 5§ MHz; upper limit:
not less than 174 MHz.

Outbound: lower limit: not greater than
264 MHz; upper limit: not less than 400
MHz.

“System frequency limits for dual-cable
plant. The following limits are recom-
mended: Inbound and outbound lower
limit: not greater than 40 MHz; upper limit:
not less than 300 MHz.

Of corollary interest are proposed ac-
tions in the 802.4 and 802.6 committees.

802.4 and 802.6

The use of the carrier-band scheme in
MAP may produce a slight modification in
the modulation techniques in the single-
channel standard in 802.4.

The MAP protocols are centered on the
802.4 standard. However, using all the
powers of broadband technology to link
the many work cells in an automated fac-
tory would not be cost-effective. To drive
the cost of connections down while main-
taining data speeds, MAP specifies the
use of single-channel portion of the 802.4
standard, calling it carrier band. The sin-
gle-channel portion of 802.4 uses a single
channel with data (at 5 MBPS and 10
MBPS) frequency shift keyed (FSK) di-
rectly onto the cable (not FSK'd onto an
RF carrier). The FSK frequencies are 5
MHz and 10 MHz for the 5 MBPS datarate
and 10 MHz and 20 MHz for the 10 MBPS
data rate. The control protocol, of course,
remains token passing.

Such a technique eliminates the re-
quirements for a headend, thus reducing

the complexity and expense of the small
carrier-band system. The MAP concept is
to have a broadband backbone net (with
many channels and thus a high data rate
capability) linked to many “cells,” each
using the carrer-band scheme. Thus the
high expense and extensive capabilities
are limited to the backbone and the lower
expense and more limited capabilities are
allocated to the carrier-band cells.

A word on the term carrier bang: It was
consciously originated by the 802.4
group to reduce confusion among some
who had more computer-intensive than
communications-intensive backgrounds.
Systems using multiplexed, data-
modulated RF carriers universally are un-
derstood as broadband. But the use of the
802.4 FSK single-channel method started
to be referred to by some as baseband.
To strongly differentiate the method (it in-
deed is not baseband, but truly not broad-
band either) carrier band was coined.

The establishment of the MAN protocol
is somewhat further off, probably at least a
year. The current network concepts would
encompass larger areas — up to 25 miles
and at three data rates (about 11 MBPS,
44.7 MBPS and between 200 and 250
MBPS) — and will use fiber-optic links for
its high-speed backbone.

Another fiber-optic high-speed standard
is still being formed — the fiber distributa-
ble data interface (FDDI) — by the ANSI
x3T79.5 committee. This standard is for a
100 MBPS rate.

Itis apparent that the standards coordi-
nation of the higher data rates, particularly
when fiber optics gets involved, is still a
bit fuzzy

It is apparent that CATV techniques
with broadband schemes (including car-
rier band) are being, and increasingly will
be, used for data transmission. Because
of many factors — not the least of which
are the recommended frequency splits —
the increased activities will utilize CATV
equipment but not the common sub-split
CATV industry-type system. The window
of opportunity for data business may exist
for a little while longer for the CATV sys-
tems that have, or are willing to install, at
least a mid-split institutional net. vl
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Industry Scrambles
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he Industry changes as often as Model 1791 Modulator plugged into

the movies change—new services,  aWegener Mainframe, you can send
new systems and now scrambling— your program audio to stereo televi-
but Wegener is still stereo. And the sions in BTSC sound, even while you
leader in stereo distribution is expand- simulcast it in FM. And the 4500+ cable

ing the menu. You now have two ways headends with WWegener Mainframes
to serve up stereo. With Wegener'snew  only have to plug inthe cards.

. : : “ WEGENER
At Wegener we've made it over easy again. COMMUNICATIONS

150 TECHNOLOGY PARK/ATLANTA
NORCROSS, GEORGIA 30092
(404) 448-7288 TELEX 54-3634
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LUFE'S CONMMNMENTS

For installers only

By Robert A. Luff

Senior Vice President, Engineering
United Artists Cablesystems Corp.

The cable industry is well on its way to-
ward voluntary certification of cable tech-
nicians and engineers. This program was
asked for by the technicians and engi-
neers themselves. They worked out a way
to help improve their everyday skills that
can so easily get out of date in a fast-
moving industry. | would like to hear your
views on what you, as an installer, think
about a separate, voluntary certification
program just for installers. Would you be
for or against it?

Before you decide, here are some
thoughts about how such an industrywide
program might be set up and how it may
help you.

Proposal for installers

Since the Society of Cable Television
Engineers (SCTE) is a “people” organiza-
tion oriented mainly to serve cable TV in-
stallers and technical folks, it stands to
reason that the SCTE would be the logical
choice to develop and administer any fi-
nal, voluntary, self-certification program
for installers.

If the SCTE would accept the task, the
advantages to installers are numerous.
First, SCTE already is well aware of install-
ers' diverse responsibilities. It is a re-
spected household organization with both
installers and their companies, coast to
coast. It would provide early confidence,
fairness and accuracy in any installer-
generated program for installers. Also,
SCTE has experience in such self-help,
countrywide programs through its suc-
cessful BCT/E certification for technicians
and engineers. This is an important point,
since there are very few other organiza-
tions that would understand the installers'
jobs and be readily available to assist
their needs in every state.

That brings us to the next point. SCTE is
a national cable organization with over 23
local meeting groups and chapters, and
more developing rapidly. The goal is to
have a local SCTE meeting group for
every 90-mile-radius zone where there
are cable systems. These groups meet six
to 12 times a year to ensure regutar stimu-
lating programs, discussions and skill de-
velopment training on topics asked for by
the local installers and technicians
themselves.

Why installer self-certification?

Why should installers want a certifica-
tion program, like the BCT/E, for them-
selves? Answer: a better career and more
money!
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Most cable companies are beginning to
realize just how valuable a good installer
workforce is to maintain cost-effective op-
erations. However, most installers, per-
haps you, were hired “cold turkey" off the
street. Most installers have no previous in-
stallation or technical background. After a
brief training period, the installer usually is
unsupervised most of the workday. He
drives a very visible company vehicle and
enters 1,500 homes a year. National aver-
ages show that installers come in contact
with 90 percent of the system's subscriber
base every three years. Therefore, com-
panies are realizing that installers can,
and that some already do, play a far more
important role as the ambassadors of
cable TV. In many systems today, instal-
lers are being given an opportunity to
cross-train as salesmen and given a full
commission on all non-pay conversions
and new basic and pay units sold.

Additionally, installers drill through the
walls of $200,000-plus homes; attach
grounding straps to power risers, water or
explosive gas pipes; double check for
RFI; handle polarized converter plug and
non-polarized receptacle problems; and
hook up or answer questions regarding
ad hoc cable-ready TVs, VCRs, FMs,
video games, etc. In short, today's cable
installers need to be neat, clean, highly
trained, motivated, self-starting and well-
mannered professionals.

Even though the need is there, many
companies do not fully use the potential of
their installation department bacause,
well, frankly, the installation workforce
needs an image face lift.

Cable installer is an entry-level position,
one of the beginning levels of employ-
ment. It expects initially the least in the
way of experience or background and,
accordingly, pays the least. Those who
have a particular interest or aptitude for
math or electronics eventually move up to
technician. At any one time, a cable sys-
tem’s installers may range from right off
the street to fully qualified for a technician
opening. What is needed is a way for you
and other fully qualified and experienced

‘I would like to hear
your views on what
you. . .think about a
separate, voluntary
certification program’

and professional skills from the rank-and-
file mix.

This is where a voluntary installers’ cer-
tification program would be valuable.
Your experience and knowledge easily
can get overlooked in an informal, every-
day, “catch-as-catch-can" work environ-
ment, especially when you are out on the
road most of every workday. What you,
and thousands like you, need is a certifi-
cate with your name on it from a well-
respected organization working for you
on the chief's wall and in your personnel
file, while you continue to do your very
best.

Of course, obtaining a certificate would
require extra effort. If the standards were
so low that everyone could earn one with-
out much effort, it would not be worth any-
thing. Herein lies the greatest value of a
voluntary program. While the certificate is
the physical object, it is what you do to
earn it that is the real advantage to you,
your employer and the industry at large. It
is alot like a high school or college athletic
program. Anyone who really wants to
work hard can make the varsity team and
earn aletter. But the real value is not just to
those getting on the team. Such a pro-
gram gives all interested existing and fu-
ture classmates something to focus on
and work toward that will encourage
higher, steady self-improvement in the
desired areas.

Installers certified to have the street
sense and knowledge to determine the
best way to speed installations, improve
the workmanship and reduce any call
backs, successfully sell upgrades or have
a positive impact on reducing churn will
prove to be much more cost-effective
even at earned increased salaries or bo-
nuses, and more likely will be successfully
promoted faster.

So, tell me how you feel. Are you in favor
of voluntary certification for installers or
against it? Please send a postcard with
your name, address, vote and any com-
ments to: Bob Luff, United Artists Cable-
systems Corp., 60 Craig Rd., Montvale,
N.J. 07645. -]
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In fact, they may never be
able to catch up to the PM"
system, Zeniths new
affordable RF address-
able converter

Because the PM systemns
security and signal process-
ing is based on two custom
VLSIs and a proprietary
multi-element switched SAW
filter With video scrambling
and an ingenious audio
masking technique that effec-
tively eliminate signal pirating.

© 1986 Zenith Electronics Corp.

INTRODUGING
THE DECODER

THATLL SENI
THE COMPETITION

SCRAMBING

increased revenue for you.

——— In a pay-per-view era,
tighter security means
a bigger return on your
cable investment.
Contact Zenith CATV Sales,

Whats more, the PM 1000 Milwaukee Avenue,
system offers an impressive Glenview, Illinois 60025,

list of subscriber-friendly (312) 699-2110.

features. Including stereo When it comes to security
and VCR compatibility; and affordability, there’s really
unified remote control, and no competition.

expanded PPV capability.
Which almost guarantees I
Enira.| cable
products

The quality goes in
before the name goes on®

Reader Service Number 69.



Reduce maintenance budgets with |

the EZF Connector System...

Raychem's new EZF Connector System addresses Features of Raychem's EZF Connector System.
the problems of F-Connectors — RF leakage and 1. One connector fits RG-59, cable and one con-

moisture penetration — which are
among the leading causes of main-
tenance problems for a cableTV
operator.

EZF is not just a connector, but
a system that provides complete,
long-lasting performance. Its new
design assures superior mechani-
cal strength, tight electrical connec-
tions and environmental sealing.

The EZF Connector System has
gone thru extensive environmental
testing. UV exposure, waterhead
testing, thermocycling and salt spray
exposure are some of the tests that
the EZF System has been designed
to pass and still provide exceptional
RF shielding.

nector fits RG-6 cable.

2. The only connector available
today that provides RF shielding of
100 db at 300 MHz after thermal
cycling and salt spray exposure.
3. The system provides an environ-
mental seal at both the cable jacket
and port thread interfaces.

4. Reduces finger tight connections
and subsequent trouble calils.

5. Crimp tools are no longer needed.
A common 7/16” wrench does the
final tightening and installation.

6. Cable preps are accurate each
time with the EZF Cable Prepara-
tions Tool. (For use on both RG-59
& RG-6)

7. Identify customer service with
different colored EZF Sealing Boots.

Raychem 4f— ANDITER

WEST-ANAHEIM: (714) 778-4414, (800) 854-0443; ANCHORAGE: (907) 274-8525; DENVER: (303) 373-9200, (800) 841-1531; FAIRBANKS:
(907) 456-1815; SEATTLE: (206) 251-6760, (800) 426-7665; MIDWEST-CHICAGO: (312) 364-7000, (800) 544-5368: DALLAS: (214)
484-2933, (800) 231-5006; SKOKIE, IL HDQTRS: (312) 677-2600; ST. LOUIS: (314) 423-9555, (800) 325-8058, EAST-ATLANTA: (404)
449-6533, (800) 241-5790; CINCINNATI: (513) 733-9100, (800) 543-0113; NEW JERSEY: (201) 328-0980, (800) 631-9603; TAMPA: (813)
626-7115, (800) 237-6466; CANADA-CALGARY: (403) 250-9646; MONTREAL: (514) 637-3511; TORONTO: (416) 625-5110.

In an emergency, weekends and holidays or atier 5 PM. call toll free 1-(800) 323-8167.
CORPORATE OFFICES, ANIXTER BROS., INC., 4711 Golt Road, Skokie, IL 60076, (312) 677-2600

See us at the Cable-Tec Expo Booth 129.
Reader Service Number 70.




