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NO DROPOUTS 
Now that Trilogy has a complete line 

of foam drop cables, you don't have to go 
elsewhere to move inside after your MC2 
trunk and feeders are in place. 

And you get the savings of one-stop 

shopping in all installations. 
Take it all the way in with Trilogy 

and go forward with confidence with 
the most rigorous quality control found in 
the industry. 

See us at the Atlantic City Show, Booth 555. 

Reader Service Number 3. Trilogy (xi 
COMMUNICATIONS INC. 

Call or write for our free sample and brochure: TRILOGY COMMUNICATIONS INC., 2910 Highway 80 East, Pearl, Mississippi 39208 
800-874-5649 • 601-932-4461 • 201-462-8700 
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Jerrold Applied Media Lab 
...exploring new paths to cable's future 

Cable television's broadband communications 
"pipeline" into the home is an enormous resource 
with a potential that remains largely untapped. 

Exploitation of this potential depends upon a 
fusion of subscriber needs and technical R&D. 
Jerrold's Applied Media Lab is focused on the 
development of new technology to improve cable 
television and provide more choices for subscribers. 

With your input and participation, the Applied 
Media Lab can serve as a conduit between today's 
technological innovations and tomorrow's 
practical applications. 

For a brochure on current activity areas, contact 
Jerrold Division, General Instrument Corporation, 
2200 Byberry Road, Hatboro, PA 19040. 
(215) 674-4800. 

• HDTV • Interactivity • Fiber Optics • Digital Audio • Data 
• Headroom • Advanced Scrambling 
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See us at the Atlantic City Show, Booth 203. 

Call Toll Free 
1-800-288-1506 

APARTMENT BOXES 

Cable Security Systems, Inc. 
205 821-0745.P.0 Box 2066-Auburn. AL 36831 
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Fiber's here, 
where are you? 
The time for fiber optics to be used in our 

industry isn't tomorrow but today. As several 
articles in this issue of CT will attest, a fiber/coax 
hybrid system for the transmission of video is 
ready and waiting for implementation—and will 
shortly become necessary for the bottom line. 
There were at least three events last month that 
drove home the facts that 1) fiber now can be in-
troduced efficiently and cost-effectively and 2) 
we shouldn't waste any more time doing it. 

In a demonstration Sept. 6 in Orlando, Fla., 
Anixter Cable TV took the wraps off its new Fiber-
Optic Laser Link at Cablevision of Central Florida. 
Through the joint efforts of Anixter and several 
cable operators, this system allows the use of fiber 
in a number of applications for the industry. It first 
got the green light after tests conducted by ATC's 
Director of Field Engineering Dave Pangrac in 
the MSO's Englewood, Colo., labs. It was then 
field-tested in Orlando under the direction of John 
Walsh, the local system's vice president of 
engineering. 
The way the whole thing started, Anixter 

approached AT&T (pioneers in fiber-optic tech-
nology) to provide the laser for the system. It was 
then adapted for CATV's unique applications. For 
future customers, the electronics of the Laser Link 
will be manufactured by AT&T and marketed by 
Anixter. And what makes this even more exciting 
is that MSOs such as ATC, TCI, Cox, Warner and 
King Videocable are planning to make initial 
installations of the Laser Link this year; Jones 
Intercable also is considering its implementation. 
To quote John Egan, president of Anixter 

Cable TV, "CATV is a very creative industry. Once 
we begin to understand what fiber can do, the 
more we'll be able to use it, all the way from the 
headend to the home. Fiber's an evolutionary 
application." 

In another development, Corning announced 
a venture with General Instrument to provide fiber 
optics to the CAN industry. 

Carrying the torch 
The opening ceremonies last month didn't 

exactly feature a torchbearer ascending the steps 
and lighting the Eternal Flame with a fiber-optic 
cable. However, a fiber system was installed for 
the 1988 Summer Olympics in Seoul, South 
Korea, by Catel. The company provided fiber 
links from the International Broadcast Center to 
three sites: the Main Stadium, Olympic Park and 
the International Olympic Committee head-
quarters. The Korean Telecommunications 
Authority selected the Catel 3000 Series system 
to monitor events at those sites. 
And that's just the beginning. Catel's President 

James Hood sees more activity in fiber-optic 
equipment sales for 1989. This is indeed a predic-
tion of better times ahead, because what it all 
comes down to is this: When improved tech-
nology like fiber optics gains more acceptance 

and hence more use, the CATV industry and the 
cable subscriber are the real winners. 
While we're on the subject of the Olympics, I 

need to mention that Jerrold supplied nearly 
$250,000 worth of cable TV delivery equipment 
for use in a 36-channel cable system that also 
reaches key sites. The system was constructed 
by Goldstar, a Korean electronics company, but 
two Jerrold engineers, Jon Ridley and Jim 
Jackson, are responsible for seeing that the 
system runs smoothly during the games. 
Speaking of new technology, I am hereby en-

couraging all the readers of CT to attend the 
Society of Cable Television Engineers' seminar 
"HDTV and beyond," which will occur Oct. 28-30 
at the Sheraton Tech Center in Denver. If you 
haven't heard of it by now, where have you been? 
The seminar is being coordinated by the SCTE 
and its Rocky Mountain Chapter; the agenda 
appears in the "News" on page 11 and should 
give you an idea of the size and scope of the topic. 
For your convenience, a registration form can be 
found in the "President's Message" on page 98. 
Fill it out and send it in now (be sure you sign 
up for the BCT/E exams as well). 

Beware of gremlins 
In last month's issue, we made a small but un-

fortunate error in Archer Taylor's article "A con-
verter for premium channels only." On page 63, 
unidentified gremlins at CTmischievously added 
the word "no" to the sentence: "There is reason 
to hope it (the IS-15 multiport) becomes a univer-
sal feature of new TV sets." In effect, we turned 
Archer's well-known position on the subject 
topsy-turvy. You see, Archer is still an enthusiastic 
supporter of the IS-15. So, just cross out the of-
fending word "no" right now. 
Darn it, it doesn't happen often with us, but 

we goofed. We apologize for the error and plan 
to keep our eyes open for those nasty gremlins. 
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NOW THERE ARE 
TWO WAYS TO 
COLLECT SYSTEM-WIDE 
SPECTRAL DATA. 

• 

SEND THE WHOLE FLEET. GIVE ONE COMMAND 
WITH THE MAGNAVOX 
LINE MONITOR. 

When you put Magnavox Line Monitors (MLM) to work 
it's like placing a spectrum analyzer at every critical 
point in your broadband system. MLM can monitor your 
entire system from any remote location and warn you 
when it strays from set parameters. 

Unlike other status monitoring systems that typically 
measure just one or two signals, MLM monitors and 
measures all the signals in your CAN and LAN system. 
So you can quickly and automatically localize frequency-
related faults and even identify other types of system 
performance degradation. With MLM your technicians 
spend their time fixing a problem, not tracking it down. 
MLM has some features you'd find in more expensive 

digital spectrum analyzers. Like colorful and informa-
tive graphics that tell you at a glance how your system is 
performing. And storage and retrieval that gives you a 
complete record of system performance. MLM gives 
you all these features in an attractively-priced package, 
so you can install as many line monitors as you need to 
cover your whole system. 
MLM is from Magnavox, a company you've come to 

know for quality, reliability and service. For application 
information and an MLM demonstration, call your 
Magnavox representative. 

Cffltet, 
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Compact MLM module is enclosed 
in a rugged housing that withstands 
the extreme environments of a cable 
system. 

MLM display showing sweep re-
sponse. White is actual response: 
yellow is stored response. 

MLM display showing the video. 
color and sound carriers of Channel 
3 with upper adjacent channel pic-
ture carrier and lower adjacent 
sound and color carrier also shown. 

MAGNAVOX 
Kdriravà 
CATV SYSTEMS CO. 
A DIVISION OF CONSOLIDATED ELECTRONICS INDUSTRIES CORP 
100 Fairgrounds Drive, Manlius, NY 13104 
(315) 682-9105 Fax: (315) 682-9006 
Call 1-800-448-5171 (In New York 1-800-522-7464) 

See us at the Atlantic City Show, Booths 554 & 556. See us at the Mid-America Show. Reader Service Number 6. 



There's a 
New CAT in 

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

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

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

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

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

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

BRAD is also a value added dealer of IBM 
equipment. 

apanoles, 

Protect Your Assets In The Cable Jungle 
With The CAT System." 

For Information Call 
(813) 922-1551 

Reader Service Number 7. 

See us at the Atlantic City Show, Booths 652 & 654. 
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Call 
1-800-843-3338 
and discover for yourself 

how to analyze 
and pinpoint 

any RF video trouble 
in any video 

distribution system, 

automatically 

to FCC specifications 
in half the time' 

Or return this card 
for more information 

or a 10 Day Self Demo. 
(See attached card 

for details!) 

T
E
A
R
 O
FF

 H
E
R
E
 A
N
D
 M
AI
L 
TO
DA
Y'
 

..
al
• 

4 

à 
8 u u 

' AP' 

, 
idm mg. mal +ma am, arm «Mu   

a 

Call 1-800-843-3338 And Discover 
How To Cut Your System Analyzing Time In Half! 

Check out the FSh's Exclusive Features: 

Exclusive on-channel automatic signal-to-
noise ratio test. Read SNR on channel. . . to 
900 MHz! 

E. Exclusive automatic FCC accurate Hum level 
test on channel. Eliminates down time! 

Exclusive automatic audio-to-video ratio test. 

Exclusive signal quality check. Analyze 
troubles with a 4 MHz wideband CRT monitor. 

Exclusive built-in autoranging AC/DC DVM 
and battery operation for true versatility. 

YES, please send me more information on 
Sencore's FS74 CHANNELIZER SR. 

CALL ME for a 10 Day Self Demo 

Call For A 10 Day Self Demo! 

Name   

Address _ 

City  

Zip  Phone 

CT 10/88 

-rcc"HIKTEIL.'18& 
Name 

Title   

Company Name  

Address  

City   State 

Phone Number ( )  

FREE INFORMATION 
Reader Service Card 

October 1988 (Valid until December 1988) 

ZIP   

Simply circle the number(s) below corresponding to 
products of interest! 

1 SCIE 
2 16 30 44 58 72 86 100 114 128 

3 17 31 45 59 73 87 101 115 129 

4 18 32 46 60 74 88 102 116 130 

5 19 33 47 61 75 89 103 117 131 

6 20 34 48 62 76 90 104 118 132 

7 21 35 49 63 77 91 105 119 133 

8 22 36 50 64 78 92 106 120 134 

9 23 37 51 65 79 93 107 121 135 

10 24 38 52 66 ao 94 108 122 136 

11 25 39 53 67 81 95 109 123 137 

12 26 40 54 68 82 96 110 124 138 

13 27 41 55 69 83 97 111 125 139 

14 28 42 56 70 84 98 112 126 140 

15 29 43 57 71 85 99 113 127 141 

CT 10/88 



111111 NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 

UNITED STATES 

BUSINESS REPLY CARD 
FIRST CLASS PERMIT NO. 127 DES PLAINES, IL 

POSTAGE WILL BE PAID BY ADDRESSEE 

«CUP CLIP 
IT Linx 

Communications Products 

201 Scott Street 
Elk Grove Village, Illinois 60007 

il
lI
ll
a 
0
1
5
3
1
0
H
 3
1
1
0
W
 O
N
 

BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO 1667 SIOUX FALLS SD 

POSTAGE WILL BE PAID BY ADDRESSEE 

3200 Senora Drive 
P 0 BOX 5062 
Sioux Falls SD 57117-9949 

NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 

UNITED STATES 

Call 
1-800-843-3338 

And Discover 

How To Cut 

Your System 
Analyzing Time 

In Half 
With The 

FS74 

CHANNELIZER SR.! 

111111 
BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO 1571 ENGLEWOOD, CO 

POSTAGE WILL BE PAID BY ADDRESSEE 

PUBUCATIONS CORP.  

RO. Box 3208 
Englewood, CO 80155-9929 

NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 

UNITED STATES 

II ..1.11,.....11.1.1..1.1.1.1,.I.I....1.11,1....1.11 



NEVVS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1111111111111111111111111111111111 

SCTE announces agenda 
for "HDTV and beyond" 
DENVER—The Society of Cable Television 
Engineers and its Rocky Mountain Chapter is 
hosting a three-day conference on high-defini-
tion television at the Sheraton Tech Center here 
Oct. 28, 29 and 30. The conference, called 
"HDTV and beyond," will include lectures from 
industry leaders, as well as live demonstrations 
of HDTV and various advanced television 
formats. 
The following is the tentative agenda of the 

seminar (subject to last-minute changes): 

Thursday, Oct. 27 
Registration 

Friday, Oct. 28 
8:30-10:35 a.m.—HDTV overview 
• Session chairman: Bob Luff (Jones I nter-

cable). Speakers: Bill Thomas (Nielsen Media 
Research), "Introduction to HDTV"; Willem 
Mostert (Magnavox CATV), "Coaxial tech-
nology"; Jim Chiddix (American Television and 
Communications Corp.), "Fiber technology": 
Tom Straus (Hughes Microwave), "Microwave 
technology"; and "Satellite technology," 
speaker to be announced. 
10:35-11 a.m.—Break 
11 a.m.-12:15 p.m.—ATV Systems I: Proponents 
• Session chairman: Ed Horowitz (HBO). 

Speakers: Yves Faroudja (Faroudja Labs), 
Denes Ilkovics (High Resolution Sciences) and 
Arpad Toth (North American Philips). 
12:15-1:30 p.m.—Luncheon (speaker to be 
announced) 
1:30-3:35 p.m.—ATV Systems II: Proponents 
• Session chairman: Ed Horowitz (HBO). 

Speakers: Bill Schreiber (Massachusetts In-
stitute of Technology), Jim Carnes (Sarnoff 
Labs), Anne Hageman (NHK), Bill Glenn (NYIT) 
and Richard I redale (CVC). 
3:35-4 p.m.—Break 
4-5:30 p.m.—Demonstrations/breakout 
sessions 

Saturday, Oct. 29 
8:30-10:35 a.m.—Industry perspective I 
• Session chairman: Walt Ciciora (ATC). 

Speakers: Allan Ecker (Scientific-Atlanta), Vito 
Brugliera (Zenith), David Del Beccaro (Jerrold), 
Judson Hofmann (Panasonic) and Larry Thorpe 
(Sony). 
10:35-11 a.m.—Break 
11 a.m.-12:15 p.m.—Industry perspective II 
• Session chairman: Walt Ciciora (ATC). 

Speakers: Ben Crutchfield (National Associa-
tion of Broadcasters), Paul Heimbach (HBO) 
and Phil Garvin (NORAC Productions). 
12:15-1:30 p.m.—Luncheon (speaker to be 
announced) 
1:30-5:30 p.m.—Demonstrations/breakout 
sessions 

Sunday, Oct. 30 
8:30-10:35 a.m.—Industry activity reports 

HDTV & BEYOND 

• Session chairman: Wendell Bailey (NCTA). 
Speakers: Bill Hassinger, Federal Communica-
tions Commission, "FCC activities"; Bob 
Hopkins, "ATSC activities"; Michael Rau (NAB), 
"NAB activities"; and Nick Hamilton-Piercy 
(Rogers Cablesystems), "NCTA activities." 
10:35-11 a.m.—Break 
11-11:30 a.m.—Conference wrap-up (Bill Riker, 
SCIE) 
1 p.m.—BCT/E testing 

A registration form can be found in this issue's 
"President's Message," page 98. For more 
information, contact Jan Vicalvi at Executive and 
Convention Services, (303) 691-8380. 

NCTA Engineering 
Committee report 
WASHINGTON, D.C.—The bimonthly meeting of 
the NCTA Engineering Committee was held Aug. 
17-18. A premeeting session was held with 
Jerrold Heller of General Instrument/Video-
Cipher. He updated the attendees on upcoming 
changes to VideoCipher as well as modifications 
to reduce piracy. 

Wendell Bailey updated the committee on ac-
tivity by the Federal Communications Commis-
sion and Congress. The FCC has issued new 
implementation dates for technical standards for 
antenna selector switches but has not issued 
dates for reimposition of the cable operator 
education requirements. Comments have been 
submitted regarding changes to the rules cover-
ing signal leakage from TV sets, VCRs, com-
puters, etc., but the commission has not issued 
a Report and Order on the changes. 

Petitions for reconsideration have been filed 
on syndicated exclusivity (syndex) implementa-
tion. The NCTA requested a longer implemen-
tation period and a longer notification period from 
broadcasters. The 60-day notification period is 
too short to obtain and install new equipment if 
that is necessary for a new program substitution. 
The commission is reviewing the cable/telco 

cross-ownership issue and is considering 
changing the waiver requirements to make it 

TINE PROGRAMMABLE SWITCHING 
(THEIRS VS OURS) 
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push button telephone 
control to our total 
remote-access video 
display via modem. 
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Compare their L.E.D. 
readout to our full size 
video display. 

Compare their push button 
4-- controls to our versatile 

keyboard programming. 

OUR STATE-OF-THE-ART TIME PROGRAMMABLE SWITCHER 
GIVES YOU THE FEATURES YOU NEED NOW! 

• Program for months in advance. 

• Real-time clock with battery backup. 

• Cost efficient. 

• Instantly access all switches via current status screen. 

• UP TO 128 CONTROL LINES. 

• We control video feeds, modulators and processors, TTL and momentary 
TTL inputs, heavy current switches and relays. 

FOR MORE INFORMATION, CONTACT 

1-800-541-3881 
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easier for a telephone company to provide cable 
in its service area. In addition, the commission 
will review the ban on television network owner-
ship of cable systems. 
The station coverage for meeting effective 

competition requirements has been modified. 
The Grade B contour must now cover the com-
plete system rather than just touching the system. 
If it is believed that the contour is incorrect and 
a field survey is conducted, then the loser will 
have to pay for the survey. Three-station coverage 
is still required to meet the effective competition 
requirement. 

Subcommittee reports 
National Electrical Code: The preprinted edi-

tion of the 1990 National Electrical Code has 

been released for comment until the end of Sep-
tember. The comments must refer to proposed 
changes to the code and cannot address sug-
gestions for additional changes. 
Advanced television: There has been a lot of 

activity in advanced television (ATV), mainly in 
the FCC Advisory Committee working parties. 
The Planning Subcommittee has prepared a list 
of desired attributes for AN systems and pro-
cedures for testing and evaluating the systems. 
The System Subcommittee has requested that 
the proponents submit descriptions of their 
systems by the beginning of September. These 
will be evaluated by the beginning of December, 
at which time tests of the physical systems will 
begin. The Advanced Television Test Center has 
been funded by the broadcasters to set up a lab 

The SIGnal System 
CATV Design Utilities Package 

for the IBM PC and Compatibles 

For Those Who Simply Need Power 
Version 4.0 The Next Generation 

SIGnal combines speed and ease, with accuracy and reliability into an inexpensive 

integrated design software specially created for the communications industry. Using 
your specifications. SIGnal can design, power and report a bill of materials with 
a simple touch of one or more keys. 

Upgrades are easily attached. User-specified enhancements are also available and 

encouraged — "Together we can make the best CATV design solution." 
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to perform the broadcast tests. The source of 
funds for the cable and alternative media tests 
has not yet been determined. 
Attendance at the various committee meetings 

includes broadcasters, manufacturers and tele-
phone company representatives with only token 
cable representation. If the cable industry wishes 
to have any significant influence on the selection 
of the system it will have to put more effort into 
attending the committee meetings. 

Test procedures: A number of test procedures 
has been prepared for performing acceptance 
tests on cable and BTSC performance tests for 
cable equipment are nearly complete. These will 
be issued in the second edition of the NCTA 
Recommended Practices, due to be published 
in 1989. 

Signal leakage: All cable systems operating 
in the aeronautical band must meet the CLI or 
flyover requirements by July 1, 1990. The systems 
that have performed tests have generally found 
that if a very good monitoring and repair pro-
cedure was not in place then there was no 
possibility of meeting the requirements during 
the first test. With a good program in place it was 
possible to meet the requirement with some addi-
tional effort. 
There must be on file with the FCC by the July 

1, 1990, deadline a certification that the system 
meets the requirements and that all channels in 
the aeronautical bands comply with the standard 
offsets or they will not have authority to operate 
in the aeronautical bands. The NCTA will be 
sponsoring seminars in the fall and winter to in-
form operators of the requirements for operating 
in the aeronautical bands. 

Multiport: The booth at the SCIE expo was 
well-attended with many operators showing an 
interest in the port. It is still necessary to convince 
decoder manufacturers that there is a market for 
equipment supplied with the multiport. Develop-
ment of specifications to allow impulse pay-per-
view through the TV set remote control is near-
ing completion. 
Smart House: Equipment is now in the bread-

board stage and it is expected that 10 to 20 proto-
type homes will be built across the country in 
1990. These will incorporate many of the ad-
vanced features of the Smart House concept. 

National Electrical Safety Code: The preprint 
of the next edition has been distributed; thecom-
ment period ended Sept. 30. One proposed 
change in definitions would have resulted in a 
reduction in power passing on communications 
cables to 150 watts. This type of change could 
get through to the final version if the industry does 
not show an interest in the changes and read the 
proposed revisions. 

Multichannel TV sound: The test procedures 
for BTSC on cable systems are near completion. 
The Canadian Cable Television Association has 
issued a systems operations guide for BTSC. 
American Radio Relay League: There have 

been no complaints received through the ARRL 
regarding cable/amateur interference. However, 
there have been three instances of complaints 
going directly to the FCC from local amateurs 
after the cable company did not react to inter-
ference problems. Operators should work with 
local amateur groups to ensure cooperation and 
minimize problems getting to the FCC. 

See us at the Atlantic City Show, Booth 858. Reader Service Number 9. 



Advanced Television Systems Committee: A 
proposal to reorganize the committee along the 
lines of the FCC ATV committee is being re-
viewed. Under the proposed organization the 
technology groups would be responsible for pro-
duction and for distribution regardless of the 
number of scan lines and resolution. The main 
action in ATV is taking place in the FCC Advisory 
Committee working parties. 
Emergency Broadcast System: The system is 

under review with the intention of updating the 
cueing signal to allow more information to be 
sent. The additional cueing information could be 
used to trigger audio overrides at cable head-
ends to ensure that the emergency messages 
reach as many people as possible. 

Anixter unveils 
fiber-optic link 
ORLANDO, Fla.—On Sept. 6, Anixter 
Cable TV unveiled its Fiber-Optic Laser 
Link CAN system here at the Cablevision 
of Central Florida facility. The new tech-
nology allows for the transmission of mul-
tiple amplitude-modulated analog TV sig-
nals over long distances. It is expected 
that a number of MS0s, including Amer-
ican Television and Communications 
Corp. and Tele-Communications Inc., will 
be making initial installations of the 
system this year. Jones lntercable also 
is considering installation. 
The analog laser system, designed for 

backbone trunking applications, is 
capable of transporting a 42-channel 
VSB/AM spectrum over one single-mode 
fiber with a 5 dB loss budget. It is based 
on a technology developed by AT&T and 
adapted for the CAN industry. The elec-
tronics of the Laser Link are being manu-
factured by AT&T and marketed by 
Anixter. 

FCC lists guidelines 
for compatible HDTV 
WASHINGTON, D.C.—The Federal Communica-
tions Commission listed new technical guidelines 
for high-definition television transmission. In a 
unanimous vote, the FCC ruled that existing TV 
sets, using the NTSC standard, must be able 
to receive advanced TV signals. This in effect 
precludes the current MUSE system (proposed 
by NHK, the Japanese Broadcasting Co.) for 
use in the United States, although MUSE 
systems compatible with U.S. standards are now 
being developed. 

In a related event, Zenith submitted a proposal 
for its "Spectrum Compatible HDTV System" to 
the FCC's Advisory Committee on Advanced 
Television Services. The Zenith system takes 30 
MHz of video and audio data and compresses 
it into a 6 MHz signal, which is transmitted over 
an unallocated NTSC channel in the VHF/UHF 
spectrum , simultaneously with an existing allo-
cated channel transmitting the NTSC signal. 

Catel adds fiber 
to Summer Olympics 

Metrotech locators. 
Congestion relief. 

Face it. Today's congestion— 
above and below ground—can 
make it tough on the best of 
locating crews. 

Even the targets are changing. 
Presenting new challenges, like 
those of fiber optic cable, for 
example. 
And all at a time when accuracy, 

even certainty, is especially 
critical—witness the advent of 
"One Call" systems. 

Fortunately, Metrotech's contin-
uing its quarter-century tradition 
of providing locator instruments 
that beat the underworld at its 
worst. That are engineered to 
make the most not only of tech-
nology, but of operator expertise 
as well. And that are backed by 
people who'll go the extra mile in 
meeting special needs in equip-
ment or training. 

Small wonder Metrotech's the 
natural choice among leading utili-
ties worldwide. Like you, they're 
people who want to know — with 
certainty — what's underfoot. 

Shouldn't you call or write 
Metrotech, too? And learn how 
we can help you stay on top of 
what's down there. 

SEOUL, South Korea—Catel Telecommunica-
tions installed a fiber-optic TV transmission 
system in use at the 1988 Summer Olympics. 
The company provided links from the Inter-
national Broadcast Center to three sites—Main 
Stadium, Olympic Park and the International 
Olympic Committee headquarters. The Korean 
Telecommunications Authority selected the Catel 
3000 Series system, which carries 16 channels 
for distances up to 23 kilometers. 

This was the second time Catel has supplied 
equipment for the Olympics. Earlier this year, 
ABC used the company's audio equipment for 

METROTECH 
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Reader Service Number 10. 

its coverage of the 1988 Winter Games in 
Calgary, Canada. 

• Pioneer Communications of America 
opened a new field sales office near Denver for 
its cable TV division at Greenwood Plaza, Third 
Floor, 5680 Greenwood Plaza Blvd., Englewood, 
Colo. 80111, (303) 740-6718. 
• SCI Systems, an electronics manufacturer 

headquartered in Carlsbad, Calif., recently ac-
quired Southwest General Industries, whose ser-
vice and repair division holds in-warranty repair 
contracts for Oak products. 
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The myth of free trade 
By Isaac S. Blonder 
Charman. Blonde,Tongue Laboratones Inc 

This month we will adhere to the classic con-
struction of a working paper. First the proposal, 
then the exposition, followed by a summation re-
inforcing the proposal. 

Proposal: The United States shall impose a 100 
percent duty on all imports at the rate of 20 per-
cent yearly, until the full tax is achieved. 

Free trade advocacy in the United States 
began with the Jefferson and Jackson Demo-
crats, who responded with free trade bills to the 
demands of their tobacco- and cotton-exporting 
Southern constituents. These Democrats were 
weakly countered with tariff raises proposed by 
the Federalists led by Alexander Hamilton and 
the Whigs led by Henry Clay to protect the in-
fant industries of the East. Tariffs under the 
Republican Party tended to increase, with some 
reversals, as in the Democratic Wilson-Gorham 
Tariff of 1894 and the Underwood Tariff Act of 
1913. Every congressman sought protection for 
the principal industries in his district. 
Perhaps the most vigorous push for free trade 

came directly after World War II. We survived that 
conflict as the biggest, most efficient and tech-
nologically advanced economy in the world. We 
could outprice, outproduce and outshine any 
other country, so naturally the politicians wrapped 
themselves in the moral and populist slogans 
proclaiming "free trade" the dominant economic 
principle for the general welfare of the world. 
Remnants of this euphoria are still evident today. 
The official position of the United States, both at 
the White House and in Congress, still verbalizes 
an undying love for free trade, even as they enact 
restrictive trade bills. 

The economists 
So far we have only mentioned politicians. 

What role has been seized by that agglutination 
of experts, self-proclaimed as scientists in the 
economics arena? They are a prestigious gaggle 
of highly educated and publicized savants with 
impressive credentials as analysts and commen-

tators but possessed with lamentable experience 
in the non-academic skills of business manage-
ment and sales. I remember the occasion when 
President Lyndon Johnson, with a rosy procla-
mation of solving our economic dilemmas, called 
over 200 economists to the White House for a 
definitive summit conference to set the economic 
goals for his administration. Alas, the March lions 
turned into April lambs—what he got were 200 
programs all at odds with one another! 

It seems that each economist seizes one 
aspect of trend analysis for himself and forever-
more explains the movement of the economy 
from that exalted position. If by chance the fore-
casts fit today's economics, that gentleman and 
his theory is praised to the sky. But, inevitably, 
a new king of the hill appears and the press pro-
claims the skill of the new hero. 
The first duty of a country is survival. This in-

dispensable goal cannot happen with free trade. 
With unrestricted free trade no country would be 
able to retain all of the industries needed to sup-
port an army within its borders. Our steel industry 
is on its knees today, joined by the shipbuilding 
plants, crucial segments of the semiconductor 
manufacturers and numerous suppliers of elec-
tronic components. In World War Il we had time 
to construct new armament plants, but with 
today's nuclear and sophisticated weapon 
systems, we will need instant replacement of our 
weapons stock as the battle conditions demand. 
Free trade is an enemy of preparedness. 
Under our Constitution we have mandated 

free trade between the states. In theory, if one 
of the states is the most efficient producer of some 
item of manufacture or agriculture, it deserves, 
and all the citizens benefit, from the prosperity 
it brings to that state. Nevertheless, there are 
numerous examples (for instance, milk prices in 
New York City) of local tariffs to preserve local 
industry at the expense of the consumer. How-
ever, we do have free trade between the states 
and free movements of our citizens. Free trade 
is possible and worthwhile under a constitution 
and with the obligation for a common defense. 

10,000 
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"The first duty of a 
country is survival. 
This indispensable goal 
cannot happen with 
free trade." 

The free trader seems willing to give up our 
steel and TV industries to the countries willing 
to import our agricultural products without tariffs. 
The exchange has not only worsened our trade 
balance but it has perilously weakened our de-
fense posture. Thus my proposal for 100 percent 
tariff on imports. True, the good life and the cheap 
imports may fall considerably, the populace will 
grumble and the politicians will play politics, but 
freedom is worth any price. 

Having imposed the 100 percent tariff and pre-
served the smokestack industries, what course 
should we pursue for the future? First and fore-
most, we need to meet or beat the competition. 
Our students are taking the easy road to a degree 
(as they did in my school years). A Korean high 
school student has to take 18 mandatory sub-
jects each semester; science and math are 
always included. Why don't we set the same 
goals? Degrees should only be awarded to the 
students able to pass through an exacting ex-
amination picket fence. Today we are selling off 
our capital assets in order to live beyond our 
means. Tomorrow's reckoning will come as 
surely as the dawn (trite phraseology but true). 
Government must favor industry R & D without 
antitrust legal barriers. Above all, the public 
should coddle and love the manufacturer, 
breathe deep his pollution, ignore the noise and 
eyesores and revel in the higher living standard 
and guarantee of freedom ensuing from these 
currently unpopular beasts! 

To summarize: I suggested a 100 percent duty 
imposed over a five-year period as a shield to 
allow our native industries time to recover their 
lost markets and products. The final import duty 
can be set at a level that will allow the manufac-
turers to survive, along with enough competition 
from imports to keep them honest. Free trade 
is beneficial only to political entities under a com-
mon defense umbrella. I 1 
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Single-mode fiber-optic technology 
By Douglas J. Eccleston 
Manager North American Applications Engineering 
Telecommunications Products Division Corning Glass Works 

You have just left a management meeting 
where a radical decision was made. For the first 
time, a system design analysis has proven-in op-
tical fiber. Your cable system's upgrade, sched-
uled for next year, will include fiber-optic distribu-
tion all the way to nodes in the neighborhoods. 
Single-mode fiber, with its virtually unlimited 

bandwidth and low loss, seems to be the way 
to go. but you have a question about fiber 

technology—namely, are all single-mode fibers 
created equally? In fact, depressed-clad and 
matched-clad single-mode fibers are roughly 
comparable except for bend performance. In 
bending, matched-clad fibers have equivalent 
or better performance in the normal operating 
regions, but show higher losses in loops much 
smaller than the minimum bend recommended 
by any fiber manufacturer. This minimum 
recommendation is out of consideration for 
bend-induced stresses. 

In 1970. when the first practical low-loss op 

Figure 1: Single-mode designs 
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tical fiber was developed, it was actually a 
single-mode fiber. However, the laser diodes 
required to power single-mode were not yet 
commercially ready and splicing technology 
was not advanced enough. In fact, for these 
reasons, multimode fibers, with their larger 
cores, were the first fibers to be installed and 
transmit commercial traffic. 
These early single-mode fibers were made 

by the inside vapor deposition (IVD) process, 
which requires a pre-made silica tube that 
becomes an integral part of the finished fiber. 
The IVD process most commonly used today 
is the modified chemical vapor deposition 
(MCVD) process. 
MCVD starts with a previously made glass 

tube into which layers of glass soot are 
deposited. The soot (pure, ultrafine glass dust) 
is built up in layers. This pre-form is then con-
solidated by heating. The resulting blank is 
heated and drawn into hair-thin fiber. 
The original glass tube, now the outside of 

the blank, forms the cladding or outside of the 
fiber. And herein lies a serious concern. The 
glass tube that is required to start the IVD is 
actually the weakest link in an IVD/MCVD fiber. 
The manufacture of this glass tube, by a melting 
process, is much less controlled than the fiber 
manufacturing process, making the glass tube 
inherently less pure. Impurities are a source of 
material weakness in fibers. Since it isn't possi-
ble to eliminate all impurities in the glass tube, 
fibers with an outer surface formed of tube 
glass tend to have more flaws than those whose 
outer surface is formed of soot. Fibers with 
more flaws are intuitively weaker and more 
susceptible to breaks. 
One significant hurdle to overcome in im-

proving the process was the shortcomings and 
limitations imposed on the process by the need 
to use a tube. A new process, known as out-
side vapor deposition (OVD), was developed. 
With OVD, instead of beginning with a tube and 
filling it with layers of soot, you begin with a thin 
rod. Layers of pure soot are built up on the out-
side of the rod—beginning with the core glass, 
then changing the chemical formula for the 
cladding glass. The rod is removed later. In 
essence, an OVD fiber is manufactured from 
the inside out, instead of the outside in. The 
core is made first; the cladding follows. Every 
part of the fiber is made using the same 
ultrapure process. The OVD process yields op-
tical fibers with inherently fewer flaws, since the 
procedure successfully eliminates the need for 
the impure silica tube. 

All fibers not created equal 
As a result of the two manufacturing pro-

cesses (OVD and IVD), there are two distinct 
single-mode optical fiber designs — matched 
and depressed clad (Figure 1). The main dif-
ference here is in the boundary between the 
core (or light-carrying path of the fiber) and the 
cladding (or outer glass layer of the fiber). In 
all single-mode fiber, it is normal for the fringes 
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of the light mode, or ray, to travel in the clad-
ding. Thus, where light travels in the cladding. 
you must have optical quality glass - as pure 
as possible. To accomplish this, the optical 
quality glass must be deposited both for the 
core and the light-carrying portion of the 
cladding. 

With OVD, this is not an issue; all of the glass 
is deposited. There is a clear "match" of the 
index of refraction between the outermost 
cladding and the light-carrying portion of the 
cladding (Figure 2). Thus, OVD yields a 
matched-clad fiber - a fiber that can efficiently 
move light in the core/clad boundary. 
However, for manufacturers using IVD, 

creating this efficient light-carrying core/clad 
boundary is more difficult because of the lower 
purity of the glass tube. Depositing silica that 
is pure enough inside the tube isn't practical 
without adding chemicals to the glass. Histor-
ically, the ability to control this "doping" of the 
silica has not been precise enough to ensure 
an exact match of the index of refraction to that 
of the tubing material. Without this exact match, 
the tube portion of the cladding in IVD fibers 
may have a lower index, thereby producing a 
multimode waveguide. To eliminate this pro-
blem, IVD manufacturers "depress" the soot-
deposited cladding (Figure 3) to ensure the.light 
travels down the core of an IVD fiber as effec-
tively as it does in an OVD fiber. 

This distinction becomes important if you 
require lot-to-lot consistency among fibers. 
Matched-clad OVD fibers do not require this 
complex and hard-to-control depressed-clad 
region but utilize the simplest and easiest to 
control fiber design - and yield fibers with the 
most consistent performance. 
An additional benefit of eliminating the tube 

is that you also eliminate the dependence on 
melted-tube geometry. In fact, OVD yields 
fibers with better geometric control of physical 
parameters such as core concentricity and 
outside-diameter roundness. This translates to 
very low joint loss - an important considera-
tion for today's fiber installations. Additionally, 
the matched-clad design coupled with the OVD 

Figure 3: Measured refractive index profile on depressed-
clad single-mode fiber 
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manufacturing technology yields fibers with 
lower power loss, smoother index profiles and 
longer commercially available unspliced 
lengths on the market today. 

Bending performance 
One key performance difference between 

matched- and depressed-clad fibers is their 
relative bending performance. Generally, you'll 
get better bend performance with matched-
clad fibers in the normal operating regions. 
Specifically, matched-clad fibers exhibit lower 
losses at bend diameters greater than 2 inches 

Figure 4: Progress in reducing attenuation 
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(50 mm) - an important consideration since 
this is the region used most often in daily prac-
tice. Depressed-clad fibers generally exhibit 
higher losses in this region. 

At large-diameter bends greater than or 
equal to 3.2 inches (80 mm), such as those 
commonly found in stranded cable designs, 
matched-clad fibers also exhibit lower losses. 
Helical stranding of fibers into cables introduces 
extra fiber length in the cable, minimizing stress 
on the glass. Due to the poor performance of 
depressed-clad fibers at these large-scale 
bends, they must be laid straight into a cable. 
This potentially can result in the fibers being in-
stalled under permanent stress. 
The only region where matched-clad exhi-

bits higher losses than depressed-clad is at tiny 
bend diameters of less than 1 inch (25 mm) - 
considerably smaller than the minimum bend 
radius recommended by any fiber manufac-
turer (which is about 2 inches or 50 mm). A 
minimum bend diameter is recommended to 
eliminate the risk of spontaneous fiber fracture 
over time. If you subject a fiber to tiny bends 
(less than 1 inch or 25 mm), both depressed-
and matched-clad exhibit unacceptably high 
losses at 1,550 nm. 
The higher loss of matched-clad fibers at 

those tiny bend diameters is a blessing in 
disguise. If a fiber is accidentally bent too tightly 
(below the recommended 2-inch or 50-mm 
radius), matched-clad provides a high loss 
"alarm" to alert the installation crew to a poten-
tially serious problem with long-term 
mechanical reliability. Depressed-clad provides 
no such alarm, thereby increasing the likelihood 
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Strongest 
Your satellite receiver is the 
first link in the transmission 
chain. And one thing you can 
always count on—the head-
end signal never gets better 
than it is at the receiver. 
Which is a very good reason 

to specify Standard's Agile 40 
C/K Satellite Receiver—but 
it's not the only reason. 
The Agile 40 C/K was de-

signed from the ground up 
solely for commercial applica-
tions. So it has all the features 
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cable operators need most: 
rock-solid 100 kHz PLL tuning 
and total flexibility for the 
most accurate C/Ku-band 
operation; 70 MHz IF with a 
front-panel test point to mini-
mize terrestrial interference; 
and a power supply built for 
the demands of 24-hour-a-
day operation. 
The Agile 40 C/K is also the 

receiver to have when you're 
expanding your headend. 
Because our internal 950-
1450 MHz active loop-thru 
design eliminates signal 
splitters, so you can add up 
to 16 additional receivers 
on the same polarity—with 
no signal loss. 
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ink. 
And because it draws only 

32 watts maximum, the 40 
C/K runs cooler, lasts longer, 
and saves money year after 
year. So you'll probably never 
need our five-year replace-
ment/warranty program. 
To get the best signal, start 

with the peace of mind that 
only quality equipment can 
give you. Link up with an 
Agile 40 C/K. 

For pricing and specifica-
tions, contact the SATCOM 
Division for the Standard rep-
resentative nearest you. 

Standard 
Communications 
SATCOM Division 

P.O. Box 92151 
Los Angeles, CA 90009-2151 
Telephone: (800) 243-1357 
In California (800) 824-7766 
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The Super 600 2,cai, SLM makes every 
CATV Technician Super Efficient. 

check-out these features... 
mu Illuminated Microameter and LCD Readout 
• Key Pad Selector for Frequency/Channel 
• Ruggedized case — High Impact 1" Foam 

(all around) 

• Automatic Shut-off protects Ni -Cads 

• Level Accuracy: ± 0.5 dB 
• Frequency Accuracy: ± 20 KHz 
▪ Frequency Range: 4.5-600 MHz (standard) 

The Super 600 De:9iteté beats 
the eeeeel out of the competition 
... why settle for less ? 
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that a too tightly coiled fiber may experience 
breakage at some undefined future date. 

Finally, it's important to consider the 
minimum cable repair length when discussing 
the relative merits of matched- and depressed-
clad. Available data show that if single-mode 
fibers are bent to diameters typical of those 
found in splice enclosures (2 to 3 inches, or 50 
to 75 mm), matched-clad attenuates higher 
order modes much more quickly than depressed-
clad. This is key in repair sections where it's 
possible that higher order modes may be 
generated at poorly made splice joints and then 
coupled back into the fiber at the next splice 
joint. If the higher order modes are not 
attenuated, they can result in modal noise and 
degrade system performance. 

With matched-clad, the fiber bend (after the 
splice joint) in the splice enclosure will quickly 
attenuate any higher order modes that may be 
present before they leave thé splice enclosure. 
The same situation can only be avoided in 
depressed-clad fibers by specifying a minimum 
repair length. This length of cable, typically 20 
meters for depressed-clad, is sufficiently long 
to attenuate any higher order modes before 
they reach the second splice in the 
repair section. 
However, burying or storing this extra 

20-meter cable section can be a problem, 
especially during emergency repairs when it's 
critical to get the network up and functioning 
in the shortest amount of time. With matched-
clad, there's no need to specify a minimum 

repair length to avoid modal noise—and no 
need for the extra 20-meter cable section. 

Fiber advancements 
Today's single-mode fibers are light-years 

more advanced than the primitive lightguides 
first developed in 1970. Advancements have 
been numerous in the areas of geometric con-
trol, attenuation, water content, strength and 
consistency—all resulting in a product 
optimized for cable TV applications. 
Given improvements in manufacturing 

technology, fibers have markedly improved 
geometric tolerances. This ensures ease of 
interconnection by either fusion or mechan-
ical splicing. 

Fiber losses have improved dramatically 
since the 20 dB/km breakthrough in 1970 
(Figure 4). Today's losses are 0.35 dB/km at 
1,310 nm and 0.25 dB/km at 1,550 nm. Opera-
tion at both the 1,310 nm and 1,550 nm 
wavelengths now is common. Lower loss fibers 
enable unamplified transmission distances of 
more than 20 miles, substantially reducing 
signal degradation caused by repeated 
reamplification. 

Additionally, this increased amplifier spacing 
translates into fewer in-line or remote electronics 
and correspondingly fewer system failures, 
thereby yielding lower maintenance costs. 

Today's single-mode fibers have lower water 
content as a result of improved manufacturing 
processes. This is another factor making possi-
ble the lower loss at 1,310 nm, and adds 
flexibility in selecting light sources around the 
1,310 nm window of operation. 
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Thirty years of service, reliability... 
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You know where you want to go. 
You want to stay competitive. And in 

the cable television industry, that means 
using the best, most cost-efficient 
technology. Maybe a new build is in order. 
Perhaps a system upgrade. Either way, you 
face a perplexing situation. 

You know where you want to go. But 
how do you get there? 

Making It Easier 

At Catel, we realize that finding the 
answer isn't easy. There's a lot of talk and a 
great deal of confusion regarding CATV 
technologies—fiber optics, microwave, 
and coaxial. 

• Catel can make the decision-making 
process easier by examining your specific 
network requirements. Together, we can 
determine your cost, network distribu-
tion, and overall system objectives. 

Then—and only then—can a 
particular technology be considered. 

The Best Route 
Oftentimes, the best route may consist 

of more than one technology. Eventually 
you'll realize that Catel's fiber optic 
technology has several distinct advantages 
over the others—superior quality, future 
expandability, and maximum channel 
capacity, to name a few. 
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And because all Catel fiber optic 
products support both AM and FM 
transmission technology, network design 
flexibility is greatly enhanced. 

More Than 20 Years 
For more than 20 years Catel has 

provided the cable television industry with 
innovative solutions. The introduction of 
our full family of fiber optics products 
marks the beginning of an exciting 
evolution for the industry—an evolution 
which will bring about complete fiber-to-
the-home CATV systems. 

You know where you want to go. With 
Cate!, you'll get there. 
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When it comes to fiber optics for cable 
television, there's only one clear choice— 
Catel. Give us a call today at 
1-800-225-4046 or (415) 659-8988 (in 
California). 

See us at the Atlantic City Show. Booth 309. 

See us at the Mid-America Show. 
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AM fiber-optic trunks 
By David Grubb Ill 
Manager, Analog Programs 
Jerrold Broadband Engineering Group, General Instrument Corp 

A certain amount of attention has been focus-
ed on the possibility of carrying VSB/AM (vestigial 
sideband/amplitude modulated) signals on op-
tical fiber links. This has been proposed as an 
ideal way to implement a "fiber backbone" , 
system because of the apparent simplicity and 
compatibility with existing CATV practices. 

Figure 1 shows a block diagram of the pro-
posed system. The standard CATV RF spectrum 
is used to intensity-modulate a laser diode. The 

output of the laser travels through the fiber to a 
photodiode at the receiver, which converts the 
optical signal to an electrical current that is buf-
fered by the receiver amplifier. The output of the 
amplifier is used to feed the CATV distribution 
system. 

Obviously, questions arise as to the limits of 
AM video transmission over fiber. Making the 
assumption that the lasers can be linearized to 
provide acceptable distortion performance, the 
question then centers on the theoretical limits on 
system noise performance. In order to determine 
this, two things have to be resolved: the upper 

Table 1: C/N limit assumptions 

Laser coupled power (mW) 

Photodiode quantum 
efficiency ("in percent) 

Laser RIN (dB/Hz) 
Amplifier transimpedance (St) 
Amplifier noise factor 

Case 1 
Theoretical 

limit 
10 
1 

100 
No laser noise 

No thermal noise 

Case 2 
Practical 

limit 
5 
0.5 

86 
-160 
1,000 
2 

Case 3 
Available 
DFBs 
1 

0.35 

86 
-145 
1,000 
2 

Table 2: C/N in single-laser AM fiber-optic systems 
Link loss 
in dB 

O 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Theoretical 
77.085 
76.085 
75.085 
74.085 
73.085 
72.085 
71.085 
70.085 
69.085 
68.085 
67.085 
66.085 
65.085 
64.085 
63.085 
62.085 
61.085 
60.085 
59.085 
58.085 
57.085 

C/N (80 channels) in dB 
Practical Available 

62.499 47.306 
62.181 47.167 
61.804 46.988 
61.361 46.761 
60.846 46.470 
60.254 46.101 
59.580 45.637 
58.820 45.057 
57.973 44.346 
57.037 43.490 
56.012 42.481 
54.896 41.320 
53.693 40.015 
52.403 38.580 
51.030 37.033 
49.577 35.392 
48.050 33.674 
46.454 31.895 
44.797 30.069 
43.084 28.204 
41.323 26.310 

limit on input power for single-mode fiber and 
the lower limit on the system noise floor. 

Power limit 
There is a non-linear phenomenon called 

stimulated Brillouin scatter (SBS) that limits the 
amount of power that can be coupled into a fiber 
When the SBS threshold is reached, the energy 
in the forward (signal) wave couples to a wave 
at the slightly longer wavelength propagating in 
the reverse direction. The result is that the for-
ward wave, which i§the desired signal, is severely 
attenuated. Because it is a relatively narrowband 
phenomenon, this only affects narrow line-width 
sources. 

Unfortunately, the type of laser that seems best 
suited to this application is a distributed feedback 
(DFB) laser, which has a very narrow line width. 
DFBs are preferred because they typically have 
very low relative intensity noise (RIN). Conven-
tional Fabry-Perot laser diodes do not seem to 
be capable of comparable noise performance. 
The SBS threshold can be calculated using For-
mulas 1 and 22. 

PTH = LI   
AeK 

(1) 

(2) Le = 

gaLe 

1 - exp (-al) 

where: 

Ae = effective core area of the fiber 
K = polarization factor (1 K 2) 
gB = peak Brillouin gain coefficient (4.6 x 

10 -1, m/W) 
Le = effective interaction length 

= fiber loss (m -I) 
I = fiber length 

Figure 2 shows the SBS threshold for single-
mode fiber as a function of fiber length for two 
different attenuation rates corresponding to 1310 
and 1,550 nm operation. It is assumed that the 
effective core diameter is 11.5 gm and that K = 2 
(complete polarization scrambling). This shows 
that for long links the maximum input power at 
1.310 nm is about 10 mW. 

System noise and performance 
In a fiber communication system there are 

three types of noise: quantum, laser RIN and 
receiver thermal noise. Theoretically, the laser 
RIN and the receiver thermal noise can be reduc-
ed because they are a function of component 
design. Quantum noise (also called shot noise) 
cannot be eliminated or reduced because it is 
inherent in the process of detecting light in a 
photodiode due to the statistical nature of the 
process. For a given optical power, wavelength 
and photodiode quantum efficiency the average 
rate at which electron-hole pairs are generated 
can be calculated. The noise arises from the fact 
that both the actual number of pairs generated 
in any unit of time and the generation time of any 
given pair are random processes. This causes 
a broadband noise current at the output of the 
photodiode. The mean-squared noise current is 
proportional to the output photocurrent. 
The carrier-to-noise (C/N) ratio at the output 
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of the link can be calculated using Equation 33. 

C/N =   x [(m x R x p1)2])_ 
[ 2 x1n 

([2 xexBvxRxR)+(RINIxByx[RxRdi 

+ [4 xkxTxF 
(3) 

R, 

where: 

By 
e 

RIN 

Pr 

R, 

= number of channels 
= RMS optical modulation index 
= video bandwidth 
= charge of an electron 
= Boltzmann's constant 
= receiver temperature 
= laser noise 
= received optical power 
= photodiode responsivity 
= receiver transimpedance 
= noise factor of preamp 

The C/N is calculated in terms of mean-
squared currents at the input of the receiver 
amplifier. The terms before the division sign 
represent the mean-squared signal current of 
each video carrier. The terms after the division 
sign are due to quantum noise, laser noise and 
the receiver thermal noise (transimpedance 
receiver) respectively. Three sets of conditions 
are considered. The number of channels (n) is 
80 in all three cases and the receiver is assum-
ed to be at room temperature. The assumptions 
are summarized in Table 1. 
The estimated laser performance for the prac-

tical limits column is based on recent trends in 
this area. By definition. the RMS modulation 

Figure 2: Single-mode fiber power limit (due to stimulated 
Brillouin scattering) 
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depth cannot exceed one and for real signals 
it has to be somewhat less to avoid clipping on 
the peaks of that signal. The usable modulation 
depth for today's lasers is somewhat lower due 
to distortion. The photodiode quantum efficiency 
of 86 percent corresponds to a responsiveness 
of 0.9 A/W at 1,310 nm. This level of performance 
is available today through selection. Although the 

high-performance receiver assumed in Cases 
2 and 3 does not yet exist with the low distortion 
that this application demands, it is assumed that 
it could be designed using available com-
ponents. In this case, the modulation depth is 
reduced by 3 dB as an approximation of the 
penalty due to the distortion characteristics of 
available lasers. 

Figure 3 and Table 2 show the output C/N as 
a function of link attenuation for the three sets 
of assumptions. A link loss of 10 dB corresponds 
to about 15 km, assuming 0.4 dB/km of fiber loss, 
0.1 dB/km of splice loss, 0.5 dB loss for a con-
nector pair at the transmitter and 2 dB allowance 
for aging and repair, indicating that the theoretical 
limits of the technology are well above desired 
performance levels at 15 km. The "practical" per-
formance limit at 15 km is 56 dB C/N for 80 chan-
nels, showing that the goal of a single-laser AM 
fiber trunk carrying 80 channels with good per-
formance seems to be achievable, although it 
may take a few years to get there at a reasonable 
cost. 
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FALL HYBRID SALE 
Lowest Prices in CATV History! 

100% Tested Hybrids 
Direct from TRW • Motorola • MA/COM 

By increasing our technical support and volume purchasing exclusively in C.A.T.V. parts, 
U.S. ELECTRONICS can pass on savings to our customers. We appreciate your support and will continue to make 

immediate same day shipments as requested, helping to improve system repair and unit turn-around. 

GAIN 

TRW MOTOROLA 
CA2101 MHW1171 17 dB 
CA2201 MHW1172 17 dB 
CA4101 MHW4171 18 dB 
CA4201 MHW4172 18 dB 
CA5101 MHW5181 18 dB 
CA5201 MHW5182 18 dB 
CA2600 MHW1342 34 dB 
CA4600 MHW4342 34 dB 
CA5600 MHW5342 34 dB 

CA220OR NEC VOLT 17 dB 
CA2229R NEC VOLT 17 dB 
CA2301 MHW1222 22 dB 
CA2300 MHW1221 22 dB 
CA2601BU 34 dB 
CA5301 MHW5222 22 dB 

MA/COM PHI 

PHA 3018-11 18 dB 
PHA 3018-12 18 dB 

PHA 4518-11 
PHA 4518-12 

18 dB 
18 dB 

BANDWIDTH PRICE 

40-300 MHZ 23.00 
40-300 MHZ 23.00 
40-400 MHZ 24.00 
40-400 MHZ 24.00 SPECIAL 
40-450 MHZ 25.00 SHOW 
40-450 MHZ 25.00 PRICE! 
40-300 MHZ reg. 26.50 26.00 
40-400 MHZ reg. 27.50 26.50 
40-450 MHZ reg. 28.50 27.50 

40-300 MHZ 26.50 
40-300 MHZ 26.50 
40-300 MHZ reg. 26.50 25.50 
40-300 MHZ reg. 26.50 25.50 
40-300 MHZ 42.50 
40-450 MHZ 27.50 

300 MHZ 
300 MHZ 

450 MHZ 
450 MHZ 

21.50 
21.50 

22.00 
22.00 

.QUADS QUADS QUADS 
PHQ6401 <Op PHQ6402 PHQ6501 
PHQ6502 
PHQ6601 
PHQ6602 

PT4579A 
PT4572A 
LT2001 

19 db INPUT 400 MHZ 
19 dB OUTPUT 400 MHZ 
19 dB INPUT 450 MHZ 
19 dB OUTPUT 450 MHZ 
19 dB INPUT 450 MHZ 
19 dB OUTPUT 450 MHZ 

Q-020 
Q-013 
Q-016 

25.50 
25.50 
26.50 
26.50 
27.50 
27.50 

1.45 
6.21 

SPECIAL SHOW PRICE... 4.95 

C5 ELECTRfP111ÇS 
CALL TODAY!! (516) 331-2552 

600 D. No. Bicycle Path • Port Jefferson Station, New York 11776 

SPECIALIZING IN ALL CATV REPLACEMENT PARTS 
Hybrids • Quads • Diodes • Transistors • Capacitors • Cosmetic Parts • Bezels • Woodgrain Overlays • A.C. Cords • Remote Cords • Hand Held Transmitters 

See us at the Atlantic Show, Booth 551. Raeder Service Number 19. 



Multichannel AM on fiber: A status report 
In the past year a considerable interest in AM 
(amplitude-modulated) transmission of 
multichannel video on fiber has grown. The 
reason is mainly direct compatibility of the 
modulation format with existing coaxial CA TV 
plants. This is especially true for scrambled 
signals, which cannot be transmitted easily 
when FM (frequency modulation) is used. Many 
performance numbers have been mentioned, 
optimistic as well as pessimistic ones. Syn-
chronous developed an AM laser transmitter 
and optical receiver and tested them using a 
standard test setup for CA TV amplifiers: a multi-
carrier generator. filters and amplifiers, and a 
spectrum analyzer. Here are some of the 
results. 

By Vince R. BoreIli 

And Hermann Gysel 
• of Engrr.s Comfruncatrons roc 

Figure 1 shows the test setup for a 42-chan-
nel AM link. The signal source is a Dix Hills 
multicarrier generator. All measurements are 
done with unmodulated (or CW) carriers. The 
used channels are Ch. 2 (55.25 MHz) up to Ch. 
HH (343.25 MHz). Ch. J (217.25 MHz-) is 
switched off for the measurement of composite 
triple beat (CTB). Figure 2 shows the transmit 
spectrum. The multicarrier signal generator 
feeds a Synchronous AM laser transmitter 
LXAM-01. The optical signal goes through a 
7 km-long fiber spool and then into an optical 
attenuator. The receive power is - 2 dBm. It 
is fed into an optical receiver (Synchronous 
ORAM-01). 

The results 
Figure 3 shows the received spectrum. The 

Channels I and J are filtered out. Ch. J is switched 

off. The marker (dot) shows the CTB ratio to 
be 64.7 dB. The other spurs are composite 
second-order products. They are at least 62 dB 
down. The uncorrected carrier-to-noise (C/N) 
ratio is 73.5 dB. The correction factors are: 

- 2.5 dB for peak-log detection and 
Gaussian filters of the spectrum 
analyzer 

- 21.5 dB from 10Iog (30 kHz/4.2 MHz) 
+ 1 dB for analyzer noise floor being 6 

dB below measured noise 

- 23 dB total correction factor 

The C/N is therefore 73.5 - 23 = 50.5 dB. 
If better performance is to be achieved, a 

lower number of channels has to be transmit-
ted. We tried the following split: Laser 1 
transmits the low-band, mid-band, and high-
band. Laser 2 transmits the super-band and 
part of the hyper-band up to Ch. HH. Figure 4 
shows the transmit spectrum of Laser 1. Figure 5 
shows the received (filtered) spectrum. Ch. F 
(151.25 MHz) is switched off for CTB 
measurements. CTB is 64.8 dB down, com-
posite second-orders at least 62 dB. The laser 
drive level was increased by 4 dB. resulting in 
a C/N of 54.5 dB. 

Figure 6 shows the transmit spectrum of 
Laser 2; Figure 7. the received (filtered) spec-
trum. Ch. U (283.25 MHz) is switched off for 
CTB measurements. CTB is 64.8 dB down, 
composite second-orders are out-of-band. The 
laser drive level was increased by 3 dB. 
resulting in a C/N of 63.5 dB. 

In a general form the laser drive level is a 
function of the number of channels: 

P,,,ve/channel = 13,,,ve/(1 channel) - K x log(N) 

Figure 1: Test setup for a 42-channel AM link 

42-channel 
source 

Optical 
transmitter 

Fiber 
with 5 dB 
of optical loss 

Optical 
receiver 

Spectrum 
analyzer 

Amplifier 

Filter 

Figure 2 

Figure 3 

Figure 4 
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New LAN OTDR maps 
fiber optic cable routing 
The TD-9960 high resolution OTDR is 
available with disk-drive mass data 
storage for easier cable system doc-
umentation and trouble-shooting 

Laser Precision's new high resolution optical 
time domain reflectometer for LAN applica-
tions offers a wide range of features and ca-
pabilities. The mass data storage option en-
ables you to store the test trace of the total 
length of each fiber optic cable link on con-
venient floppy disks. Upon retrieval of a trace, 
you can obtain readout of dB loss and location 
at any point along the trace, such as at a 
splice or connector. You can also expand any 
point of interest along the trace for close anal-
ysis. This can be done on the TD-9960's CRT, 
or on an IBM type personal computer with the 
TD-958 OTDR emulation software to provide 
an easy method for maintaining and trouble-
shooting the cable system. The full ASCII 
keyboard enables you to add notes, such as 
date, location, and code, as well as retrieve 
any trace on the floppy disk. This convenient 
method for mapping the routing of the cable 
system also makes it easier and faster to 
pinpoint any location of a cable problem. 

The superior capabilities of Laser Precision's 
LAN OTDR are to the real benefit of the user. 
It has the capability to zoom in on any area 
along the total length of the trace, without 
having to rescan and reaverage the data. The 
TD-9960 eliminates the time consuming and 
irritating requirement of having to constantly 
rescan. During splicing, only a single marker 
is required to establish the splicing location 
on the TD-9960's CRT. This position is main-
tained, going from fiber to fiber, during se-
quential splicing. No reprogramming re-
quired. The TD-9960's real-time display with 
continuous dB readout makes it easy to op-
timize the fiber core alignment prior to splicing. 

The TD-9960 features plug-in modules for 
850 and 1300nM, ± 0.01% base accuracy, 
0.01dB resolution, 20dB backscatter range, 
10cm resolution, short 3 meter dead zone 
which is compensated by the pigtail, 40 kilo-
meter distance range, real-time display, dual 
cursers, built-in digital X-Y plotter, and avail-
able IEEE-488 or RS-232 interface, as well as 
the TD-959 mass data storage option. 

For more information, contact LASER 
PRECISION CORPORATION, 1231 Hart St., 
Utica, NY 13502, or call (315) 797-4449, or 
telex: 646803 

At a low number of channels (N less than 12) 
the drive level per channel into the laser has 
to be reduced by a factor of N. Therefore K 
is 20. With a higher number of channels K is 
decreasing to 15. Figure 8 shows the measured 
drive level into the laser transmitter. A second 
curve shows the corresponding value of K in 
the previous equation. 

Varying the optical receive power does not 
affect C/N as long as laser relative intensity 
noise (RIN) is the predominant noise source. 
This is normally the case with receive powers 
above O dBm. Between 0 and — 5 dBm we 
typically find a quantum noise dominated 1:1 
dB change in C/N vs. input power. Below — 5 
dBm. electrical receiver noise predominates, 
which eventually ends with a 2:1 dB change 
in C/N vs. optical input power. 

Interpretation of results 
The availability of laser diodes with RIN 

numbers of — 150 dB/Hz and better makes 
multichannel AM transmission on fiber possi-
ble with channel numbers that have never 
before been achieved, when more traditional 
laser structures were used. High loss budgets 
(like the ones we see when using FM) are not 
feasible yet, the main limitation being optical 
transmit power. 

Fiber installations have to be designed for 
minimum loss. High return loss connectors and 
splices have to be used if the laser RIN is not 
to be degraded. 
The upper limit of transmit power will be set 

in the future by non-linear effects in the fiber 
itself and is expected to be around 50 mW. 
There is therefore room for a substantial im-
provement in loss budget if the laser manufac-
turers are motivated to come up with higher 
power laser designs. For now 42 channels can 

be transmitted with a 50 dB C/N over up to 
7 dB optical loss. If better performance is 
needed (approximately AML microwave quali-
ty) two links can do the lob, one transmitting 
low-, mid- and high-band and the second the 
super- and some high-band channels. FI 

Figure 6 

Figure 7 

Figure 8: Laser drive level and K factor as a function of the 
number of channels 
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Fiber-optic supertrunking 
By Britt McQuaide 
Independent Communications Technician and Consultant 

Different considerations must be taken into account when designing 
and building a fiber-optic system. These include cable use, design and 
routing as well as placing and splicing methods. We'll discuss each 
of these. 
As a design consideration, single-mode fiber offers greater advan-

tages than multimode. This is because of the greater bandwidth and 
lower attenuation single-mode offers. The lower attenuation will allow 
greater distance between headends and/or hub sites without the need 
to install expensive repeaters. 
The number of fibers in the cable will be determined by how the system 

will be used. If the operator wants to lease fiber to other businesses 
(long distance carriers, government agencies, corporate businesses, 
etc.), additional fibers would be included in the cable. This is usually 
limited to densely populated areas due to increased traffic on the fibers. 
Factors such as channels per fiber, future growth expectations and the 
initial number of fibers also will help dictate the cable size. 
Having made these decisions, the total number of fibers in the cable 

should be approximately double the number of "working" fibers. This 
is a common practice in the telephone industry, made justifiable by to-
day's high quality fiber and lower prices. 
The physical structure of the cable will be determined by how well 

protected the fibers are, ease of identification of individual fibers and 
the extent to which it is "craftsman-friendly." There are a variety of 
designs offered by competing manufacturers. Cables with a "loose tube" 
design (with color-coded tubes and fibers) offer the best protection, are 
easier to work with and do not have as many potential splicing errors 
as other designs. 
The final factor concerning cable design will be determined by where 

the cable will be used. Many companies are using dielectric cable, which 
is non-metallic, for aerial use. This type will not conduct induced energy 

from iignmitig storms or nearby power lines; thus, service is not inter-
rupted unless direct electrical contact damages the cable. Its lighter 
weight facilitates easier handling during placement. 

If used in an underground or buried application, additional protec-
tion is required. A steel sheath and a strength member (made of steel 
or kevlar) will normally give the cable sufficient protection. The sheath 
provides "crush strength" against rocks, compacted soil and debris, 
as well as preventing rodents from chewing through the cable. 

Determining the route of the cable is the next step. Relevant factors 
include the type of area (urban or rural), existing conditions and what 
applications are being used. Many systems take a different route from 
the existing coaxial supertrunk route and use the coax trunk as an alter-
nate or backup route. This will be dependent upon whether both the 
coax and fiber are terminated or pass through the same locations. 

Splice points should be approximated prior to the placement of the 
cable. Splice and cable slack locations should be well identified and 
accessible by a vehicle if possible. This will make it easier for any future 
work and allow personnel to have a quicker response time during 
emergencies. 
Now, the construction of the physical plant can begin. The two most 

significant factors during the placement are the bend radius and pulling 
pressure of the cable. Custom pulling harnesses and other specialized 
tools are available and should be used to prevent damage to the cable. 

In an aerial use, all existing poles should be inspected and replaced 
if necessary. This is also the time to place new poles if a different route 
is to be used. Fiber should not be overlashed to existing coax. Instead, 
a new strand should be placed specifically for the fiber. This will help 
reduce potential interruption of service when maintaining or wrecking 
out coax lashed to the same strand. Approximately 10 inches of slack 
should be left at each pole to provide additional strain relief for the cable. 
When burying cable, the use of subduct provides additional protec-

tion and will give the owner flexibility in working with the outside plant 
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in the future. This will increase construction costs, so decisions by 
management must justify the additional costs. With subducts, "slack 
points" also should be planned into the system. Whether buried vaults 
or pedestals are used, the slack points should be placed between splice 
locations. Depending on how far apart the splice locations are and 
through what type of area the cable route is going will dictate the number 
and location of slack points. These are beneficial for reducing extra 
splices required in the future (restoration), give access to the system 
if another cable is to be spliced going to a third location (minihub site, 
etc.) and can be used when the cable has to be moved or relocated. 

For underground applications, subducts should be placed in an 
existing or new conduit. This will enable the use of one conduit to house 
many cables with each cable having individual protection. The number 
of subducts per conduit will depend on the diameter of the conduit and 
the company's future needs. 
When placing cable at splice locations, considerable slack should be 

left coming from both directions. This slack should be carefully coiled 
and secured to avoid any damage. Enough cable length should be left 
so that craftspeople can strip back the correct amount of sheath at least 
two times (after the original opening) and still be able to work on the 
splice in a desirable work area (the inside of a vehicle, tent, etc.) at ground 
level. Given that splice locations create opportunities for human error, 
a form of insurance is provided by the additional slack. This gives the 
company and the craftspeople some "breathing room" when building 
or maintaining its cable system. The amount of slack left at splice loca-
tions will depend on which application is being used and how much 
excess cable is available. 
One of the final phases is splicing and testing the cable. There are 

many considerations when it comes to splicing. Mechanical vs. fusion, 
splice loss budget, number of fibers to splice and number of locations 
are some of the major elements. Low loss splicing is made achievable 
by current high standards of fiber, fusion machines and mechan-
ical connectors. 

Fusion splicing is the preference of this author for supertrunk applica-
tions in the CATV industry. It permits the optimal aligning of the fiber 

cores and forms two fibers into one. With the correct arc current, 
temperature and time, the actual splice will be stronger than the fiber 
itself. Mechanical connectors rely on springs, epoxys and optical 
adhesives, depending on which type of connector is being used. Any 
mechanical connector will cause a reflection or "end spike," which may 
cause problems for AM transmission. Fusion splicing reduces this poten-
tial problem. 
The two most common tests that are used on single-mode trunks are 

splice loss and span (end-to-end) testing. All splice loss measurements 
should be made from one termination point or the other. If mismatched 
fibers are being joined, splice loss measurements will need to be taken 
from both directions and then averaged. Once the cable is spliced from 
point to point, these will be the only access points to test from in the 
future. 
The test equipment being used should be compatible with the fiber 

and optical transmission equipment in the system. Important factors re-
quired for accurate testing include the fiber size, average index of refrac-
tion, attenuation level (dB/km loss) and the operating wavelength of the 
system. Splice loss testing is measured by an OTDR (optical time do-
main reflectometer), while span testing should be completed with an 
attenuation test set, or a light source and a power meter. 
OTDRs have been used for span loss testing but the measurements 

are not as accurate because of "dead zones" and the fact that the 
measurement is based on a reflection and not actual optical power. If 
the span consists of multimode instead of single-mode fiber. a band-
width test also would be required. 

Training and restoration 
Training in emergency restoration is a necessity regardless of whether 

the company will contract out the construction, splicing and/or testing 
or elect to do it with their own personnel. In order to effectively recon-
nect a cable, restoration kits coupled with proper training are required. 
Training on restoration should occur yearly (or sooner) if the operating 
company is contracting out the splicing and testing of these cable 
systems. EJ 
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Fiber backbone: A proposal for 
an evolutionary CATV architecture 
By James A. Chiddix 
S.. ce President of Engineering and Technology 

And David M. Pangrac 
Director of Engineering and Technology. American Television and Communications Corp 

Supertrunks are used in our industry for point-to-point delivery of video 
signals. This is often necessary in large systems to provide high quality 
signals to major processing points feeding broadband signals to tradi-
tional CATV networks. In the past, supertrunks were often constructed 
using coaxial cable. A common practice was to frequency-modulate 
(FM) vitleo signals at a variety of RF frequencies for carriage on such 
a trunk in order to minimize the effects of noise and intermodulation 
distortion on those signals from the broadband amplifiers necessary to 
compensate for coaxial cable losses. An alternative was often microwave 
distribution. Other applications for supertrunks are the delivery of video 
signals from remote earth station locations or between systems shar-
ing common signal sources for local advertising insertion. 

In recent years, a number of fiber supertrunks have been built by 
the cable industry' These generally use frequency-modulated video 
and frequency division multiplexing (FM/FDM) of a number of signals 
onto a laser feeding a single fiber and have proven cost-competitive 
with other techniques. They are also highly reliable, provide very little 
signal degradation and have been shown to be capable of providing 
transmission for more than 20 miles without the need for repeaters. 
The use of fiber video transmission technology in supertrunks has 

opened the door to the possibility of further uses. It has demystified the 
technology for CATV engineers and has provided practical experience 
with the design, construction and operation of fiber systems. It is natural 
that the cable industry should look for additional applications where fiber 
may be of use. 

Limitations of current CATV systems 
In order to understand ways in which fiber may be useful in CATV, 

it is important to focus on the limitations of present system architecture. 
Figure 1 illustrates the kind of "tree-and-branch" architecture used in 
current coaxial systems. All of the signals to be delivered to subscribers 
are gathered at a central headend. Typical sources are satellite earth 
stations, off-air antennas, videotape playback facilities and supertrunks 
providing delivery of signals from remote locations. At the headend the 
various video sources are vestigial sideband/amplitude-modulated 
(VSB/AM) at various frequencies, combined into a single broadband 
signal and transmitted over a single coaxial cable. This coax undergoes 

Figure 1: Typical CATV system 
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repeated branching until it passes down each street in the community. 
Broadband amplifiers are required every 1,000 to 2,000 feet in order 
to overcome cable and branching losses. 

This architecture is quite straightforward and practical and is the 
historical basis of the cable industry. Nevertheless, it has a number of 
inherent problems and limitations. Fundamental to many of those prob-
lems is the fact that a number of broadband amplifiers are required to 
operate in series, or cascade, in order to transport signals to system 
extremities. Each of these amplifiers contains active components and 
must be provided with power, both providing limits to the reliability that 
can be attained. In addition, each amplifier adds noise and intermodula-
tion distortions to the signals passing through it. The addition of these 
phenomena over long cascades of amplifiers gives rise to systems that 
have real limitations in the achievable reliability and quality of the ser-
vice delivered to subscribers. 

Another effect of tree-and-branch systems with long amplifier cascades 
is on system operating tolerances. In order to realize design specifica-
tions, each amplifier in such a system must be adjusted to provide very 
flat gain over a wide range of frequencies and must provide rather 
precise signal output levels. Such close operating tolerances require 
frequent alignment by highly trained technicians. 
Another obstacle arising from this system architecture is a practical 

limitation on channel capacity. The types of coaxial cables used in CAW 
systems have a relatively wide potential bandwidth, perhaps ap-
proaching 1 GHz. Such cables have in fact been used for many years 
in small MATV (master antenna TV) systems to carry UHF channels, 
often at frequencies above 700 MHz. Typical cable systems operate 
with the highest frequency of only 300 to 400 MHz, however, with a 
few recent systems operating to 550 MHz. The difficulty in realizing the 
potential bandwidth of coax arises with the limitations of the broadband 
amplifiers themselves, particularly when those amplifiers are operated 
in cascade. It is expected that it will be difficult to push channel capaci-
ty dramatically further than today's numbers as long as systems employ 
long cascades of amplifiers. 

If there is a pressing problem with today's CATV systems that might 
be addressed through the application of fiber, it is that posed by long 
cascades of broadband amplifiers in coaxial tree-and-branch structures. 
One constraint that must be recognized, however, is that of embedded 
investment. Most communities have been wired for CATV, and the enor-
mous investment this represents is not one that can be casually discard-
ed with the arrival of new technology. Thus, it seems logical that we 
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should search for ways to apply new technology to a hybrid fiber/coax 
system that makes use of at least some existing plant structures, but 
which focuses the use of fiber technology on relieving the most serious 
weaknesses of today's systems. 

The fiber backbone 
In view of the shortcomings of today's system architecture and the 

practical constraints on outright network replacement, we have 
developed an evolutionary concept for the integration of the fiber into 
our systems. We have termed this approach "fiber backbone." The ap-
proach is illustrated in Figure 2 and essentially consists of overlashing 
some percentage of the existing trunk system with optical fiber cables. 
Thus, a direct fiber path is established from the headend to "nodes." 
a number of feed points in the distribution system. From that point on, 
the existing coaxial plant is utilized, with some amplifiers being reversed 
in direction and some spans of trunk cable between node areas being 
abandoned. The effect of this is to break up the system into a number 
of very short systems. The length of those systems can be described 
by the maximum trunk amplifier cascade allowed. At one extreme, fiber 
could be taken to each existing bridger amplifier location and the 
resulting coaxial system would consist only of distribution cable and line 
extenders. At the other extreme, a maximum trunk amplifier cascade 
of eight or 10 might be defined, breaking a typical cable system into 
a few node areas. To illustrate, if present power supply locations were 
used as fiber node feed points, the maximum trunk amplifier cascade 
would be two, with a maximum of three or four, and the average node 
would serve several hundred subscribers. 
The selection of the maximum trunk amplifier cascade is constrained 

by tradeoffs between the cost of the fiber backbone with its associated 
electronics and the benefits to be gained by the degree of shortening 
amplifier cascade and coaxial plant. Regardless of node area size, 
however, the effect of this approach is to break the existing tree-and-
branch coaxial plant into many small tree-and-branch systems, with each 
fiber node feeding anywhere from a few homes to a few thou-
sand homes. 

Figure 4: Direct modulation of broadband 
spectrum with block conversion 
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Electro-optical components of a fiber backbone system 
In examining implementation of a fiber backbone system, the least 

problem is provided by the installation of the fiber cables. Single-mode 
fiber has become relatively inexpensive in recent years and is available 
in a variety of cabled packages, containing from one up to 144 fibers 
in a physically rugged cable 1/2 inch or less in diameter. "Field-
enterable" cable packages have been developed that allow the extrac-
tion and splicing of one or a few fibers from a multifiber bundle within 
a cable without the need to splice the other fibers. This type of cable 
would be particularly helpful in routing a single fiber to each node loca-
tion in the fiber backbone approach. 
The more challenging part of fiber backbone implementation lies with 

the electro-optical components. These consist first of a laser diode 
transmitter feeding each fiber (or split to feed several fibers) leaving the 
headend. At each node location, an environmentally rugged optical 
receiver must be installed, capable of converting optical signals back 
to a broadband RF spectrum suitable for coaxial distribution. The op-
tical link must be relatively transparent to the CATV signals if the ad-
vantages of the fiber backbone approach are to be realized. For the 
sake of investigation, we have postulated minimum performance 
specifications for such a link. 

Optical link power budget 
Channel capacity 
Carrier-to-noise (C/N) 
Composite triple beat (CTB) 
Composite second order 
Cross-modulation 
Output frequency response 
Output video carrier level 
Maximum terminal equipment cost 

10 dB 
42 (50-330 MHz) 

55 dB 
65 dB 
65 dB 
65 dB 
+ 1 dB 

+40 dBmV 
$5,000/node 

While better performance might be desirable, an optical transport 
system meeting such specifications would enable a CATV operator to 
construct a useful fiber backbone. While there exists today no 
economically feasible off-the-shelf equipment meeting these re-
quirements, there are a variety of design approaches that have poten-
tial to provide the desired result. 

Figure 3 illustrates the simplest possible approach to the problem. 
In such a system, the laser transmitter would be directly modulated with 
the entire CATV spectrum, complete with video channels, scrambling 
(if present), FM radio services and pilot and data carriers. The output 
of the detector would be this same broadband spectrum, ready for 
amplification and delivery to the coaxial portion of the plant. While highly 
attractive because of its simplicity, this approach is also relatively 
challenging because of the linearity and noise requirements established 
by necessary system specifications. A laser capable of meeting these 
requirements might need a relative intensity noise (RIN) specification 
approaching — 160 dB/Hz and a third-order intercept of +38 dBm or 
better. These are ambitious performance levels in today's off-the-shelf 
devices. Nevertheless, laboratory measurements of systems using 
selected lasers approach the system requirements closely enough to 
be encouraging. Far greater emphasis to date has been placed on digital 
than on analog performance by the electro-optical component industry 
because of telecommunication industry needs. It appears that there is 
room to revisit device optimization with new applications in mind. 

Figure 4 illustrates a variation of the direct modulation approach, with 
the input RF spectrum being mixed to a higher frequency to take ad-
vantage of potentially better laser performance in the 1 to 2 GHz range, 
as well as avoiding second-order intermodulation products by keeping 
all carriers within a single octave. A corresponding downconversion 
would be required at the receiving end. 

Figure 5 shows a variation of the direct modulation scheme with several 
lasers, each modulated with a segment of the total RF spectrum. This 
should improve performance and require less expensive, more readily 
available lasers. This approach has been demonstrated in the laboratory, 
but the investment in additional fibers provides significant system cost 
penalties. 

Figure 6 shows the same approach, again using multiple lasers, but 
combining their optical outputs onto a single fiber. This approach has 
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Figure 5: Direct modulation using multiple 
lasers and multiple fibers 
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two constraints. The first is the additional link loss created by the passive 
combining device.The second is the necessity of ensuring that the op-
tical wavelengths of the lasers are sufficiently separated so that frequency 
beats are not present in the RF spectrum of interest. At the operating 
node receiver, a single detector responds to the sum of the intensity 
variations in the received light. It thus effectively recombines the various 
segments of spectrum back into a continuous one. One advantage of 
this approach is the possibility of using a star coupler for the combin-
ing of the laser outputs. This would provide multiple outputs that could 
feed fibers going to multiple nodes. 

Figure 7 shows the FM/FDM system of the type used in today's fiber-
optic supertrunks. Such a system is capable of very high quality video 
transmission and, were the node equipment sufficiently compact, 
inexpensive and environmentally rugged, could be applied to a fiber 
backbone application. To be economically inter'esting, however, such 
a system would have to cost no more than $100 to $200 per channel 
at the receive end (because of the large power budget available with 
FM, a single laser could feed a number of nodes through splitting at 
the headend, and a single bank of modulators could drive an unlimited 
number of laser transmitters). It is possible that this goal is achievable 
through large scale integration (LSI) of demodulator and modulator cir-
cuitry. A high level of reliability and stability also would be operationally 
important for node link electronics using this approach. The system also 
would need to accommodate video signal scrambling. 

Figure 8 shows a digital pulse code modulation/time division multi-
plexed (PCM/TDM) system for delivery of video to fiber backbone nodes. 
Several manufacturers have demonstrated the practicality of coding and 
compressing full motion video to a DS-3 (45 megabits per second) chan-
nel. It is conceivable that 36 such channels could be time division 
multiplexed onto a single 1.7 gigabits per second data stream and 
transported using optical systems that are commercially available for 
telecommunications applications. This approach may become practical 
in the future, but would provide severe economic challenges today. 

Figure 9 shows a highly speculative digital solution to this problem, 
one that is not workable today. In such a system. the entire CATV RF 
spectrum would be directly converted to digital form through sampling 
at a frequency some multiple of the highest RF frequency of interest. 
The sampling rate would certainly be in the 1+ GHz range. The resulting 
exceedingly high bit rate data stream would then be applied to a single 

Figure 6: Direct modulation using multiple 
lasers, single-fiber to node 
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laser. A corresponding decoding process at the receive end would yield 
the broadband CATV spectrum as an output. While the electronics to 
do such high-speed encoding and decoding are not available, it is possi-
ble that high-speed gallium arsenide chip technologies may offer this 
capability in the future. Laboratory work is under way at Bell Labs and 
in Japan on optical links in the 7-10 Gbps range. Such links would be 
required to transport these signals. There may be variations on this ap-
proach that could make digital transmission a practical mode for 
transporting signals to fiber backbone nodes with relatively simple 
reconversion to broadband RF. Systems implemented today with other 
types of terminal electronics could easily take advantage of such 
developments without the need for costly replacement of the fiber itself. 

Operating advantages 
There are a number of direct operating advantages to be derived 

from a hybrid fiber backbone/coaxial tree-and-branch delivery system 
architecture. They can all be viewed as direct outgrowths of two facts. 
First, the worst-case length of the coaxial portion of such a distribution 
system would be,dramatically shortened, eliminating the majority of the 
amplifiers as well as power supplies, connectors and directional couplers 
to be found in the signal path between the headend and any given 
subscriber. The second is the fact that each small area of the community 
served by a node would be delivered signals via a dedicated connec-
tion to the headend, with the capability of delivering a separate mix of 
signals to each node area, rather than having to broadcast all signals 
to the entire system, as in traditional CATV architecture. 
Reliability: 
Under the fiber backbone scenario, there would be essentially the 

same number of active components in the distribution network as in 
a traditional CATV system. It is likely that some trunk transportation 
amplifiers (without distribution bridging circuitry) could be discarded from 
the system completely. On the other hand, while it is foreseen that most 
node locations would replace a trunk amplifier, there would be the ad-
dition of optical transmitters at the headend. Thus, the number of com-
ponents that could fail is not likely to change dramatically. On the other 
hand, from the standpoint of each subscriber, the network would be 
substantially more reliable because there would be far fewer active and 
passive network components between the subscriber and the headend. 
Thus, the impact of any given equipment outage would be substantially 
reduced in terms of the number of subscribers affected. This should 
give rise to the perception on the part of cable subscribers that the net-
work had become substantially more reliable. While this is a highly 
desirable end in itself, it also gives rise to the effect that massive system 
outages, with their tendency to overload the resources of a cable opera-
tion, should become less common. 
Signal quality: 

Most of the degradation of signals in current CATV systems is the 
effect of cumulative noise and intermodulation contributions from broad-
band amplifiers in cascade. Significant reduction of the number of active 
components in cascade would certainly yield quality benefits, assum-
ing that the optical link portion of the hybrid system was relatively 
transparent by comparison with the broadband coaxial amplifiers. Since 
the majority of the intermodulation contribution to degradation occurs, 
however, in the feeder portion of the system, there would be limitations 
to the degree of improvement unless and until the coaxial portion of 
the system underwent some degree of redesign. Nevertheless, overlay 
of the bacKbone, by itself, would provide some immediate quality im-
provement stemming directly from the reduction in amplifier cascade. 
Full-quality benefits would be harvested when system design was 
rethought, with reoptimization of the balance between noise, intermodula-
tion and channel loading. 
Operating tolerances: 

Current trunk amplifier cascades can be as high as 30, 40 or even 
50 amplifiers. Such systems necessarily must be operated within very 
tight operating level and response flatness tolerances if design specifica-
tions are to be realized. Maintenance of these specifications is a signifi-
cant operating challenge, requiring the attention of highly trained techni-
cians. A dramatic reduction in maximum amplifier cascade through con-
struction of a fiber backbone should result in the opportunity to operate 
the system within wider tolerances, offering some degree of cost say-
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ings and operational simplification. This is based on the assumption of 
very stable and reliable operation of the optical link portions of the system. 
It must be recognized that such a loosening of tolerances is only one 
way to "spend" the improvements arising from the construction of a 
fiber backbone and must be balanced with allocations resulting in im-
proved signal quality or increased channel capacity. 
Channel capacity: 
As previously discussed, the potential bandwidth of the coaxial cable 

in use in today's CAN systems (including many of the cables installed 
over the last 10 to 15 years) is significantly greater than we are currently 
able to use, given our present architecture. The move to a hybrid fiber 
backbone/coaxial distribution system would ease some of the current 
constraints on channel capacity. A small number of amplifiers in cascade 
and broader system tolerances should make it possible to significantly 
push channel capacity with relative economy. In addition to the con-
struction of the backbone itself, it is assumed that most or all of the ac-
tive and passive elements of the coaxial portion of the system would 
be replaced, except for the coaxial cable itself. 
A new system design would take advantage of the short cascade and 

would seek the optimum balance between channel capacity and signal 
quality. Indeed, preliminary design studies indicate that a current 270 
MHz system (30 channels) could be upgraded to 550 MHz (80 chan-
nels) through the construction of a fiber backbone allowing no more 
than four trunk amplifiers in cascade, and by fully replacing all active 
components with high performance wide-bandwidth amplifiers. All 
passive components (couplers, taps, etc.) also would be replaced, but 
the enormous investment in coaxial cable and its construction would 
be reused. While this undertaking would still represent substantial capital 
investment, that cost would be some fraction of the cost of building a 
new 550 MHz plant. It is possible that with wider bandwidth distribu-
tion amplifiers, the fiber backbone/coaxial hybrid approach may make 
it possible to upgrade existing systems even more aggressively or to 
build new plant with truly spectacular channel capacity. 
The history of the CAN industry is a never-ending quest for more 

channels driven by new types and varieties of programming sources. 
There are indications that fiber backbone technology may provide a 
way to deal with the next phase of this challenge. 
Network flexibility: 
Because a hybrid fiber backbone/coaxial system would no longer 

automatically broadcast the same signals to every point in the 
community, there is an opportunity to rethink signal strategy. Different 
combinations of channels could be delivered to different areas to meet 
local community needs, or to target advertising. Clusters of hotels could 
be fed with entirely different channel lineups than residential sections. 
Scrambling could be used in one neighborhood with plant security prob-
lems, a high rate of turnover, or a good market for pay-per-view, while 
unscrambled signals could be delivered and controlled using traps in 
other types of areas. Different types of scrambling could be used in 
different areas as new kinds of addressable set-top converters were 
phased in. System upgrade and maintenance work would be far less 
disruptive than today, and could be approached on a node-by-node 
basis. Ultimately, a hybrid system could provide a certain number of 
channels in each node area that would be reserved for pay-on-demand 
signal delivery to an individual subscriber. This would require a degree 
of switching at the headend and addressable delivery at each home 
but begins to be practical if the pay-on-demand business opportunity 
is real. This flexibility begins to shift our focus to the long-term advan-
tages of a hybrid fiber/coaxial network. 

Strategic benefits 
In addition to the relatively immediate operating benefits, there are 

a number of long-term strategic benefits that would accrue to a hybrid 
fiber backbone/coaxial distribution system architecture. 
Two-way services: 
The cable industry has yet to reach consensus on new businesses 

that make effective use of the two-way capabilities of CATV plant. Cur-
rent systems are technically capable of providing some degree of return 
services, although because of noise summing and the reliability con-
straints of today's architecture, there are significant challenges to main-
taining such a system. In addition, there is a relatively small amount 
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of return bandwidth available within most system designs. 
To the extent that two-way services begin to provide genuine business 

opportunities, hybrid fiber backbone/coaxial architecture could provide 
significant advantages. The short cascade of the return plant and the 
relatively small number of branches being summed at each node point 
should yield a substantially more reliable and tolerant return signal path. 
In addition, because of the relatively large number of discrete node areas 
in a given network and the ability to reuse the same upstream frequen-
cy spectrum to return signals to each node, the effective return band-
width of the overall network would be greatly increased. This is all 
based on the assumption that the same fiber providing downstream 
services to a node area could also be used for return signals, using 
wavelength division multiplexing (WDM) or other techniques allowing 
for transmission of signals in both directions on the same fiber. In our 
thinking about long-term strategy, this potential to provide significantly 
more effective two-way services is a significant consideration. 
Commercial services: 
The CAN industry has been experimenting with a variety of com-

mercial services in recent years. Most of these consist of providing data 
links for businesses. Should this prove to be a significant opportunity 
for the cable industry, the existence of a fiber backbone network could 
facilitate its expansion. The availability of single-mode fiber at 
neighborhood node points throughout the community could provide 
a significant amount of capacity beyond that required for a residential 
coaxial distribution system. That capacity could relatively easily be ap-
plied to commercial types of services, either by extending fiber from 
node points to commercial customers, or utilizing short links of two-way 
coaxial plant for that purpose. There is also an opportunity to build in 
a degree of route redundancy and switching between key nodes to pro-
vide the levels of reliability that commercial customers expect. 
Competition: 
The industry faces a broad variety of potentially competitive video 

delivery systems in coming years. These include direct broadcast 
satellites, multichannel MDS microwave, overbuild by other CATV 

operators and video delivery via the kinds of switched fiber-to-the-home 
voice and video networks now being experimented with by telephone 
operating companies, as well as videotape and videodisc sales and ren-
tals. The keys to meeting such competitive challenges lie in providing 
excellent service (including signal quality and reliability), reasonable pric-
ing, and a large number and wide diversity of programming channels. 
These goals, while straightforward, pose significant challenges given 
today's CAN networks. The fiber backbone architecture described here 
provides an opportunity to significantly improve both quality of service 
and channel capacity in a gradual way, with reasonable economics. 
This gives it the potential of being a significant tool in the strategic plan-
ning of the CATV industry as it faces a competitive future. 31110-
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Figure 8: Digital (PCM/TDM) video fiber transmission 
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Hign-oefinition television. 
It appears probable that HDTV will develop as a significant home enter-

tainment force over the next decade. While all the implications of this 
are not yet clear, it appears likely that HDTV will provide significant 
challenges in terms of signal transmission and channel capacity 
requirements for CATV systems. While NTSClcompatible enhanced 
television systems are in the development stage, it appears likely that 
services that must be delivered to both standard NT5C receivers and 
to full quality high-definition receivers will require the equivalent of at 
least two to three standard 6 MHz channels. If such services become 
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widespread. the magnitude of pressure on channel capacity is apparent. 
A movement toward a fiber backbone-type of architecture over this same 
period should put the CAN industry in good position to be a high quality 
provider of these new signals because it helps address both transmis-
sion quality and channel capacity issues. 
Evolutionary change: 

In thinking strategically about its future, it is critical that the CAN in-
dustry seek a series of evolutionary steps, moving its plant in directions 
that will satisfy the needs of coming decades. In order to maintain 
business health, it is important that these steps be of a relatively gradual, 
pay-as-you-go nature. The enormous investment in completely new plant 
necessitated by a radical change in system architecture would be highly 
imprudent unless offset by huge new revenue streams. 

Business caution, as well as our belief that the most expensive por-
tions of the existing plant (the coaxial cable and its placement) have 
a significant amount of additional potential, encouraged us to look hard 
for the kind of hybrid architecture we have outlined. It is possible to en-
vision a carefully orchestrated scenario whereby fiber backbone would 
first move into the neighborhood as described here, then move to bridger 
amplifier locations and next to the tap, increasing channel capacity, 
improving system operation and customer satisfaction and enabling new 
services each step along the way. Complete replacement of plant with 
fiber all the way to the home is an attractively dramatic concept. We 
believe, however, that there is a far more practical approach, with each 
step being taken when it makes business and economic sense, that 
can enable the CAN industry to improve its business and meet the 
array of challenges that the future holds. 

Implementation 
There are several steps required for effective implementation of a 

hybrid fiber backbone/coaxial distribution system. The first is the achieve-
ment of cost-effective optical link electronics that meet the technical 
demands of such an architecture. A variety of approaches are under 
investigation by ATC and a number of component and system vendors; 
these general approaches were outlined earlier. The second step to im-
plementation is developing an understanding of economic and technical 
tradeoffs leading to a decision on the maximum size of the coaxial sub-
systems that should be fed by a given fiber node. The technical benefits 
involved must be defined not only in terms of immediate system im-
provements with the addition of fiber backbone, but also the channel 
capacity upgradeability that is desired of the resulting system. The 
economic and technical issues involved are quite complex, and it is 
hoped that work on these issues will continue to emerge in coming years 
as the backbone concept itself is proven valid. 
An initial approach to both economic and technical issues is presented 

in two NCTA papers3 4. Broadly stated, these works indicate the cost 
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of overlaying a fiber backbone on an existing CAN system should be 
somewhere in the $30 to $60 per subscriber range, depending upon 
depth of fiber penetration. Further, they indicate that a fiber backbone 
overlay may make relatively dramatic channel capacity upgrades feasi-
ble. In the typical network examined, a system upgrade from 270 MHz 
(30 channels) to 550 MHz (80 channels) was achievable, maintaining 
current system specifications, and using off-the-shelf coaxial cable equip-
ment in addition to a fiber backbone performing to the specifications 
outlined in this article. 
The architecture of the fiber backbone system is such that many small, 

unique cable systems are created out of one large operation. As a result, 
several implications resulting from its implementation can be seen: 

1) The short amplifier cascades created by this architecture provide 
us with an opportunity to enhance the performance of our plant. The 
additional operating overhead that results from the short cascades can 
be used to improve the quality of the signal delivered to the home and/or 
to increase bandwidth. 

2) If we are trying to position the system to handle such new technology 
as HDTV without having to rebuild the plant to accommodate the first 
one or two HDTV channels, with a requirement for better system specs, 
then this might be provided by the fiber backbone. 

3) Later, as HDTV and other needs for expanded bandwidth advance, 
a system upgrade becomes a good alternative to a complete rebuild. 
An upgrade assumes, of course, that the coax in the plant is capable 
of carrying additional spectrum. A system could be expanded in band-
width a number of times. This is a result of the relatively short distances 
between the fiber distribution point (node) and the end of the plant that 
the node feeds. To understand this point, we must consider that we 
have broken our large cable plant into many small plants with short 
cascades. When we upgrade, it may be necessary to not only change 
the electronics and passives, but to add additional amplifiers as well 
to make up the losses of the higher frequencies needed. While doing 
this and maintaining specifications in a system that may be 30 amplifiers 
or more in cascade could be impossible, it could be a relatively easy 
task within a fiber backbone system. 

4) The small "neighborhood cable systems" created by the fiber 
backbone allow a CAN operator to consider new concepts in adver-
tising. While cable TV can now "narrowcast" ads on selected stations, 
one could, using a "neighborhood cable" approach facilitated by 
backbone architecture, produce neighborhood-specific advertising. 
Neighborhood merchants rarely want or can afford citywide advertis-
ing. but could be interested in ads reaching a few system nodes serv-
ing their potential customers. The fiber backbone makes this possible 
because of its unique feature of having a direct feed from the headend 
to each "neighborhood." 

5) The neighborhood cable system lends itself to new approaches 
to programming as well. Since each system has a direct fiber feed from 
the headend, we may wisn to consider providing different program-
ming to selected areas. For example, in some cities there may be ethnic 
communities that would like specific programming. Once the primary 
boundaries were defined, additional ethnic channels could be delivered 
to the nodes serving that area. We might find a large concentration of 
hotels and motels in another area, requiring a completely different chan-
nel mix. The flexibility of the backbone architecture opens up many 
options with regard to targeted program delivery. 

6) The hotel/motel possibilities of a fiber backbone-fed system lead 
us into some enhanced commercial services possibilities. For exam-
ple, the ability to use the reverse band on our cable plant starts to look 
more attractive. We can now look at the short cascades that equate 
to less noise addition on the reverse system and see that it becomes 
a much more reliable data path than before. This path could be used 
for pay-per-view signaling, interactive programming like home shop-
ping, etc. Because we are dealing with neighborhood systems we might 
consider using our more reliable reverse path for local area networking 
in business areas. 

7) Metropolitan area networks may become practical. In such a net-
work, we would be able to provide data communications between points 
located anywhere in the city. This is a result of having a node that is 
in every neighborhood connected directly to the headend with fiber that 
is passive and two-way. As a result, we would have established a very 
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reliable communications path throughout the city. 
8) Operating a cable system today can be a complex venture. Im-

plementing a fiber backbone system might help reduce some of the 
day-to-day problems that exist. Because of the short cascades, we would 
probably see a reduction in the need to sweep the cable plant. That 
means a potential reduction in labor. In addition, we may see a reduc-
tion in phone traffic that would normally be caused by large system 
outages. Often, system failures overload the capability of our phone 
systems. 

For example, if the first in a 32-amplifier cascade fails, it can affect 
7,000 or 8,000 subscribers (based on studies of actual systems). If on-
ly one-third of the affected customers were to call in, the phone system 
and customer service department would be unable to handle the load 
in an efficient manner. The result is that subscribers often feel that they 
are unable to contact the cable company when they need it the most. 
The phone system overload will often affect alt lines going to the cable 
company office. With backbone architecture, there will still be amplifier 
failures, but those failures will affect fewer people and create fewer calls. 
Thus, there is the potential for improved customer relations and a better 
image within the city. 

9) Another use for the fiber backbone system could be in new con-
struction. If we consider the rural and low density areas we would like 
to serve, but find conventional coaxial systems to be too costly, we might 
look at a fiber backbone-fed node feeding a "tapped trunk" system. 
We could benefit from the use of passive, low maintenance fiber to 
transport the signal and maintain reasonable quality to the start of such 
a system. It is probable that the cost of such a system would be less 
than traditional architecture. 

10) Still another variation of the backbone could be a system that has 
no trunk at all, only a distribution system. That would say that the node 
would be at a bridger location and would feed line extenders rather 
than trunk amplifiers. It could be possible to cascade a few high quality 
distribution amplifiers with AGC circuits and still maintain the node per-
formance quality without the need for trunk cable or amplifiers. 

Overall, the implications of implementing a fiber backbone system 
are far-reaching, from marketing to operations to customer relations as 
well as improved image in the community. The system has a potential 
for assisting in solving, or at least reducing, a number of problems that 
exist in most cable systems today. There is also the opportunity to in-
crease revenues through the neighborhood cable system concept that 
lends itself to new advertising sales and marketing ideas. I 1 

References 
J.A. Chiddix, "Fiber Optic Technology for CATV Supertrunk 
Applications," NCTA Technical Papers, 1985. 

2 J.A. Chiddix, "Optical Fiber Super-Trunking, The Time Has Come; 
A Performance Report on a Real-World System," NCTA Technical 
Papers, 1986; and IEEE Journal on Selected Areas in Communica-
tions. Vol. SAC-4, No. 5. August 1986. 

3 Claude Baggett, "Cost Factors Relative to the Fiberoptic Backbone 
System," NCTA Technical Papers, 1988. 

4 Perry A. Rogan, Raleigh B. Stelle III and Louis D. Williamson, "A 
Technical Analysis of a Hybrid Fiber/Coaxial Cable Television System," 
NCTA Technical Papers, 1988. 

Permatrap 
111 111usek Northeast FlIter Co., Inc. 

allbe.411.11 

'n3rfee 
opilear, 

NAM's. I 

Date Coding Stamped Into Metal Sleeve 

• Nonremovable Crimped Sleeve. 
• Passband Range Low Band, 450 MHz min. 
• Passband Range All Others, 600 MHz min. 
• RTV Instead of "0" Ring Sleeve Seal 

Return Loss Typically 15 dB Min. 
2 Elements More To Improve Return Loss. 

• Rubber Connector Seal. 
• Rubber Male Pin Seal. 

• Improved Return Loss At All Frequencies To 
Improve Match And Ability To Use Several 
Traps Without Signal Loss. 

Atlantic City Show Special 

Tier Traps: Please Contact Us! 

(6-Pole) — GHI (F Bumper CH) 
— A/I Mid-band trap 
— LP-300 Hyper-band trap 
— ABC (A-1 Bumper CH) 
— LP-13 Super-band trap 

100% Urethane Filled 

• Superior Sleeve Seal With Moisture Cure 
Adhesive. 
• Completely Shockproof. 
• Superior Temperature Stability. 

Northeast Filter Co., Inc. 

Northeast Filter Co., Inc. 
6602 Joy Road 
East Syracuse, NY 13057 

PHONE: 315-437-7377 
315-437-7378 

FAX: 315-437-7379 MADE 

U.S. PATENT IN 
4,701,726 U.S.A. 

2 Year Warranty Free Color Laminated Label 

See us at the Atlantic City Show, Booth 856. See us at the Mid-America Show. Reader Service Number 33. 



FOR YOUR dB DOWNS 

The Best "GAIN" In Town 

25 Models 
15,000 UNITS IN STOCK 

550 MHz • 100dB RH • UL APPROVED POWERING • 
BI-DIRECTIONAL • MULTI-PORT OUTPUTS • RACK MOUNT 

GAINS: 10-50dB "F" and HARDLINE 

170 Eileen Way, Syosset, NY 11791 iewsonics Call Toll Free: 800-645-7600 
In New York Call: 516-921-7080 

-PRODUCTS WITH INTEGRITY" FAX: 516-921-2084 
See us at the Atlantic City Show, Booth 603. Reader Service Number 34. 



Cables advanced television priorities 
By Walter S. Ciciora, Ph.D. 
Vice Presider %.,chnology 
American Telev scn and Corp. 

My first five CT columns of 1988 dealt with 
advanced television (ATV) systems. Since the 
Society of Cable Television Engineers is holding 
a national seminar on the subject of high-defi-
nition television (HDTV) this month, it's appro-
priate to review and summarize the thinking on 
cable's HDTV priorities. 
The cable industry is a diverse collection of 

companies with different approaches, goals and 
opinions. There really can't be just one cable in-
dustry position on ATV. I've put forth my thoughts 
on the subject based on talking with others in 
the cable industry, other related industries and 
potential competitors. But after all is said and 
done, this is just one opinion. 

What is ATV? 
"ATV" is the preferred term for the family of 

advanced television systems. There are three 
major branches to the family—HDTV, extended 
definition TV (EDTV) and improved definition TV 
(IDTV). 
HDTV is intended to have twice the resolution 

of our current NTSC system in both vertical and 
horizontal directions, a wider aspect ratio (ratio 
of picture height to width), elimination of all of the 
NTSC artifacts and compact disc-quality digital 
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sound. NTSC artifacts include scan line visibility, 
scan line flicker, large area flicker, crawling dots 
induced into the luminance channel from cross-
talk with the chrominance channel and spurious 
rainbows of color caused by the luminance signal 
talking to the color circuits. The question of com-
patibility with NTSC is left open; both compatible 
and non-compatible HDTV proposals are under 
consideration. 
EDTV systems have been proposed that are 

compatible with existing NTSC receivers. Little 
or no degradation is observed on older receivers 
while new EDTV units would show noticeable 
improvement. There have been other EDTV pro-
posals that would require an adapter box if they 
are to be used with old sets. The number of scan 
lines and their frequencies are the same, but 
bandwidths and the way in which color informa-
tion is added to the luminance signal have been 
changed. These adapter boxes would give best 
results on sets with baseband video terminals 
on the back. The most logical application for 
EDTV is in the DBS delivery of better-than-NTSC 
video, which can alternatively be displayed on 
older sets or new high quality monitors. 

IDTV is completely compatible with NTSC 
since no changes are made in the transmitted 
signal. I DTV is a series of receiver design 
improvements meant to reduce the problems 
with NTSC. Typical features include scan line 
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doubling, NTSC artifact reduction and noise pro-
cessing. Since there are no standards, IDTV re-
ceivers from various manufacturers will vary 
greatly in the amount of performance achieved. 
On the low end, the viewer will know it's IDTV only 
because it says so on the cabinet. On the high 
end, it may cause The customer to wonder why 
one would ever need HDTV. 

Opportunity or problem? 
ATV has been proclaimed as an opportunity 

for cable. It is important to put this in proper 
perspective. A business opportunity should do 
at least one of the following: 1) increase the 
number of customers, 2) increase revenue per 
customer, 3) decrease costs or 4) serve to pre-
vent erosion of the business. Taking these issues 
in turn, cable penetration will probably be in 
excess of 75 to 80 percent by the tim e ATV is com-
mercially significant. 

It's unlikely that ATV will be the principal cause 
of a meaningful further increase in subscribers. 
It may be possible to generate more revenue 
from some AN services. But competitive forces 
will minimize the amount of extra charges AN 
may command. It will certainly not decrease 
costs; it is most likely to increase the cost of doing 
business. The safest thing to say is that as other 
delivery means become able to provide AN, 
cable will need ATV signals to prevent erosion 
of the business. To a large extent, cable must be 
in ATV to remain competitive. 
Who stands to benefit the most from ATV? Cer-

tainly the viewing public will have a better view-
ing experience. But it is important to appreciate 
that there is no evidence that the viewing public 
is dissatisfied with good old NTSC. This doesn't 
mean they won't embrace AN when it is avail-
able. Black and white was good enough until 
color came along. Monaural sound was good 
enough until stereo came along. It's likely that 
NTSC is good enough until ATV comes along. 
However, there is a difference between public 
acceptance of a new technology and public 
demand for it. Acceptance is a bit more uncer-
tain than demand. 
Who stands to make the most money? Broad-

casters will have major capital expenses and a 
likely continuing loss of viewership. They won't 
be big winners and may be the biggest losers 
in all of this. By the time ATV is a real product, 
cable will have matured significantly and will not 
benefit greatly. The principal beneficiary of AN 
technology will be the consumer electronics 
manufacturer and retailer. Since the U.S. con-
sumer electronics business is "on its knees," the 
ultimate winner is the Japanese consumer elec-
tronics manufacturer. If we look to where the 
money is being spent to push ATV, the vast 
majority of it is spent in Japan. The Japanese 
have been working on AN for over a decade and 
have invested several hundreds of millions of 
dollars. The sum total of all other expenditures 
worldwide on AN pales in comparison. 
The Japanese consumer electronics industry 

(Continued on page 67) 
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(Continued from page 50) 
is the big driver behind AN and is likely to be 
the principal beneficiary. This will likely be the 
case even if non-Japanese AN technical stan-
dards are adopted in the United States. Most of 
the consumer electronics hardware for ATV will 
come from Japan unless some drastic and highly 
unlikely measures are taken in our country. We 
need to understand who owns the baseball and 
the bat as we start to play this game. 

Large-screen TV 
ATV and really large-screen TV displays are 

so synergistic that one can't happen without the 
other. All of the early consumer research on AN 
has indicated that viewers see little difference be-
tween NTSC and AN if they are more than three 
or four picture heights away from the display. In 
normal living rooms, people sit six to eight feet 
from the screen. For AN to be noticeably better 
than NTSC, the screen must be 2 to 3 feet high. 
Since sets are normally described in terms of 
diagonal measure, the size of screen needs to 
be 50 to 75 inches for the wider aspect ratio. Less 
than that and most viewers won't see the 
difference. 

Conversely, anyone who has seen a large 
NTSC projection set is dismayed at how poor the 
picture can be. This is due to the shortcomings 
of NTSC, which was created at a time when tech-
nology had to strain to provide a 12-inch picture. 
ATV is critical to the sale of large-screen TVs. 

If we keep in mind who the drivers are behind 
ATV, we can see a parallelism. The goal is to sell 
expensive, large-screen TVs in a market satur-
ated with 25-inch and smaller sets that are highly 
reliable and have a long life. The path to in-
creased consumer electronics equipment sales 
is through dramatically better large-screen 
pictures. 

ATV cable Issues 
With this discussion as background, what are 

cable's issues in ATV? The single most impor-
tant issue is that cable must preserve its ability 
to compete. This boils down to the need to en-
sure that no artificial ceilings are placed on the 
quality cable can deliver. Cable's most important 
competitors in the ATV arena are, in order of im-
portance: 1) prerecorded media, 2) telcos, 3) 
direct broadcast satellite (DBS) and 4) broadcast. 
The first three of these are in a position to deliver 
excellent video. Cable must not be second-rate. 
The second most important issue is that we 

must be able to deliver the signal chosen by the 
broadcasters. The cable subscriber must see no 
apparent loss of quality. It is important that this 
be done cost-effectively. 
A third issue is that of compatibility. NTSC 

receivers will be around for the foreseeable 
future; they must be served. But must all AN 
signals be viewable on NTSC receivers? For 
those signals viewable on both formats, what is 
the best way to achieve this? 
A fourth issue is a need to ensure that AN is 

capable of those things that are somewhat 
unique to cable service. Included here are the 
need for addressability, truly secure scrambling 
and delivery via satellite to headends. These 
must be accomplished cost-effectively. They 
must not be "band-aids" or "add-ons"; they 

must be built into the ATV system itself. The ad-
dressing rate must be secure, fast enough and 
capable of a large enough audience. The scram-
bling must both hide the video from young eyes 
so parents don't object and be undefeatable to 
those who would wish to steal it. If it can be 
occasionally made unrecordable on consumer 
VCRs, perhaps early pay-per-view windows can 
be enjoyed. But it must be switchable to record-
able mode for more normal use. 
The last issue is cost. This includes the mat-

ters of spectrum space, signal quality and the 
most difficult question of all: "How good is good 
enough?" Cost also has a time horizon; what 
may be adequate today may be embarrassing 
tomorrow. 

Prerecorded media 
The most immediate concern is over pre-

recorded media. Magnetic and optical recording 
technologies are the arts that have made the 
most progress in the last 10 years. They are also 
the areas most likely to make dramatic progress 
in the future. A startling demonstration was pro-
vided to the NCTA HDTV Blue Ribbon Panel 
members who participated in the March 1988 
visit to Japan. Mitsubishi showed a 20 MHz base-
band VCR prototype that recorded and played 
back near studio quality, wide-screen HDTV. 
Since the recording was at baseband, no video 
compromises were required. There were none 
of the motion artifacts we've come to expect from 
bandwidth-reduced HDTV. The mechanism of 
the prototype machine was nearly identical to 
standard VHS design. What we saw was an 

eminently practical approach. Mitsubishi sub-
sequently demonstrated the device at the 1988 
NCTA convention in Los Angeles. 
The 1988 Institute of Electrical and Electronic 

Engineers International Conference on Con-
sumer Electronics (IEEE-ICCE) in Chicago in-
cluded several papers on digital VCRs for con-
sumer electronics. The IEEE-ICCE technical 
papers generally appear two to five years before 
products are introduced. The message is clear: 
Consumers will have digital quality VCRs in the 
near future. First, they will record ordinary NTSC; 
then they will evolve to ATV. 
The optical disc is slowly building momentum. 

A huge and growing list of titles are available; 
rental stores are popping up. The disc is a low-
noise media providing cleaner video. The best 
prerecorded video I've ever seen comes from 
a Sony professional HDTV videodisc. The 
absence of noise adds tremendously to the 
realism. 
From cable's perspective the concern is this: 

A subscriber rents or buys a disc or tape to view 
at home on a large-screen display and afterward 
watches a cable channel. The tape or disc was 
recorded at baseband using 20 to 30 MHz with 
no compromises. The cable signal is bandwidth-
compressed video with motion and other arti-
facts. On the large screen, the direct comparison 
may prove embarrassing. 

Telcos 
The Federal Communications Commission 

Advisory Committee on HDTV has several hun-
dred members working in three major commit-
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tees and dozens of working parties. These 
meetings are attended by representatives of 
broadcasting, consumer electronics, video 
equipment manufacturers, cable and telcos. 
When the chairman of a committee requests 
volunteers to do work, most of the representatives 
hunker down in their chairs and try to become 
invisible. The representatives from the telephone 
industry put up their hands and volunteer. They 
seem to be the ones with serious resources to 
commit to ATV work. 
Scanning the technical literature and attending 

a few telco conferences reveals that the tele-
phone industry is serious about delivery of digi-
tized ATV video over fiber optics to the home. 
Bellcore, the billion-dollar-a-year R & D consor-
tium of the Bell Operating Companies, has done 
truly excellent technical work on making such 
delivery of video to subscribers practical for the 
future. The timeframe for this is at least five and 
probably 10 years away. However, the fiber infra-
structure will be going in place relatively soon. 
BellSouth, the most aggressive proponent of 
fiber to the home, believes it can cost-justify fiber 
in new construction in affluent developments. The 
factor that drives the use of fiber is the penetra-
tion of a reasonable number of multiple phone 
numbers per home. Once the fiber is in place, 
video delivery can be implemented by adding 
electronics to the ends. 
The concern for cable is that digital delivery 

results in near-perfect video. 

Direct broadcast satellite 
Satellite delivery of video is by frequency 

modulation (FM). Current TV receivers require 
a vestigial sideband/ampfitude modulated (VSB/ 
AM) signal. Some new receivers have baseband 
video inputs. So the satellite-delivered FM signal 
must be demodulated and provided to the re-
ceiver as either baseband video or remodulated 
to VSB/AM. FM has noise and distortion advant-
ages over VSB/AM. In addition, the DBS receiver 
is almost free of ghosts or multipath. The signal-
to-noise ratio is a function of the antenna size. 
In principle, truly excellent ATV pictures could be 
delivered by DBS. 

Broadcast 
Broadcasters are in an extremely difficult 

position: Spectrum is scarce. Most importantly, 
the spectrum that is available may not be of suf-
ficient quality to provide AN. Broadcasters also 
face the problem of multipath. Reflections from 
hills, mountains, towers, airplanes, buildings, etc., 
cause multiple signals to be received. These 
appear on the screen as ghosts or as blurring 
of the main signal. The vestigial sideband nature 
of the signal makes the ghosts particularly 
bothersome. ATV's doubled number of scan 
lines means that the scanning speed is doubled. 
This doubles the displacement of a ghost on the 
screen. 
Since the objectionability of a ghost is an ex-

ponential function of its displacement, ATV 
ghosts are nastier than NTSC ghosts of the same 
severity. Additionally, many Ant systems use time 
compression to separate the luminance informa-
tion from the chrominance signals. When these 
signals are compressed in the receiver, a single 
ghost is converted into two ghosts with different 

locations and sizes. 
The consumer electronics industry has 

worked on "ghost cancellers" for a couple of 
decades. They still remain impractically complex 
systems with marginal performance for even the 
less demanding case of NTSC. It is likely that 
ghost cancelling will remain out of reach for quite 
some time to come. 

Compatibility 
"Compatibility" is a rubber word often 

stretched to meet the needs of the moment. One 
respondent to the FCC's Notice of Inquiry has 
created an elaborate six-level hierarchy of corn-
patibilities. From the cable operators' perspec-
tive this is nonsense. NTSC compatibility can only 
mean that an ATV signal is also viewable on 
essentially all existing NTSC receivers with ac-
ceptable quality and without any adapter boxes 
or modification to the subscriber's NTSC receiver. 
Anything else is simply not compatibility. 
The last thing we need is to be put in the posi-

tion of having to provide adapter boxes so ex-
isting subscribers can continue to view pro-
gramming. 

The single universal standard 
In the best of all worlds, a single universal ATV 

standard would reduce consumer confusion and 
increase efficiencies. Lower prices and faster 
adaptation of AN would result. It would provide 
a level playing field for all competitors. Price, 
service and quality of programming would be 
the instruments of competition. The example of 
the free market approach to AM stereo clearly 

displays the problems of multiple standards. 
Unfortunately we do not live in the best of all 

worlds. In our world there are real, physical differ-
ences between video delivery methods. Video 
has changed a lot since the simple days when 
black-and-white TV was introduced. Then the 
consumers' only choice was off-air reception. 
Compatibility then meant only that all broad-
casters used the same technical standards so the 
consumer could get by with only one receiver. 
When color was introduced, cable was an insig-
nificant part of the video scene. Compatibility 
again meant that all broadcasters used the same 
technical standards. But "compatibility" gained 
an additional meaning: The old black-and-white 
receivers had to be served by the same signal 
that put color pictures on new sets. 

Today the situation is much more complex. The 
consumer not only receives signals off-air but 
also subscribes to cable, rents tapes and discs 
and maybe has a DBS dish receiving FM video. 
Furthermore, one hears of the phone company 
wanting to provide digital video signals over fiber. 
Since these delivery means are diverse in their 
fundamental technology, a single universal stan-
dard is impossible. VSB/AM, FM satellite, digital 
fiber and tape and disc recording are just too dif-
ferent in their basic technologies to come under 
a single universal standard. 
The regulatory situation is also much more 

complex. While the FCC has rigid control over 
some of the video transmission means, it has vir-
tually no control over others. For example, no one 
asked the FCC for permission to introduce Super-
VHS. Likewise, no one needs to ask for permis-
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sion to introduce a prerecorded ATV format. 
Unless this is changed in ways that seem highly 
unlikely at present, a single universal standard 
is simply impossible! 

Signal robustness 
The broadcasters' signal is important to cable 

subscribers; they expect it. When broadcasters 
begin transmitting ATV signals, cable sub-
scribers will insist on receiving those signals over 
their cable connection. 

Cable's concern over the broadcaster's signal 
is primarily over robustness. The cable system 
processes the signal many times before it 
reaches the subscriber. In doing so, the signal 
may become bruised. If the broadcasters 
achieve ATV in the present 6 MHz, they will have 
to squeeze even more information into the ex-
isting bandwidth. This will most likely reduce the 
robustness of the signal and make it more sub-
ject to damage. The cable industry must work 
with the proponents of systems for use in broad-
cast to minimize this hazard. 

While there is a lot of hype over ATV and par-
ticularly HDTV, we must be realistic in our ex-
pectations. The consumer electronics industry 
has decades of experience with the manner in 
which new technologies are adopted. In 
essence, there is a long period of very slow 
growth while prices are high and programming 
in the new format is scarce. This usually lasts from 
five to eight years. Then, rather suddenly, things 
come together. An attractive price point is 
reached, programming becomes available, and 
the new product becomes the "in thing." It 
becomes socially unacceptable to be without it. 
Growth is massive. The penetration curve goes 
almost straight up. Then overcapacity in the in-
dustry and intense competition cause prices to 
plummet. The rapid growth phase is probably 
eight to 10 years away. 

This doesn't mean that cable should ignore 
ATV. Quite the contrary, it will take those eight to 
10 years to be truly ready for ATV. If we turn our 
attention away, those years will be gone before 
we know it and there won't be adequate time to 
prepare. Our competitive position will be 
weakened. 

Fiber plays a facilitating and a threatening role. 
Fiber in a cable system significantly eases the 
problems of bandwidth and signal quality. How-
ever, fiber in the telco plant becomes the method 
by which the telcos reach video capability. We 
certainly can't stop the telco implementation of 
fiber to the home. We must instead maximize the 
opportunities fiber presents us as cable 
operators. 

Digital delivery of video is the telco goal. Digital 
video is near perfect. This does not mean cable 
must deliver digital video, just digital quaky video. 
Perhaps there is a digital delivery method in 
cable's future. It is too early to tell at this point. 
But we'd better carefully watch our telco com-
petitors so we have adequate warning. 

An effective competitor 
ATV will be a source of concern, effort and ex-

citement for at least a decade. We have our work 
cut out for us. If cable actively pursues solutions, 
it can be a very effective competitor in the ATV 
arena. I 1 
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HDTV: BOOM or bust? 
By Vito Brugliera 
Vice Pres,den; Marke:ing and Product Planning 

Zenith Cable Products Division. Zenith Electronics Corp 

The trend toward improved television pic-
tures has been gaining momentum over the 
past several years. Buzzwords such as "im-
proved definition TV" (IDTV) and "enhanced 
definition TV" (EDTV) have been applied to 
improvements in the NTSC standard. These im-
provements have raised the hope of not only 
providing consumers with better quality TV pic-
tures but of pumping new blood into the 
domestic consumer electronics industry. 

Technologically, the biggest improvement is 
expected to come from the advanced TV (ATV) 
category high-definition TV (HDTV), a new 
consumer-oriented service that promises: 
• Improved picture resolution, perhaps twice 

that achieved by the current NTSC 
transmission system. 

• Improved audio comparable to the com-
pact disc. 

• Wider aspect ratios, from 4:3 to 16:9. 
These enhancements to our existing system 

create opportunities for many different 
segments: consumers, retailers, manufacturers. 
programmers, broadcasters and cable 
operators, 
Consumers can enjoy enhanced viewing 

pleasure and greater choice. Retailers can 
expect increased incremental sales of new TV 
receivers—many with larger viewing screens 
and features—and higher selling prices and 
margins. Manufacturers can look forward to in-
creased sales volumes and potential profits of 
new products differentiated from "commodi-
ty" televisions of today. 

For programmers. a market will open for 
products that take advantage of the new 
technology and format. Satellite and terrestrial 
broadcasters can expect to profit from the 
technology. The scarcity of spectrum within cur-
rent channel allocations could allow direct 
broadcast satellite (DBS).services to profit from 
a need for increased bandwidth required for 
increased information content not compatible 
with our 6 MHz channel allocations. Terrestrial 
broadcasters, with new programming, could 
look for an increase in viewers with the advent 
of new services and programming. Cable 
operators, for similar reasons, could look for-
ward to renewed viewer interest and increased 
revenue. 

Too good to be true? 
All of this sounds too good to be true. Ob-

viously there is a potential downside. In addi-
tion to the opportunities, there are considerable 
risks: cost, obsolescence of existing equipment, 
consumer reluctance, terrestrial broadcast 
spectrum and incompatibility with cable plant 
and hardware. 

Cost, especially with a new technology. 
presents a barrier. There are many costs to 
consider. One would be that of supplying the 
transmission infrastructure: new studios, TV 
transmitters and towers. The cost of the new 

natural catalyst for larger pictures. Projection 
TV receivers are expensive—up to $3,000. 
New, larger, wide-aspect picture tubes require 
an enormous investment. This investment 
presents a definite challenge for an industry that 
still suffers from price erosion and lack of prof-
its. To overcome the resistance to big 
investments, the TV industry also will have to 
convince the public that receivers, perhaps 
costing as much as $3.000 initially, are worth 
the investment. Consumers who can often buy 
20-inch color receivers with remote for $300 
may need considerable convincing. 

Along with cost, there is obsolescence. What 
do we do about the 160 million TV receivers, 
many with a decade or more of life remaining? 
TV stations look forward to writing off huge 
capital investments and new capital outlays. 
That is a challenge in an environment where 
takeovers and buyouts have created huge 
debt. Currently profitable program libraries may 
have to be valued down because of diminished 
earnings potential against the new format. 

All of this represents cost that will ultimately 
have to be borne by consumers. Any con-
sumer reluctance, especially at the beginning, 
could diminish the perceived value and make 
consumers reluctant to buy a product that may 
be five to 10 times higher in cost. 

Terrestrial broadcasters have a scarce com-
modity that exists solely for their use: 6 MHz 
of bandwidth for each channel allocation. 

Despite what seems an enormous availability 
of channels, there is actually a severe shortage. 
The transmission characteristics of NTSC 
signals in a given area require "taboos" in the 
VHF and UHF portions of the spectrum to pre-
vent co-channel, adjacent channel and image 
interference. Put bluntly, there is no additional 
spectrum available. Thus. if HDTV systems re-
quire bandwidth beyond 6 MHz (as some pro-
posed systems do), this can only come from 
existing allocations. Terrestrial broadcasters will 
have a real problem. They will not easily give 
up valuable spectrum. 
Cable faces the risk that new technologies 

will not perform well in a cable environment. 
Channels are scarce in cable as well, and spec-
trum will not be free. An even more important 
issue hinges on whether the signal will be 
robust enough to survive continuous channel 
allocations, ingress, microreflections and at-
tainable signal-to-noise constraints. 

Time to explore 
This overview of opportunities, risks and 

issues summarizes the HDTV phenomenon 
before us. We sometimes become absorbed 
in the details of competing technologies without 
considerating some of their ramifications. One 
must always remember that performance, 
spectrum use and co-existence taken together 
are the constraints. What is required is time 
enough to explore all the proposed systems 
and make sure we are not swayed by exciting 
simulations and prototype hardware. Eià 
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Putting HDTV to the test 
By Willem A. Mostert 
Manager ot Englneenng. asinbutton Products. Magnavox CATV Systems Co 

The cable TV industry has system specifications for typical parameters 
involved in multichannel wideband transmission over its systems. The 
criteria for carrier-to-noise (C/N), composite triple beat (CTB), cross-
modulation (X-MOD), return loss, group delay and their effects on pic-
ture quality and distortion perceptibility for standard NTSC signals are 
well understood and used in system design. We need to understand 
how our parameters will affect picture quality once high-definition televi-
sion is introduced. Can conventional CAN systems adapt to HDTV 
transmission? What should be the design criteria to ensure high quality 
picture transmission of HDTV? 

In order to get an insight into HDTV picture quality over a CATV 
system, a series of comparative tests was performed between HDTV 
and NTSC signals transmitted over a fully loaded 60-channel system. 
For these tests the Philips High-Definition NTSC (HDNTSC) was added 
to such a system. HDNTSC is the signal developed and optimized for 
terrestrial broadcast and CAN applications by North American Philips 
Corp. It is fully compatible with NTSC (Figure 1) and can be directly 
derived from HDMAC-60, a satellite HDTV transmission signal also 
developed by Philips. 

Simply defined, HDTV is a TV picture that has: a wide aspect ratio 
of 16:9 (as opposed to the NTSC ratio of 4:3), at least four times greater 
spatial resolution than NTSC and compact disc-quality digital stereo 
sound. 

HDNTSC is a total system concept (Figure 2) from studio and transmis-
sion media to consumer products (TV sets and VCRs). It is fully NTSC-
compatible; i.e., an HDTV set can receive a standard NTSC signal and 
an NTSC set can receive the HDTV signal (with NTSC quality). There 
are no effects on the picture quality of the NTSC section of the HDTV 
signal when received on a standard NTSC receiver. The HDNTSC 
system is CATV-friendly and designed with satellite transmission ter 

Figure 1: HDTV/NTSC compatibility 
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restrial broadcast and CAN transmission in mind, the media that have 
to be able to carry HDTV. 

CATV test setup 
The HDTV tests were performed with the HDNTSC first-generation 

format connected to the CAN system in the Magnavox Mobile Train-
ing Center. As shown in Figure 3, the source signal-525 lines, pro-
gressively scanned, 59.94 field rate and 16:9 aspect ratio—was fed into 
the HDNTSC encoder input. The output of the encoder was then 
transmitted over a pair of coaxial cables to the van at the headend input. 

Both the main and augmentation channels of HDNTSC were 

modulated on standard RF carriers, which randomly could be located 
anywhere in the spectrum and mixed with additional NTSC channels • 
to form a 60-channel (450 MHz) CAN headend output. 
Those signals were sent through a cable system with eight mainsta-

tions, 22 dB spaced; a bridger; two line extenders, 27 dB spaced; and 
three feederline tap strings totaling 24 subscriber eight-way taps. The 
channels at the subscriber drop cable output were sent to tunable 
demodulators. 
The baseband HDNTSC main and augmentation signals plus the RF 

NTSC main channel were sent to the HDNTSC decoder and NTSC 
receiver, respectively, for picture quality tests. These tests were per-

Figure 3: Test setup 
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Figure 4: C/N test setup 
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formed by creating and varying the different CATV system distortion 
parameters the signal levels in the system were changed. Some special 
test setups were used for ghosting and group delay evaluation. The 
RF signal quality was measured for both HDTV and NTSC pictures to 
quantify differences in distortion perceptibility between HDNTSC -
and NTSC. 
The viewing audience of four to five people monitored and compared 

HDTV and NTSC picture qualities throughout the series of tests. Over 
a period of 10 days, the following parameters were observed: C/N. CTB. 
X-MOD, group/chroma delay, reflections, modulator/demodulator match-
ing and channel locations. 
C/N test (Figure 4) was performed by selectively varying wideband 

system noise in the HDTV and NTSC channels under test. This way, 
the noise in main and augmentation channels could be monitored 
simultaneously and individually. 
The CTB tests (Figure 5) were performed with all modulated carriers 

and by creating multichannel CTB in the channels under test, using high 
signal levels in the CATV system. The channels under test were sent 
around the CATV system in order to eliminate simultaneous X-MOD 
distortion. CTB levels could be selectively varied after filtering out the 
CTB for the channels under test. The CTB in the main and augmenta-
tion channels therefore could be monitored when simultaneously or in-

Figure 5: CTB test setup 
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dividually present. 
Cross-modulation, monitored with all channels modulated, was tested 

by varying the signal levels throughout the system (Figure 6). By selec-
tively switching off some of the headend channels, the CTB components 
were kept below the level of perceptibility in order to monitor X-MOD 
only. This way X-MOD could be monitored with it simultaneously pre-
sent in main and augmentation channels. To monitor X-MOD in main 
or augmentation channels only, either channel was sent around the 
CATV system to remain distortion-free. 
Two types of reflection tests were performed. First, the system was 

used to look at effects of periodicity in tap location in the feeder leg. 
All 24 taps in the feeder legs were equally spaced at 100 feet, building 
up reflections through periodicity in spacing. HDTV and NTSC signals 
through the system were observed for effects on picture quality. A 
second test (Figure 7) was done for effect on picture quality of ghosting 
caused by reflections. A reflection visible in the pictures as a ghost was 
created and could be varied in levels for picture quality comparison. 

Different types of group delays were observed with the HDTV signals. 
In-channel chroma delay in main or augmentation channel occurred 
when Ch. 2 was used with its own group delay caused by the amplifier 
diplex filters, with addition of specially designed filters for additional 
chroma delay added to the CATV system. Differential propagation delay 
or group delay between main and augmentation channels was caused 
by different propagation speed of these channels over cable due to 
diplex filters or over the air caused by different propagation conditions 
for different channel frequencies. Here, the test setup of the reflection 
test was used. as well as the diplex filter test system. 

Results of tests 
Carrier-to-noise: HDTV is about 3 dB more sensitive to noise than 

NTSC when noise is applied to both main and augmentation channels 
simultaneously. HDTV and NTSC are equally sensitive to noise when 
it is applied to only the main or the augmentation channel. 
Composite triple beat: HDTV and NTSC are equally sensitive to CTB 

when it is applied to both main and augmentation channels simulta-
neously. HDTV is approximately 3 dB less sensitive to CTB than NTSC 
when CTB is applied to only the main or the augmentation channel. 

Cross-modulation: HDTV is approximately 3 dB more sensitive to X-
MOD than NTSC when X-MOD is applied to main and augmentation 
channels simultaneously or individually. (It is noteworthy that X-MOD 
was less perceptible than CTB under the same conditions.) 

Reflections: Although the equal tap spacing in the feeder leg caused 
considerable peak-to-valley changes (by several dB), it had no effect 
on picture quality of either HDTV or NTSC. Reflections causing ghosts 
in the pictures had an equal effect on perceptibility of picture quality 
of HDTV and NTSC signals when applied to main and augmentation 
channels simultaneously or individually. 
Group delay: In-channel (Ch. 2) chroma delay of up to 400 

nanoseconds caused no noticeable color shift to be observed in either 
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HDTV or NTSC picture quality. Propagation time differential between 
main and augmentation channels from very small values as caused by 
diplex filter group delays to very large values of up to 20 microseconds 
had no effect on the HDTV picture quality, due to the correction servo 
mechanism in the receiver. 
Modulator/demod matching: Standard modulators and demods were 

used for the tests. For good side-panel matching in the HDTV picture 
it appeared that the two modulator/demod sets have to be matched 
close to equal performance for optimum results. 
Channel location: Throughout the various tests, different main and 

augmentation channel locations were used. By design, the system was 
indifferent to the location of the two channels, provided modulator/demod 
matching between main and augmentation channels was done properly. 

Discussion of test results 
The test results were positive, meeting the HDNTSC design objec-

tives of a CATV-friendly HDTV system. The C/N test indicated that with 
the present generation HDNTSC and equal noise in main and augmen-
tation channels, a 3 dB better C/N is required at the subscriber's HDTV 
receiver, compared to NTSC. This by itself is no surprise, since more 
bandwidth is used and, therefore, more noise power is present in the 
picture content. However, the test with noise in the main channel only 
indicates the possibility of a lower than 3 dB differential with a future 
improved version of the augmentation channel. 
Since the C/N performance of a CATV system is mainly dependent 

on its trunk cascade, a better C/N would require a raise in trunk levels 
with consideration for trunk distortions. However, one has to take into 
account all the noise sources involved in the transmission link (e.g., 
satellite receivers, microwave links, headend, the CATV system and con-
verters) as with any properly specified CATV system. 
The CTB tests indicate an equal performance vs. NTSC with CTB in 

both main and augmentation channels, and approximately 3 dB better 
when in main or augmentation channels individually. This can be ex-
plained as follows: 
1) The main channel processing before display involves vertical line 

interpolation, which acts like a vertical low-pass filter, reducing low-
frequency noise and distortion. The test with CTB in the main chan-
nel only shows 3 dB improvement in picture quality perception. 

2) The augmentation channel with CTB, when added to a "clean" main 
channel signal, causes averaging of the perceptibility on the display. 
The test indicates a 3 dB improvement of perception. 

3) With CTB in both main and augmentation channels, both effects 
together eliminate the individual improvement, resulting in a picture 
quality perception equal to NTSC. 

41 The X-MOD tests might indicate better system X-MOD requirements. 
However, today's systems have head room in X-MOD performance vs. 
limits of perceptibility in picture quality. This in particular is true when 

4 multichannel X-MOD is derived from multiple non-synchronized picture 

sync sources. 
Finally, the modulators at the headend have to be matched. Likewise, 

at the receiver side, the two demods or tuners have to be matched, 
which is true by definition in a two-channel HDTV receiver. 
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Oscillator phase noise 
and its effects in a CATV system 
By Rezin Pidgeon 
Principal Engineer. SCienlific-Atlanta 

And Dan Pike 
Vice President of Engineering. Prime Cable 

In recent years, experienced CATV engineers spoke of an effect they 
had begun to observe in which TV pictures appeared to the trained 
eye to have more noise than standard traditional measurements indi-
cated. In mid-1987 an ad hoc group consisting of representatives of 
the National Cable Television Association, cable operators and equip-
ment manufacturers organized to examine the issue. A short time later 
this group (called Group 1) was incorporated by the NCTA Engineering-
Committee into its HDTV Subcommittee and charged with the inves-
tigation and documentation of signal transfer characteristics in cable 
systems with particular emphasis on parameters useful in forecasting 
the transparency of a cable system to various HDTV proposals. Improved 
quality of present CATV service is also an expected result. This article, 
together with a paper by Gerald Robinson', form the first published 
results of the Group 1 investigations. 

It was determined that the first efforts of the group should be devoted 
to rigorous investigation of phase noise,effects throughout the entire 
network, including satellite links and through final detection. 

Background theory 
A general expression for oscillator phase noise as derived by D. B. 

Leeson2 is: 

L(fm) =1 [.1 

2 

fo2 

f m 2 

1 kTF 

40 2 P 

(1) 

where: 
L(fm) = the ratio of single-sideband noise power in a 1 Hz bandwidth 

(centered fm Hertz from the carrier) to the carrier power, 
fm = frequency offset from the carrier (modulating frequency), 
fo = carrier frequency, 
O = loaded Q of oscillator resonator. 

Figure 1: Nyquist filter response 
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F = noise factor of active drive, 
k = Boltzmann's constant, 
T = temperature in degrees Kelvin and 
P = available carrier power in watts. 

Equation 1 predicts the spectral distribution due to intrinsic noise in the 
active device and assumes the AM (amplitude modulation) contribu-
tion is negligible, as. it is in a well-designed oscillator. Low-frequency 
phase noise which is usually predominately power supply-related, is 
not included, nor is low-frequency flicker noise. Furthermore, in CATV 
equipment, oscillators of concern are often incorporated in a synthesizer 
phase lock loop, which modifies the close-in spectrum. 
As a result, the close-in spectrum is determined by the particular cir-

cuit design and cannot be predicted in a general way. Low-frequency 
phase modulation is often caused primarily by insufficient filtering or 
isolation of the oscillator power supply. The result is frequency modula-
tion at 60 Hz and harmonics of 60 Hz. The clamping action of TV sets 
tends to suppress the effects of this low-frequency FM, and sets may 
respond quite differently to this low-frequency disturbance. The effect 
of high-frequency noise is quite different, and the analysis here will be 
limited to high-frequency noise, that is, noise modulation approximately-
10 kHz or higher. 
From Equation 1, the spectral density (noise power/Hz) is proportional 

to 1/tm2 up to the point at which it "breaks flat" (fm = fo/2Q). We will 
consider oscillator phase noise to be that which has a noise power spec-
trum proportional to 1/fm2; i.e., a 6 dB per octave decrease with offset 
frequency. Eventually the oscillator phase noise falls below the noise 
floor of the system. The noise floor of the system is limited by the carrier-
to-noise (C/N) ratio of the distribution system, but the earth station, head-
end equipment, set-top converters, etc., are also contributors. The 
system noise floor is caused by amplified thermal noise and is referred 
to as thermal noise. It contains equal amounts of AM and PM (phase 
modulated) noise, and upper and lower sidebands are uncorrelated. 
Here we will consider system noise to be comprised of oscillator phase 
noise plus thermal noise. From Equation 1, that part we call oscillator 
phase noise is. 

Figure 2: AM demodulation of RF noise 
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Figure 3: Baseband noise spectra for 
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L(fm) = 1/(fmQe)2 (2) 

where: 
Qe = a constant C'effective Q"), which defines the spectral purity of 

the oscillator. 

The equations that follow give phase noise, frequency noise and video 
signal-to-noise ratio (SNR) as a function of the parameter Qe. The term 
L(fm) is the reciprocal of the more commonly used term C/No, where 
C is carrier power and No is noise power in a 1 Hz bandwidth. We will 
use the notation C/No for the ratio of carrier-to-phase-noise, and C/N, 
for the carrier-to-thermal-noise ratio. For noise given in a 1 Hz band-
width, the notation is: 

C/Nop = Carrier/phase noise/Hz 

C/No, = Carrier/thermal noise/Hz 

(3) 

(4) 

Qe expressed in dB is 20log(Qe). Qe can be obtained directly from the 
oscillator spectrum measured with a spectrum analyzer by: 

Qe = C/N - 1.7 - 20 I og(fm) + 10log(B) dB (5) 

where: 
C/N = the carrier/phase noise sideband ratio in dB 
B = the analyzer bandwidth and 
1.7 = the usual analyzer correction factor applied to noise 

measurements3. 

For example, if an oscillator spectrum measures 56 dB below carrier 
in a 1 kHz bandwidth 20 kHz from the carrier, then Qe = - 1.7 dB. 

In analyzing the effects of oscillator phase noise in an NTSC system, 
it is helpful to convert phase noise to frequency noise since it is FM noise 
that is directly converted to AM noise by the Nyquist filter in the TV 
receiver. For the analysis, it is convenient to make use of the principle 
that random noise can be approximated by a large number of sinusoidal 
components all approximately equally spaced and of arbitrary phase°. 
Thus, the oscillator spectrum can be considered to consist of a carrier 
plus sinusoidal components 1 Hz apart. The ratio of the power of each 
component to the carrier power is, therefore, L(fm) — refer to the defini-
tion of L(fm). The ratio of the RMS voltage of each component to the 
RMS voltage of the carrier is 0/7fFn). The peak phase deviation of the 
oscillator at a frequency fm is equal to the sum of the upper and lower 
sideband phasors, or 2,r(7--n). The RMS phase deviation On for a 1 
Hz bandwidth is: 

Figure 4: Fixed frequency modulator 
baseband noise spectrum 

anus de 

r? TV Ili 

Start: 10 kHz Stop: 5 MHz BW: 10 kHz 
Ref.: 4.3 dBmV 5 dB/div. 

On(fm) 121--n) RMS radians/Hz (6) 

Instantaneous frequency in radians/sec. is the time derivative of phase 
(0.)= d 0/dt). Thus, for the sinusoidal peak phase deviation of 2/L(fm), 
the peak frequency deviation is 2fmLn). The RMS frequency devia-
tion due to phase noise in a 1 Hz bandwidth fm Hertz from the carrier is: 

AI(fm) = fm.\/-21- n) RMS Hz 

= .\p/Qe 

(7) 

Thus, the spectral density of frequency noise is constant (white) for 
1/fm2 spectral phase noise. 
The slope of a TV Nyquist filter extends over a nominal range of ± 

750 kHz centered around the picture carrier. First, assume the Nyquist 
slope is linear over that bandwidth. A deviation of 750 kHz in this case 
would theoretically produce 100 percent AM at the output of the Ny-
quist filter. As a result, the AM depth of modulation is equal to 
1/(750x103) times the frequency deviation, which from Equation 7 is: 

An(fm) = fmV2L(fm) fm <750 kHz (8) 

750 x 103 

=.\/-27(750x103) x Qe 

An(fm) is specifically the ratio of the RMS noise component that is in 
phase with the carrier to the RMS carrier voltage. Likewise, 0 n(fm) 
- (Equation 6) is the ratio of the quadrature RMS component to the RMS 
carrier. 
Now consider the effects of phase noise for frequencies where the 

response of the Nyquist filter is flat; i.e., the single-sideband region. The 
amplitude response of the Nyquist filter should be down 6 dB at the 
carrier frequency relative to the response at single-sideband frequen-
cies. As a result, the relative single-sideband noise power is four times 
greater than at the input to the Nyquist filter; the noise power ratio at 
the output is 4L(fm). For single-sideband noise, the AM and PM spec-
tral components are equal in power; each is one-half the total spectral 
power. The AM component of noise power is 2L(fm); the RMS noise 
voltage ratio is 
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An(fm) = ,.L(fm) fm > 750 kHz (9) 

Lii 
= C/Nop 

In this region the noise spectrum at the filter output has the same shape 
as the input noise spectrum, and the ratio of carrier-to-noise power den-
sity is degraded 3 dB. 
Now consider the effects of the Nyquist filter on white thermal noise. 

For thermal noise, sidebands are uncorrelated and, as for single-
sideband phase noise, half the power is in the AM component and half 
in the PM component. The effect of the Nyquist filter can be calculated 
by power addition of AM sideband components at the output of the 
filter. With the assumption of a linear Nyquist filter, sidebands add to 
produce a baseband noise spectra that increases quadratically 3 dB 
to 750 kHz5. Above 750 kHz, the output of the receiver filter is single-
sideband, and the result is the same for phase noise. 

Application of theory 
The assumption of a simple linear characteristic for the receiver Ny-

quist filter is useful, but, of course, real receiver filters are not linear. 
To more accurately calculate noise resulting from slope detection in the 
Nyquist filter and to better correlate the theory with measured data, this 
analysis is based on the response of the Nyquist filter in the Tektronix 
1450-1 television demodulator used in the video SNR and baseband 
spectra measurements. A plot of the Nyquist filter response is given 
in Figure 1. Also superimposed is 1/2 cycle of a sinusoid function and, 
as seen, it is a very good approximation of the actual filter function. With 
this characteristic and the previous equations, good accuracy has been 
achieved in relating baseband measurements—video noise spectra and 
weighted and unweighted SNR—to the carrier phase noise spectra and 
thermal noise. 

Figure 2 is a plot of the AM noise spectra at the output of the Nyquist 
filter caused by thermal and phase noise. Thermal noise produces a 
video noise spectrum that increases from DC to the upper limit of the 
Nyquist filter and is constant above that. For frequencies near carrier 
frequency, the AM (in phase) component is the same at the output of 
the filter as at the input since upper and lower sidebands are nearly 
equal. The thermal noise plot shows simply the effect of the Nyquist 
filter on AM noise. 

Figure 3 shows the PM-to-AM conversion of oscillator phase noise. 
In the frequency range of the Nyquist filter there is some noise rolloff; 
for a linear Nyquist filter the response would be flat. Above the cutoff 
of the Nyquist filter the baseband noise rolloff is the same as at RF. 
Oscillator phase noise contributes primarily to low-frequency video noise 
in the frequency range of perhaps a few hundred kilohertz to a 
megahertz or more. 

Oscillator phase noise can be recognized and distinguished from video 
noise in an examination of the video baseband spectra. For high oscillator 
phase noise, the noise seen when viewing a TV set is recognizable as 
low-frequency noise and appears different from broadband noise. Data 
is given in a later section that illustrates these points. 
The objective of this article is to relate RF C/N measurements to video 

SNR and baseband noise spectra. Weighted SNR is the ratio expressed 
in dB of the total luminance signal (100 IRE units) to the weighted RMS 
noise level. Note, however, that noise due to phase noise is different 
from thermal noise in that it is directly proportional to the carrier level. 
If the carrier were to drop to zero percent modulation, there would be 
no phase noise contribution, of course. Thermal noise is the same (for 
constant receiver gain) regardless of carrier modulation. Furthermore, 
note that noise is more noticeable in dark TV scenes of perhaps 10 to 
20 IRE. In our experiments, SNR was determined by measuring 
weighted baseband noise with the carrier unmodulated in accordance 
with EIA Standard RS250B. Signal generators capable of being phase-
modulated were used to generate the video carrier, and the amount 
of noise caused by phase noise was determined by turning the phase 
modulation on and off. Phase SNR is the ratio of the signal for 100 per-
cent modulation (1.143 V for 1 V/100 IRE) divided by the RMS phase 
noise voltage. 

Phase noise can be measured also on a waveform monitor using the 
Tektronix 147 test signal generator or by the NTC Report No. 7 approx-
imation technique. With these procedures the amount of phase noise 
measured will depend on the level of the waveform pedestal at which 
noise is measured. If noise is measured at a level of 20 IRE, these pro-
cedures theoretically give the same results and agree with the measure-
ment and definition of phase SNR. 

For the Nyquist filter data the theoretical AM baseband spectral den-
sity is plotted in Figure 3 for Qe = 1. Video SNR can be obtained by 
a noise power integration of Figure 3. The weighted SNR is obtained 
by multiplying the spectral density in Figure 2 by the noise weighting 
function. For this data and in our tests, the weighting filter given in CCIR 
Report 637-1, Equation 4, for System M (prior to the introduction of the 
unified network) was used. This network is in general use for NTSC 
system measurements. Performing the noise power integration to 4.2 
MHz gives SNR due to phase noise: 

SNR unweighted = 54.2 .+ Qe dB (10) 

SNR weighted .= 57.7 + Qe dB (11) 

In a similar manner, the unweighted and weighted video SNR due 
to thermal noise is obtained. SNR due to thermal noise: 

SNR unweighted = C/N - 6.9 dB (12) 

SNR weighted = C/N - .5 dB (13) 

From Equations 5 and 11 one obtains a fortuitous and very neat iden-
tity. By measuring phase noise at 20 kHz offset from the carrier in a 
1 kHz bandwidth, 

SNR weighted ̂ -- C/Np dB (14) 

where: 
C/Np is the carrier-to-noise ratio. 

This is a simple and possibly very useful measurement for predicting 
degradation caused by phase noise. 
The amount of phase noise relative to that produced by thermal noise 

in the system can be calculated from Equations 11 and 13 and the defini-
tions of Qe and C/N. Given that the phase noise spectrum crosses the 
thermal noise spectrum (measured in the same resolution bandwidth) 
at a frequency F, then, for equal contribution of each to the weighted 
SNR F is equal to 1.53 MHz. Thus, if the phase noise spectrum crosses 
the thermal noise spectrum below 1.53 MHz, thermal noise 
predominates; if it crosses above 1.53 MHz, phase noise predominates. 
These equations assume the oscillator spectrum decreases 6 

dB/octave, and one should observe the spectrum on a narrow and wide 
span to see if that is the case. Also, the spectrum in the range of 10 
to 20 kHz can indicate higher phase modulation in that range than 
actually is present. Low-frequency high-deviation PM can cause high 
order Bessel sidebands to extend above 10 kHz and cause phase noise 
to appear high. 

Video demodulator types and response to phase noise 
The effect of phase noise on NTSC video depends on the type 

demodulator employed in the TV receiver or TV demodulator. 
Demodulators may be classified as envelope detectors, such as diode 
rectifiers, or product demodulators6.7.5. Envelope detectors respond to 
large quadrature modulation and distortion of the amplitude modulated 
signal can occur. However, the envelope detector is immune to the 
relative small amount of phase noise considered here. This can clearly 
be seen when one considers that oscillator phase noise produces low 
deviation FM that in this case may be a deviation of perhaps a few 
hundred Hertz or even a few kilohertz. Deviation that low would not 
be detected by a broadband envelope detector except for detection 
by FM-to-AM conversion in the Nyquist filter. 

Product dertiodulators or coherent demodulators in principle detect 
an AM signal by recovering the carrier from the modulated signal and 
multiplying the RF signal by the recovered carrier (hence the name "pro-
duct" demodulator). A mixer (ring diode-type or integrated circuit mixer) 
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Figure 5a: Agile frequency modulator RF 
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is effectively a multiplier for this purpose. Product demodulators are 
realized in different implementations and respond differently to the 
presence of PM on the desired AM signal. In TV applications, product 
demodulators also are known as synchronous and quasi-synchronous 
demodulators. Furthermore, envelope detectors, as in the Tektronix 
1450 TV demod, can be realized as product demods. Generally, the 
synchronous detector recovers the carrier by phase locking a local 
oscillator to the carrier of the TV signal. The bandwidth of the phase 
lock loop is low, approximately 50 Hz for the Tektronix 1450 demod 
and Scientific-Atlanta 6250 demod, and the oscillator may be a crystal 
oscillator. Certainly, this type of synchronous detector cannot handle 
a large amount of phase noise, particularly 60 Hz power supply noise 
and low-frequency jitter. The advantage of the synchronous demod is 
its good linearity and immunity to quadrature distortion provided 
incidental phase modulation is low. 
Quasi-synchronous demods and envelope detectors realized as quasi-

synchronous recover a carrier by filtering and limiting the TV IF (in-

1,7 

Figure 5c: Baseband noise spectrum 
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termediate frequency) signal and applying it as the reference (local 
oscillator) for the IF signal mixer. Since the filtering occurs at IF, the 
filter bandwidth is relatively wide: 50 kHz for the Tektronix demod and 
about 200-300 kHz or more currently for TV receivers. Within this fre-
quency range, the recovered carrier tracks the signal carrier and the 
system behaves as an envelope detector. However, in recovering the 
carrier, if the filter bandwidth is too small and phase noise is high, the 
detector itself will convert phase noise to AM noise. Theoretically, the 
output of a product demod is proportional to the cosine of the angle 
between the recovered carrier and the carrier of the input signal. For 
a small tracking error (small phase error), the cosine of the angle is 
approximately 1 and negligible error is caused by the detector. If the 
tracking error is large, the detected signal is modulated by the cosine 
of the tracking error. Thus, inability of the recovered carrier to track phase 
noise results in additional PM-to-AM conversion in the detector itself. 
This should not be a problem except for very narrowband tracking loops 
and excessive low-frequency phase noise. By integrating the mean 
square phase noise spectra from frequency f, to infinity, the total RMS 
phase noise is obtained: 

it= 1 .1 2 radians RMS (15) 

f 1 Qe 

For example, for phase noise that would result in weighted SNR of 46 
dB, from Equation 12, Qe is — 11.7 dB, or a factor of 0.26. The total 
phase noise in the spectrum above f, = 10 kHz is only .016° RMS. 
This small amount of high-frequency phase noise should not be 
detrimental to the quasi-synchronous demodulator. 

Perceptibility tests 
Tests have been conducted to investigate the effects of phase noise 

on TV reception and determine the threshold of perceptibility. In tests 
reported by Giorgio Allora-Abbondi9 and Robb Balsdonl°, a Hewlett-
Packard 86608 synthesized signal generator was frequency-modulated 
by the broadband noise source of a Tektronix 147 test signal generator 
and the synthesizer output was substituted for the output converter LO 
in an S-A 6530 TV modulator. The bandwidth for noise modulation was 
limited by the synthesizer to about 250-500 kHz. In these and other 
tests, phase noise was measured by measuring carrier sideband noise 
level in dBc at 20 kHz offset from the carrier and in a 1 kHz bandwidth. 
Balsdon reported that phase noise became perceptible at a noise level 
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Figure 6a: Set-top converter 
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of about - 53 dBc on three TV sets, and at -54 dBc when using an 
S-A 6250 TV demod in the envelope detector mode. When operating 
in the synchronous detector mode, phase noise became perceptible 
at a much lower level, -67 dBc, due to the narrow bandwidth of the 
synchronous demodulator (approximately 50 Hz) and its inability to track 
the low-frequency noise. 

In tests by Allora-Abbondi the perceptibility threshold was found to 
be -52 to - 56.5 dBc with - 53 dBc typical for envelope detectors. 
With Tektronix and S-A synchronous demodulators, susceptibility to 
phase noise was much greater: -57 to less than - 64 dBc. Performance 
in the synchronous mode was best with the fast detector time constant 
due to better tracking between the reference oscillator and the incom-
ing signal. With no phase noise added, weighted SNR of the system 
was 54 dB. 
The tests that follow were conducted at S-A with participation by 

members of the Group 1 committee. In tests similar to those previously 
mentioned and using an HP 8640 signal generator as the noise-
modulated source, the perceptibility threshold was found to be at a 
phase noise level of - 56 dBc. Levels were set for optimum perfor-
mance; without phase noise weighted SNR measured 66 dB. At the 
phase noise threshold, weighted phase SNR measured 60 dB. 

In another test, an oscillator with 4 MHz modulation bandwidth 
capability was frequency-modulated by the Tektronix 147 noise source 
and substituted for the S-A 6350 video modulator output converter LO. 
With this oscillator the background SNR was 64 dB. Phase noise and 
weighted SNR measured -62 dBc and 60 dB, respectively, at the 
perceptibility threshold. Phase noise at 20 kHz offset from the carrier 
was 6 dB lower than with the HP 8640 source due to the narrower 
modulation bandwidth of the HP 8640, approximately 250 kHz, but the 
resulting SNRs were the same. 
Thermal noise was added from a broadband RF source and the 

perceptibility test repeated for thermal noise only. Weighted SNR 
measured 58 dB for the same degree of perceptibility. This is within 
2 dB of the SNRs measured for wideband and band-limited phase noise. 
We believe that weighted SNR gives a good quantification of system 
performance regardless of whether noise is thermal or phase in origin. 
Thermal noise was increased to give a weighted SNR of 46 dB. Under 

this condition, phase noise measured - 50 dBc at threshold. Weighted 
SNR due to phase noise (measured with thermal noise off) measured 
50.7 dB. 

For the S-A tests, test patterns were very closely scrutinized to see 
any noise effects. Tests also were made with program video obtained 
from a satellite feed. The HP 8640 signal generator was noise-modulated 
and used for these tests. Video SNR from the satellite feed measured 

approximately 53 dB. For moving program video phase noise became 
visible generally in highly saturated areas at a phase noise level of -47.6 
dBc (at 20 kHz offset from the carrier and in a 1 kHz bandwidth, 
as before). 
Phase noise appears a little different from thermal noise in test pat-

terns and video. Thermal noise appears as fine grain noise; phase noise 
has more of a streaked, low-frequency characteristic that is to be 
expected from general knowledge of the baseband spectrum. In the 
S-A tests, plots were made of the baseband video spectra (with the 
Tektronix 1450 demodulator operated in manual gain mode to ensure 
that the gain is the same with unmodulated carrier as for normal video). 
Phase noise was easily distinguished from thermal noise by its shape. 
Phase noise showed a rolloff with frequency, whereas thermal noise 
showed a slight rise from DC to approximately 1 MHz and was flat from 
there to 4 MHz. 

Representative data 
Figure 4 is data for a fixed-frequency (Ch. 5) video modulator. 

Oscillators in this modulator are crystal oscillators and, of course, phase 
noise is very low. The baseband plot is characteristic of a system white 
noise limited: No phase noise is evident. Spurious responses in the base-
band plot are evident, but these are low enough so as not to materially 
affect the results. Calculated unweighted phase noise is more than 10 
dB below measured noise. 

Figure 5 is data for an agile modulator. This modulator shows results 
of oscillator phase noise that is somewhat high. The oscillator spectrum 
has the classical 6 dB/octave rolloff up to approximately 2 MHz where 
it approaches the noise floor of the modulator. Above that frequency, 
baseband noise is determined by thermal noise; below approximately 
2 MHz baseband noise is predominately phase noise in origin. 

Figure 6 is data for a set-top converter. The input level was set relatively 
high — 16 dBmV — but not excessive for a single channel in order 
to achieve maximum dynamic range for the spectrum plots and SNR. 
Also, the converter output was amplified ahead of the spectrum analyzer 
for the same reason. Notice that for the 100 kHz RF span, the carrier 
is several dB below the reference line. The carrier was actually set to 
the reference line in a wide IF bandwidth (30 kHz), and because of low-
frequency FM, the carrier appears low when plotted with an IF band-
width of 1 kHz. At baseband, there is a definite contribution from phase 
noise below 1 MHz. For no phase noise, there should be a dip in the 
baseband spectrum below 1 MHz. As shown in the 1 MHz RF span, 
the oscillator spectrum falls off more rapidly than 6 dB/octave, and ap-
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Figure 6c: Baseband noise spectrum 
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parently ;s below the noise floor of the converter by 500 kHz. This causes 
a sharper rolloff in the baseband spectrum to 500 kHz as compared 
with that shown in Figure 3. 
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As consolidation in the cable industry 
continues, what steps are you taking to 
enhance your system's value in the market-
place? The right decisions and investments 
made today for your cable system will 
undoubtedly payoff tomorrow. Make the 
right decision — invest in the most 
technologically advanced cable — invest in 
T6 trunk and feeder and enhance your sys-
tem's value and performance. 

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

A cutaway of T6 cable. 

ments. 16 also features the exclusive triple 
bonding and full wall seamless construc-
tion. Construction which facilitates in-
stallation, reduces pullouts, and identifies 
internal component damage. Benefits 
which mean reduced maintenance and 
repair costs, yielding actual dollar savings. 
A return on investment virtually unmatched 
in the industry. 

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

Times Fiber Communications, Inc. 
(203) 265-8482 or 1-800-TFC-CATV 
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Aerial Safety 
Instructor Certification Program 

The SCTE, in its continuing role to provide technical training to the CATV industry and in conjunction with the recently 
announced Installer Certification Program, is about to embark on a new project: an Instructor Certification Program 
for pole climbing, ladder climbing and bucket truck safety. 

In other words, this program will certify instructors, who will in turn certify installers and technicians within their respective 
systems or local SCTE chapters. One of the first tasks of the committee is to decide how this program will be presented 
to the industry...and what better way than to ask the industry. 

Here are some of the preliminaries: The program needs to be presented in a location where practice poles, ladders 
and bucket trucks are available. Also, a committee member or an appointed member of the SCTE must be available 
for the actual certification of the instructor. 

Listed as follows are some of the committee's ideas. Please rate each by circling the appropriate number (0 is the 
least favorable, 10 is most). Also, there are a few general questions regarding the program, requests for assistance, 
and places to write your opinions. 

Name 

Company _ 

Address _ 

City, State, ZIP   

Business Phone(  

I. Program presentation possibilities: 
1. Centralized location, such as having all participants travel to the ATO Training Center in Denver; an SCTE certifier 
will be available. 

1 2 3 4 5 6 7 8 9 10 

2. Local chapters and meeting groups—cable systems or other utilities provide a location; an SCTE certifier will travel 
to the location. 

1 2 3 4 5 6 7 8 9 10 

3. Regional training centers are designated throughout the country; an SCTE certifier will be available nearby. 

0 1 2 3 4 5 6 7 8 9 10 

4. Do you have, or know of such a center available for SCTE's use? (Please give name of company, address, phone 
number and contact person.) 

Other ideas:  
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II. Presentation medium proposals: 
1. Self-study workbook 

0 1 2 3 4 5 6 7 8 9 10 

2. Self-study workbook/video 

0 1 2 3 4 5 6 7 8 9 10 

3. Self-study workbook/interactive video 

0 1 2 3 4 5 6 7 8 9 10 

4. Lectures, demonstrations and practice 

0 1 2 3 4 5 6 7 8 9 10 

5. Other:   

Ill. Requirements for entrance to the program: 
1. Enrollment exam to enter the Instructor Certification Program, based on written and/or field exams, and super-
visors' recommendations. 

0 1 2 3 4 5 6 7 8 9 10 

IV. Requirements for instructor certification: 
1. Final written exam 

0 1 2 3 4 5 6 7 8 9 10 

2. Final field exam 

0 1 2 3 4 5 6 7 8 9 10 

3. Hands-on, in the field training Hours   

4. Training on OSHA, ANSI, NEC, NESC and regulatory issues Hours   

5. Years in the CATV industry Years   

6. Years actively climbing Years   

7. Additional requirements   

V. Cost 
A certain amount of cost is associated with the administration of a program such as this one. What would you be willing 
to pay to be certified or have one of your employees certified? $   

Additional comments  

Thank you very much for participating. All participants will receive a "personal certificate of thanks" from the SCTE. 
Please return your completed survey within six weeks to: 

SCTE Aerial Safety Committee 
Pam King 
c/o Jones Intercable 
9697 E. Mineral Ave. 
Englewood, CO 80112 
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CABLE SYSTEM 
SURVEY CO. 
MAPPING • DESIGN • AS-BUILTS 

COMPLETE DRAFTING SERVICES 

Rebuild Plans Are Clarified 
When The Maps Are Done. 

17 Peddler's Row 
Newark, DE 19702 
(302) 368-2436 

518 North Main Street 
Tekonsha, MI 49092 
(517) 767-4185 

THE 
8  INSTALL 

PEOPLE. 

"SERVING THE 
INDUSTRY 
SINCE 1974" 

ENGLISH 
ENTERPRIZES 
P.O. Box 6494 

Orlando, Florida 32853 
1-407-898-7134 

Aerial Installs 
Underground 
Installs 
Drop Transfer 
Commercial 
Deselopement 
Design 
Tap Audits 
Underground and 
Aerial Construe  

Harold Bighorn 
President 

Cable Construction, Inc. 
Complete CATY Construction 

(904)932-6869 

Specializing in Rebuilds 

P.O. lox 903 
Gulf Sneeze, Fl. 32561 

‘RWIN 

5 ( Ci:11:111s11tri:iult:iis III 
on, 

"Committed To Service Excellence." 

Inc. 
su PERI 
etorEc  

0\7L Customer Installations' Multiple Dwelling Units 

Plant Construction and Maintenance 

(714) 542-1055 • (619) 442-0713 

CONTRACTOR'S LICENSE NO. 526824-A/SUPERCCI21M2 

SIGNAL LEVEL METER REPAIR 

Prompt, Professional Service 
at Reasonable Prices 

JGL 
ELECTRONICS, INC. 

4425 BLACKSTONE DRIVE 
INDANAPoLis. inirDiuniek 46237 
317 7E13 6130 

Quality Reconditioned 
Test and Measurement Instruments 

Signal Level Meters Spectrum Analyzers 
Network Analyzers Sweep Generators 

Microwave/Waveguide Components 

hp Tektronix Riser Bond Texscan Wavetek 

Calibration and Repair Service 

gnittamEntl 80o-234-7434 

"Cable Television - Second Edition" 
By Bill Grant 

A complete text on basic CATV technology 
for self-study or reference including 

liard cover - 400 pages - 140 illustrations 
Complete index - 10 page Glossary of Terms 

$32 per copy includes mailing inside USA 
(add $5 for shipment outside USA) 

Send check or money order to: 
GWG Associates, PO Box 473 
Richmondville, N.Y. 12149 
Phone (518) 234-7405 

L.C.E. 
Long Cable Electronics, Inc. 

"For the Finest in Converter Repair" 
"Equipment Brokered" 

Call Ned: 
518-393-5415 

1228 Albany Street, Schenectady, NY 12304 

See us at the Atlantic City Show, Booth 609. 

See us at the Mid-America Show. 
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Help Wanted 

Baker;Scott E co. 
THE PROFESSIONAL CABLE PLACEMENT PEOPLE 

Positions available at all levels 
of management from coast to coast. 

Call or write in Confidence 
David Allen, Judy Brauer - Principals 

We don't talk cable, we know cable. 
1259 Route 46, Parsippany, NJ 07054 

(201) 263-3355 

Technical Instructor 
Continental Cablevision 

of Virginia 
An opportunity for a technical trainer 
with cable experience. Must be 
capable of designing and implement-
ing technical training programs for all 
levels. We require a candidate with 
teaching experience, good oral and 
written communication skills, Cable 
TV or industry related experience, 
maturity and a sincere desire to grow 
people. Please send your resume and 
salary data to: 

Continental Cablevision of Virginia, Inc. 
Attention: Director of Engineering 
1520 West Main Street, Suite #201 
Richmond, Virginia 23220-4697 

(804) 355-6565 
M/F EOE 

Microwave Field Technician 

Common Carrier seeks Video Microwave 
technician. Knowledge of digital 
message systems helpful. Must be thor-
oughly experienced in all phases of main-
tenance, installation and testing, plus 
good knowledge in use of related test 
equipment. 

Contact Ed Limbeck, 609-825-8148 
Garden State Micro Relay, Inc. 

207 Kates Blvd. 
Millville, N.J. 08332 

Equipment For Sale 

EQUIPMENT FOR SALE 
35,000 Single Channel New/Used 

— STV Oak Decoders plus peripheral 
equipment 

— Available Immediately 
— Priced for liquidation FOB Cincinnati 

Call (513) 641-4400 
Steve Kent, General Manager 

Israel 
Unique opportunity to move to Israel for 3 - 5 years and develop from the 
ground up cable television franchises. All relocation costs will be included. 
A minimum of at least 5 years experience in cable is required, and it is ex-
tremely desirable that applicant read and speak Hebrew. Applicants must 
possess strong supervisory skills and the ability to adapt to new situations. 
Must have excellent communication skills, leadership ability and the ability 
to establish effective goals and determine critical success factors and track 
progress. 

Manager Of Construction 
This is your opportunity to build state of the art cable television systems (550 
MHz, two-way addressable). Must be familiar with all aspects of construc-
tion in urban/high density areas. 

Chief Engineer 
Opportunity to develop and oversee the system design and operational func-
tions of all technical departments including service, maintenance, dispatch 
and headend functions. 

General Manager 
The General Manager will have total responsibility for the daily manage-
ment of the system including supervision, planning, budgeting, directing, 
coordinating community relations and will control all aspects of the local 
CATV operation. 

Interested applicants should send resume and salary requirements to: 
12200 E. Briarwood, Suite 250, Englewood, CO 80112 

CT 9881 

Please indicate which position you are applying for 

WANT TO UPGRADE 
TO ADDRESSABILITY? 

For Sale: 8000 DRX-3A-105 Jerrold con-
verters. All guaranteed working. Also an 
AH-1 addressable computer. Price nego-
tiable. Call (401) 247-1250, ask for John 
Donofrio. 

Full Channel TV, Inc. 
57 Everett Street 
Warren, RI 02885 

SWEEP GENERATOR MODEL 6082 
,4 17,4 

• • 0 • 1:76 

A new generation of sweeper technology you can afford. 

Kalun Communications Inc. 
114 Glen Watford Drive, Unit 17. Scarborough 

AERIAL BUCKET TRUCKS 
Large selection geared for CATV 

STANDARD TRUCK 
EQUIPMENT CO. 

1155 Hill St. S.E. 
Atlanta, GA 30315 

Phone: 1-800-241-9357 

To Place A 
Classified Ad 

Call Carroll A. Barnes 
at 1-303-792-0023. 

Ontario, Canada MIS 288 (416) 293-1346 
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Equipment For Sale Business Opportunity 

QUALITY COUNTS 
(Precision Converter Repair) 

We have found that both quality and integrity count. We know 
that you want to be able to count on your converter and 
decoder repair facility for just that. At SCI Service and Repair, 
we offer you both — integrity and quality. 

SCI's repair expertise covers the following: 
• Authorized OAK SIGMA- addressable repair center. 
• All OAK- addressable decoders and converters. 
• OAK- authorized HEAD-END and satellite repair center. 
• Pioneer, Jerrold, Scientific/Atlanta, Hamlin non-data addressable 

converters/decoders. 

Benefits: 
• Turn-around on most orders is less than 3 weeks. 

• Six-month limited warranty. • Recently modernized facilities. 
• 99%-F perfect last 18 months — few warranty returns. 

When Quality Counts... OUR QUALITY SHOWS 

(619) 438-1518 

SCI 
2265 Camino \r"da Roble, Carlsbad, California 92008 

\ 

Fall Parts Spectacular 
CALL NOW for 

great savings and availability on 

• Converter Cosmetics • Overlays 
• IC's &SemiConductors • Hybrids 
• Power & Line Cords • Amp & Headend Parts 
• Transmitters & Parts • Electronic Components 

In Stock Ready To Ship 

Call 1-800-382-BRAD Now 1-800-333 PTS1 
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Part I: 
Light measurement 
For years the necessity for a complete under-
standing of light for the production of good TV 
scenes has been a 'given. As the importance 
of fiber optics in communications increases, the 
corollary importance of light and its measure-
ment in that field follows. Over the many years 
of the study of light, a jungle of often bewilder-
ing technology developed. The lack of unique-
ness, in addition to everyday connotations of 
much visual terminology, often confuses the 
reader not familiar with the subject. 

It is further confusing because light measure-
ment has two different generic approaches. 
From a physicist's viewpoint light is radiant 
energy and thus can be measured in watts— 
radiometry Over the course of time, the measure-
ment of light as we see it and photograph with 

it, for use by human observers, has produced 
fight measurement units (lumens) in photometry 
The formulas for various radiometric quantities 
are analogous to the ones for the corresponding 
photometric quantities. If watts are substituted 
for lumens, the units (in the international MKS unit 
system) in the radiometric quantities are the same 
as those of the corresponding photometric 
quantities. 

Customarily, photometric measurements are 
used in general illumination and photography 
(film and TV), whereas radiometric measure-
ments are widely used in scientific applications, 
e.g., microwave/satellite RF fiber optics, etc. 

By Lawrence W. Lockwood 
President. TeleResources 
East Coast Correspondent 

Figure 1: Relationships Of flux (F), intensity (I), and 
illuminance (E) about a point source equivalent to one 
international candle, emitting equally in all directions 

y 2 

1 lumen 

There is a great deal of confusion among many 
people about the correct use of terminology 
when dealing with light. This is due to two main 
reasons: 

1) The major cause of confusion is that we 
have all used terms for light in everyday language 
throughout our lives. Many of these terms used 
in this manner are treated casually and used 
interchangeably; i.e., brightness and intensity. 
When used in a scientific manner they cannot 
be so treated but must be used in only the 
specific manner that each is defined. 

2) The second cause of confusion, unfor-
tunately, is that the scientific terminology is itself 
not rigorous (due to the historical growth of the 
study of light) and often the same term is used 
to refer to different quantities, and conversely dif-
ferent terms are used to refer to the same quantity. 

Nature and measurement of light 
Light is radiant energy that arouses visual sen-

sations. The sensation of brightness is not a 
linear function of the amount of radiant energy 
received by the eye. Therefore, light is commonly 
measured by photometry, in which the eye itself 
is used as the sensing device, and the observer 
compares its brightness with that of a known 
standard. Photometric units are arbitrarily based 
on the international candle, which formerly was 
an actual candle and now is an incandescent 
filament of carefully maintained specification. 

Chief concepts and units are as follows: 
a) luminous flux, analogous to rate of transfer 

of energy (or quantity of illumination) 
measured in lumens (a point source of one 
international candle emits 4i lumens in all 
directions). 

b) intensity, the flux per solid angle from a point 
source, measured in candles. 

c) illuminance, the flux striking a surface, 
measured in lumens per unit of area. 

d) luminous emittance, the flux emitted in all 
directions from each unit of an area source 
(including reflecting and transmitting 
sources), measured in lumens per unit of 
area. 

e) luminance (brightness), the luminous emit-
tance of reflectance in one direction from an 
area source, measured in lumens per unit of 
area per steradian or in lamberts or 
millilamberts. 
Radiant flux is the amount of radiant energy 

striking a surface per unit time, which is generally 
specified in terms of watts. 
The eye is not a photographic plate; the inten-

sity of a visual sensation depends not on the total 
amount of light transferred to the eye over a 
period of time, but on the rate of transfer beyond 
a critical minimum duration. Therefore, 
magnitudes of light in photometry are given in 
terms of luminous flux (F), the time rate of flow 
of light. 
Luminous flux is radiant flux weighted accor-

ding to the response of the visual system. 
The unit of lumimous energy is termed the 

lumen. The lumen is a measure of the brightness-
producing capacity of a radiant source. Under 
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Figure 2: Law of inverse squares 
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therefore: 

E at areal = flux per unit areal = d22 

E at area2 flux per unit area2 d1 2 

d1 2 

d22 

Area2 

normal viewing conditionstwo sources of equal 
luminous flux will be judged equally bright. How-
ever, perceived brightness and luminous flux are 
not, in general, simply related. It is useful, there-
fore, to discuss the difference between bright-
ness and luminous flux. 

It is important to note what has not been 
accomplished in the determination of luminous 
flux. First, quantitative statements predicting the 
amount of perceived brightness differences be-
tween two sources cannot be made from a 
knowledge of their corresponding luminous 
fluxes. For instance, in general a two-lumen 
source will not appear twice as bright—that is, 
will not be judged as twice as bright—as a one-
lumen source. 
Second, two sources of the same luminous flux 

may not, in fact, appear equally bright unless cer-
tain conditions are satisfied. The most important 
of the conditions is that the two sources under 
comparison must be focused on retinal areas of 
equal sensitivity and that the adaptation level of 
each area must be the same (adaptation level 
refers to the sensitivity of the eye and is related 
to the history of light exposure). 
An exception to these conditions can be easily 

demonstrated. Close one eye for five or 10 
minutes in a brightly illuminated room. Then alter-
nate between your two eyes. The scene appears 
brighter with the dark adapted eye than it does 
with the eye that was kept open. 
Another example of an exception is to sur-

round an area of constant luminous flux with an 
area of variable flux. The central area will darken 
asthe surrounding flux is increased. Thus, a dif-
ference in brightness can occur between two 
sources of equal luminous flux. Luminous flux 
is obtained from a weighting function based on 
a standard observing condition (hence, some-

times termed "objective"); whereas brightness 
is obtained from judgments of an observer in a 
given situation (hence, sometimes termed "sub-
jective") and is a complex function of the illumina-
tion history and other factors, as well as of the 
luminous flux present at a given time. 
Luminous flux is a useful measure for the speci-

fication of lighting levels. If the visual response 
(perceived brightness) of an observer is desired 
in a given situation, then factors other than 
luminous flux may need to be considered. 

Brightness as a function of adaptation level 
and other conditions has been studied, but the 
determination of brightness in an arbitrary view-
ng situation remains a difficult problem. The dis-
inction between brightness and luminous flux 
is often confused both in everyday use and in 
the technical and scientific literature. The term 

Over the many years 
of the study of light, 
a jungle of often 
bewildering technology 
developed." 

brightness is most commonly used incorrectly 
where a luminous flux measure is appropriate. 

Photometric measures and units 
Several kinds of measures are derived from 

the basic definition of luminous flux. In principle, 
these measures are analogous to radiometric 
quantities, the only difference being that 
luminous flux replaces radiant flux. In practice, 
however, various systems of photometric quan-
tities are in use. Furthermore, several photometric 

Figure 3: Area of emitting surface (E) as viewed along 
perpendicular (B) and along (A) at angle a from perpendicular 

)7- Emitting surface E 

Projected area B 

900-

Projected area A 
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Figure 4: Reflection or 
emission according to 
cosine law 

units may exist for each quantity, including metric 
and non-metric. The choice of a particular unit 
or photometric system in a given application has 
largely depended on the idiosyncracies of the 
particular investigator. Much confusion has 
resulted. 
A set of metric units has been accepted as 

standard by the International Commission on 
Illumination (CIE). The relationships among the 
different units and possible sources of confusion 
will be described. 

Photometric units are derived from an arbitrary 
standard, the international candle. It was origi-
nally an actual sperm candle weighing 1/6 pound 
and burning at the rate of 120 grains of wax an 
hour Now the primary standard is platinum at 
its melting point viewed through a small open-
ing in an oven, which serves as a black body. 
The secondary standards are electric incandes-
cent filaments maintained at the U.S. National 
Bureau of Standards. 

In photometry, two kinds of light sources are 
important: a point source and an area source. 
A point source is by definition infinitesimal, but 

a source of finite size may be considered a point 
source if it is small or distant enough so that the 
geometry of light emitted from it approaches that 
of light emitted from a point source. An area 
source is by definition a source of finite size. In 
practice, it may be considered any source large 
enough so that the luminous flux emitted per unit 
of area is important. Note that when the word 
source is used, it need not be the ultimate source 
of light. The reflection of a distant light in the wind-
shield may itself be considered a point source; 
a cloud transmitting and diffusing the light of the 
sun or a runway reflecting it may be considered 
an area source. In fact, anything that can be seen 
is a source of light, because vision is (except in 
rare instances) stimulated only by light entering 
the eye. 
The sum of all the light being emitted from a 

point source may be expressed geometrically 
as a solid. If light is emitted equally in all direc-
tions, the solid becomes a sphere. The geo-
metrical relationships of light are shown in Figure 
1. The basic unit of flux is the lumen. By defini-
tion, one lumen is equal to 1/47r times the total flux 
emitted by a point source equal to one inter-
national candle. (Since the visual investigator is 
usually concerned with the flux in a given direc-

Figure 5: How the luminance of an area source is 
independent of distance up to a certain limit imposed by the 
size of the source 

Artificial pupil 

3 

tion rather than total flux, and since there is a total 

of 4ir steradians of solid angle (CO) about a point, 
one lumen is defined as 1/4ir total flux rather than 
total flux to facil itate mathematical manipulations.) 
Luminous intensity (I) is analogous to radiant 

intensity and is the amount of luminous energy 
emitted from a point source per unit solid angle; 
i . e . ; 

= d 

(JO) 

where: 
= luminous flux and CO is solid angle. One 

steradian is the solid angle subtended at the 
center of a sphere by an area of arbitrary shape 
on the surface of the sphere, equal to the square 
of the radius of the sphere. Since the total area 
of a spherical surface is 470-2, the total solid angle 
about a point is 4r steradians. In general, if CO 
represents the solid angle subtended at a point 
by an area A on the surface of a sphere of radius 
r, then (2) (in steradians) is equal to the area A 

Figure 6: Relationships between intensity units of source 
and illuminance units on surfaces at various distances 

Area = 1 cm2 
Illuminance = 1 
1 lumen/cm2 

= 1 candle 
1 lumen/W 
1 steradian 

Area = 1 ft2 
Illuminance 
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divided by the square of the radius r, i.e.: 

= A/r2 

The unit of luminous intensity is the candle (cd), 
which is equal to one lumen/steradian. A point 
source equal to one international candle has an 
average intensity of one lumen per steradian. 

Illumination or illuminance (E) is the amount 
of luminous energy incident on a surface from 
a distant source. Several units for illumination are 
used with the most common being the foot-
candle, which equals one lumen/ft2. (Note that 
the term foot-candle is a misnomer, as the hyphen 
in scientific terminology is generally used to refer 
to a multiplicative quantity such as erg-sec.; in 
the case of a foot-candle no such relationship 
is intended.) The internationally approved unit 
is the lux (lx), which equals one lumen/meter2. 
Illumination is formally defined as: 

dot, 
E = 

dA 

where: 

= luminous flux and 
A = surface area 

When the source of light is a point source, the 
illuminance on the surface is related to the inten-
sity of the source by the law of inverse squares; 
that is, the area of a surface subtending a given 
solid angle increases with the square of its 
distance from the source (Figure 2). The concen-
tration of flux falling on the surface must therefore 
decrease in proportion to the square of the 
distance. (If the surface is the retina of the eye, 
the intensity of visual stimulation also will 
decrease with the square of the distance.) If the 
surface is the surface of a sphere whose center 
is a point source and whose radius is r, then each 
steradian of angle is subtended by an area r2; 
the illuminance (E) on the surface is found by 

E = 
r2 

This relationship holds true only under condi-
tions assuming that there is no absorption, reflec-
tion or refraction of light between the source and 
the surface (Figure 2). The same relationship 
holds approximately true for a flat surface nor-
mal to the direction of light from a point source, 
provided that the surface subtends a small solid 
angle, so that its area approaches that of the 
spherical segment it subtends. If such a surface 
is tilted in respect to the direction of light, it can 
easily be shown that 

E = _I cos a 
r2 

where: 
is the angle of tilt from the vertical (Figure 1). 

Luminance emittance and luminance 
Luminance is a somewhat confusing term, in 

part because of the existence of two measures. 
One measure refers to the total flux emitted by 
a surface (luminous emittance); the other in-

Solve leakage problems with a free Searcher 
leakage detection monitor when you purchase 
2 Spectrum 700A signal level meters. The 
equipment you need at a price you can afford! 
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Texscan 
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(80O) 344-2412 

Table 1: Table of equivalences for commonly used 
photometric units 

Intensity (I) 1 lumen/steradian = 1 candle = 1 candle power 
Illuminance (E) lumens/cm 2 

1 lumen/m 2 = 1 meter candle = 1 lux 
1 lumen/f/2 = 1 foot-candle (ft-c) 

Luminous emittance (L) lumens/cm 2 
lumens/m2 
lumens/ft2 

Luminance (B) lumens/steradian/m2 (or cm2) 
lamberts (L) = millilamberts (mL) x 103 = 
microlamberts (µL) x 106 for a perfectly diffusing surface, 
1 lambert = 1/7r candles/cm2 
footlambert (ft-L) = 1.076 mL 
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filters because Qintar's 
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produced; immediately 
deliverable CEF does a 
job in every way com-
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volves the directional reflectance characteristics 
of a surface (luminance). In general, luminance 
and luminance emittance apply to area sources 
that cannot be treated as point sources. 
When a surface transmits or reflects light, that 

surface may be considered an area source of 
light (except in the special case of a perfectly 
reflecting or transmitting surface receiving light 
from a point source). Luminous emittance (L) is 
the name for flux emitted per unit of area of an 
area source and, like illuminance, it is measured 
in lumens per unit area. If the luminous emittance 
consists entirely of reflected light, then 

Reflectance = 
E 

If the luminous emittance consists entirely of 
transmitted light, then 

Transmittance = 
E 

However, the brightness of an area source, as 
viewed from any given point, depends on the 
angle from which it is viewed and on the luminous 
flux emitted from each point on the surface per 
unit of solid angle. 
Consider first a plane surface that emits light 

equally in all directions. If this surface were 
viewed from an angle, it would appear brighter 
than if viewed from straight ahead. The reason 
for this is indicated in Figure 3. All the flux emit-
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ted from the surface in any given direction must 
pass through an area equal to the projected area 
of the emitting surface. The greater the angle, 
the smaller the projected area; and since the 
same total flux is emitted in every direction, the 
flux will be more concentrated—and the surface 
will appear brighter—in inverse proportion to the 
size of the projected area. The size of the pro-
jected area, and hence the brightness, is pro-
portional to the cosine of the viewing angle— 
the angle between a line perpendicular to the 
emitting surface and the observer's line of sight. 

In Figure 3, projected area B, being straight 
out from the emitting surface, is equal to it in area. 
Area A is smaller; Area A = Area B x cosa. 
Flux per unit area at A = flux per unit area at 
B/cosa, assuming flux is emitted equally in all 
directions. However, a diffusing surface usually 
emits or reflects the maximum amount of lumi-
nous flux straight outward, and the amount 
decreases as the angle from the perpendicular 
increases. If this decrease is exactly proportional 
to the cosine of the angle with the perpendicular, 
as illustrated by the vector diagram (Figure 4), 
it will just cancel out the increase in brightness 
due to the light's being concentrated in a smaller 
projected area. Such a surface will appear equal-
ly bright from any angle. It is said to follow the 
cosine law, and to be perfectly diffusing. Energy 
is transmitted in each direction at rate propor-
tional to cosine of the angle with the perpen-
dicular; vectors form a sphere. 
Luminance (B) is defined as intensity per unit 

of projected area from an area source. The unit 
is the lambert. The visual sensation of brightness 
is thus a function of the luminance of the source. 
Luminance is measured in lumens per steradian 
per square centimeter (or other unit of area), or 
more commonly in terms of a special unit called 
the lambert (L). For a perfectly diffusing surface, 
one lambert = 1/7r lumens per steradian per cm2. 
Where the surface is not perfectly diffusing, its 
luminance as viewed from a given direction may 
still be expressed in terms of lamberts, by com-
paring it with a perfectly diffusing surface of 
known luminance. Since the lambert is an in-
conveniently large unit for most purposes, 
luminance is more often measured in milli-
lamberts, mL (lamberts x 10 -3); in micro-
lamberts, µL. (lamberts x 10 -6); in micromilli-
lamberts, gmL (lamberts x 10 -9); or in micro-
microlam beds, ekµL (lamberts x 10 -12). 
An important property of a perfectly diffusing 

area source is that within a limiting distance that 
depends on the size of the source, the luminance 
does not vary with the distance of the eye. It will 
be remembered that the flux reaching the eye 
from a point source decreases with the square 
of the distance of the eye from the source. The 
same decrease takes place in the flux emitted 
by any point on an area source. This decrease 
is offset by the increase in the area from which 
the eye receives flux as it gets farther away. The 
situation is illustrated in Figure 5, where you will 
note the presence of an artificial pupil that serves 
to limit the visual field. What this means is that 
the apparent brightness of an area source does 
not vary with distance to the eye for these 
conditions. 

See Qintar with Control Tek Inc. at the Atlantic Show, Booths 202 & 204. 
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Technical training with joint seminars 
By Ron Hranac 
President. Society of Cable Television Engineers 

Technical seminars co-sponsored by the 
SCTE and one of its local chapters have been 
an annual occurrence until this year. 1988 
marks the first time that two such seminars 
bring SCTE's training message to the field. 
Looking back over the past few years, a wealth 
of technical training has been provided through 
such joint efforts. In 1985. the Rocky Mountain 
Chapter teamed up with national headquarters 
to put on a very successful signal leakage pro-
gram; in 1986, the Florida Chapter co-hosted 
a seminar on automated CATV system testing. 
1987 was the Chattahoochee Chapter's turn, 
with a technical management development 
seminar held in Atlanta. 
The most successful joint seminar to date has 

to be the fiber-optics program co-sponsored by 
the Florida Chapter in January of this year. Anti-
cipating about 150 attendees, Richard Kim n and 
his group were quite surprised when 412 peo-
ple showed up in Orlando to learn about fiber! 
Hoping to continue this trend, the Rocky 

Mountain Chapter has once again joined forces 
with national: On Oct. 28, 29 and 30, Denver 
will be the location of 1988's second joint 
seminar. "HDTV and beyond" is a technical 
conference that will cover the nuts and bolts 
of high-definition television. (For an agenda, see 
this month's "News.") 
HDTV has the potential of being as impor-

tant to TV picture quality as the introduction of 
color TV was to black-and-white several years 
ago. Television in North America now uses 525 
lines to form the pictures we watch. HDTV im-

ages contain up to 1,125 lines and approach 
the quality of 35mm motion pictures. 

At this seminar you will be able to learn the 
history of HDTV's development, how it works, 
and see it in operation. Breakout sessions are 
planned that will include live demonstrations of 
various HDTV formats and transmission 
through simulated cable plant and satellite links. 
Attendees will receive handouts from all the ses-
sions and workshops in a three-ring binder. 

If you've wanted to learn about HDTV, this 
seminar is the place to be. Advance registra-
tion forms have already been sent to SCTE's 
membership. If you did not receive that 
package, a registration form is provided below. 
As well, BCT/E exams will be administered dur-
ing the seminar, so you'll have an opportunity 
to work toward certification! 

Advance Registration Form for 
"HDTV and Beyond" 

(Please print or type) 
Please read instructions prior to completion. 

Name:   

First or Nickname for Badge:  

System or Firm Name   

Title:   

Address:   

City, State, ZIP.   

Telephone:   

If you are a national member of the SCTE, SMPTE or SBE 

please indicate. 

Li SCTE Member #  

E SMPTE Member #  

E SBE Member #  

Spouse (if registering)   
(Rates listed below) 

Registration Fees 
I plan to take the BCT/E certification exams on Sunday, 
Oct. 30 from 1-4 p.m. (Note: Exam fees will be collected 
on-site.) 

Advance Registration 
  Member SCTE, SMPTE or SBE 
 Non-member 
  Member Saturday only 
  Non-member Saturday only 
  Spouse—anytime 

$150 
$ 190 
$ 50 
$ 75 
$ 50 

On-Site Registration 
  Member SCTE, SMPTE or SBE 
 Non-member 
  Member Saturday only 
  Non-member Saturday only 
  Spouse—anytime 

$195 
$235 
$ 95 
$ 120 
$ 50 

Non-member full registration includes one-year SCTE 
membership. 

Instructions (Please read carefully) 
1) Use separate form for each registrant (photocopies 

accepted). 
2) Advance registration ends Friday, Oct. 13, 
3) Advance registration forms and hotel request must be 

received by the RMSCTE office prior to Oct. 13. Those who 
have not registered on or before Oct. 13 must do so on-site. 

4) Registration forms should be returned to: 
Society of Cable Television Engineers 
Rocky Mountain Chapter 
P.O. Box 5317 
Englewood, Colo, 80155 

5) Payment must accompany advance registration form to be 
a valid registration. 

Method of Payment 
 Check (Check must be made payable to RMSCTE.) 

 MasterCard  Visa 

Cardholders signature as it appears on card: 

Card Number.   

Expiration Date:   

I hereby authorize RMSCTE to charge my registration fees to 

my above indicated credit card. Date:   

Cardholder's Signature:   
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Outage management 
This is the second installment of a three-part 
series on minimizing service interruptions. Part 
Ill will discuss real-time management and track-
ing of outages. 

By Roy Ehman 
Director of Engineering. Jones Intercable Inc 

Last time, we covered some possible causes 
of outages, such as self-induced interruptions. 
pogr installation practices, inadequate batteries 
and vandalism. Several other causes we'll 
discuss are electrical storms, ice, power pro-
blems and equipment failures. 
Electrical storms (lightning): 

Fortunately, lightning strikes directly to the 
plant are very rare indeed, due to the invariable 
presence of other conductors above the space 
that take the hit. On occasion, the lightning 
strikes the 13 kV high-voltage line and flashes 
over the lightning protectors to the neutral. 
cable TV, telephone and ground (Figure 1). 

This creates an ionized conducting path that 
the 13 kV AC immediately follows and tries to 
find its way back to the substation or power sta-
tion through whatever path it can. Many power 

Figure 1: Lightning strike 
directly to the plant 
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companies keep accurate and detailed recorui-
of the number of strikes, breaks and fault cur-
rents and their paths. It is not uncommon for 
as much as 10,000 amperes of AC fault cur-
rent to flow back to the substation. This current 
could be sustained for as long as 160 
milliseconds before the substation breaker 
could stop the flow. 
Even a 1 ohm ground, which can be achiev-

ed by coupling up ground rods and driving 
them 24 to 32 feet into the ground until water 
is contacted, is not adequate to lead away.such 
large currents. Typically, those 10.000 amperes 
of fault current would split approximately equal-
ly between the neutral and the strand and 
cable. In the case of strand and cable, the divi-
sion is also approximately equal, leaving us with 
approximately 2,000 amperes flowing through 
the cable sheath. No wonder amplifiers and 
fuses blow under these conditions. Note that 
the problem goes directly to the coax, bypass-
ing the 60 V ferroresonant supply and all its 
isolating and regulating qualities. 
Some of the ways tried in the past to over-

come this particular problem are as follows: 
1) Drive unbonded grounds at separate poles. 

This provides a divider network that drains 
off some of the energy under fault condi-
tions, but there are limits. For example. 1 
ohm grounds do not completely solve the 
problem. Also, it should be noted that this 
technique can create life-threatening poten-
tials between conductors on the pole dur-
ing a fault situation. 

2) Bridge the amplifiers with at least AWG #6 
copper wire. This should shunt the approx-
imate 1,000 or so amperes flowing in the 
strand and cable during fault conditions and 
prevent a potential from developing across 
the entire assembly, including input and out-
put connectors. 

3) Increase fuse ratings incrementally. This is 
especially true where the equipment is 
sufficiently robust, such as the secondary of 
ferroresonant-type, 60 V power supplies that 
are short circuit-proof and almost "indestructi-
ble." 

Figure 2: PR losses in 
zener-type clamping circuit 

"Portable standby 
generators are a must 
for keeping the first 
few important power 
supplies nearest the 
headend going during 
a prolonged outage." 
4) .Attack bulge, spike and overvoitage pro-

blems at the center conductor. The safe, 
legal and uncontentious way to overcome 
power-related problems where the damage 
occurs is by using a fast-responding, rugg-
ed, transient protector. 
One such device is Alpha Technologies* 

"Amp-Clamp," which is simply a 450 MHz 
power inserter with voltage-sensing thyristors 
(SCRs)1. It has been tested through the IEEE 
587 surge voltage compliance test (6,000 volts 
at 200 amperes) and IEEE 587 Part B (6,000 
volts at 3,000 amperes). Metal oxide varistors 
(MOVs) are undesirable in this type of service 
for repeated shunting away of large currents 
because of the "tunneling" phenomenon that 
MOVs exhibit, leading to their ultimate self-
destruction. 
SCRs are much more effective than zeners 

because the latter have to dissipate consider-
ably higher wattages, and the I2R dissipation 
becomes too much. Compare Figure 2 with 
Figures 3 and 4 where the drop across the 
SCR, when conducting, is only about 0.3 volts. 
The crowbar will shunt 35 amperes contin-
uously or 500 amperes for 1/2 AC cycle. or 
1,000 amperes for 1 microsecond. Field testing 
during the summers of 1986 and 1987 in 
Virginia and Arkansas has been highly suc-
cessful and eliminated recurrences of plant 
demolitions due to lightning-induced currents 
and surging power or severe transients from 
a high-voltage power company switching 
station. 

During the device protective cycle, the coax 
center conductor is virtually shunted to sheath 
ground. This shorts out the power supply for 
each half-cycle that the overloads or transients 
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are present. A 15 ampere ferroresonant 
transformer limits at about 20 amperes and can 
maintain this condition indefinitely even while 
the transistors are working on standby. During 
an AC surge or sustained AC voltage from 
whatever cause, the power will be "chopped" 
as shown in Figure 3 and a regulating action 
much like the dimmer on a lighting circuit will 
take place and plant operation will continue. 

In the case of steep high-level spikes when 
the voltage reaches 104 to 110 V peak, the 
spike will be halted in less than 60 ns and taken 
to ground. No power will be delivered to the 
plant during the remainder of the AC half-cycle: 
in the absence of further high-level peaks full 
operation restores in the next half-cycle. 

Line amplifiers typically stay up for as much 
as 100 ms due to their internal capacitors and 
in many cases the amplifiers (and your 
customers) may never be aware of the poten-
tial disasters that have been averted. Figure 4 
shows a 400 V transient caught at 100 V and 
taken to ground. (This is an actual scope 
picture.) 
Ice: 
Heavy ice loading under certain adverse 

conditions can stretch or break the strand and 
cable. If there is an awareness of the problem 
and it is not too extensive the ice can be 
dislodged by tapping the strand or strand and 
cable with a layup stick. 
Power problems: 

Blackouts are handled by properly maintain-
ed standby power supplies as are brownouts. 
The term "surges" means excessive AC 
voltage for prolonged periods of time such as 
100 ms to two or three seconds at a time. This 
often occurs in rural power systems where syn-
chronism and regulation are lost and can often 
be observed when the house lights go bright 
and then go out. This is very damaging to plant 
equipment and is combated in two ways. First, 
the previously mentioned crowbar will clamp 
the 60 VAC on the center conductor to a safe 
value and regulate it in much the same man-
ner as the dimmer on a domestic light control 
circuit (Figure 4). Second, at least one kind of 
power supply, when sensing high primary 
voltage beyond which the ferroresonant 
transformer can regulate, cuts over to the 

Figure 4 
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Make 
the Switch lanung 

Build your own remote programmable RF/video switch with the Applied 
Instruments RPS-4. l'p to four individually configurable RF or video SPDT 
switches give you the flexibility to design a switching 
system that's customized for your particular headend or 317-782-4331 
Bubsite application. Convenient rack-mount design and 
front panel toggle switches make manual operation easy And, for remote 
location activation. the RPS--i offers RS 232C control circuitn on the hack 
panel. All previous switch settings are stored in a non-volatile memory in 
case of power failure. Make your switch today Call Doyle Haywood. 
President. Applied Instruments. or write for our full color brochure. 

Applied Instruments. Inc. 
51 South 16th ..1venue 
Beech Grove. IN -4610" 

APPLIED INSTRUMENTS. INC. 

BROADBAND COMMUNICATION INSTRUMENTATION 

Reeder Service Number 52. 

standby mode and delivers the correct voltage 
to the plant. 

Portable standby generators are a must for 
keeping the first few important power supplies 
nearest the headend going during a prolong-
ed outage. This not only keeps these amplifiers 
operational but ensures that any customers 
downstream who may still have power will be 
able to continue receiving service. Be sure the 
generators have adequate fuel tanks that will 
let the unit run unattended for 10 to 12 hours 
without tying up personnel all night running 
around looking for gasoline. 

If left unattended they should be chained to 
a pole. Even so, there have been cases where 
chain cutters were used to steal no less than 

three brand new units in one night. 
Equipment failure: 

Catastrophic equipment failure is becoming 
more and more rare. It is interesting to note that 
the failure is often caused by lightning and dir-
ty power. This happens in an indirect manner 
when the equipment actually survives the 
surges, spikes and other transients but is in-
jured and slowly deteriorates until d **unex-
plainably" dies, causing a surprise outage. I 

Reference 
1Roy Ehman (Jones lntercable) and Tom Oster-
man (Alpha Technologies), "Improved outage 
control using a new and unique transient 
eliminator." 1988 NCTA Technical Papers. 
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Fiber cleaver 
The FK11 fiber cleaver from York Technol-

ogy uses an electronically tuned, ultrasonic 
vibrating diamond blade that carries out up to 
20,000 cleaves. The unit can be adjusted for 
a range of diameters for both single- and 
multimode fiber with cleaves typically under 0.5 
degrees. According to the company, the use 
of this blade reduces fiber damage due to com-
pressive stresses from anvil use and eliminates 
contamination of the cleaved end. 

For additional information, contact York 
echnology, 210 N. Glenoaks Blvd.. Suite C. 

Burbank. Calif. 91502, (818) 955-8927: or cir-
cle #137 on the reader service card. 

Channel elimination 
Qintar s Model CEF cnannel ennination filter 

offers a signal attenuation of — 50 dB minimum 
to — 55 dB typical at the video carrier with ad-
jacent channel loss of — 4 dB maximum. This 
single channel bandstoo filter is designed to 

eliminate a full 6 MHz wide television channel 
in a fully loaded system and allow for reinser-
tion of any program the user desires. 

For more information, contact Qintar. P.O. 
Box 8060, Moorpark, Calif. 93020-8060, (800) 
252-7889: or circle #135 on the reader service 
card. 

F connector 
LAC Electronics. Snap-N-Seal F con-

nector is triple-sealed and requires no crimp-

ing. According to the company, 360° compres-
sion on the cable jacket ensures a complete 
radial seal, eliminating moisture migration path 
and problems encountered with rubber boots 
due to inconsistency of port lengths on mating 
equipment. 

For additional details, contact LRC Elec-
tronics, 901 South Ave., Box 111, Horseheads. 
N.Y. 14845, (607) 739-3844: or circle #140 on 
the reader service card. 

etbe)11 . 4re„ , 

Power inverter 
Statpower Technologies introduced its 12 

VDC to 115 VAC Pocket Power Inverter, which 
takes up 19 cubic inches and weighs 14 
ounces. Producing 200 watts of peak power 
and 100 watts of constant power, the unit can 
be used to operate standard AC powered elec-

PICO TRAPS 
Promo Encoders/ Decoders* and Traps 
available now in all standard frequencies 
at factory direct prices! 

• 100% Q.C.'d 
II Polyurethane Potted 
la Lowest Insertion Loss/ 

Highest Return Loss 
• Unconditional 5 Yr. Warranty 

PICO PRODUCTS, INC. 

103 Commerce Blvd. 
Liverpool, NY 13088 
(315)451-7700 

1-800-822-7420 

StOtt 
See us at the Atlantic City Show. Booth 802. 

See us at the Mid-America Show. 
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tronic test equipment including oscilloscopes. 
spectrum analyzers and chart recorders. 

Other features are high-frequency design. 
silent operation, high starting surge and 
regulated output. Specifications include 10-15 
VDC input voltage. 115 VAC + 5 percent at 60 
Hz + 1 percent output voltage, peak output of 
200 watts and continuous output of 100 watts. 

For further information, contact Statpower 
Technologies, 170-717 Simundson Dr., Point 
Roberts, Wash. 98281, (604) 420-1585: or cir-
cle #125 on the reader service card. 

Power protector 
PolyPhaser's Power Mains shunting-type 

protector is designed to protect facilities from 
major surges at the entrance mains. The IS-
PM240-1P is independent of AC current usage 
and is for 240 VAC single-phase applications 
and protects each 120 VAC to ground. The 
turn-on voltage is + 200 V peak with a response 
time of 28 ns. Circuit breakers are for added 
protection and a relay will relax if power is lost 
or a circuit breaker is popped. The relay con-
tacts can be used for local or remote alarms. 

For more details, contact PolyPhaser Corp.. 
1425 Industrial Way, P.O. Box 1237, Gardner-
ville, Nev. 89410-1237, (800) 325-7170; or cir-
cle #138 on the reader service card. 

FO transmission 
According to PCO Inc., its PCO-5010 por-

table fiber-optic video/audio transmission 
system allows for studio-quality live transmis-
sions from remote or temporary sites. Using 
analog frequency modulation, the unit transmits 
NTSC video and stereo audio over single-mode 
or multimode fiber at either 1,300 or 1,550 nm. 
It transmits from either a laser or LED 
transmitter. 

For additional details, contact PCO Inc., 
20200 Sunburst St., Chatsworth, Calif. 91311, 
(818) 700-1233; or circle #133 on the reader 
service card. 

Software upgrade 
ComNet Engineering upgraded its Broad-

band System Engineering to Version 3.2, a 
computer-aided engineering software package 
that designs RF broadband cable networks for 
the LAN and CATV industries. This software 
designs any kind of split and dual cable from 
1 to 600 MHz, automatically selects taps by 

SIMULSAT® Sees Them All 
si • mul • sat (si 'm'l sat') n. [for SIMULtaneous 
SATellite reception] 1. Receives 35+ satellites. 
2. Eliminates need for antenna farm. 

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

SIMULSAT 

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

THE ANTENNA FARM 

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

VS. 

Expanded 70° View Arc • C-Band • Ku-Band 

Antenna Technology Corporation 
1140 East Greenway, Suite #2 
Mesa, Arizona 85203 

(602) 264-7275 
Telex: 187217 - lntelex 

FAX # (602) 898-7667 

See us at the Atlantic City Show, 

Booth 911. 

Reader Service Number 54. 

minimum drop level, changes cable sizes 
anytime and deletes, inserts or replaces 
designed components followed by an auto-
matic recalculation of the RF paths. It also 
features a highly interactive user screen inter-
face, speed key commands and help screen. 

Version 3.2 comes pre-configured with 
CommScope, Jerrold, C-COR, Scientific-
Atlanta, Eagle, RMS, Trilogy and Magnavox 
manufacturer files in its data base. It can be us-
ed in any IBM or compatible personal computer 
using MS-DOS 2.0 or higher, 256 K, single flop-
py (two-floppy drive is desirable, hard disk pre-
ferred), EGA/CGA/mono and most standard 
printers. 

For additional information, contact ComNet 
Engineering Co., 3310 Western Dr., Austin, 

Texas 78745. (512) 892-2085; or circle #128 
on the reader service card. 

Tilt compensator 
Multiplex Technology is offering the TC200 tilt 

compensator, a passive device that compen-
sates for the imbalance in attenuation and 
restores signal balance by attenuating the lower 
frequencies. It readjusts signal strength, biasing 
attenuation effects in favor of the higher frequen-
cies. According to the company, this unit is low 
cost and works with any amplifier. 

For more information, contact Multiplex Tech-
nology, 251 Imperial Highway, Fullerton, Calif. 
92635, (714) 680-5848; or circle #134 on the 
reader service card. 
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Multiplexers 
Physical Optics Corp. announced the avail-

ability of its family of three- and four-channel 
HoloStar wavelength division multiplexers 
(WDMs). The WDM is a passive optical com-
ponent that combines or separates multiple 
wavelengths of light from a single fiber to 
increase LAN bandwidths. The unit's volume 

hologram technology is said to be insensitive 
to the polarization of incoming or resulting 
optical signals, ensuring low insertion loss, bet-
ter imaging and greater immunity to radiation-
induced loss. 

For more information, contact Physical Optics 
Corp., 2545 W. 237th St., Suite B, Torrance, 
Calif. 90505. (213) 530-1416; or circle #131 on 
the reader service card. 

Line extender 
According to C-COR Electronics, its E-517 

line extender utilizes fourth-generation hybrid 
devices that provide an increase in perfor-
mance of 4 dB in both composite triple beat 
and cross modulation over amplifiers using 

See us at the Atlantic City Show, Booth 408. 
Reader Service Number 57. 

RF LEAKAGE DETECTION 
MADE SIMPLE... 
YET SOPHISTICATED. 
You need a simple-to-use RF 
leakage detection system that's 
sophisticated enough to determine 
if leakage exceeds FCC limits. 
The Tracer is ideal. The meter is 

crystal controlled and calibrated, 
making it accurate and easy to 
read — without any special train-
ing. And yet, because of its sen-
sitivity, the TA-1 can detect a 
-86dbmV signal. 

The Tracer is affordably priced, 
too. And since it utilizes a stand-
ard TV video carrier it doesn't 
require a separate transmitter. 
Everything you need, and more, 
comes in one package. 
So when you need the ideal tool 

for RF leakage detection, choose 
The Tracer. 

Call us at 607-739-3844, or 
write to Augat Communications 
Group, LAC Electronics, PO. Box 
111, Horseheads, NY 14845. 

third-generation hybrid chips. It is fully compati-
ble with the PHD line of extenders and existing 
ancillary products and covered by a three-year 
warranty. 

For further details, contact C-COR Elec-
tronics, 60 Decibel Rd.. State College. Pa. 
16801, (814) 238-2461; or circle # 139 on the 
reader service card. 

Pressure testing 
General Machine Products' GMP E pressure 

testing liquid is designed to detect leaks in a 
wide variety of pressurized cables. When 
applied to the outer surface of the cable the 
liquid creates a stable bubble over any leaks 
and is safe for use with all cable types, accord-
ing to the company. It can be used at 
temperatures as low as 10°F (— 12°C) and is 
available in ready-to-use solution in pint bottles 
and concentrate in gallon jugs. 

For more details, contact General Machine 
Products Co., 3111 Old Lincoln Hwy., Trevose, 
Pa. 19047-4996. (215) 357-5500; or circle #129 
on the reader service card. 

Digital o-scope 
Tektronix's 11800 Series of expandable, 20 

GHz digital sampling oscilloscopes sample 
high-speed signals 200,000 times a second 
and feature 20 GHz trigger bandwidth capa-
bility. They also feature differential time domain 
reflectometry measurement techniques, 
histogram-based jitter and noise measurement, 
and eye diagram analysis. 

For more details, contact Tektronix, P.O. Box 
500, Beaverton. Ore. 97077, (503) 627-1844: 
or circle #124 on the reader service card. 
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Switcher 
AM Communications' RTS-1 is a plug-in 

module for use in Jerrold JN or JX Series dual-
cable trunk amplifiers. It is controlled by AM's 
TMC-8051 amplifier status monitor module and 
provides the capability to control signal flow for 
the inbound cable. 
The signal path can be turned on, off or 

attenuated 6 dB under control of the LANguard 
system software. The LED indicators on the 
module show the current state of the switch. 
The module uses RF relays and the circuit is 
designed to fail safe so loss of control results 
in a default on state. 

For additional information, contact AM Com-
munications, 1900 AM Dr., P.O. Box 505, 
Quakertown, Pa 18951, (215) 536-1354; or cir-
de #120 on the reader service card. 

Tracking software 
The Vehicle Information Center (VIC) from 

Long Systems is said to be the first full-feature 
software to track vehicle fleets written especially 
for cable systems. VIC tracks four categories of 
data—vehicles, drivers, maintenance and acci-
dents. Its program design is modular and it works 
on all 100 percent IBM compatible computers. 

For more details, contact Long Systems, 9666 
Businesspark Ave., Suite 105, San Diego, Calif. 
92131, (619) 530-1926; or circle #126 on the 
reader service card. 

Lettering machine 
According to ADS/Linex, the Model 301 

Scriber lettering machine features an advanced 
menu-driven system enabling the user to 
access and/or change working parameters 
quickly and easily. Some of its functions include 
20 K memory, full test programmability, center-
ing, mirroring, underscore, overscore and auto 
kerning. 

For more information, contact ADS/Linex, 
3130 Gateway Dr., Suite 400, Norcross, Ga. 
30071, (404) 448-0977; or circle #123 on the 
reader service card 

Power supply 
The type MUPSA mini uninterruptible power 

system from Philtek Electronics is self-contained 
with a continuous, regulated, sine wave output. 
The unit is a union of three basic sub-
assemblies: a rectifier/battery charger, 
maintenance-free gelled electrolyte storage bat-
tery and solid-state DC to AC inverter. It is 
available in 300, 500 and 750 VA and opera-
tion is automatic. 

For more information, contact Philtek, 2200 
Queen St., Unit 11. Bellingham, Wash. 98226. 
(206) 647-1553; or circle #121 on the reader 
service card. 

The Word is 
Leaking Out. 

In case you haven't heard, the word in CLI 
testing is CLI-MATE ° a mobile signal leakage 
audit service conducted exclusively by Cablelogic. 

CLI-MATE" can pinpoint your individual leak 
locations with over 90% accuracy. 

CU-MATE' conforms to FCC regulations for CLI 
reporting. And... 

CLI-MATE" will furnish you with a comprehensive 
data analysis of your plant. All for about half of 
what you would pay for an inhouse program. 

If you need help locating leaks, the word is... 

CLIMATE 
Call today for more details and a cost analysis for 

testing your cable plant. 

303/730-8885 

cablelogic 
CORPORATION 

P.O. BOX 2617 LITTLETON. CO 80161 

Airborne diplexer 100 MHz o-scope 
The Model 6127 diplexer from Microwave 

Filter Co. can be used at a microwave antenna 
to combine two transmitters into one antenna 
output. Low-band is 1,426-1,463 MHz, high-
band is 1.510-1,546 MHz, passband loss is 3 
dB maximum with mutual isolation of 50 dB. 
It also features 50 ohm impedance, BNC con-
nectors, 15 watt average power handling and 
75 watts peak power per channel. 

For additional details, contact Microwave 
Filter Co.. 6743 Kinne St., East Syracuse, N.Y. 
13057, (315) 437-3953; or circle #122 on the 
reader service card. 

Hewlett-Packard's HP 54501A 100 MHz 
digitizing oscilloscope has four channels, 5 mV 
sensitivity and eight-bit vertical resolution. It also 
features 10 megasample per second digitizing 
rate, autoscale, and advanced logic and 
TV/video triggering. The unit is fully HP-IB pro-
grammable with instant hardcopy output, 
automatic measurements, measurement limit 
test and dual time base windowing. 

For more details, contact Hewlett-Packard, 
P.O. Box 10301, Palo Alto, Calif. 94303-0890, 
(800) 752-0900; or circle #136 on the reader 
service card. 
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Brochure 
A brochure about Manta Ray utility anchors 

is now available from Foresight Products. This 
brochure contains complete installation instruc-
tions illustrated in color and photos and descrip-
tions of the equipment needed to install the an-
chors. Also included are illustrated descriptions 
of methods of anchoring poles in extremely 
hard soils, methods for temporary guying of 
utility poles and complete specifications of the 
entire anchor line. 

For further information. contact Foresight 
Products, 6430 E. 49th Dr., Commerce City. 
Colo. 80037, (800) 325-5360; or circle #130 on 
the reader service card. 

800-338 -TRAP  
Have a question about traps? 
Call the experts at Intercept. 

Dial 800-338-8727 toll-free, and speak to 
an authority on traps, not just a salesman. 
Intercept has been a recognized leader 

in the cable industry since its beginnings. 
So talk with us. 

Because when the question is traps, 
the answer is Intercept. 

INTERCEPT SALES 
Gedi Corporate Park. Englishtown. New Jersey 07726 

1201) 446 1010 FAX (201) 446-2717 

Reader Service Number 55. 
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Catalog 
Marconi Instruments issued a 327-page 

catalog covering its entire product line. It 
outlines operating features and specifications 
for equipment such as spectrum analyzers, 
oscillators, sweep generators, RF test equip-
ment, power meters and signal generators. 
The catalog also includes a review of applica-

tion notes and technical publications offered by 
the company as well as reprints of various arti-
cles written by engineers from Marconi. 

For more information. contact Marconi In-
struments, 3 Pearl Court, Allendale, N.J. 07401, 
(201) 934-9050; or circle #141 on the reader 
service card 

Correspondent's Report 
(Continued from page 96) 

Surfaces other than planes may be perfectly 
diffusing. The moon's surface is perfectly dif-
fusing, or almost; it appears as bright at the edge, 
where the line of sight is tangential to its surface, 
as at the center, where it is viewed "head-on." 

Very few surfaces are good approximations 
to a lambert surface, although many diffuse sur-
faces are reasonable approximations (flat paint, 
velvet, blotting paper). Most photometers 
measure luminance (candle per unit projected 
area) rather than luminous emittance (lumen per 
unit area), even though they may be calibrated 
in the latter system. Thus, when a measurement 
of luminance at a given angle is taken on a non-
diffuse surface and expressed in lamberts, one 
cannot predict what the luminance will be for a 
different angle. In that case, the interpretation of 
the lambert value is that it is the luminous emit-
tance that would be obtained for a diffuse sur-
face with the indicated luminance as stated 
previously. 
One further unit is used in some visual 

research to express stimulus intensities in terms 
of illuminance produced on the retina of the eye 
by a source. The eye responds to the flux that 
actually reaches the retina; this flux is controlled 
by (among other things) the amount the pupil 
is open. A unit, called the troland, takes into ac-
count both the luminance of the source and the 
pupillary opening; one troland is the visual 
stimulation produced by a luminance of one 
lumen per steradian per square meter when the 
entrance pupil has an area of one square milli-
meter Artificial pupils can be constructed for 
laboratory experiments, and the results ex-
pressed in trolands. 

Other photometric units 
Table 1 lists other photometric units often 

found in the results of visual research and com-
pares them with the units defined in the fore-
going paragraphs. Figure 6 shows the relation-
ships of some of these units to each other and 
to a point source. I I 

The second installment of this three-part series 
will discuss conversion factors for photometric 
units and basic design principles of photom-
eters. 
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Meyers 

Robert Meyers was appointed 
vice president of corporate com-
munications for Scientific-
Atlanta. Before joining S-A, he 
was director of international public 
affairs of Allied-Signal. Contact: 1 
Technology Pkwy., Box 105600, 
Atlanta, Ga. 30348, (404) 
441-4000. 

Catel Telecommunications 
named Richard Green vice 
president of sales and marketing. 
He was previously with Granger 
Associates as vice president of 

field sales. Contact: 4050 
Technology Place, Fremont, Calif. 
94537-5122, (415) 659-8988. 

Midwest CATV added four 
new sales representatives to its 
staff. Robert Kirby will open up 
new territory in New England. He 
was formerly with CATV Supply in 
Woburn. Mass. 
Tom Baldwin will represent 

the Northeast distribution center. 
He was previously with TVC 
Supply in Hershey, Pa. 
Greg Lemon will cover the 

Ohio territory. Before this, he was 
in the company's engineering 
department. 
Wayne White was hired as a 

telemarketing sales representative 
in the Eastern region office. He 
was formerly with 3M. Contact: 
P.O. Box 271, Charleston, W. Va. 
25321, (304) 343-8874. • 

Richard Lundy was appointed 
vice president of engineering for 
C-COR Electronics. Before join-
ing the company, he was pro-
gram manager for GTE Govern-
ment Systems Corp. 

John Pawling was named 
manager of the Field Services 
division. He was previously vice 
president and general manager 
of Temtek Inc. 

David Badoud was appointed 
Western regional account execu-
tive. Most recently, he was na-
tional market manager at the 
Videonet Division of Oak 
Industries. Contact: 60 Decibel 
Rd., State College, Pa. 16801, 
(814) 238-2461. 

Cable Link recently an-
nounced three promotions. Bill 
Holehouse was named vice 
president of sales, Quinn 
Williams is vice president of pro-
duction and Charles Hanchett 
was appointed vice president of 
engineering. Contact: 280 Coz-
zins St., Columbus, Ohio 43215, 
(614) 221-3131. 

TeleSciences Transmission 
Systems (formerly Avantek Trans-
mission Systems) named George 
Woodruff vice president of mar-
keting and sales. Before joining the 
company, he was vice president of 

marketing for Harris Corp.'s 
Farinon Division. Contact: 48761 
Kato Rd., Fremont, Calif. 94538, 
(415) 498-1510. 

Hirschfield 

The California Cable Televi-
sion Association named C.J. 
Hirschfield vice president of in-
dustry affairs. She was most 
recently director of marketing for 
Pacific Video Resources. Contact: 
4341 Piedmont Ave., P.O. Box 
11080, Oakland, Calif. 94611, 
(415) 428-2225. 

NEW! AVCOM PSA-37D 

PORTABLE SPECTRUM ANALYZER 

WITH DIGITAL FREQUENCY READOUT 
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AVCOM INTRODUCES THE NEW PSA-37D PORTABLE SPECTRUM ANALYZER WITH 
DIGITAL FREQUENCY READOUT. AVCOM 'S NEW PSA-370 Portable Spectrum 
Analyzer has a 4 digit front panel frequency readout controlled by a rotary frequency 
adjustment control. Frequency ranges that the PSA-37D cover are 0 to 500 MHz. 500 to 
MOO MHz, 950 to 1450 MHz, 1250 to 1750 MHz and 3.7 to 4.2 GHz. The PSA-370 Portable 
Spectrum Analyzer is lightweight, portable. battery operated, ideal for field test situations 
A built-in oc block with a •18 VDC powers LNAs and BDCs with the hip ol a switch. All 
other performance characteristics and features are the same as the PSA-35A which has 
become an industry standard for satellite communications work. 82475 

COM-96T 
T he COM-96T KuiC Band Receiver is compatible with all Ku and C Band LNBs and BDCs 
operating in the 950 to 1450 MHz range, providing complete 4 and 12 GHz periormance 
one system Highly stable oscillators eliminate frequency drill in this fully agile receiver, and 
allow operation over wide temperature ranges Special threshold extension circuitry 
enhances video quality Threshold peaking and triple IF filters allow the COM-96T to receive 
international transmissions This double-conversion, high performance receiver sells for $939. 

AVCOMe 500 SOUTHLAKE BOULEVARD, RICHMOND, VA 23236 Tel (804) 794-2500 FAO (804) 794-8284 Telex 701-545 
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GIVE US A CALL. 

Your CATV Distributor 
and Manufacturers' Representative. 

JERRY CONN ASSOCIATES, INC. 
P.O. Box 444 

‘I Charnbe8rs0buz 60 PA 17201 
In USA 0  
In PA 800-692-7370 

See us at the Atlantic City Show, Booths 305, 307 & 309. 
Reader Service Number 59. 
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October 
Oct. 4-6: Atlantic Show, Conven-
tion Hall, Atlantic City, N.J. Contact 
(609) 848-1000. 
Oct. 5: SCTE Rocky Mountain 
Chapter seminar on profession-
alism and management. Contact 
Steve Johnson, (303) 799-1200. 
Oct. 5-8: Hawaii Cable Televi-
sion Association annual conven-
tion, Sheraton Kauai Hotel, Kauai, 
Hawaii. Contact Kit Beuret, (808) 
834-4159. 
Oct. 6: SCTE Gateway Chapter 
technical seminar. Contact Darrell 
Diel, (314) 576-4446. 
Oct. 11: SCTE Central Illinois 
Chapter technical seminar on 
data networking and review ses-
sion for BCT/E Category V, 
Sheraton Inn, Normal, Ill. Contact 
Tony Lasher, (217) 784-5518. 
Oct. 11: SCTE Chattahoochee 
Chapter technical seminar on 
connectors, Perimeter North Inn, 
Atlanta. Contact Dick Amell, (404) 
394-8837. 
Oct. 12: SCTE Oklahoma 
Chapter technical seminar. Con-
tact Herman Holland, (405) 
353-2250. 

Oct. 12-14: Magnavox CATV 
training seminar, Kansas City, Kan. 
Contact Amy Costello, (800) 
448-5171. 
Oct. 12-14: World Teleport 
Association general assembly 
conference and exhibition, Con-
gress Center East, Cologne, Ger-
many. Contact Holly Kobran, (202) 
333-7400. 
Oct. 13: SCTE Central Califor-
nia Meeting Group technical 
seminar on methods of correc-
tions/distortions. Contact Andrew 
Valles, (209) 453-7791; or Dick 
Jackson, (209) 384-2626. 
Oct. 14-16: West Virginia Tele-
vision Association fall meeting, 
Greenbrier Resort, White Sulphur 
Springs, W. Va. Contact Linda 
Arnold, (304) 345-2917. 
Oct. 15-19: Society of Motion 
Picture and Television Engi-
neers technical conference and 
equipment exhibition, Jacob K. 
Javits Convention Center, New 
York. Contact Anne Cocchia, (914) 
761-1100. 
Oct. 16-18: Wireless Cable 
Association annual conference 
and equipment expo, Hyatt 

Planning ahead 
Dec. 7-9: Western Show, 
Convention Center, Ana-
heim, Calif. 
Feb. 22-24: Texas Show, 
Convention Center, San An-
tonio, Texas. 
May 21-24: NCTA Show, 
Convention Center, Dallas. 
June 15-18: Cable:fec Ex-
po '89, Orange County 
Convention Center, Orlan-
do, Fla. 
Aug. 27-29: Eastern Show, 
Atlanta Merchandise Mart, 
Atlanta. 
Sept. 19-21: Great Lakes 
Show, Columbus, Ohio. 

Regency, Crystal City, Va. Contact 
(202) 343-4253. 
Oct. 18: CaLan sweep seminar, 
Holiday Inn, Ontario, Calif. Contact 
Mary Chudoba, (717) 828-2356. 
Oct. 18-19: SCTE Heart of 
America Chapter technical 
seminar. Contact Wendell Woody, 
(816) 474-4289. 
Oct. 18-20: Mid-America Show, 
Hilton Plaza Inn, Kansas City, Mo. 

Contact Rob Marshall, (913) 
841-9241. 
Oct. 18-20: Magnavox CATV 
training seminar, Charlotte, N.C. 
Contact Amy Costello, (800) 
448-5171. 
Oct. 18-20: C-COR Electronics 
technical seminar, Worcester, 
Mass. Contact Shelley Parker, 
(800) 233-2267. 
Oct. 19: SCTE Delaware Valley 
Chapter technical seminar on 
fiber optics, Williamson Restau-
rant, Horsham, Pa. Contact Diana 
Riley, (717) 764-1436. 
Oct. 20: SCTE Greater Chicago 
Chapter technical seminar on new 
broadband technologies. Contact 
William Gutknecht, (312) 690-
3500. 
Oct. 21: CaLan sweep seminar, 
Alameda County Fairgrounds, 
Pleasanton, Calif. Contact Mary 
Chudoba, (717) 828-2356. 
Oct. 22: SCTE Razorback 
Chapter technical seminar. Con-
tact Jim Dickerson, (501)777-4684. 
Oct. 24: CaLan sweep seminar, 
Red Lion Inn at the Quay, Van-
couver, Wash. Contact Mary 
Chudoba, (717) 828-2356. 
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O Fiber-optics glossary 
By Hal Williams 

Jones lntercable Inc. 
This is the first installment of a three-part series defining important terms in fiber optics, arranged in 
alphabetical order. 

O 

O 

A 
absorption — Conversion of radiant energy into other energy 
forms by passage through matter. 
acceptance angle — The maximum angle within which 
radiant energy will be accepted by an element, such as an 
optical fiber or detector. 
acceptance cone — A cone defined by an angle equal to twice 
the acceptance angle. 
ambient light — Light present in the immediate environment. 
angle of incidence — The angle formed between a ray of 
light striking a surface and the normal to that surface at the 
point of incidence. 
angle of reflection — The angle formed between the normal 
to a surface and the reflected ray. This angle lies in the same 
plane as the angle of incidence and is equal to it. 
angle of refraction — The angle formed between a refracted 
ray and the normal to the surface. This angle lies in the same 
plane as the angle of incidence. 
angstrom—May be abbreviated A, A or AU (angstrom unit). 
A unit of very short wavelength (1A = 1 x 10 -10 meters). 
angular misalignment loss — The optical loss caused by 
angular deviation from the optimum alignment of source to 
optical waveguide, waveguide to waveguide or waveguide to 
detector. 
anode — The element of an electron tube or semiconductor 
device toward which the primary electron stream flows. It is 
at a positive potential with respect to the corresponding 
negative electrode, called the cathode. 
APD — Abbreviation for avalanche photodiode. 
attenuation (optical) — The radiant power loss per unit of 
length. The sum of absorption and scattering. 
avalance photodiode (APD) — A photodiode designed to take 
advantage of avalanche multiplication of photocurrent. Note: 
As the reverse-bias voltage approaches the breakdown 
voltage, hole-electron pairs created by absorbed photons 
acquire sufficient energy to create additional hole-electron 
pairs when they collide with ions; thus a multiplication (signal 
gain) is achieved. 
axial ray — A ray propagating along the longitudinal axis of 
a fiber with no internal reflection or refraction. 

backscattering — The scattering of light into a direction 
generally reverse to the original one. 
bandwidth — The range of frequencies (wavelength) over 
which a device is designed to operate within specified limits. 
Also, the difference between the specified frequencies. 
beam — 1) (light) The path traced by a small section of an 
advancing wavefront, which is comprised of an infinite number 
of light rays. 2) (electron) A concentrated stream of particles 
that is unidirectional. 
beam diameter — The distance between two diametrically 
opposed points at which the irradiance is a specified fraction 
of the beam's peak irradiance; most commonly applied to 
beams that are circular or nearly circular in cross section. 
Synonym: beamwidth. 
beam divergence — 1) For beams that are circular or nearly 
circular in cross section, the angle subtended by the far-field 
beam diameter. 2) For beams that are not circular or nearly 
circular in cross section, the far-field angle subtended by two 
diametrically opposed points in a plane perpendicular to the 

optical axis, at which points the irradiance is a specified frac-
tion of the beam's peak irradiance. Generally, only the 
maximum and minimum divergencies (corresponding to the 
major and minor diameters of the far-field irradiance) need 
to be specified. 
beamsplitter — A device for dividing an optical beam into 
two or more separate beams; often a partially reflecting mirror. 
beamwidth — Synonym for beam diameter. 
bit — An electrical or light pulse whose presence or absence 
indicates data. 
black body — A totally absorbing body (one that reflects no 
radiation). In thermal equilibrium, a black body absorbs and 
radiates at the same rate; the radiation will just equal absorp-
tion when thermal equilibrium is maintained. 
brightness — A perceptual term denoting the apparent 
amount of light perceived. Closely related to luminous 
intensity. 

candela — International unit of luminous intensity. A point 
source of one candela intensity radiates one lumen into a solid 
angle of one steradian. 
candle power — The luminous intensity of light source 
expressed in candelas. 
cathode — The element of an electron tube or semiconductor 
device from which the primary electron stream flows. It is at 
a negative potential with respect to the corresponding positive 
electrode, called the anode. 
chromatic — Having the property of color. 
CIE — Commission Internationale de l'Eclairage, International 
Commission on Illumination. 
cladding — A sheathing or covering, usually of glass or plastic, 
fused to the core of higher index material. 
coherent — Characterized by a fixed phase relationship be-
tween points on an electromagnetic wave. 
coherent radiation — Radiation in which the wave trains are 
in phase with each other. 
collimated radiation — A simulation of the kind of radiation 
coming from an infinitely distant object in which the rays are 
parallel to each other. 
collimation — The process by which a divergent or con-
vergent beam of radiation is converted into a beam with the 
minimum divergence possible for that system (ideally, a 
parallel bundle of rays). 
color — The perceptible feature of visible light that is directly 
related to wavelength. Because of this feature, the eye 
experiences a unique sensation for each wavelength in the 
visible spectrum; thus, light at the high-frequency end of the 
spectrum "looks violet," and light at the low-frequency end 
of the spectrum "looks red." 
core — The center dielectric in an optical fiber whose index 
of refraction is greater than that of its surrounding medium, 
usually a cladding. 
core center — A point on the fiber axis. 
coupling lens — A device used to efficiently couple optical 
power between low numerical aperture optical fibers. 
coupling loss (expressed in decibels, dBs) — The amount 
of power in the fiber-optic link lost at discrete junctions such 
as source-to-fiber, fiber-to-fiber or fiber-to-detector. 
critical angle — 1) The angle made by the reflected ray in 
an optical waveguide when the ray enters the core at the max-
imum half-angle of the acceptance cone or maximum accep-
tance angle. 2) The smallest angle of incidence within a fiber 
that will result in total reflection. 
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D 
dark current — The output current that a photodiode produces 
in the absence of light. 
decibel — The standard unit used to express the ratio of two 
power levels. It is used in electronics to express either a gain 
or loss in power between the input and output devices. The 
amount of change in power level, expressed in decibels, is 
equal to 10 times the common logarithm of the ratio of the 
two powers. 
destructive interference — The interaction of superimposed 
light rays that results in a combined intensity that is less than 
the sum of the individual intensities before they were 
superimposed. 
detectivity — The reciprocal of noise equivalent power (NEP). 
detector — A device that provides an electrical output that 
is a useful measure of the radiation upon the device. 
diffuse reflection — Reflection accompanied by diffusion or 
scatter to the extent that there is no excessive specular 
reflection. 
diffusion — The multipoint reflection of light from a rough 
or unpolished surface, or the transmission of light through a 
translucent substance. Both processes produce a spreading 
of the light rays and this imparts a "softness" to the light. 
diode — A two-electrode device with an anode and a cathode 
that passes current in only one direction. It may be an elec-
tron tube or semiconductor device. 
discrete — An individual circuit component, complete in itself, 
such as a resistor, capacitor, transistor or diode. It is used 
as a separate and replaceable circuit element. 
dispersion — Describes the chromatic or wavelength 
dependence of a parameter as opposed to the temporal 
dependence, referred to as distortion. It is used, for exam-
ple, to describe the process by which an electromagnetic 
signal is distorted because the various wavelength com-
ponents of that signal have different propagation 
characteristics. The term also is used to describe the relation-
ship between refractive index and wavelength. Signal distor-
tion in an optical waveguide is caused by several dispersive 
mechanisms: waveguide, material and profile dispersions. 
distortion — A change of signal waveform shape. In a 
multimode fiber, the signal can suffer degradation from 
multimode distortion. In addition, several dispersive 
mechanisms can cause signal distortion in an optical 
waveguide: waveguide, material and profile dispersions. 
duty cycle — A measure of the effect of a pulsed input to 
a device. Expressed as a percentage of "on time" as com-
pared to the total time. 

E 
electromagnetic spectrum — The total range of wavelengths, 
extending from the shortest to the longest that can be 
generated. This range extends practically from zero to infinity 
and includes visible light. 
electron — A substance particle that possesses a unit 
negative charge and orbits the atomic nucleus. 
emergent ray — A light ray leaving a medium. 
etching — The engraving of a surface by acid, acid fumes 
or a tool. 
exitance — Flux leaving a surface per unit area. 
extrinsic joint loss — That portion of joint loss that is not in-
trinsic to the fibers (i.e., loss caused by imperfect jointing). 
See also angular misalignment loss, gap loss, intrinsic joint 
loss and lateral offset loss. 

FET photodetector — A photodetector employing 
photogeneration of carriers in the channel region of an FET 
structure to provide photodetection with current gain. 
fiber buffer — A material that may be used to protect an op-
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tical fiber waveguide from physical damage, providing 
mechanical isolation and/or protection. 
fiber bundle — An assembly of unbuffered optical fibers. 
Usually used as a single transmission channel, as opposed 
to multifiber cables, which contain optically and mechanically 
isolated fibers, each of which provides a separate channel. 
1) Bundles used only to transmit light, as in optical communica-
tions, are flexible and are typically unaligned. 2) Bundles used 
to transmit optical images may be either flexible or rigid, but 
must contain aligned fibers. 
fiber-optic cable — A subassembly made up of several optical 
fibers incorporated into an assembly of organic materials 
arranged for providing the necessary tensile strength, exter-
nal protection and handling properties comparable to those 
of equivalent diameter coaxial cables. 
fiber optics (FO) — The branch of optical technology con-
cerned with the transmission of radiant power through fibers 
made of transparent materials such as glass, fused silica or 
plastic. 1) Telecommunication applications of fiber optics 
employ flexible fibers. Either a single discrete fiber or a non-
spatially aligned fiber bundle may be used for each informa-
tion channel. Such fibers are often referred to as "optical 
waveguides" to differentiate from fibers employed in non-
communications applications. 2) Various industrial and 
medical applications employ (typically high-loss) flexible fiber 
bundles in which individual fibers are spatially aligned, per-
mitting optical relay of an image. An example is the 
endoscope. 3) Some specialized industrial applications employ 
rigid (fused) aligned fiber bundles for image transfer. 
An example is the fiber-optics faceplate used on some high-
speed oscilloscopes. 
flash lamp — A device that converts a large amount of stored 
electrical energy into light by a sudden electrical discharge. 
flux — The rate of radiant power passing to, from or through 
a surface (energy per unit time); the number of photons pass-
ing through a surface per unit time. Expressed in lumens or 
watts. 
forward voltage (V,) — Voltage across a semiconductor 
diode associated with the flow of forward current. The P region 
is at a positive potential with respect to the N region. 
fresnel reflection — Reflection losses that are incurred at 
the input and output faces of the fiber and are due to the 
difference in refractive index between the core glass and the 
immersion medium. 
frequency response — The ability of a device (as an optical 
waveguide fiber) to handle the frequencies applied to it. 
fused quartz — Glass made by melting natural quartz crystals; 
not as pure as vitreous silica. See also vitreous silica. 
fused silica — Synonym for vitreous silica. See also fused 
quartz. 
fusion splice — A splice accomplished by the application of 
localized heat sufficient to fuse or melt the ends of two lengths 
of optical fiber, forming a continuous, single fiber. 

G 
GaAs, GaAsP, GaP — The most commonly used semi-
conductor emitter materials are gallium arsenide (GaAs), 
gallium arsenide phosphide (GaAsP) and gallium phosphide 
(Gap). 
gap loss — That optical power loss caused by a space be-
tween axially aligned fibers. For waveguide-to-waveguide 
coupling, it is commonly called "longitudinal offset loss." See 
also coupling loss. 
geometric optics — A field of physics that deals with light 
as if it were composed of rays diverging in various directions 
from a source. Those rays are bent abruptly by refraction or 
turned back by reflection into paths determined by established 
laws. 
graded-index fiber — An optical fiber with a refractive index 
that gets progressively lower away from the center. This 
characteristic causes the light rays to be continually refocused 
by refraction in the core. This type of fiber combines high band-
width capacity with moderately high coupling efficiency. 
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Cable technology S-curves 
By Walter S. Ciciora. Ph.D 

American iesion ana (..iomniunicaiions L;oic 

Last month we discussed the concepts of the 
S-curve and of technological limits. These ideas 
are featured in the book Innovation, the At-
tacker's Advantage by Richard Foster, 
published by Summit Books. Again, I'd like to 
recommend it. This month we'll focus in more 
closely on how these concepts apply to cable 
TV and its competition. 
The S-curve for a whole technology is the 

composite of S-curves of its components. For 
example, an S-curve could be drawn for direct 
broadcast satellite technology. It would be the 
composite of separate S-curves for uplinks, 
satellite power supplies, amplifiers, antennas, 
subscriber receive antennas, flat antennas, low-
noise amplifiers, etc. Any advance in a com-
ponent S-curve translates into progress for the 
composite S-curve in proportion to the impor-
tance that component plays in the whole 
system. Composite stagnation occurs when all 
of the significant components have themselves 
reached their individual points of dimin-
ishing return. 

In the broad sense, the S-curve also could 
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be used to describe non-technology processes. 
For example, the number of subscribers 
obtained from a marketing campaign can be 
expected to follow an S-curve. Initial efforts to 
set up the campaign result in very few new 
subscribers. Then the campaign builds 
momentum, the results are harvested and 
everyone is pleased. Finally, most of those who 
find the campaign's message appealing have 
heard it and the point of diminishing returns is 
reached. It's time for a new S-curve, a new 
campaign concept. Sticking with the old ap-
proach will consume resources with few results. 
Another S-curve example is the nurilber of 

leaks found during a CLI reduction project. In-
itially, while equipment is being acquired and 
training is taking place, few leaks are being 
found. Then great progress is experienced as 
everyone comes up-to-speed on the pro-
cedures and proper use of the equipment. 
Finally, all the easy finds are accomplished. 
Further results are hard to come by. While these 
are valid examples of the S-curve, technologists 
are most interested in applying the ideas to the 
technology itself. 

Cable technology S-curves 
An early example of the S-curve in cable TV 

is the technology for bandwidth expansion. For 
many years bandwidth was relatively modest 
with little growth. We then experienced a period 
in which every cable convention brought news 
of higher bandwidth technology. The point of 
diminishing returns was reached and higher 
bandwidths are no longer news items. 
Perhaps the technology area of most interest 

today is the transmission medium itself. Coax-
ial cable is a mature product; the dielectric 
technology and the uniformity of the product 
have long reached maturity. Likewise, the 
technology of the amplifiers and the ability to 
design optimum systems have reached matur-
ity. It would be a mistake to allow our fondness 
for this technology to drive us to continue 
putting substantial resources in further develop-
ment, since much more effort is required to 
obtain even small improvements. Rather, we 
need to jump to a new S-curve and invest our 
efforts in something that still has a large poten-
tial for growth and improvement. Of course, that 
new S-curve involves fiber-optic cable. 
The composite S-curve for fiber systems is 

made up of S-curves for its components, in-
cluding lasers, light-emitting diodes, receiving 
diodes and electronics. While the S-curve for 
the fiber itself is relatively mature, progress is 
only beginning in transducers. This is especially 
true of components to be used in vestigial side-
band/amplitude modulated (VSB/AM) systems. 
Even the technology for design of systems us-
ing fiber and hybrid approaches is still in the 
early part of its growth. The message is simply 
that here is a fertile area to invest resources with 
the expectation of substantial returns. This is 
a new composite S-curve for cable TV. 

Another technology area that will soon need 
attention is that of the fundamental method of 
signal encoding. The technology of VSB/AM 
encoding of video is relatively mature: there are 
few improvements left to be harvested. It's time 
to consider the limits of this technology and 
whether they are good enough for the future 
competitive environment. It's time to start think-
ing of a new S-curve. We need to begin work 
on digital approaches if we are to obtain the 
quality we'll need once heavy competition 
arrives from other technologies. 

Competitors' technology S-curves 
As you no doubt know by now, I am most 

concerned about competition from pre-
recorded video and telcos. Both of these have 
their own composite S-curves with limits on 
technological progress. 
The consumer electronics technologies that 

have made the most progress in the last 
decade are magnetic and optical video record-
ing; they also are still relatively low on their S-
curves. These technologies have potential for 
even more dramatic gains in the next decade. 
Understanding the S-curve teaches us to be 
watchful of what is coming from these com-
petitors. For example, 20 MHz baseband 
HDTV VCRs with near-perfect, studio quality 
video are on the horizon. Recordable HDTV 
videodiscs also are struggling to get out of 
the lab. 
The telcos have come to grips with the 

stagnation in their older S-curves. They well 
know that twisted copper pairs and analog 
transmission techniques have progressed 
about as far as they are going to. Massive 
efforts are needed to squeeze out even small 
gains and they understand this is a waste of 
precious resources. They are now happily 
pushing technology up S-curves for optical 
transmission and digital techniques. The com-
bination of these two S-curves enables telcos 
to be high quality video carriers into the home. 
They are excited about new services and new 
twists to old services. Video-on-demand is a 
target service they hope to achieve with new 
S-curves. 

The role of innovation 
Understanding the S-curves of our 

technology and those of our competitors drives 
us to look for new S-curves in our business. We 
can find the new S-curves by being inventive 
or by innovation. Invention is an unreliable 
source since it cannot be scheduled or 
predicted. On the other hand, innovation is 
much more manageable. 
As mentioned last month, innovation is the 

knitting together of already existing inventions 
into something of commercial significance. The 
most innovative and clever application of S-
curves is to knit together the inventions created 
by our competitors into superior systems 
unique to our business. This minimizes our 
costs and maximizes our progress. It also is 
very satisfying to use competitors' results 
against them. 
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Let A.D.S./Linex, Inc. change the way you draw with Linex 
CAD! From inputting your existing drawings to creating 
the finished drawing to analyzing information on your 
drawings, Linex CAD provides the solution. 

INNOVATIVE 
By integrating the Linex CAD software with the Lasico dig-
itizer, maps and drawings can be easily and quickly trans-
ferred into the computer simply by tracing the existing 
drawing. And the Lasico can be attached to your own light 
table or drafting table! 

Linex CAD . . . an innovative approach! 

Not only is the digitizing process made simple, but Linex 
CAD also features a command template that eliminates the 
headache of memorizing menus and functions. It is won-
derfully easy to use — simply go from function to function 
easily and quickly. 

Linex CAD . . . a simple wonder! 

POWERFUL 
Simple, yes, but Linex CAD is a powerful, PC-based 2D 
drafting package that can output information to today's 
most popular database packages such as Lotus 1-2-3 and 
dBase Ill. 

Linex CAD . . . a power package! 

AFFORDABLE 
The simple power and luxury of Linex CAD can be yours 
for a price that is surprisingly inexpensive. Just imagine 
. .. a CAD package that is not only affordable, but also 
gives you the outstanding features of Linex CAD' 

Linex CAD . the affordable alternative! 

Call today for more information or a personal demonstration! 

"The Answer to Your Drawing Needs" A.D.S. ILINEX, INC. 
dBase Il s a trademark of Ashton-Tale Corp 
()1,1S ' 2.3 ,s a trademark of Lotus Development Cor 
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Lower Maintenance Costs and Improved Customer Satisfaction 

Why have MSO's ordered over 
40 million EZF Connectors? 

In both new builds and rebuilds, users of the EZF con-
nector system are experiencing a dramatic reduction 
in drop related service calls. RF leak-
age trouble calls resulting from 
improper connector installation and 
corrosion are no longer the single 
most problem in a CAN system when 
the EZF connector system is used. 

PROVEN: Fewer problems occur 
during installation 
• One color-coded connector for 
each cable size minimizes connector 
selection problems. 
• The cable is prepared for installation 
the same way every time with the EZF 
cable preparation tool. 
• Only a 7/16 inch wrench is needed 
for installation. 
• Cassette packaging facilitates 
proper installation and reduces con-
nector loss. 

Raychem 

• Immediate inspection for proper installation by 
installers and QC inspectors. 

PROVEN: Fewer problems occur 
during service life 
• A circumferential, environmental 
seal is automatically made at the con-
nector/cable interface during instal-
lation. 
• The EZF sealing sleeve supplied 
with the connector prevents moisture 
penetration at the connector/port 
interface. 
• Material compatibility and corrosion 
resistance are ensured by specially 
selected and tested materials and 
platings. 
• Rugged connector design and con-
sistent installation quality contribute to 
reduced RF leakage and reliable per-
formance. 
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