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Rev into stereo- 
With the remarkable new FP32 ENG Mixer. 

Introducing the stereo version of our 
legendary FP31. 

Stereo adds incredible dimension and realism to 
sports and news coverage. And Shure's new compact 
FP32 Stereo Mixer makes ENG and EFP applications 
easy and economical. 
Consider these advantages: 

Three transformer -coupled XLR isolated inputs and 
stereo outputs, all switchable to low - impedance mic 
or line level. 
Dual mini and '/4" stereo headphone jacks. 
Built -in slate mic and slate tone. 
Battery, phantom, and A/B power (no special power 
supplies needed). 

Plus new stereo advantages: 
Full stereo capability with separate, detented stereo 
pan pots and monitoring capability. 

Circle (1) on 

Full 48 volt phantom capability 
Size? Only 25/16" x 71/4" x 6 ", comparable to our 

FP31. Weight? Just 2'/2 pounds. Price? Hundreds less 
than you would expect. Stereo is here to stay. So is the 
FP32. For complete information about our full line 
of field production gear, write or call: Shure Brothers 
Inc., 222 Hartrey Avenue, Evanston, IL 60202 -3696. 
(312) 866 -2553 

The new FP42 Stereo Production Mixer - the 
stereo counterpart to our M267. Four channels with 

independent center detented pan pots and cuing. 
Headphone amplifier. Adjustable limiters. 
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Midwest Links Fox Network to the World 

s 

KTTV VP /Director of Broadcast 
Operations, Steven H. 
Steinberg, sums it all up with 
this comment: 
"This is the second S -23 that 1 

have purchased from Mid- 
west. It is not often I can say 
this. but in both cases, there 
were no problems." 

Circle (3) on Reply Card 

Why did management at KTTV, 
flagship station for the FOX 
broadcasting network in LA., go 
to Midwest Communications 
for their new S -23? 
Because Midwest is number 
one, worldwide, in mobile 
satellite communications 
design and integration. The 
results were outstanding! 

"With our Midwest built 
mobile satellite communi- 
cations truck, we no longer 
have any limitations to our 
coverage area. That is very 
important to a news station 
in the L.A. market. It is also 
important that Midwest 
brought the truck in on time 
and in budget." 
Bob Morse, 
VP /General Manager KTTV 

Steve Blue, KTTV News 
Director, continues: 
"The Spacelink gives Fox 
News an advantage our 
competition can't top ... 
Midwest was prompt with 
delivery and prompt with 
support." 

Make Midwest the Source for 
all your mobile satellite 
communications needs. For 
more information on the 
S -23, contact your Midwest 
representative today. 

MID EST 
Communications Corp. 

One Sperti Drive/Edgewood, KY USA 41017 
(606) 331-8990 
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ON THE COVER 
Advancements in RF technology have given 
radio and TV broadcasters new ways of put- 
ting a signal on the air. One of the major 
changes in transmission system design to 
emerge within the past 10 years is the con- 
cept of a shared transmitting antenna at 
a community broadcast site. A major 
component of such a system is the com- 
biner, or multiplexer. Our cover this 
month shows a posterized high -power 
FM combiner. (Courtesy of Dielectric 
Communications.) 
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DEPARTMENTS 

i 
BRODCST 

TRANSMISSION SYSTEMS SPECIAL REPORT 
The transmission plant of a radio or TV station often is forgotten 
until a problem occurs. Because the transmitter, antenna am 
associated hardware are the core of a broadcast facility, prope 
design and maintenance is paramount. Our Third Annua 
Transmission Systems Special Report examines the following 
topics: 

26 Safety: The Key to Staying Alive 
By Brad Dick, technical editor 
Safety is no accident. 

46 Grounding Procedures for Broadcast 
Facilities 
By Jerry Whitaker, editorial director 
Planning a ground system for your studio is no small 
task. 

66 Selecting Coaxial Cable 
By Robert Perelman and Thomas M. Sullivan, 
Andrew Corporation, Orland Park, IL 
Choosing the right components is basic to the 
ultimate reliabiiity of a broadcast transmission 
system. 

84 Multiplexing FM Transmitters 
By Bill DeCormier, Dielectric Communications, 
Raymond, ME 
Combining resources to improve FM coverage has 
led many stations to use sophisticated multiplexer 
systems. 

106 Reducing IPM in AM Transmitters 
By Dominic Bordonaro, WAAF-AM and WFIQ -FM, 
Worcester, MA 
Reducing IPM improves the quality of monaural and 
stereo AM signals. 

4 News 18 Troubleshooting 
6 Editorial 20 Management for Ergineers 
8 FCC Update 114 Applied Technology: NEC solid -state video recorder 

10 Strictly TV 122 Station -to- Station 
12 re: Radio 128 Field Report: Calaway Engineering CED video editor 
14 Satellite Technology 134 SBE Update 
16 Circuits 138 New Products 
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Att: UHF Broadcasters... 

COMARK'S KLYSTRODE 
WILL CUT YOUR 

UTILITY BILLS BY 
X50,000 OR MORE 

A YEAR! 

ASK OUR COMPETITION 
WHAT THEY CAN DO FOR YOU! 

You'll find our competition unusually quiet when it comes to the subject of 
power costs for their transmitters. That's because only Comark's 

new Klystrode Transmitter is backed by the type of groundbreaking technology 
that can actually put back $50,000 or more a year on your 

bottom line in energy savings. 

'Typical: based on a 120 kW transmitter at 9¢ per kW hour 

COMARK COMARK COMMUNICATIONS, INC. 
A r.1 Thomon- CSFCompany 

Route 309 & Advance Lane Colmar, PA 18915 
(215) 822 -0777 Telex: 846075 

Circle (4) on Reply Card 
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NRSC proposes AM 
reception standard 

The National Radio Systems Committee 
(NRSC) has proposed a second voluntary 
national standard (NRSC -2) for AM radio 
transmission. The standard will enable AM 
broadcasters to further control in- 
terference to their signals for better au- 
dience reception, and complements the 
first NRSC standard, which was introduced 
in 1987. 

NRSC -2 is known as "RF Mask." Parallel 
with this is the development of a new 
technology to monitor AM splatter. This 
monitor permits economical and accurate 
measurements of undesired AM in- 
terference and can be used in conjunction 
with the RF Mask. 

On Jan. 10, 1987, the NRSC authorized 
the NAB and the EIA to publish a volun- 
tary national standard to control the ex- 
tent of audio pre-emphasis and bandwidth 
of AM stations. At the end of March 1988, 
more than 700 AM stations in the U.S. and 

iNewsi 

Canada had notified the NAB of their con- 
version to the NRSC standard. The NAB 
has petitioned the FCC to make the 
transmission portions of the standard man- 
datory. AM stations would have until Jan. 
1, 1990 to convert to the standard. 

The first NRSC standard is intended to 
specify the audio signals present at the in- 
put to a station's AM transmitter. On Sept. 
9, 1987, the NRSC released a voluntary na- 
tional standard for AM RF limitations. This 
second standard is intended to 
characterize the RF emissions of AM sta- 
tions that use the first standard. It specifies 
the RF signals that leave a station's 
transmitter and antenna system. To allow 
for accommodation of all parties' views, 
the NRSC established a 6-month public 
comment period, which expired March 11, 

with no opposing comments filed. 
On April 7, 1988, the NRSC authorized 

the NAB and the EIA to publish the RF 
Mask as standard No. NRSC -2. These revi- 
sions were incorporated into the standard 
and published in late May. The RF Mask 
consists of: limit on out-of -band AM emis- 

sions and accompanying measurement 
procedures. 

Steinberg assumes 
management position 

Charles A. Steinberg has been named 
executive vice president, Sony Corpora- 
tion of America. He is responsible for non - 
consumer products. He also is responsible 
for the existing Sony Communications 
Products Company, which markets broad- 
cast, professional video and audio prod- 
ucts; and the Sony Information Systems 
Company, marketing dictation systems, 
satellite communications products, Jum- 
boTRON video display screens, Mavica 
still -image systems, intelligent video 
systems and high -speed video and audio 
duplication systems. 

In addition, Steinberg is responsible for 
non -consumer business in Mexico, Central 
America and South America and other 
worldwide markets. 

Continued on page 13( 
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Once -in -a- lifetime events 
don't happen twice! 
This 8 -lb EFP/ENG Monitor 
confirms your field productions 
are perfect, first time, every time! 
The LVM -5863A Color/ 
Audio/Waveform Monitor 
confidence tests camera 
and VCR performance 
anywhere. Shows you the 
overall production quality 
immediately...with full 
color (NTSC) and sound. 
LVM -5863A lets you be 
sure all your productions 
are technically and artistically correct 
before you leave the location. The 
LVM -5863A confirms white balance, 
sync and burst levels. Its 2H and 2V 
waveforms show both line and field rate 
signals. A switchable IRE filter makes 
it easy to check peak video. And for 

accurate verification of setup and black 
balance, switch on the 4x magnifier. With 
all this, the LVM -5863A is easy to use 
since controls are kept to a minimum. 

It goes anywhere. 
Lightweight and small, 
the LVM -5863A is easy 
to hand carry or to mount 
in trucks, vans or 
helicopters. Requiring 
only 12 Vdc, it can use 
a readily available, self - 
contained battery (Sony 
NP -1 or equivalent) or 

external power sources such as vehicles 
and EFP battery belts. 

Quickly pays for itself. 
The LVM -5863A eliminates the risk of 
time -wasting, cost -increasing, missed or 
poor -quality shots. 

LVM-5863A 

Call toll -free 

(800) 645 -5104 
In NY State 

(516) 231.6900 
Request an evaluation sample, our 
latest Test Instrument Catalog with over 
100 outstanding products, the name and 
address of your nearest "Select' Leader 
Distributor, or additional information. 

Forprófessionals 

know ID 

the 
difference. 

380 Oser Avenue, Hauppauge, New York 11788 
Regional Offices: 

Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. (514) 337 -9500 

For Product Demonstration Circle (5) on Reply Card For Product Information Circle (6) on Reply Card 
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Graphics 
steps up 

to bat 

6 Broadcast Engineering May 1988 

¡Editorial 

Anew player has joined the video production team. For news, this new kid on the 
block can whip up crisp animations that show what happened, what could happen, 
or how it happened. For production, this person can put together eye- catching 
backgrounds and sizzling logos as well as perform impossible video manipulations. 
Quietly, this individual has suited up and crawled onto the bench next to such giants 
as the editor, the technical director, the writer /producer and the audio engineer. Our 
new teammate? The computer graphic artist. 

Watch television. Does an hour go by in which there is not some computer -generated 
image? If not a million -dollar combination of live action and flying tetrahedrons, what 
about a simple gleam behind a logo, or a sparkle that is just out of reach for conven- 
tional equipment. Even if the current "glass and marble" trends fade out, the com- 
puter artists will not. They can perform many functions more cheaply than the ex- 
isting technology can and do too many things that the previous technology just couldn't. 
We might as well shake the computer artists' hands. They will be players for a long time. 

So what does this mean for the video engineer? 
In the first place, we have to readjust our thinking caps. Broadcasters and computer 

graphics people came up from different leagues. While broadcasters were refining first 
color, then ENG, then satellites, the computer people were working out their own 
separate evolution. As a result, the two factions approach differently. Broad- 
cast engineers are wondering why the computer whizzes have such a hard time with 
concepts such as video system timing. The computer types are laughing at our seem- 
ingly backward, analog, low -resolution way of making pictures. 

For now, our hands are at the top of the bat; if the computer pictures go to air, they 
pass through our systems. Period. Tomorrow, when digital comes to the plate, it may 
be a different ball game. Both camps must be quick studies, learning all they can about 
each other in order to use this technology well. 

Second, we must become good communicators. Not only is computer art equipment 
new in the field, but its users may be rookies too. In coming up from the back room 
and the drawing board, into the production suite and the control room, artists have 
had to adjust not only to new tools (styli instead of brushes, disk drives instead of 
scrap files), but have had to quickly master the production process. Going from pasting 
up camera cards to building major chunks of program may feel a little like moving 
from bat -boy to star- hitter in a single season. It is our responsibility as engineers to 
help computer graphics fit in, both technically and as the new player on the team. 

Why take such good care of these bit -nosed newcomers? The main reason is that 
it will help us with our job. If we fix their gear, we have to know how it works, or 
at least how to have an intelligent conversation with its users. As more and more of 
this gear arrives, our value to our employers will increase in direct proportion to our 
mastery of it. 

Also, as art departments increase in power, because of a greater need for their serv- 
ices, it is better to be rostered as their fans than as their opponents. Finally, computer - 
generated images are a glimpse of the future. We can either embrace and foster this 
technology, cheer it on and become its experts, or we can stand by as those who 
understand it get called onto the field. And there's nothing worse than sitting in the 
dugout, just watching the game. 

I =Ta»n 
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PURE 

PROGRAMMABLE 
PROCESSING 

POWER pV/ER 

sI f 
111 ill Iiii I El II I 

Introducing the new Orban Programmable Mic Processor 

3 -band parametric equalizer with "constant -Q" design and full notch filtering capability 

Smooth, transparent compressor with adjustable release time 

Noise gate (attenuates control room noise by up to 25dB) and compressor gate (prevents noise 
rush -ups during pauses) 

De -esser controls excessive sibilance 

And it's programmable. 

32 memory registers store complete control setups for instantaneous recall 

Effects send and return (with programmable return gain) simplifies integration of external reverb 
or other processors 

Built -in connectors for remote control, MIDI, and future serial interfaces 

Optional second -channel slave for dual -mono or stereo operation (Model 787A /SL) 

Standard line -level input; optional Jensen transformer mic preamp with 48V phantom powering 

Security lockout code prevents unauthorized tampering with presets 

Orban's powerful, new 787A Programmable Mic Processor provides an efficient way to optimize 
the sound of your DJ and newsroom mics and then recreate these setups every day for maximum 
punch on the air. 

The 787A combines clean- sounding, Orban -quality analog processing with 
the control and programmability made possible by contemporary 
digital technology. 

Complete settings can be stored in any of 32 different memory registers 
for instantaneous recall at the beginning of each airshift, or in a different 
studio at some later date. The 787A is also the perfect tool for pro- 
cessing commonly -used talent in video and film post -production work. 

Call or write today to find out more about Orban's powerful new Pro- 
grammable Mic Processor, an efficient and consistent way to optimize 
your mic channel and talent for maximum impact on the air. 

Orban Associates Inc. 
645 Bryant St., San Francisco, CA 94107 (415) 957 -1067 Telex: 17 -1480 FAX: (415) 957 -1070 

Circle (7) on Reply Card 
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FM short- spacing 
to be studied 

By Harry C. Martin 

In an effort to reduce the distance separa- 
tions between adjacent- and co- channel 
FM stations, the FCC is proposing to allow 
the use of directional antenna systems or 
lowered power and /or antenna height. Un- 
der the proposal, a licensee wishing to 
change to a more favorable, but short - 
spaced, site by using a directional anten- 
na or by reducing power and /or antenna 
height would be permitted to do so if its 
contours would not overlap the protected 
contours of neighboring stations or 
allotments. 

In the rulemaking notice, the commis- 
sion makes it clear that strict minimum 
distance separations will not be relaxed 
in the allotment of new FM channels. The 
proposal contemplates short -spacing on- 
ly by existing stations on existing chan- 
nel allotments. 

Current rules permit the use of direc- 
tional antennas to ameliorate short - 
spacing among "grandfathered" FM com- 
mercial stations (those whose short - 
spacing predated the inception of the 
Table of FM Allotments in 1964). Non- 
commercial educational FM stations also 
are permitted to use directional antennas 
to avoid interference with co- channel and 
adjacent -channel stations. 

In the same proceeding, the commission 
asked for comments concerning the accu- 
racy of specifications relating to FM direc- 
tional antenna characteristics and ques- 
tioned whether categories should be 
established to determine the stations to 
which these rule changes would apply. 

IF distance separations examined 
The commission is proposing to adjust 

the domestic intermediate frequency (W) 
distance separation requirements for FM 
stations to provide a uniform level of pro- 
tection from IF interference. The adjust- 
ments are intended to provide increased 
flexibility in antenna -site selection for 
most classes of FM stations. 

IF is the center frequency in a small 
range of frequencies used within FM re- 
ceivers for amplification and filtering. IF 
interference occurs when a susceptible re- 
ceiver encounters two relatively strong IF- 

Martin is a partner with the legal firm of Reddy, Begley & 
Martin, Washington, DC. 
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update 

related signals. Current rules provide min- 
imum distance separations to protect 
against IF interference. Stations operating 
on frequencies 10.6MHz or 10.8MHz 
above or below that of the specified sta- 
tion are subject to these separations. 

Under the proposal, the distances be- 
tween IF- related stations would be calcu- 
lated to prevent overlap of their predicted 
36mV /m contours, regardless of station 
class. This level of protection is equal to 
that provided by the least stringent of cur- 
rent IF mileage separation requirements. 
Therefore, the proposed distances are 
either the same or less than those present- 
ly required. 

FM "downgrading" procedures 
to be streamlined 

Another proposal under consideration 
by the commission is whether FM licen- 
sees should be permitted to downgrade 
their allotments to a lower class by filing 
an application rather than submitting a pe- 
tition for rulemaking, as currently re- 
quired. Under the proposed 1 -step process, 
the Table of Allotments would be amend- 
ed to specify a lower class facility once an 
application for a facility within the lower 
class is granted. This procedure would ap- 
ply to both vacant channels and those oc- 
cupied by existing stations. 

Vacant channel downgrading could be 
accomplished only if no acceptable ap- 
plication for the class specified in the Table 
of Allotments is received during the filing 
window period. After the filing window 
period, the commission would accept ap- 
plications for a lower class on a first - 
come /first- served basis. 

TV technical rules to be streamlined 
The commission is proposing to elim- 

inate the following technical and opera- 
tional requirements for TV stations: 

Time restrictions for operation of sepa- 
rate TV aural and visual program material. 

Periodic 6 -month power meter- calibra- 
tion requirements. 

Requirement that the color burst signal 
must be omitted during the transmission 
of black- and -white programming. 

Maximum -to- minimum radiation limita- 
tions for directional antennas. 

Specifications that pertain to equipment 
installa :ion and safety requirements. 

Reference table of minutes and seconds 
converted to decimal parts of a degree. 

These rules are slated for elimination be- 
cause they are considered unduly burden- 
some, outdated or unnecessary. 

Public file retention period change 
The Feriod of time that broadcast sta- 

tions mist keep various applications and 
reports in their public files has been re- 
duced t) one license term or until grant 
of the first renewal applications, whichever 
is later. 

Under previous rules, licensees were re- 
quired :o retain applications for seven 
years from the date of the application, or 
until final FCC action on the second re- 
newal application, whichever was later. 
When this provision was adopted, the li- 
cense terms for TV and radio stations were 
three years, instead of the current five 
years for television and seven years for 
radio. Therefore, when the license terms 
were increased, the required retention pe- 
riods were inadvertently extended to 10 

years for television and 14 years for radio. 
The commission said its rule change 
would reduce the paperwork burden on 
licensees while still providing the public 
with sufficient information to evaluate 
licensee performance. 

I :r.:411 
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Championship Performance. 
For a champion, being the best is 
not enough, You never stop trying 
to be just a little better. To move 
the standard a little higher. To 
make even the most difficult 
achievements seem easy. 

So it is with the 
Model 300 production 
system, the recognized 
world standard. Now 
in more than 800 installa- 
tions worldwide, the 
Model 300 continues to 
offer you more. 

Full integration and 
centralized control of 
the Kaleidoscope Digital 
Effects System puts state 

Kaleidoscope System Effects shown: - transparent soft intersecting planes - drop shadow - soft border - Omni -Key" linear keying 
(using Model 300) 

of the art, three -dimensional digital 
effects at your fingertips. Giving 
you the world's most advanced 
and powerful production system. 
And, the easiest to operate. 

When you own a Model 300 
with built -in Kaleidoscope Digital 
Effects System, championship 
performances are almost effortless. 

For details, contact the 
Grass Valley Group office 
nearest you. The Model 300 Production System, 

integrated with the Kaleidoscope' 
Digital Effects System. Grass Valley Group" 

THE GRASS VALLEY GROUP INC. 

P.O. Box 1114, Grass Valley, CA 95945 USA 
Telephone (916) 478 -3000 
TRT: 160432 

OFFICES: Nov York (201) 845.7988; District of 
Columbia (301) 662 -6313; AtIanta (404) 493 -1255; 
Chicago (219) 264 -0931; Minneapolis (612) 483 -2594; 
Dallas/Fort Worth (817) 483 -7447; Los Angeles 
(818)999 -2303; San Francisco (415) 968 -6680; 
GVG International Ltd.(UK) 44-962. 843939; 
Grass Valley Group Asia (HK) * 852 -3- 7396632 
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Inside NTSC encoders 

By Joseph Roizen 

The NTSC encoding process that was in- 
troduced in 1953, with the FCC ratification 
of that system for public broadcasting, re- 
mained virtually unchanged until just a 
few years ago. The original vacuum -tube 
encoders, which suffered from drift due to 
thermal effects and needed frequent read- 
justment because of tube wear, have all 
disappeared. They have been replaced by 
stable, reliable solid -state units that require 
a minimum of "tweaking" to remain 
operational. 

Nevertheless, even modern NTSC en- 
coders have some inherent deficiencies 
that, until recently, were considered fun- 
damental to the NTSC encoding process. 
These are generally known as cross-color, 
cross -luminance and poor detail rendition, 
especially at low- amplitude transitions. 

Needed: better filtering 
Extensive research (conducted by 

Faroudja Laboratories) into the structure 
of the NTSC composite signal format re- 
vealed that the encoding process itself 
could be improved considerably if certain 
precautions were taken in the luminance 
and chrominance paths. By minimizing or 
eliminating subsequent intermodulation of 
these two signals in their composite addi- 
tions, the encoding process could be 
improved. 

The major change in NTSC encoder de- 
sign derived from this research was that 
bidimensional (2H) comb filtering of the 
luminance and chrominance paths, prior 
to quadrature modulation of the matrixed 
color- difference signals and addition of the 
Y signal, virtually eliminated the two most 
noticeable deficiencies: cross -color and 
cross -luminance. In addition, a serendipi- 
tous bonus appeared in the form of a bet- 
ter chroma signal -to -noise ratio, because 
the filtering kept luminance noise from 
polluting the chroma signal. 

An encoder built on these principles 
demonstrably improved the NTSC signal 
output, and it remains fully compatible 
with existing non -filtered NTSC encoders. 
This new encoding process was especial- 
ly beneficial in computer graphics, chro- 
ma- keying and digital VTRs because all of 
these need or generate RGB baseband sig- 

Roizen is president of Telegen, Polo Alto, CA. 

10 Broadcast Engineering May 1988 

Stric fly TV 

nais with significantly faster rise times 
than do color cameras or telecines. 7Yadi- 
tional NTSC encoders without prefiltering 
do not handle fast rise times well. The re- 
sult is a visible edge activity in the NTSC 
output signal. With proper bidimensional 
filtering and complementary decoding, 
the NTSC output from any video image 
source can be virtually indistinguishable 
from the RGB input. 

Detail processing for improved 
resolution 

With cross-color and cross -luminance 
out of the way, other deficiencies in the 
encoding process became more apparent. 
One of these was the way encoders han- 
dled small details in the image. By provid- 
ing detail processing in the luminance 
path, before mixing and before being put 
into NTSC form, the resolution or sharp- 
ness can be improved considerably. This 
is because the basic luminance signal is 
not yet affected by the chroma overlay 
and can be handled on a wideband basis 
in its purest form. 

To optimize performance of the new en- 
coder, the degree of detail processing is 
a function of the signal source. This proc- 
essing is accomplished without creating 
spurious edges to transitions. The result 
is a "filmlike,' natural look of the video 
image, which is preserved all the way to 
the home receiver. Because only graphic 
or digital sources have hard edges, a pro- 
vision is made to switch off the detail proc- 
essing when such inputs are used. 

Another NTSC encoder deficiency, 
which is under greater scrutiny these days, 
is the problem of proper gamma correc- 
tion. Up to now, NTSC composite signals 
have not adhered to the constant -lumi- 
nance principle for highly saturated col- 
ors, mainly because matrixing was done 
with gamma -corrected signals rather than 
with non-gamma-corrected ones. To solve 
this problem, an approximation in the 
luminance path is made, and the result is 
an increase in luminance resolution that 
also is seen by the home viewer. 

The chrominance path through an NTSC 
encoder also must be modified to optimize 
performance for certain applications. One 
example is the matting process, which 
takes its keying signal from the blue chan- 

nel. Traditionally, this is the narrowest 
bandwidth color- difference signal 
(1= 1.3MHz, Q= 0.6MHz), and it can be in- 
creased to match the I channel to render 
better matting performance. 

New NTSC encoder techniques 
In sLmmary, an NTSC encoder that per- 

forms optimally incorporates four new 
techniques: 

Bidimensional comb filtering of the 
luminance and chrominance signal path 
prior to mixing. 

Adaptive detail processing in the 
luminance path based on the input signal 
characteristics. 

Correction of luminance bandwidth 
problems due to gamma processing. 

Chroma path bandwidth expansion that 
accommodates special applications for 
which the encoder may be used. 

Of course, good fabrication standards 
must be exercised in building NTSC encod- 
ers. Thermal effects should not cause solid - 
state circuit components to drift. This can 
be prevented by conservative design and 
adequa:e ventilation. Adjustments should 
be kept to a minimum; however, switch - 
able options should be provided so the en- 
coder can be tailored to the various ap- 
plications encountered in a TV studio or 
production house. 

The improvement of the encoder is the 
most cost -effective way of delivering bet- 
ter NTSC signals to the audience. 

1= 'a)))1 
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Beat the traffic. 
M /A -COM opens up a new lane for 

broadcasters with our new 18GHz micro- 
wave system. 

If you've been looking for an open 
frequency at 7 or 13GHz, you're not alone. 
In many areas, they simply aren't available: 
there's too much traffic and not enough 
spectrum. 

M/A -COM's new 18GHz micro- 
wave system gives you another 
option: a wide -open band which 
the FCC has assigned to broad- 
cast. It gives you 50% better link 
availability (or 40% longer 
range) than 23 GHz, and none 
of the congestion of the lower 
frequencies. 

The MA -18CC is a fully - 
featured microwave system, 
designed to meet or exceed all 
RS -250B short -haul performance 

specifications. It is field tunable, and a single 
gunn oscillator covers a wide selection of 
frequencies so spare parts can be kept to 
a minimum. 

For over 20 years M /A -COM MAC has 
specialized in providing microwave radio 
equipment to broadcasters. Every unit 

with our name on it is built in 
our own factory, so we not only 
control the quality, but we know 
how to service it. 

For more information on 
how you can streamline your 
microwave needs, contact 
M /A -COM MAC, Inc., 5 Omni Way, 
Chelmsford, MA 01824, 
(617) 272 -3100. 
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DA's origin is in 
parasitic radiators 

By John Battison, P.E. 

For as long as most of us can remember, 
the term "directional antenna" has re- 
ferred to a medium -frequency DA with 
driven elements. However, the origins of 
antenna directivity lie in parasitic ra- 
diators. The early radio researchers dis- 
covered that introducing another metallic 
object -generally a rod or wire -into the 
RF field of a radiator distorted the normal 
omnidirectional radiation around a single 
radiator. 

Horizontal antennas 
For many years radio propagation and 

transmission researchers used flat -top hor- 
izontal antennas. In fact, in his early spark 
transmitter experiments, Hertz used a flat 
metal plate as a transmitting antenna. As 
radio knowledge increased and propaga- 
tion and polarization effects were studied, 
the widely differing characteristics of 
horizontal and vertical polarization were 
discovered. However, in the earliest days 
of radio transmission, these differences 
were not known. 

Horizontally polarized antennas suffer 
from much higher groundwave attenua- 
tion than vertical antennas. Latitude and 
transmission direction have a pronounced 
effect on ionospheric propagation, and 
low antenna heights tend to radiate con- 
siderable energy at high vertical angles. 
These factors may have contributed to the 
early success of transatlantic radio. To the 
best of my knowledge, there are no longer 
any horizontal broadcast antennas in use 
in the United States. 

Vertical antennas 
A vertical antenna requires far less 

ground space and produces stronger 
groundwave signals with more desirable 
radiation characteristics. Another good 
reason for the use of these antennas is the 
concomitant use of vertical antennas on 
so many radio receivers in cars and port- 
able receivers. Matching antenna polariza- 
tion greatly improves the reception 
characteristics. 

As the flat -top antennas dropped out of 
use in the early 1930s, the vertical anten- 

Benison, BE's consultant on antennas and radiation, owns 
John H. Battison 8 Associates, a consulting engineering 
company in Columbus, OH. 
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Antenna mounted near the ground. 
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Antenna mounted iz X above ground. 

END VIEW OF 
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Antenna mounted % X above ground. 

END VIEW OF 
ANTENNA 

Antenna mounted 34 X above ground. 

END VIEW OF 
ANTENNA 

Figure 1. Antenna drawings (a) through (d) 
show how much the vertical radiation 
characteristics of a half -wave horizontal anten- 
na depend on the antenna's height above 
ground. 
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VERTICAL 
ANTENNA 

1 

\/ 
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Figure 2. Compared with the horizontal anten- 
na, the vertical antenna requires less ground 
space and produces less vertical (wasted) 
radiatior. 

na developed. The flat -top antenna, with 
its vertical wire and flat (horizontal) top - 
loading gave way to the single vertical 
radiator. I can recall how, in 1923, my 
father carefully stretched two parallel 
wires -spaced about three feet apart and 
insulated at each end -the length of the 
garden. He then hoisted the contraption 
up to about 40 feet. The two wires were 
joined together with a "Y" connection to 
the "lead -in," carefully insulated, and run 
through the window. I wonder how recep- 
tion would have been with a vertical whip! 

The pioneer radio engineers were ama- 
teur engineers, and a great deal of our ear- 
ly knowledge stems from their amateur 
experimentation as well as from their "of- 
fice work:' 

The need for directional antennas began 
to develop in the early '30s. A great deal 
of work was done by people such as Glen 
Gillette and the late, great George Brown 
of RCA Labs. Brown's treatise on direc- 
tional antennas, published in the January 
1937 issue of the "Proceedings of the IRE" 
(Institute of Radio Engineers), laid the 
foundation for the later popularity and 
complexity of directional- antenna design. 
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The MRC -2 has 
PC advantages that 

give you total control. 

Total control means handling problems 
with ease and accuracy. Pre- programmed 
responses eliminate operator error and 
guesswork. 

PC Control Option 
Interconnecting your IBM® PC, AT or 
compatible PC to the MRC -2 Remote 
Control System gives you a smart system 
capable of making the right decisions 
during a transmission emergency. 

Moseley's new PC Control Terminal 
software emulates the MRC -2 Control 
Terminal with CRT and Automatic Logging. 
During operation, the system monitors all 
important parameters and takes control 
when out -of- tolerance conditions exist. 

The PC Control option adds 
feedback -oriented and time - 
oriented functions to 
the system. The multitasking 
software program automatically 
stores your logging data directly 
to hard disk while running other 
programs, such as spreadsheets 
and control loops. With the PC 

111 Castilian Drive 

Santa Barbara, CA 93117 

805 968 9621 

FAX: 805 685 9638 
erde (10) on Reply Card 

Control option, databases can be built up 
for trend analysis and monthly 
reports automatically generated. 

MRC -2 Remote Control 
The MRC -2 Remote Control System can 
expand up to 256 command, status and 
telemetry channels per site. Optional 
CRT, Automatic Logging, Multiple Direct 
Command panels, and Multiple Status 
Display panels help run your facility with 
uncomplicated ease. 

More and more broadcasters are taking 
total control of their facility with the 
MRC -2 Remote Control System, because 
no other system offers PC advantages at 
this level. 
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Satellite technology 

Scrambling methods 
change with cable 

By Elmer Smalling HI 

In the early days of cable TV and master 
antenna distribution systems, operators in- 
troduced premium channels to augment 
their regular programming. This premium 
programming, typically movies, allowed 
cable systems to offer several tiers of serv- 
ice and to increase revenues. At first, the 
programming for these new tiers consisted 
of videotapes, bicycled from one cable op- 
eration to another. The individual cable 
operators provided scrambling systems to 
keep the customers on lower tiers from re- 

Smelling, BE's consultant on cable/satellite systems, Is 
president of Jenel Systems and Design, Dallas. 
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ceiving the premium programming that 
brought higher rates. 

Later, when premium programming be- 
gan distribution via satellite, the dis- 
tributors began scrambling to protect their 
material from unauthorized use by home 
dish owners, which numbered more than 
one million in 1986. Today, most TV net- 
work services also are scrambling their 
programming and news feeds. 

The earliest type of TV signal scram- 
bling was simple polarity inversion. 
Because most American -made televisions 
did not have a provision for inverting 
video, this crude system worked. 

CH3 

BAND-STOP 

4,/ INSERTED 
SCRAMBLING SIGNAL 

CH3 CH5 CH6 

CH3 CH4 

PREMIUM CHANNEL 

CH5 

SHARP 
NOTCH 

PREMIUM CHANNELS 
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TO 
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CH3 CH5 CH6 

\---"r"N",.i \_ CUSTOM / 
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CH5 CH6 CH3 CH4 CH5 CH6 GROUP 
NOTCH 

Figure I. Filter -based scrambling systems insert a narrowband filter into the subscriber's feedline. 
Bands top filters blocked out whole channels. Sharp notch filters attenuated scrambling signals 
located on adjacent channels to the premium services. Group notch filters eliminated whole blocks 
of premium channels, leaving lower tiers of programming intact. 
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The next level of scrambling used nar- 
rowband filters. In some cases these were 
bandpass filters, placed in the line to the 
subscriber to enable passage of a premium 
channel. Some schemes introduced an in- 
terfering, adjacent -channel signal, which 
obliterated the premium channel. A sharp 
filter was installed at the subscriber's loca- 
tion to eliminate the jamming signal. All 
filter -based scrambling systems were 
flawed in that they required the cable 
system to maintain a huge inventory of ex- 
pensive filters, and it required a service 
call to install or remove them. 

A popular scrambling system used to- 
day is the digital encoder /decoder system. 
This system strips away the horizontal and 
vertical sync pulses, inverts the video, 
moves the color reference and digitizes 
the audio. The signal is encrypted at the 
uplink. Descrambling is accomplished 
with a digital signal that is transmitted 
along with the encrypted video and audio. 
This signal can be changed frequently to 
reduce the possibility of unauthorized 
descrambling. This system offers the ad- 
vantage of programmability. The descram- 
bler has an address that is installed at the 
factory into firmware. If a customer has 
not paid the bill, the cable system may 
shut down the subscriber's descrambler by 
simply entering a digital code. 

Anotaer popular form of scrambling 
uses time compression. Instead of simul- 
taneous transmission of luminance and 
chromiìance, these elements are time - 
compressed to two- thirds and one -third 
their normal interval. Control signals and 
secondary data (including teletext and 
multiple- channel audio) are transmitted 
during the vertical interval. This system 
allows a higher signal -to-noise ratio for the 
video portion of the signal. 

When assessing a scrambling system, 
consider the amount of noise introduced 
by the system. Each time analog video is 
processed (amplified, frequency- altered, 
etc.) noise will be introduced into the sig- 
nal. The sooner an analog signal is con- 
verted to digital form in any scrambling 
process. the less noise will be introduced. 
When the changeover from analog to dig- 
ital television is complete, scrambling will 
be accomplished inexpensively and with 
no additional noise. 

I :I. :ß)))) 
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INTRODUCING THE NEW MX -55 

Before you take us to task for trying to improve the BII, a design that has become the 
"workhorse" standard for two -channel audio machines, consider what the new MX -55 offers: 

An integral autolocator; a voice editing mode that allows 2X speed playback at normal 
pitch; a built -in cue speaker; GSPIPO (gapless, seamless, punch -in, punch -out),* and because 
you told us you wanted it, all adjustments are available through the front panel! These, and 
many more improvements will help make your job easier, and the results more creative. 

And for those of you who still won't forgive us, we're keeping the BII in the line. So 
either way, you can get exactly what you need from Otarí; Technology You 
Can Trust. Call Otari at (415) 592 -8311 for information about the new MX -55. 000 
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Inside digital 
Technology 

By Gerry Kaufhold II 

Let's look at how signals from the real 
analog world are converted into the "syn- 
thesized" world of digital electronics. 

Electrical signals exhibit the property of 
continuity. Mathematically, the concept of 
continuity is difficult to explain, but every 
broadcast engineer works with continuous 
signals in the form of audio, video and 
radio frequencies. 

Digital circuits differ from analog circuits 
in that digital circuits handle only discon- 
tinuous signals. Digital circuit inputs and 
outputs can be only true or false. Before 
a digital circuit can deal with a continuous 
analog signal, a digital -to- analog (D /A) 
conversion must be performed. 

Analog circuit designers must consider 
several factors, such as the bandwidths 
and amplitude ranges of input signals, cir- 
cuit gains, slew rates, transient response 
times and impedance matching. 

When analog signals are represented by 

Kaufhold is an independent consultant based in Tempe, AZ. 

Figure 1(a). The input circuit to a typical digital 
multimeter provides filtering to eliminate audio 
and RF, and a microprocessor -controlled 
variable attenuator, which is used to "zero in" 
on the value of the voltage being measured. 
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¡Circuits I 

digital circuits, designers are forced to 
compromise with regard to the number of 
bits allowed. The greater the number of 
bits, the greater the cost and the greater 
the complexity of the design. Usually, 
some loss of accuracy must be tolerated. 

A simple 8 -bit A/D converter 
The instruction booklet for a digital 

multimeter will demonstrate some 
capabilities of A/D converters. The DMM 
might provide automatic range adjustment 
as well as overload indications. 

The input analog signal must be buf- 
fered to protect the rest of the circuitry. 
See Figure 1(a). A low -pass filter blocks 
audio and radio-frequency signals. An ad- 
justable attenuator provides the auto - 
ranging functions. The output of the at- 
tenuator might pass through a diode and 
charge a capacitor so that the voltage re- 
mains constant during the measurement 
sequence. A single -chip microprocessor 
controls the attenuator in conjunction with 

DC SIGNAL 

I 
Z 

R -2R LADDER 

COMPARATOR 

CONTROL FROM 
MICROPROCESSOR 

Figure 1(b). The measurement circuit of a typical digital multimeter. A computer -controlled lad- 
der circuit feeds one input of a comparator, and the other input connects to the voltage to be 
measured, through an attenuator 
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the readings taken from the analog 
measurement circuit shown in Figure 1(b). 

The analog measurement circuit con- 
sists of a comparator that has two inputs. 
Input A sees the signal to be measured 
from the output of the attenuator. Input 
B sees the output of an R -2R ladder net- 
work. As long as the voltage at input A 
is greater than the voltage at input B, the 
output of the comparator is low. 

The microprocessor starts measuring 
with the attenuator adjusted for minimum 
attenuation and the R -2R ladder set for 
minimum voltage output. The micro- 
processor then switches the outputs of the 
ladder according to a programmed se- 

quence. The voltage on input B moves up 
until it finally exceeds the voltage at in- 
put A. At that point, the output of the corn - 
parator goes high, signaling to the micro- 
processor that match has occurred. 

If the microprocessor counts all the way 
through the R -2R ladder, and the output 
of the comparator does not go high, the 
attenuator is adjusted to lower the voltage 
at input A, and the process is repeated. 
The microprocessor must keep track of 
the adjustments made to the attenuator, 
as well as the current pattern of closed 
switches on the R -2R ladder. 

There are many variations of this sim- 
ple circuit and many permutations of the 
control sequence. One way to speed up 
the measurement is the "binary search:' 
The first measurement is taken by ad- 
justing both the attenuator and the R -2R 
ladder for midrange voltages. If the com- 
parator output is low, the attenuator and 
the R -212 ladder are adjusted for VI range. 
If the output goes high, then the binary 
counting sequence is begun, and it con- 
tinues until the microprocessor has 
"zeroed in" on the voltage being 
measured. 

If all possibilities are tried without a 

match, the overload or under -range in- 
dicator is used, depending upon the status 
of the attenuators and the R -2R ladder. 
Once the microprocessor has discovered 
a match condition on the comparator, the 
information about the attenuator and the 
R -2R ladder settings must be manipulated 
to arrive at the numbers displayed on the 
meter. 

I = ra)))I 
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THE NEW OPTIMOD ®AM 9100E 

Audio processing for AM improvement. 

In the several years 
ince its introduction, 
)PTIMOD -AM Model 
1100A has become one 
)f the most -often used 
ools for improving 
04 audio. 

Now there is a new opportunity for AM improve - 
lent. Over a year ago, the National Radio Systems 
:ommittee brought broadcasters, equipment manufac- 
.rers, and receiver manufacturers together to talk about 
voluntary national transmission standard that would 

lake wideband high -fidelity AM radios practical. 
Today, after hundreds of hours of discussion and 

tudy, the standard finally exists that will allow receiver 
ianufacturers to increase and flatten their frequency 
esponse without risk of increased interference. But for 
ism to do this, broadcasters must implement the 
tandard: a "modified 75µs" pre- emphasis specification 
Tightens up the sound on older radios while minimizing 
uerference to adjacent stations, while a sharp- cutoff 
OkHz low -pass filter specification protects the second 
djacencies by limiting occupied bandwidth. 

Receiver manufacturers have stated their willingness 
3 replace their current AM receiver designs (with their 
_lephone- quality fidelity) with AM receivers having full 
OkHz frequency response -but only if and when the 
IRSC standard is fully adopted by broadcasters. For the 
IRSC standards to be successful, broadcasters must 
hange over quickly. If the new high -fidelity receivers 
enerate complaints of interference caused by stations 
,ot complying with the new standard, the receiver 
lanufacturers will revert back to the present low fidelity 
kHz designs! Everyone will lose. 

Introducing the new Model 9100B: 
It complies fully with the NRSC standard while 

retaining the features that have made OPTIMOD -AM 
Model 9100A the choice of so many stations concerned 
about competing with FM. The 9100B increases coverage, 
improves source -to- source consistency, and yields superb 
quality on both voice and music. And, the new standard 
allows us to make the new OPTIMOD -AM even louder! 

Like its predecessor, the new 9100B can be 
configured to operate optimally in mono, C -QUAM® 
stereo, or Kahn stereo. Mono units can be field- upgraded 
to stereo by simply plugging in additional cards. 

For owners of OPTIMOD -AM Models 9100A 
and the older 9000A: 

We underscore our commitment to the new standard 
with low -cost Field Upgrade Kits to add the NRSC- 
standard pre- emphasis and filtering. They are available 
through your authorized Orban Broadcast Products Dealer. 

To find our more about the NRSC standard, and 
about Orban's new 9100B OPTIMOD -AM, or the Upgrade 
Kits for the 9100A and 9000A, please call or write. 

Why not copy this ad for others at your station who 
would like to know what's in store for AM radio. 

Orban was the first to propose and implement AM 
ire- emphasis and low -pass filtering, and we were heavily Orban Associates Inc. 
evolved in the Committee work and research. We 645 Bryant Street, San Francisco, CA 94107 USA 
trongly endorse the new NRSC standard. It's good Telephone (415) 957 -1067 or (800) 227 -4498 Telex 17 -1480 
ngineering and good business, and we are making it 
asy for all OPTIMOD -AM owners to comply. 

orben 
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CD player repair 
requires skill 

By Brad Dick, 
radio technical editor 

boubkshootingl 

Last month we discussed the four servo 
systems used in a typical CD player. All 
these servo systems require the proper sig- 
nal detection from the CD for operation. 
The key to recovering this signal is a laser 
beam and optical system. 

Laser assembly 
Recovering the data from a CD is no 

easy task because of the extremely small 
tolerances. The CD signal track width var- 
ies from 0.4µm to 0.5µm. The track pitch 
or spacing between tracks is 1.6µm. The 
pits in the CD surface vary from 0.833µm 
to 3.054µm in length. The pits and flats 
(CD surface), represent the digital informa- 
tion to be recovered by the laser assembly. 

Laser pickup assemblies generally are 
divided into two categories: single -beam 
and triple -beam systems. 

A typical 3 -beam laser pickup assembly 
is shown in Figure 1. The laser beam, gen- 
erated by a diode, passes through a col- 
limator lens and diffraction- grating lens as 
it travels toward the CD surface. The col- 
limator lens helps converge the light into 
a single parallel non-diverging beam. The 
diffraction -grating lens separates the sin- 
gle beam into three distinct beams of laser 
light. The main (primary) beam is used to 
recover the audio signal. The other two 
(secondary) beams read the same data 
track but are aligned slightly ahead and 
behind the main beam. These secondary 
beams are used to develop the tracking 
and focus -servo signals. 

The three beams then pass through a 
beam -splitting prism (BSP). The prism's 
task is to separate the emitted beams from 
the reflected beams. This process requires 
that the emitted beams have a different 
polarization than the reflected beams. A 
1/4- waveplate, located after the prism, shifts 
the emitted beam's polarization from pla- 
nar to circular. After the polarization has 
been shifted, the beam passes through the 
focus lens for final precise adjustment. 

A perfectly flat CD surface would have 
no need for a focus lens servo. However, 
because CDs are not perfectly flat, the 
focus servo must compensate for the CD 
warp as the disc turns. 

Recovery system 
The pit depth of 0.11µm is critical to the 
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Figure 1. A 3 -beam laser system requires a col- 
limator and diffraction- grating lens in order to 
develop the three separate laser beams. 
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Figure 2. A 3 -beam tracking optical path. 

recovery process. Because this depth is 
1/4- wavelength, a 180° phase difference ex- 
ists between the laser beam reflected by 
a pit and that reflected by a flat. This caus- 
es the laser beam to cancel itself. In an 
ideal situation, there would be no net sig- 
nal coming back from the pits. Although 
the cancellation is not perfect, the reflect- 
ed signal intensity is reduced greatly. The 
result is an on- and -off beam intensity, 
which represents the desired digital 
datastream. 

The reflected primary and secondary 
beams of light reflect from the CD surface, 
back through the focus lens and the 
1/4- waveplate, as shown in Figure 2. The 
1/4- waveplate again shifts the polarization 
of the beams, allowing the prism to sep- 
arate the emitted beams from the reflected 
ones. The reflected beams then pass 
through a final cylindrical lens to the 
photodiodes for recovery. 

Photodetectors 
In a :3 -beam system, each beam illumi- 

nates a different set of four photodiodes. 
If the laser assembly is tracking the disc 
properly, the two tracking -beam photodi- 
ode arrays will produce equal outputs. If 

mistracking occurs, the voltage of one of 
the tracking photodiode arrays will in- 
crease, and the other will fall. These out- 
put voltages drive a comparator circuit, 
which develops the actual tracking -error 
signal. This signal then drives the track- 
ing servo to correct the positioning of the 
laser pickup assembly. The focus servo de- 
rives its correction voltage from the same 
photod.ode arrays. A properly positioned 
beam will produce equal illumination of 
all four diodes. If the focus is incorrect, an 
ellipse is formed, producing unequal illu- 
mination on the array. The two sets of op- 
posite diodes are tied together and con- 
nected to a comparator. Similar to the 
tracking servo described, a correction volt- 
age is developed and applied to the focus 
servo. 

Editor's ncts: Background information on this topic was ob- 
tained fron "Compact Disc Troubleshooting S Repair;' by 
Neil Helle- and Thomas Bentz, Howard W. Sams S 
Company. 
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WHAT ONE COMPANY 
Developed ÍVNS; 

Developed SIVIISI 

Co- developed 3/4" 1111 

Continues to develop 
new products for Mil 
Continues to develop products 
for multi -format intergration 
Continues to service and 
support all four VCR formats... 

ONLY ONE COMPANY... 

JVC 
ALWAYS A STEP AHEAD... 
TO KEEP YOU A STEP AHEAD. 

For literature or product demonstrations 
call TOLL FREE 1- 800 -JVC -5825 

or write JVC PROFESSIONAL PRODUCTS COMPANY 
41 Slater Drive, Elmwood Park, New Jersey 07407 
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Work scheduling 
increases efficiency 

By David Coles 

Even the most organized people cannot 
escape becoming involved in emergencies. 
However, if you consistently find yourself 
hastily performing "last -minute" work, you 
may need to re- examine your work 
practices. 

The success of any task -management 
system (work scheduling) depends on your 
mental outlook. Probably the most com- 
mon reason for refusing to use a work 
schedule is that it enslaves. Admittedly, 
you don't want to see yourself as the lack- 
ey for some to-do list. But you must realize 
that you are the one who decides what 
goes on that list. If you look at it this way, 
your feelings of servitude should 
disappear. 

Work scheduling actually liberates you. 
It allows you to devote your precious few 
working hours to accomplishing tasks that 
really matter. Not only does this increase 
your effectiveness, but it also increases 

Coles is president of Coles & Associates. Houston. 

¡Management / 
for engineers 

your personal job satisfaction. 
The success of work scheduling is not 

a result of one system being better than 
another. The benefits come because a sys- 
tem is used. It doesn't matter whether you 
choose to employ to-do lists, stick-on notes 
or calendars. The important thing is to 
choose a system you like, then mold and 
adapt it as you go. 

Backacheduling 
Backscheduling is the most important 

component of the overall work -scheduling 
process. Simply stated, backscheduling is 
a 4 -step process: 

Define your objectives. 

Determine the component tasks neces- 
sary to accomplish the objectives. 

Estimate the time necessary to perform 
each task and the best time frame in 
which to do each. 

GATHER HISTORICAL DATA 

REVIEW EQUIPMENT NEEDS 

REVIEW STAFF NEEDS 

DRAFT BUDGET AND JUSTIFICATION 

MEET WITH SUPERVISOR 

PREPARE REVISED BUDGET 

MEET WITH SUPERVISOR 

COMPLETE BUDGET FORMS 

TURN IN COMPLETED BUDGET 

EXECUTION 
TIME 

2 DAYS 

3 HRS. 

3 HRS. 

1 DAY 

1 HR. 

4 HRS. 

30 MIN. 

1 HR. 

OPPORTUNE 
DAYS BEFORE 
EVENT** 

- 28 

-28 

- 28 

-21 

-21 

-21 

-14 

-7 

0 

Be sure to include adequate execution time. It's better to allow too much time than 
not enough. 

These figures should take into account the required lead time as well as the most 
advantageous date. 

Table 1. Backscheduling identifies the component tasks required to meet an objective. Once you 
list the tasks, it becomes easier for you to estimate the time required to complete each step. 

20 Broadcast Engineering May 1988 

Begin working on the tasks early 
enough to allow adequate time to com- 
plete them before the due date. 

The details 
The advantage of backscheduling is that 

tasks are scheduled from an objective, or 
goal, perspective. By scheduling day -to- 
day tasks with an eye on the desired ob- 
jective, you can reach your goals more 
quickly. Furthermore, the backscheduling 
process helps you redefine your original 
objectives. 

After you determine a particular objec- 
tive, your next step is to identify the in- 
dividual component tasks necessary to ac- 
complish that objective. For example, 
some of the tasks required to prepare an 
annual budget request might include gath- 
ering information, reviewing needs, 
meeting with your supervisor and com- 
piling the actual request. 

The next steps are to determine the es- 
timated length of time to perform each 
task and to identify the best time frame 
in which to do it. Breaking down each ob- 
jective into individual tasks helps you 
determine the required time to complete 
the prcject. 

It's also important to remember that 
much of what you do requires the help of 
others. Be sure you allow sufficient time 
for them to complete their portions of the 
work. For example, preparing an annual 
budget might involve consultations with 
other staff members. Although this may 
take only eight hours to complete, those 
hours may need to be spread over a 
week's time. 

Finally, list each component task on 
your calendar (or other work- scheduling 
device) appropriately backdated from the 
objective's due date. Now, it's a matter of 
completing each component task as it ap- 
pears on your calendar. 

Backscheduling should not be viewed as 

an objective to be accomplished in itself. 
It is only a tool to help you attain your 
goals. Through good work -scheduling hab- 
its, you can devote your precious work 
hours to performing the important tasks. 
Remember, backscheduling doesn't en- 
slave, it liberates you by increasing your 
effectiveness and heightening your job 
satisfact: on. I :I.4))11 
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ÌVEWFRIJIW 
ARRAK /5 

YTE1WS 
5000 SERIES 

The First No- Compromise 
Modular Radio Console... 

THE FEATURES YOU WANT- THE DEPENDABILITY YOU NEED- 
16 Modular Stereo Channels. 
Program, Audition and 
Mono Mixdown Balanced Outputs. 
Telephone Mix -Minus Buss. 
Full Monitoring Facilities. 
Remote Equipment Start/Stop. 
Remote Module Control. 
Standard Digital Clock and Timer. 
Optional DO and Effects Modules. 

DC Controlled - No Audio On Pots. 
Rugged Modular Construction. 
Penny & Giles Slide Faders. 
ITT Schadow Switches. 
NE5532 IC Module Design. 
External Regulated Power Supply. 
Superb Audio Performance Specs. 
Most Important, Arrakis Systems 
Designed -in Ultra Reliability) 

For features, performance, price and reliability, 
NOBODY /t* /If Fw CONSOLES LIKE ARRAK/5_ 

Call /303) 224 -2248 a arrákis Circle (14) on Reply Card 

ARRAKIS SYSTEMS INC. 2609 RIVERBEND COURT FORT COLLINS, CO 80525 
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special report 

Because the transmission system is the core of a 
broadcast facility, proper maintenance is paramount. 

ransmission 
systems 

Some station managers seem to think that transmitters and antennas should 
work forever, without failing. But even well- designed and carefully maintained 
systems can fail. When they do, the only thing that matters is getting the station 
back on the air. 

Although today's transmission systems are more reliable than ever before, they 
also are more complex. The engineering staff must be able to maintain a system 
that, in many cases, has no backup. Therefore, unless the station can leave the 
air for several hours per week, the engineer is faced with performing 
maintenance on a crisis basis. The bottom line is that broadcast engineers 
sometimes are less familiar with the RF components than they are with other 
elements in the broadcast chain. 

Knowledge is a powerful tool in the battle against equipment failure. And to 
help you, this special report addresses RF topics ranging from grounding systems 
to multiplexing FM antennas to reducing IPM in AM transmitters. 

In addition to keeping a constant vigil over the system, the broadcast engineer 
always must be mindful of the issue of safety. To help you develop a safer work- 
place and safer work habits, we'll discuss the danger of electrocution within the 
broadcast station and how to avoid it. If you've ever been "bitten" you know how 
unpleasant the experience can be. And, unfortunately, because of the high 
voltages and currents used in broadcast equipment, you may not get the chance 
to make a "second" mistake. Learning and practicing safe work habits may be 
the key to staying alive. 

"Safety: The Key to Staying Alive" page 26 
"Grounding Procedures for Broadcast Facilities" 46 
"Selecting Coaxial Cable" 66 
"Multiplexing FM Transmitters" 84 
"Reducing IPM in AM Transmitters" 110 

By Brad Dick, issue editor 
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JVC'S CHIP CAMERAS 
LET YOU PLANT A 

FOOT FIRMLY, IN ALL 
THREE CONFIGURATIONS... 

WITHOUT EVER 
BREAKING STRIDE. 
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With all their features, FROM STUDIO flexibility, mobility and 
JVC's KY -20U and capability these CCD 
the KY -15U are TO PORTABLE TO CAMCORDER... 
steps ahead of the JVC's 3 -CCD CAMERAS, THE KY -20U 
other chip cameras. In AND KY -15U THE PERFECT FIT! fact, they're a hop, skip, 
and a jump from studio to portable 
to camcorder configurations. 

The easy -to- handle size and 
weight make them truly mobile 
one -man operations that walk 
tall in ENG /EFP environments. 
But handling is just part of 
the story. They are designed 
for rugged, durable use and 
have solid state pick -up 
systems that provide 
high levels of stability. 

The KY -20U and 
KY -15U cameras are 
laced with features 
that give you that step in 
time when you need it. 
The KY -20U employs a 2 /3" CCD 
to give you 380,000 pixels 
for a horizontal resolution of 
530 lines while the KY -15U 
is designed with a 1 /2" CCD 
for 360,000 pixels and a 
horizontal resolution of 500 
lines. Both the KY -20U and the 
KY -15U have a signal -to -noise 
ratio of 58 dB. Specs which put 

you a giant step ahead in high 
quality video. When it comes 

to true 

cameras far outpace 
the rest of the field. 

The KY -15U can 
dock directly with the 

BR- S410U, S -VHS recorder. 
The KY -20U can dock with the 

KR- M260U, MII recorder (with 
the optional KA -M2OU adapter), 

and in studio or portable 
configurations will integrate 

with a variety of formats. 

This is only a small part of JVC's 
Chip Camera story. When 

your programming calls for a 
high -mobility camcorder, 

high -resolution 
portable and high - 

performance 
studio camera, 
plant your foot 

firmly in all three 
configurations 

with JVC's 
KY -20U or KY -15U 

® Chip Cameras. You'll 
feel comfortable with JVC 

because providing you with 
your exact needs is a shoe -in. 

For literature or a camera -in -use 
demonstration call toll free: 

1- 800 -JVC -5825. JVC PROFESSIONAL 
PRODUCTS COMPANY, 41 Slater Drive, 

Elmwood Park, New Jersey 07407. 

J VC 
ALWAYS A STEP AHEAD... 
TO KEEP YOU A STEP AHEAD. 

Circle (15) on Reply Caro 

www.americanradiohistory.com

www.americanradiohistory.com


special report 

Safety is no accident. 

Safety: 
the key to 

staying alive 
By Brad Dick, technical editor 

The U.S. Department of Labor records 
indicate that more than 5,760 broadcasters 
were injured on the job over a 1 -year 
period, resulting in almost 21,000 lost 
workdays. Considering that only 240,000 
people are employed in this business, this 
represents a significant financial and per- 
sonal loss to the industry. 

Unfortunately, safety within today's 
broadcast station often is taken for 

! ,.` 477 .i> 
HEALTHY RHYTHM 

VENTRICULAR FIBRILLATION 

FIRr.MIr.WBr.ELIrLIVAr.MEri 

Figure 1. Electrocardiograms showing the difference between a healthy heart rhy hm and ven- 
tricular fibrillation of the heart. 
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granted. In all fairness, aside from tower 
and transmitter work, most stations are 
reasonably safe. However, today's broad- 
cast staffs often are less experienced, 
which Increases the chance of accidents. 
And, as inexperienced people take on 
more technical tasks, the odds of their 
becoming injured may increase. 

Electrical safety is something every 
broadcast engineer thinks about at one 
time or another. Perhaps the last time you 
though- about electrical safety was while 
you were reaching into the driver cabinet 
of that 20kW FM transmitter or a klystron 
power supply. Or it may have been when 
you forgot that the camera power supply 
was still plugged in, and your finger ac- 
cidentally contacted the primary voltage. 

Broadcast engineers should understand 
the basics of electrical safety. The 
engineer should know where it is safe to 
work within a transmitter (and within 
other equipment) and where special 
precautions are needed. 

Basic electrical safety practice has been 
well- described in other literature and will 
not be repeated here. If you need a 
refresher course, see page 88 of the 
November 1986 issue. This tutorial, "Safe- 
ty First :' outlines basic safety practices that 
should he followed by every broadcast 
engineer. 

This article will, instead, examine the 
hazards of electrical current and discuss 
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MORE radio studio, FASTER delivery, LOWER cast... 
That's the MAGIC of MODULINK: 

Don't let our MODULINK studio's classic 
good looks fool you. On the inside. MODULINK 
is really different. It's the first basic improve- 
ment in studio design in thirty years. 

Designed and built by Arrakis Systems 
exclusively for Allied. MODULINK is a manu- 
factured. modular radio studio system that can 
be custom -tailored to meet your exact specifi- 
cations, yet its unique design allows your new 
facilities to be operational in days, not weeks 
or months. 

Ideal for both new installations and 
renovations, MODULINK studio units come fully 
pre -wired with multi -pin connector "docking 
modules" which link all units and interconnect 
all equipment. We preassemble the furniture 
modules, install the electronics and test the 
entire package at our own facility. The units 
are then shipped to you by van. At your station, 
the fully- systemized MODULINK units are linked 
together, either by Allied installation crews, or 
by your own local people. Either way, the studio 
installation usually takes as little as a single day. 

But MODULINK isn't just faster. It's 
better. The pre- wired, plug -in MODULINK 
modules offer greater electrical reliability than 
conventional point -to -point studio wiring 
methods. What's more, adding new equipment 
later on or troubleshooting an audio problem 
are so much easier with MODULINK. 

Best of all. MODULINK's advanced design 
lets Allied give you more radio studio for lots 
less money. And that could be the difference 
between getting exactly the studio package you 
want, or settling for something less. 

Before you start your next studio project, 
call the experts at Allied and let us show you 
how MODULINK can do it better, faster, for less. 

CALL 714 -752 -6664 

ALLIED 
Broadcast Systems 
3901 MacArthur, Suite 200 
Newport Beach, CA 92660 
FAX: 714 -752 -0855 
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Figure 2. Effects of electrical current and time on the human body. Note the "let -go" range. 

safety protection devices and Occupa- 
tional Safety and Health Administration 
(OSHA) regulations. These are critical 

Broadcast engineers 
should understand the 

basics of electrical 
safety...and should 

know where it's safe 
to work within a 

transmitter and where 
special precautions 

are needed. 

issues for any engineering manager, 
especially in these days of federal regula- 
tions and litigation. 

Current facts 
At the outset, it may be helpful to review 

just how little current it takes to injure a 
person. Studies at Underwriters 
Laboratories show that the electrical 
resistance of the human body varies ac- 
cording to the amount of moisture on the 
skin, the muscular structure of the body 
and the applied voltage. The typical hand - 
to -hand resistance ranges from 500í1 to 
600,00012, depending on the conditions 
mentioned. Higher voltages have the 
capability to break down the outer layers 
of the skin, which can reduce the overall 
resistance value. 

Underwriters Laboratories uses the 
lower value, 500(1, as the standard 
resistance between major extremities, 
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such as from the hand to the foot. This 
value generally is considered the 
minimum that would be encountered and, 
in fact, may not be unusual because wet 
conditions, a cut or other break in the skin 
will significantly reduce human body 
resistance. 

Shocking effects 
Suppose you are subjected to an elec- 

tric current. What happens? Table I lists 
some effects that typically result when a 
person is connected across a current 
source with a hand -to -hand resistance of 
2,40011. The table shows that a current of 
50mA will flow between the hands if one 
hand is in contact with a 120Vac source 
and the other hand is grounded. It also in- 
dicates that even the relatively small cur- 
rent of 50mA can produce ventricular 
fibrillation of the heart and, maybe, lead 
to death. 

Although you may have heard the term 
before, let's review exactly what ven- 
tricular fibrillation is and what happens 
when it occurs. Medical literature 
describes ventricular fibrillation as rapid, 
uncoordinated contractions of the ven- 
tricles of the heart, resulting in loss of syn- 
chronization between heartbeat and pulse 
beat. The electrocardiograms shown in 
Figure 1 compare a healthy heart rhythm 
to one in ventricular fibrillation. Once ven- 
tricular fibrillation begins, it will continue 
and, unless resuscitation techniques are 
implemented, death will ensue within a 
few minutes. 

The route taken by the current through 
the body greatly affects the degree of in- 
jury. Even though a current may be small, 
if it passes from one extremity through the 
heart to another extremity, it is dangerous 

and capable of causing severe injury or 
electrocution. A person can contact ex- 
tremely high current levels and live to tell 
about it, but that's probably because the 
current passed only through a single limb, 
and not through the entire body. In these 
cases, the limb often is lost, but the per- 
son survives. 

Current is not the only factor in elec- 
trocution. Figure 2 summarizes the rela- 
tionship between current and time on the 
human body. The graph shows that 
100mA flowing through a human adult 
body for a duration of 2s will cause death 
by electrocution. 

An important factor in electrocution, the 
let -go range, also is shown on the graph. 
This is described as the amount of current 
that causes "freezing;' the inability to let 
go of the conductor. The left edge of the 
shaded area, IOmA, represents the current 
at which 2.5% of the population would be 
unable to let go of a "live" conductor. The 
right side of the shaded area, 15mA, 
represents the point at which 50% would 
be ur.able to let go of an energized 
conductor. 

It is apparent from the graph that even 
a small amount of current can freeze 
someone to an electrical conductor. The 

Once ventricular 
fibrillation begins, it 

will continue and, 
unless resuscitation 
techniques are im- 

plemented, death will 
ensue within a few 

minutes. 

objective for those who must work with 
electrical equipment is to protect them- 
selves from electrical shock. 

Circuit protectors 
At this point, you should be convinced 

that the typical primary-panel or transmit- 
ter circuit breaker generally will not pro- 
tect you from electrocution. The same 
thing holds for fuses. In the time that a 
fuse takes to blow, you could be dead. 
However, the ground -fault interrupter 
(CFI) and high -voltage rubber gloves are 
two ccmmon methods of helping prevent 
electrocution. 

The CFI works by monitoring the cur- 
rent being applied to the load. The device, 
shown in Figure 3, uses a differential 
transformer and looks for an imbalance 
in the load current. If a current (5mA, 
±1mAl begins flowing between the 
neutral and ground or between the hot 
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THE NEW *TOPCUN* 

IN AUDIO TESTING! 
THE ST3100A PROGRAMMABLE AUDIO GENERATOR 

AND THE ST3200B AUDIO ANALYZER 

THE NEW 3000 SERIES 
AUDIO TEST SYSTEMS 
FROM SOUND TECHNOLOGY 

Ct:1a1IR J CENTRONICS° 

There's a new TOP GUN in audio testing 
... the Sound Technology 3000 series. The 
3000 series is singularly THE most flexible 
audio test system available. And, with its 

exclusive on -board FSK automation, the 
3000 series becomes THE most practical 
audio test system to automate! Here are a 

few of the features: 

ULTIMATE FLEXIBILITY 
The 3000 series can be configured as a 

separate oscillator and analyzer for remote 
work OR in one main - frame as an audio test 
system. 

The 3000 series is portable. Use the 3000A 
manually for troubleshooting OR use the 
built -in automation for quick and compre- 
hensive checkouts. 

Obtain tabular or graphic hardcopy directly 
from the Analyzer to a standard dot matrix 
printer! 

0 1088. Sound Technology 

PRACTICAL AUTOMATION 
Automate benchtop testing using the 3000's 

built-in automation OR use ST's IBM ®, 
compatible bundled software with the 
3000's industry standard GPIB and RS -232 

interfaces! 

Automate remote tests using built -in FSK 

automation: no need for modems, com - 

puters or phone lines! 

Simple automated playback testing: record 
FSK automation on audio tracks of ATR's 
and VTR's. Analyzer then automatically 
tracks overall playback performance. Excel - 

lent for testing multiple playback -only 
machines! 

With the ST3000 series you have ultimate 
flexibility with no compromises. For instance, 
true -floating transformerless balanced out - 

puts allow for the world's finest squarewave 
output. And no one offers a greater selection 
of waveforms. Finally, our specifications are 
the finest one can encounter. 

IBM is a registered trademark of the International Business Machines Corporation. 

Contact us now for full technical and 
applications information. Learn firsthand 
why the ST3000 series is the TOP GUN IN 

AUDIO TESTING! 

S souNo 
TECHNOLOGY 

1400 Dell Avenue 
Campbell. California 95008 
(408) 378 -6540 Telex: 357445 

Aut The 
lest 

ToTeSt! 

In Canada, contact the Pringle Division 
at (416) 222.2447 
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SOURCE SA 

SA 

IA 

DIFFERENTIAL TRANSFORMER CONTINUOUSLY MONITORS CIRCUIT TO ENSURE THAT ALL 
CURRENT THAT FLOWS OUT TO MOTOR OR APPLIANCES RETURNS TO THE SOURCE VIA 
THE CIRCUIT CONDUCTORS. IF ANY CURRENT LEAKS TO A FAULT, THE SENSING CIRCUIT 

OPENS THE CIRCUIT BREAKER AND STOPS ALL CURRENT FLOW. 

4A 

SENSING CIRCUIT -THE IA 
DIFFERENCE BETWEEN THE CURRENT 
GOING OUT AND THAT RETURNING IS 

SENSED, AND THE GFCI TRIPS. GROUND 
FAULT 

Figure 3. A ground -fault interrupter (GFI) can help prevent electrocution when current flows 
between the hot and ground or between the neutral and ground conductors. 

and ground, the differential transformer 
detects the leakage and opens up the 
primary circuit within 2.5ms. 

OSHA rules specify that temporary 
receptacles (those not permanently wired) 
used on construction sites be equipped 
with GFI protection. GFI outlets are not 
needed for receptacles on 2 -wire, single - 
phase portable and vehicle- mounted 
generators (such as remote and uplink 
trucks) of not more than 5kW, where the 

generator circuit conductors are insulated 
from the generator frame and all other 
grounded surfaces. In general, this means 
that remote and uplink trucks are not re- 
quired to provide GFI outlets. 

GFIs will not protect you from every 
type of electrocution. If you became con- 
nected to both the neutral and the hot 
wire, the GFI would think you were mere- 
ly a part of the load and would not open 
the primary circuit. (It is difficult to make 

a protection device foolproof when fools 
are so ingenious.) 

High -voltage rubber gloves 
Broadcast engineers often use high - 

voltage rubber gloves as protection from 
hazardous voltages or RF when working 
on "hot" ac or RF circuits. Although the 
gloves may provide some protection from 
these hazards, relying too much on them 
has potentially dangerous consequences. 

For several reasons, gloves should be 
used only with a great deal of caution and 
respect. A common mistake made by 
engineers is to assume that they provide 
complete protection. However, the gloves 
found in many stations may be old and 
untested. Some may even have been 
"repaired" by the user, perhaps with elec- 
trical tape. Few tools could be more haz- 
ardous than such a pair of gloves. 

Another mistake is not knowing the 
voltage rating of the gloves. Gloves are 
rated differently for both ac and dc 
voltages. For instance, a Class 0 glove has 
a minimum dc breakdown voltage of 
35,000V. Note, however, that the minimum 
ac breakdown voltage is only 6,000V. 

Finally, high -voltage rubber gloves are 
not tested at RF frequencies, and RF can 
burn a hole in the best rubber gloves. If 
you us them for RF protection, you do 
so at your own risk. 

Have you ever known an engineer to 
have a pair of high -voltage gloves tested? 
How do you know that your gloves are still 
safe fo- use at 20,000V? Have age, wear 
or microscopic holes reduced the gloves' 

The following story is true. Only the 
names have been changed. (Actually, 
they've been left out.) One morning, the 
UHF -TV engineer responded to a trou- 
ble call from the studio. The 55kW 
transmitter had developed a problem 
that required immediate attention. 
Because the transmitter was 100% 
redundant, the studio had remotely 
bypassed the failed visual klystron 
amplifier and had multiplexed the aural 
and visual signals on the single aural 
klystron at full power. 

When the engineer arrived at the 
mountain -top location, he found the 
transmitter to be operating properly. 
Normally, he would have returned the 
system to standard operating conditions. 
Instead, he elected to perform some 
preventive maintenance on the visual 
amplifier. 

From experience, he knew this model 
of high -voltage contactor could occa- 
sionally stick in the "on" position. With 
this transmitter design, the stuck con- 
tactor could be found only through a 

The 22kV club 
visual inspection. 

Another club member 
Before he began, the engineer fol- 

lowed good safety practices. He shut 
down all power to the visual transmit- 
ter and associated 22kVdc high -voltage 
power supply. Because he planned to 
work only on the visual amplifier, he 
believed no danger existed. 

Unfortunately, the visual and aural 
power supplies are identical in ap- 
pearance, and he mistakenly opened the 
aural instead of the visual supply. Then, 
thinking he was in the visual supply, he 
noticed the high- voltage contactor stuck 
in the "on" position. As he reached down 
to manually free the contactor, he 
touched the live aural high voltage. 

The engineer was thrown five feet 
across the concrete pad, but remained 
conscious. The transmitter's overload cir- 
cuits shut down the high voltage, prob- 
ably saving his life. He managed to 
return to the building to answer the 
phone. It was someone at the studio 

wondering why the transmitter was off 
the air. 

The paramedics arrived by helicopter 
almost 25 minutes later. To their amaze- 
ment, he had been able to get to his 
vehicle They found him sitting inside, 
trying b stay warm. Fortunately, he sur- 
vived and returned to work a few days 
later. A,I he had to show for his attempt 
at maintenance was a burned hole about 
the size of a half dollar in his foot and 
a pin tole in his finger. 

The moral of this story is to check, 
double check and triple check power 
supplies, especially high -voltage sup- 
plies. Then use a shorting stick before 
you touch anything. Also, leave that 
shorting stick across the potential source 
while you're working. You never know 
when something or someone will push 
the "or" button. Also be sure that all 
cabinets and components are labeled, 
shorting bars are present and interlocks 
are wo:-king. 

Don't join the 22kV club. The member- 
ship dues could kill you. 
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Studio camera automation 
has arrived. .. the HS -110P. 

The HS -110P automated pan /tilt head provides more 
effective utilization and distribution of production 

talent...and at a surprisingly affordable price. 

Our highly repeatable servos and stiff mechanical 
design provide the same feel and responsiveness 

of a manned camera...absolutelyessential 
for camera automation. 

Four HS- 110Ps, using our software driven Multi - 
Controller, provide a quality production with 
one operator. As an alternative, the HS -110P 

Heads can be controlled directly bya News Room 
computer via MultiController's serial input. 

These features coupled with our Multi - 
Controller's "shot storage" and "motion learn" 
capability provide the director with complete 

and repeatable camera moves...with less 
staff and improved communications... 

resulting in a more efficient production 
and a lower operating budget. 

Automate for your future... now. 
Call us for a demo. 

HS -11OP features: 
Load capacity of 250 lbs. . 
Max. velocity of 90° /Sec. 
Preset return accuracy 
of 18 arc seconds 
10.03141" from 30 ft.) 
Highly responsive 
servo design. 
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WANUFACTURING 
709 Executive Blvd., Valley Cottage, NY 10989 
914 - 268 -0100 FAX: 914 -268 -0113 
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O NEW 
O OUTLET 

1 

0 EXISTING 
O OUTLET 

AS A SUBSTITUTE THROUGH WALLS, CEILINGS, 
FOR FIXED WIRING FLOORS, DOORS OR WINDOWS 

WHERE CONCEALED 

WHERE ATTACHED 
TO BUILDING SURFACE 

Figure 4. Using flexible cord for permanent installations and in concealed locations, as shown 
here, is prohibited under NEC regulations. 

ability to protect you? A consultant tells 
of losing a friend (a lineman) who assumed 
the gloves he was wearing would provide 
adequate protection. Unfortunately, a 

small pinhole in the gloves greatly re- 
duced their safety margin, and the line- 
man was electrocuted when he touched 
a live conductor. 

Always perform a visual inspection 
before using any pair of gloves. Look for 
cracks and "roll" test them for leaks. The 
roll test is accomplished by flipping the 
glove while holding the cuff to capture air 
inside. As you roll the cuff toward the 

fingers, listen for air leaks or pass the glove 
near your face to feel for air leaks. 

If you are not completely sure that your 
gloves are safe to use, replace them or 
have them tested. Your local electric utility 
may be able to provide you with the name 
of the company it uses for testing of 
gloves. Don't take the chance of wearing 
untested gloves. 

Proceed with caution 
Working on "live' circuits involves much 

more than simply wearing a pair of gloves. 
It requires a certain frame of mind -a keen 

awareness of everything in the area, 
especially ground points. Be conscious of 
where you place your feet, arms and legs. 
Don't lean against a grounded surface or 
kneel while working. The related story, 
"The 22kV Club;' emphasizes the danger 
of making even one small error in 
judgment. 

As previously discussed, it is critical that 
you don't allow the use of gloves to create 
a false sense of security. That's a good way 
to develop dangerous working habits. 
However, sometimes gloves are the only 
way to prevent disaster. Take the story of 
the engineer who was working on a high - 
voltage fuse panel in a field. While he was 
bent over looking into the cabinet, a stray 
goat butted him into the equipment. For- 
tunately, he was wearing high -voltage 
gloves, so when he instinctively extend- 
ed his hands to catch himself (inside the 
fuse panel), he wasn't electrocuted. 

It's unlikely that an animal will wander 
into your transmitter building, but you 
could slip on a tool or a bolt carelessly left 
on the floor. If you were to reach out to 
catch yourself and touched a high -voltage 
point -well, you get the picture. 

Do you recall the axiom that says to 
keep one hand in your pocket while 
you're 3oking around in a device with cur- 

10 years from now, it'll still be the standard. 
The undisputed standard for broadcast cassette decks has always been the Tascam 122B. 
But that standard has just been surpassed. 
Presenting the 3 -head Tascam 122MKII. Its leadership is founded upon features such as Tascam's Cobalt 

Amorphous tape head technology. Plus a choice of built -in Dolby systems: not just B and C, but also 
HX -Pro, for virtually perfect high -end frequency response. 

More than any comparable deck, it maintains constant tape speed and tension, thanks to a tape handling 
system that includes Tascam's Hysteresis Tension Servo Control. 

And when it comes to handling, the 122MKII is the complete professional tool, with cue and review 
functions (manual cue), balanced XLR +4dBm inputs and outputs, and rack- mountability. 

Call or write for more information about the 122MKII. Get it now, and use it for decades. 
C 1987 TF.AC Corporation of America. 7733 Telegraph Road. Montebello. CA 90640. (213)726-0303. 
Dolby HX -Pro. Dolby B. and Dolby C are trademarks or Dolby Laboratories Licensing Corp. TASCAM 
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Varian EIMAC has taken the 
3CX4500A7, with a proven per- 
formance record and by im- 
proving the design, developed 
the YU -148 hi mu triode -a 6000 
W plate dissipation tube. 

The YU -148 has been perform- 
ance- proven and is currently in 
use in 10 kW FM transmitters. 
The YU -148 combines EIMAC's 
state -of- the -art technology, and 
cost -effective production, with a 
5000 -hour warranty- offering 
broadcasters the ultimate choice 
for their RF power requirements. 

Grounded Grid 
Triode Design 

Screen Supply 
Not Required 
Zero Bias 

No Need for 
Neutralization 
Efficient Forced Air 
Cooling 

Quick Warm -Up 

These features, combined with 
EIMAC's reputation as the leader 
in electron tube development, 

Circle (20) on Reply Card 

plus 50 years of serving the 
broadcast industry, are the rea- 
sons you should specify EIMAC. 

Varian EIMAC 
1678 S. Pioneer Road 
Salt Lake City, UT 84104 
(801) 972 -5000 

varian 
eimac salt lake division 
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TRANSFORMER 
SECONDARY 

(TYPICAL) 

I 

1201 V I 

MBJ 

120V 

3 -PHASE 208V 

SERVICE EQUIPMENT 
(TYPICAL) 

120V 

I 

SYSTEM GROUND - 

'MAIN BONDING JUMPERS REQUIRED IN GROUNDED SYSTEMS 

SPIIASE 
240V OR 441:11/ 

EQUIPMENT GROUND 
(SYSTEM NOT GROUNDED) \ 

Figure S. Although regulations have been in place for many years, OSHA inspectors still find 
violations in the area of grounding primary electrical service systems. Note that the main bond- 
ing jumpers are required in only two of the designs. 

rent flowing? That advice actually is based 
on simple electricity. It is not the "hot" 
connection that causes the problem; it's 
the ground connection that lets the cur- 
rent begin to flow. A study in California 
showed that more than 90% of fatalities 
resulting from electrocution occurred 
when the grounded person contacted a 
live conductor. Line -to-line electrocution 

accounted for less than 10% of the deaths. 
When working around high voltages, 

always look for grounded surfaces. Keep 
your hands, feet and body away from any 
grounded surface. Even concrete can act 
as a ground if the voltage is high enough. 
If you must work in "live" cabinets, then 
consider using -in addition to rubber 
gloves -a rubber floor mat, rubber vest 

and rubber sleeves. This may seem like a 
lot of trouble, but when you consider the 
consequences of making a mistake, it's 
certainly worth it. Of course, the best 
troubleshooting methodology is to never 
work on any circuit unless you are positive 
that no hazardous voltages are present. In 
addition, any circuits or contactors that 
normally contain hazardous voltages 
should be grounded firmly before you 
begin work. 

Working on "live" cir- 
cuits involves much 
more than simply 
wearing a pair of 

gloves. It requires a 
certain frame of mind. 

Finally, how many of you reading this 
article work alone on transmitters? Per- 
haps as many as 90% of the radio engi- 
neers and 50% of the TV engineers regu- 
larly perform transmitter maintenance by 
themse:ves. This is not a safe practice. 

Raise your standards. 

To understand the superiority of the Tascam 
ATR-60/2N, begin with the heads: no other 
2 -track production recorder has heads that can 
provide sync response fully equal to repro 
response -an advantage that allows you to save 
time by making critical audio decisions without 
rewinding. 

Next, look at its direct -drive reel motors, its 
PLL servo capstan, and its 3 -motor servo con- 
trolled tape handling system -all factors that 
lead to the ultimate in fast, accurate, and stress - 
free tape handling. 

Finally, consider that the ATR-60/2N gives 
you all this and more, hour after hour, year 
after year. 

Then call or write today about the Tascam 
ATR-60/2N. And take your broadcasting to a 
higher level. 

C. 1987 TEAC Corporation of America. 7733 Telegraph Road. Montebello. CA 90640. (213) 726 -0303. 
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"Absolutely 
the 

most 
affordable 

professionaL 
recorder 

on 
the 

market." 

A bold statement. But no exaggeration. 
Here's why ... No 2 -track machine 

available today -at any price -offers the 
same level of advanced technology, 
plus Studer audio performance and 
renowned Studer quality. Only the 
A807. 

With the A807. Studer defines a 

new price point. If you don't believe us, 
check out the competition ... It won't 
take you long, because there isn't any. 

Broadcast, post production, or stu- 
dio-in whatever audio environment 
you operate -make it your business to 
check out the Studer A807. Start with 
price .. 

High Tech, Low Price 
Anyone who thinks "Studer" 

always means "expensive," please take 
note. With the A807, your dollars actu- 
ally buy more now than they did five 

years ago -more technology to help 
you do your job better and faster. 

Agile and Easy to Use 
The Studer A807 is a fast, full - 

featured machine for making quick 
work of your production tasks. 

Features include: tape shuttle 
wheel reverse play right hand edit 
tape dump varispeed multifunction 
tape timer and autolocator with 
programmable "soft keys" digital set- 
ting of audio alignment parameters for 
3 tape speeds and 2 tape types phan- 
tom powered mic inputs on portable 
version RS 232 port optional 1/4 

track playback head a variety of port- 
able and console configurations. 
including a 4 channel /" version. 

Studer Audio Perfor- 
mance and Reliability 

Advanced phase compensated 
audio -electronics and Dolby HX Prom 
ensure that this compact Studer 
delivers full -sized Studer sonics. 

A massive. die -cast chassis and 
headblock. rugged AC spooling motors 
and new brushless DC capstan motor, 
remind you that the A807 is built with 
the same quality and precision that 
have been synonymous with the Studer 
name for four decades. 
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So-if "affordable" is not the first 
word that comes to mind when you 
think of Studer -think again. 

Ask us about the A807. The most 
affordable fully professional recorder 
on the market. 

Portable version of the Timer-autolocator- 
A807 with wood side panels control panel 

Available from Studer Revox Full - 
Line Dealers. Or contact us directly: Los 
Angeles (818) 780 -4234 / New York (212) 
255 -4462 / Chicago (312) 526 -1660 / San 
Francisco (415) 930-9866 / Nashville 
(615) 254 -5651 

STUDER L°3V0 
STUDER REVOX AMERICA INC. 

1425 Elm Hill Pike Nashville, TN 37210 
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A dangerous practice 

Broadcast engineers often rely on 
rubber gloves to make adjustments on 
live RF circuits. However, this can be an 
extremely dangerous practice. 

Let's look at a typical antenna -tuning 
unit, in the configuration shown below, 
disconnecting the coil from either 12 or 
L3 places the full transmitter output 
literally at one's fingertips. Depending on 
the impedances involved, the voltages 
can become quite high, even in a circuit 
that is normally relatively tame. 

If the station has an antenna of 120 
electrical degrees, the base impedance 
might be approximately 106 +j2020. 
With 1kW feeding into the antenna, the 
rms voltage at the tower base will be ap- 
proximately 700V. The peak voltage, 
which determines insulating re- 
quirements, will be close to 1kV -and 
perhaps more than twice that if the car- 
rier is being modulated. 

At the instant the output coil clip is 

disconnected, the current in the shunt 
leg will increase rapidly, and the voltage 
could easily go to more than double. 
What if the engineer relies on an old, 
dirty pair of lineman's gloves that hap- 
pen to have a pin hole? 

Many newer transmitters incorporate 

automatic shutdown circuits for high 
VSWR conditions (such as when a coil 
tap is disconnected). However, many 
older transmitters or high -power units 
operating at lower power levels might 
continue to deliver power into this 
unusual load -even if the load happened 
to include the station engineer. In addi- 
tion, some transmitters use dc in the final 
output network as an arc- detection 
device. If the blocking capacitor is 
shorted, leaky or missing, then that 
voltage is available to help hold the 
engineer while the RF cooks him. 

Of course, the result might be that on- 
ly a large arc is drawn, and a very lucky 
engineer could get away with no burn 
or shock. This may provide some com- 
fort to him while he recovers from the 
broken arm he got falling off the ladder 
trying to get away from the arc. 

There is simply no substitute for safe 
work habits. It is important to treat every 
station as if it were a 50kW facility and 
to develop the work habits appropriate 
to such a plant. At 3 a.m., when the 
brain tends to become foggy, well - 
developed safety habits can keep you 
from making a mistake that could be 
your last. 

Ïc2 

The voltages present on a typical antenna -tuning unit can become extremely hazardous, 
especially if a coil tap such as L2 or L3 is disconnected. 

Who's going to shut down the transmitter 
and call for help if you are knocked un- 
conscious? Even if you can't afford to hire 
a trained assistant, get someone to accom- 
pany you when you perform maintenance 
so that you'll have help in case of an 
emergency. If no one is around, one 
mistake may be all you get to make. 
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OSHA safety violations 
You can prevent accidents by simply 

following the rules. The federal govern- 
ment has taken a number of steps to im- 
prove safety within the workplace through 
OSHA, which helps industries monitor and 
correct safety, including electrical, prac- 
tices. Although OSHA may have caught 

some bad press when it was conceived, 
the agency has developed practical 
guidelines that could help you prevent ac- 
cidents within your station. 

OSHA records show that electrical stan- 
dards are among the most frequently 
violated of all safety standards. Table 2 lists 
16 of the most common electrical viola- 
tions. Let's review some of the ones most 
applicable to broadcasters. 

Protective covers 
A common safety violation concerns the 

guarding of live conductors. All potentially 
dangerous electrical conductors should be 
covered with protective panels. How many 
transmitter buildings have you seen with 
a breaker panel or disconnect switch 
cover removed? Have you ever operated 
a transmitter beyond a maintenance 
period with the cover panels removed? H 

you did, you violated OSHA regulations. 
The danger is that someone may come 

into contact with the exposed, current - 
carrying conductors. It also is possible for 
metal:ic objects such as ladders, cable or 
even microphone stands to contact a 

hazardous voltage, creating a life - 
threatening condition. Open panels pre- 
sent fire hazards too. 

Identification and marking 
Another common electrical violation 

centers on the labeling of circuit breakers 
and switch panels. The breakers and 
equipment switches in some stations 
might have been labeled years ago and 
may no longer reflect the equipment ac- 
tually in use. The author once worked at 
a station with a breaker labeled "disk 
lathe' (transcription disk recorder). The 
lathe had been gone for 15 years, but the 
circuit was still in use and powered a 

number of unknown devices. 
There is another important reason to 

properly label electrical circuits. Although 
you may know which breaker controls 
what equipment, other staff members or 
the fire department may not. If you (or 
someone else who understands the sys- 

tem) are not available in an emergency. 
an incorrectly labeled circuit panel can 
lead to unnecessary damage or casualties 

If a number of devices are connected tc 
a single disconnect switch or breaker, pro- 
vide a diagram or drawing for clarifica 
tion. Label it with brief phrases and use 

clear, permanent and legible markings. 
A related area is that of equipment 

marking. This is not the same thing as 

equipment identification. Marking equip 
ment means you label the equipment 
breaker panels and ac disconnect switches 
according to the devices' ratings. Breaker 
boxes should contain nameplates showing 
manufacturer, rating and other pertinent 
electrical factors. The intent is to prevent 
devices from being subjected to excessive 
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The Abekas A42 Digital Still Store 

The Abekas A42 is used daily at 
television stations and production 
facilities all across the United States 
and Canada. With over 450 machines 
delivered, the A42 has proven to meet 
the performance and reliability de- 
mands of a wide variety of customers. 
Networks such as ABC, CBC, CNN, 
HLN, and NBC. Major independents 
like KCOP, WWOR, and WTBS. Post 
production houses like Action Video, 
One Pass, and Unitcl. Mobile trucks 

such as Clearwater, Greene Crowe, 
and Northwest Mobile. Rental houses 
like All Mobile Video, Bezel, 
Video Rentals. 

In short, the A42 has become the 
clear choice of all those who want to 
juggle thousands of pictures with 
cost- effective ease. 

The A42 Digital Still Store offers a 
wide variety of operating advantages, 
including: on -line hard disk storage 
of up to 1050 frames /2100 fields... 
advanced digital signal processing... 
outstanding multi -generation capa- 

bility for graphics composition... 
digital tape cartridge for cost- effective 
off -line storage ...optional library 
system for sophisticated management 
of both on -line and off -line pictures... 
single or dual channel configurations. 

To find out why the A42 has become 
the most popular still store, contact: 
Abekas Video Systems Inc., 101 

Galveston Drive, Redwood City, 
CA 94063. (415) 369 -5111. 

N Anything 1, H 
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1mA or less No sensation, not felt. 
More than 3mA Painful shock. 
More than 10mA Local muscle contractions, sufficient to cause 

"freezing" to the circuit for 2.5% of the population. 
More than 15mA Local muscle contractions, sufficient to cause 

"freezing" to the circuit for 50% of the population. 
More than 30mA Breathing is difficult, can cause unconsciousness. 
50mA to 100mA Possible ventricular fibrillation of the heart. 
100mA to 200mA Certain ventricular fibrillation of the heart. 
More than 200mA Severe burns and muscular contractions; 

heart more apt to stop than fibrillate. 
More than a few amperes Irreparable damage to body tissues. 

Table 1. The effects of current on the human body. 

FACT 
SHEET 

NO. SUBJECT 
NEC 

REFERENCES 
1 Guarding of live parts .... 110-17 
2 Identification .... 110-22 
3 Uses allowed for flexible cord 400-7 
4 Prohibited uses of flexible cord 400-8 
5 Pull at joints and terminals must be prevented .... 400-10 

6-1 Effective grounding, Part 1 .... 250-51 
6-2 Effective grounding, Part 2 ... 250-51 

7 Grounding of fixed equipment, general 250-42 
8 Grounding of fixed equipment, specific 250-43 
9 Grounding of equipment connected by cord and plug 250-45 

10 Methods of grounding, cord and plug connected 
equipment 250-59 

11 Alternating- current circuits and systems to be grounded 250 -5 
12 Location of overcurrent devices 240 -24 
13 Splices in flexible cords 400 -9 
14 Electrical connections .... 110-14 
15 Marking equipment .... 110 -21 
16 Working clearances about electrical equipment .... 110 -16 

National Electrical Code, NFPA No. 70® 

Table 2. Sixteen common OSHA violations. 

loads or voltages. If you are using old, un- 
marked switches or breakers, contact the 

An incorrectly labeled 
circuit panel can lead 

to unnecessary 
damage or casualties. 

manufacturer for rating information. 
Then, label them properly with the ap- 
proved ratings. 

Extension cords 
Extension (flexible) cords often are 

misused. It's easy to connect a new piece 
of equipment with a flexible cord, but be 
careful. The National Electrical Code 
(NEC) lists only eight approved uses for 
flexible cords. 
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Have you ever "installed" an additional 
ac outlet by using a flexible cord? Don't. 
It's not permitted. Another violation is the 
use of a flexible cord that passes through 
holes in walls, ceilings or floors. Running 
the cord through doorways, windows or 
similar openings also is prohibited. Final- 
ly, a flexible cord may not be attached to 
building surfaces or concealed behind 
building walls or ceilings. These typical 
violations are summarized in Figure 4. 

Another common infraction is the 
failure to provide adequate strain relief on 
connectors. Whenever possible, use 
manufactured cable connections. If you 
must make your own extension cords or 
attach power plugs, be sure to install a 
strain relief. 

Grounding 
When it comes to grounding, broad- 

casters should know better. Even so, viola- 
tions occur. OSHA regulations describe 
two types of grounding: system grounding 

and equipment grounding. System grounc 
ing actually connects one of the curren 
carrying conductors, such as from the tel 
minals of a supply transformer to grounc 
(See Figure 5.) Equipment grounding cor 
netts all of the non-current-carrying met( 
surfaces together and to ground. 

From a grounding standpoint, the onl 
difference between a grounded electric( 
system and an ungrounded one is that th 
"ma:n bonding jumper" from the servic 
equipment ground to a current- carryin . 
conductor is omitted in the ungroundee 
system. 

The system ground performs two task: 
It provides the final connection fron 
equipment- grounding conductors to th' 
grounded circuit conductor, completing 
the ground -fault loop. Also, it solidly tie 
the electrical system and its enclosures tc 

their surroundings (usually earth, strut 
tural steel and plumbing). This prevent 
voltages from any source from rising t( 

harmfully high voltage -to-ground levels. I 

should be noted that equipmen 
grou:tding- bonding all electrical and tc 

ground -is required whether or not the 

system is grounded. System groundini 
should be handled by the contractor whc 
instals your power feeds. 

Equipment grounding also does twc 
essential things. It bonds all surfaces sc 

that there can be no voltage difference: 
among them. It also provides a ground 
fault current path from a fault locatior 
back to the electrical source, so that if the 

fault current develops, it will rise to a leve 
high enough to operate the breaker of 
fuse. 

The NEC is complex and contain: 
numerous requirements concerning elec 
trical safety that are applicable to broad 
cast stations. If your station's electrical wir 
ing has gone through many changes over 
the y. ars, it might be wise to have it in 
spected by a qualified consultant. You car 
perfo -m many of the checks yourself by 

using the fact sheets listed in Table 2. They 
are available from your local OSHA office 

Prepare a plan 
The key to operating a safe facility h 

diligent management. If your station does 
not have a safety program, now is the time 
to start one. A carefully thought -out plan 
will provide your station with a coor- 
dinated approach to protecting the staff 
from njury and potential litigation. 

Although the details and overall 
organzation may vary, facilities that have 
implemented comprehensive accident 
prevention programs follow seven basic 
guidelines. These practices are summa- 
rized :n Table 3. Let's look at the seven 
steps and see how they apply to the overall 
program. 

Step 1. Demonstrate management 
Continued on page 42 
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Introducing Vistai 
It will absolutely change the way 
you look at switchers. 
The new Vista switcher gives you 
all the power and ease -of -use of a 

"big" switcher, in a third the space 
and at half the price. 

Vista has four keyers and 
twelve buses with 
full program 
preset mix capa- 
bility. So com- 
plex layering and 
sophisticated 
production are easy. 

And since you don't have 
to make multiple passes, you'll 
have fewer generations and much 
cleaner pictures. 

Revolutionary electro- 
luminescent display 

A comprehensive display on the 
Vista control panel simplifies your 
most complicated production 

tasks. It provides all the 
information you need 
about operational status 
and memory setups, so 
you'll always know where 

display you are. 
And few switchers of any 

size have a memory like Vista. It 
stores 24 complete panel set -ups 
and 24 sequences for fast, easy 
recall of any combination of 
switcher operations. 

Electro-luminescent 

635 ksii.sr 

Unprecedented digital 
effects control 

When it conies to inserting and 
manipulating ADOTM or other 
digital effects, the Vista switcher 
virtually doubles your capability. 
Effects that take two M/Es with 
ordinary switchers require only 
one on Vista, thanks to our new 
DigiLoopTMeffects circuit. 

So compare. You'll find that 
big switcher power does not have 
to mean big size or a big expense. 

For a descriptive brochure 
on the Vista switcher contact your 
nearest. Ampex office today. 

AM REX 
Atlanta (404) 4917112 Chicago (312) 5936000 Dallas (214) 9601162 Los Angeles (818) 365-8627 New Jersey (201) 825-9600 (In New York (212) 947 -8633) 

San Francisco (415) 367 -2202 Washington D.C. (301) 530-8800 Canada (416) 821 8840 
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You're only 

1/2 INCH AWAY 

from the 
highest 

cost /performance 
system 

available... 
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The Panasonic Pro Series 

VNS - the recording format 
behind Panasonic's 

Pro Series delivers both the high 
performance and economy 
demanded by today's professional 
video users. By combining the 
exceptional capabilities of 
component technology with the 
convenience and economy of 1/2 
inch cassettes. In a complete 
systems configuration designed for 
field recording. post -production, 
studio operation and networking. 

The Panasonic" Pro Series 
produces more than 400 lines of 
horizontal resolution in an affordable 
half -inch component system. For 
breathtaking detail and clarity 
throughout every phase of your video 
operation. And to preserve the 
definition of recorded images. the Pro 
Series boasts a signal to noise ratio 
of 47 dB. Which provides the perfect 
combination of high resolution and 
low noise. 

To complement the high resolution 
of the system with brilliant. true to 
life colors, Y (luminance) and C 
(chrominance) signals originate 
from the Pro Series camera. Are 
maintained throughout the editing 
system. And viewed on Pro Series 

monitors. So the signals are free from 
cross color and dot interference. 
preserving the integrity of recorded 
images throughout the system. 

The Pro Series also features two - 
hour record /playback operation on a 
single cassette. With professional 
quality Hi -Fi audio. To make the 
audio sound as great as the video 
looks. What's more, the Pro Series is 

upwardly compatible with standard 
VHS. So you can easily integrate it 

into your present video system. And 
utilize existing VHS programming. 
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But that's only half the story. 
Compared to a standard y.: -inch 
system. the Panasonic Pro Series 
cost less to purchase and operate. 
Which means you can get higher 
performance at a lower cost' 

We also put a lot behind our prod- 
uct line. Like our broad network of 
Professional Industrial dealers. And 
our own professionally staffed ser- 
vice and support network. With six 
key locations throughout the country. 
Who will help you select. maintain 
and upgrade the system configura- 
tion that's right for you. 

For more information on the 
Panasonic Pro Series. call 
Panasonic Industrial Company at 
1- 800 - 553 -7222. Or contact your lo- 

cal Panasonic Professional Industrial 
Video dealer. 

Panasonic 
Professional /Industrial Video 

'Baseo ,Amparisun ut 
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 Management assumes the leadership role regarding safety policies. 

Responsibility for safety and health -related activities is clearly assigned. 

Hazards are identified, and steps are taken to eliminate them. 

Employees at all levels are trained in proper safety procedures. 

Thorough accident/injury records are maintained. 

Medical attention and first aid is readily available. 

Employee awareness and participation is fostered through incentives and an ongo- 
ing, high -profile approach to workplace safety. 

Table 3. These elements are basic to the development of a successful safety program. 

Continued from page 38 
leadership: 

The manager's position on safety is 
crucial to the program's success. This per- 
son's attitude toward job safety will be 
reflected in the behavior of the employees. 
If the manager is not particularly in- 
terested in preventing accidents, nobody 
else on the staff is likely to be. Here are 
some useful ways in which a manager can 
develop an effective safety program. 

Post the OSHA workplace poster, "Job 
Safety and Health Protection," where all 
employees can see it. This is an OSHA 
requirement. 

Hold a meeting to discuss job safety with 
the employees and to talk about mutual 
responsibilities. if necessary, write a policy 
statement on safety, and display it near the 
OSHA poster. 

Review all inspection and accident 
reports to ensure follow -up when needed. 
Comment favorably on good practices, 
and correct unsafe work practices as soon 
as they are discovered. Finally, be sure you 
set a good example for others. 

Step 2. Assign responsibility: 
After a basic policy has been developed, 

it must be implemented. The key is tc 
delegate the policy details to those whc 
normally perform supervisory duties. 
These people are in the best position tc 
oversee a safety program. If you are a 

primary supervisor, then you shoulc 
assume the task. 

Step 3. Identify hazards: 
Look for any hazards that exist within 

the facility. Install the necessary pro 
cedu:es to control or eliminate them a: 
soon as possible. This step may require a 

carefil tour of your station. Sample check 
lists are available from your local OSHA 
off ice. 

Step 4. Train the employees: 
Prcvide training for those who will im 

plement the program, and make them 
aware of the program's goals. Be sure that 
all employees, especially new or reas- 
signed ones, receive adequate training. II 

there are areas where special protective 
equipment is required, be sure that em 
loyees know how to use it. 

Step 5. Maintain good records: 
Don't make the mistake of not keeping 

proper records. It is far better to have a 

complete record of all accidents and in 

By the turn of the 
century there will be 

12,500,000,000 
more slides to file... 

The image boom is coming... And you 
need to be prepared. 

Computerize your slide library with the 
speed and efficiency you've grown to 
expect from today's workplace. 

The best approach? The Gallery 2000 
Automated Image Library from Rank 
Cintel. It's a database, still store, work- 
station network, graphics, and on -air 
production and transmission tool in one. 

Gallery 2000 manages from 400 
to millions of slides. And since it's 

4:2:2 compatible it integrates with 
a range of digital studio devices - 
today and tomorrow. 

Call for a free systems analysis of your 
company's image management needs: 

312 -426 -2450 

XRank Cintel Inc. 
Gallery 2000 

704 Executive Boulevard, Valley Cottage, New York 10989, New York. Telephone: Sales - (914) 268 -8911 
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"You're Looking At 
Our 5827th Shipment. 

And, Our First Ad:' 

"Amazing, Isn't It' 
Actually, it isn't that amazing. Paltex "E" Series Editing 
Systems are hard at work, all around the world. 
They're producing commercials, music videos, 
episodic and feature length shows, news and sports 
events, corporate sales and educational training, 
even HDTV material. In the last year alone, 
Paltex has shipped to over 30 countries. 

Now, with the 3 machine ELITE, 4 machine 
ELAN and 6 machine ES /D offering 20 
Controllable Ports -and the 8 machine 
ESPIRIT PLUS having 25 Controllable 
Ports -we are packing even more 
power into the "E" Series systems. 

Of course you still get the most 
sensibly configured keyboard with 
user definable keys to reduce 
repetitive tasks to a single keystroke. 

.. 

You still get powerful list management. You still get 
non -volatile memory. You still get MII, Beta SP BVU, 
C, B, and DI interface capability. 

The issue here isn't just more bells and whistles, 
it's helping you keep your options open now and 
in the future. It's putting together an expandable 
range of multi -machine editing systems that meet 
the market head on, from top to bottom. 

So, if you're looking for a world class editing 
system, one that will meet your needs right 
now and for a long time to come, give us 
a call or write. We'll send you a full comple- 
ment of product literature and put you in 
touch with your local Paltex representative. 

.htotiptioni 

PALT-EC 
EDITING SYSTEMS 

NTSC o 2752 Walnut Avenue o Tustin, CA 92680 o TEL (714) 838 -8833 o TWX 910- 333 -8535 o FAX (714) 838 -9619 

PAL/SECAM o 948 Great West Road o Brentford, Middlesex TW8 9ES o England 
U 1988 - PAE EE X TEL 01- 847 -5011 o TLX 94011067 o FAX 01- 847 -0215 
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Refer regularly to this check list to maintain a safe facility. For the three categories 
shown, be sure that: 

ELECTRICAL SAFETY 

Fuses of the proper size have been installed. 

All ac switches are mounted in clean, tightly closed metal boxes. 

Each electrical switch is marked to show its purpose. 

Motors are clean and free of excessive grease and oil. 

Motors are properly maintained and provided with adequate overcurrent protection. 

Bearings are in good condition. 

Portable lights are equipped with proper guards. 

All portable equipment is double -insulated or properly grounded. 

The station's electrical system is checked periodically by someone competent in 
the NEC. 

The equipment grounding conductor or separate ground wire has been carried all 
the way back to the supply conductor. 

All extension cords are in good condition, and the grounding pin is not missing or bent. 

EXITS AND ACCESS 

All exits are visible and unobstructed. 

All exits are marked with a readily visible, properly illuminated sign. 

There are sufficient exits to ensure prompt escape in case of an emergency. 

FIRE PROTECTION 

Portable fire extinguishers of the appropriate type are provided in adequate number. 

All remote vehicles have proper fire extinguishers. 

Fire extinguishers are inspected monthly for general condition and operability and 
noted on the inspection tag. 

Fire extinguishers are mounted in readily accessible locations. 

The fire alarm system (if you have one) is tested annually. 

Table 4. Sample check list for safety. Add items that are of special concern for your station. 

juries on the job than to have to claim no 
knowledge of them. 

Obtain a report for every injury requir- 
ing medical treatment (other than first 

The key to operating a 
safe facility is diligent 

management. 

aid). Record each injury on OSHA form 
No. 200. 

For recordable cases of other types of 
occupational injury or illness, use form No. 
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101. Worker's compensation insurance 
forms also may be used for these reports. 

Prepare an annual summary, OSHA 
form No. 200, and post it no later than Feb. 

1. This form must remain posted until 
March 1, and all these records must be 
maintained for five years. 

Step 6. Provide first aid: 
It only makes sense to provide adequate 

first aid. Maintain sufficient supplies, and 
be sure someone on your staff knows at 
least the basic procedures of first aid. This 
step is not required if your facility is near 
an infirmary, clinic or hospital. 

Step 7. Encourage employee awareness: 
If you are concerned about safety, it is 

likely that your employees also will be in- 

terested. Display safety pamphlets, and 
recruit employee help in identifying 
hazards. Reward your employees for good 
safety performance. Often, an incentive 
program will help maintain safe work 
practi :es. 

Tailoring your safety program 
An abbreviated safety check list is 

showy in Table 4. Using it as a guide and 
adding your own areas of concern, inspect 
your station. Eliminate any hazards iden- 
tified, and obtain any forms or first aid sup- 
plies that may be needed. 

The OSHA "Handbook for Small 
Business" outlines the legal requirements 
imposed by the Occupational Safety and 
Healtt. Act of 1970. The publication, 
available from your local OSHA office, 
suggests additional ways in which a com- 
pany can develop an effective safety 
program. 

Free on -site consultations also are 
available. A consultant will tour your facili- 
ty and offer practical advice about your 
station's safety. These consultants do not 
issue citations, propose penalties or 
routinely provide information about you 
or your workplace conditions to the 
federal inspection staff. Contact the 
nearest OSHA office for additional 
information. 

The key to a successful program is mak- 
ing safety a part of your regular business 
activity. If the necessary standards are 
built into your regular operating practice, 
the entire program is easier to maintain. 

As a broadcast engineer, you owe it to 
yourself to know safety procedures. Your 
livelihood, and even your life, may depend 
on your effectiveness in maintaining a safe 
work environment. It is a good idea to 
spend some time reviewing your station's 
work practices. If you see ways in which 
your station can become a safer place, 
work with management to implement 
them. Remember, safety doesn't cost -it 
pays. 
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Conventional NTSC 

Unretouched reproductions 
of actual monitor displays. Faroudja NTSC Encoder and Decoder 

IMPROVE YOUR NTSC 
Faroudja Laboratories improved NTSC is fully 
compatible with the present system. Faroudja 
technology is licensed to Conrac, Forte!, 
Ikegami, JVC, Sony, etc... 

If you want your NTSC to look like R.G.B., 

FAIKHJEgillatxDratories 
Faroudja Laboratories Inc. 
946 Benicia Avenue 
Sunnyvale, California 94086 
Telephone 408/245 -1492 
Telex 278559 MUHA UR 
Fax 408/245 -3363 
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special report f 

Planning a ground system for your studio is no small task. 

Grounding 
procedures for 

broadcast facilities 

...-.. By Jerry er, editorial director ,.. 

The attention given to the design and in- 
stallation of a studio ground system is a 

key element in the day -today operation 
of any radio or TV station. A well-designed 
and installed ground network is invisible 
to the engineering and operations staffs. 
But a marginal ground will cause recur- 
ring problems for the station, usually 
when you least need the additional 
problems. 

Grounding schemes range from simple 

to complex, but any system serves three 
primary purposes: 
1. It provides for operator safety. 
2. It protects electronic equipment from 
damage caused by transient disturbances. 
3. It diverts stray radio- frequency energy 
away from sensitive audio, video and com- 
puter equipment. 

Most engineers view grounding mainly 
as a method to protect equipment from 
damage or malfunction. However, the 

most important element is operator safe- 
ty. The 120Vac line current that powers 
most broadcast equipment can be danger- 
ous -even deadly -if handled improper- 
ly. Grounding of equipment and structures 
provides protection against wiring errors 
or faults that could endanger human life. 

Proper grounding is basic for protection 
against ac line disturbances. This applies 
whether the source of the disturbance is 
lightning, power- system switching activi- 

Cadwelding is the preferred method of joining elements of a ground system. This photo sequence illustrates the procedure. Photo (a) shows the 
powdered copper oxide and aluminum compound being added to the Cadweld mold after the conductors hcue been mechanically joined. Photo 
(b) shows final preparation of the bond before igniting. Photo (c) shows the chemical reaction that produces the excellent bond provided by Cadwelding. 
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AC POWER LINE PROTECTION 

Protects sensitive equipment 
from damaging transient 

overvoltages! 
Lightning and power line transients surge along AC power lines producing costly damage to 

computers, medical equipment and other sensitive electrical devices. 

Operating in nanoseconds, the MCG SP series of shunt protectors will vigorously clamp lightning 
and transient overvoltages on the AC line to safe levels whenever the clamping threshold is 
exceeded. After each transient, the protector recovers automatically - without power interruption. 
The use of redundant protection elements virtually guarantees no "downtime." 

REPRESENTATIVE MODELS` 

Model 

SPC -120Y 
SPC -277Y 
SPC -480D 

Voltage Configuration Price 

120/208VAC 3ph 4 wire + gnd $1475 
277/480VAC 3ph 4 wire + gnd 1625 
480VAC 3ph 3 wire + qnd 1865 

Physical Specs: Size 8" x 8" x 4" 
Mounting 6" x 9.5" 
Weight 10 lbs. 

SPB - DISTRIBUTION SERVICE PANEL PROTECTOR 

Model Voltage Configuration Price 

SPB -120Y 120/208VAC 3ph 4 wire + gnd $775 
SPB -277Y 277/480VAC 3ph 4 wire + gnd 845 
SPB -480D 480VAC 3 h 3 wire + . nd 985 

Physical Specs: Same as SPC Models 

r 

1.111limmommille 

Model SPB or SPC 

SPA - LOCAL SERVICE PANEL PROTECTOR 

Model Voltage Configuration Price 

SPA -120T 120/240VAC 1 ph 3 wire + gnd $355 
SPA -120Y 120/208VAC 3ph 4 wire + gnd 365 
SPA -277Y 277/480VAC 3ph 4 wire + gnd 435 
SPA -480D 480VAC 3ph 3 wire + gnd 455 

Physical Specs: Size 6.25" x 4.25" x 3.5" 
Mounting 6.75" x 2" 
Weight 4 lbs. 

'Other configurations are available. 

SURGE 
PROTECTION BY 

MCG 
Deer Park, New York 
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12 Burt Drive, Deer Park, N.Y. 11729 
516 -586 -5125 Telex: 645518 FAX: 516 -586 -5120 

Model SPA 

FOR APPLICATION ASSISTANCE 
OR ORDERING INFORMATION 

CALL BOB IVEY 
1- 800 -851 -1508 
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 I w wianA Will SIMir r7 V 
ANTENNAS, INC. 

For 

Excellence 
In Antennas 

A complete 
line of TV and 
FM Broadcast 
Antennas 

Modern 7,000 
ft. test range 
facilities 

Innovative 
Engineering 
Careful con- 
struction 

*Two Year 
Warranty on 
Product and 
Workmanship 

With over 1500 
delivered, we've 
helped more 
stations 
penetrate their 
market. 

FCC Directionals 
Pattern Studies 

Multi- Station Arrays 
Full Scale Measurement 

JAMPRO ANTENNAS, Inc. 
6939 Power Inn Road 

Sacramento, CA 95828 
(916) 383-1177 TELEX 377321 
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ty or a fault in the distribution network. 
The problem of transient- induced equip- 
ment failure has become more critical as 

the complexity of broadcast equipment in- 
creases and the ruggedness of individual 
components decreases. 

Proper grounding also is a key element 
in preventing radio-frequency interference 
in studio equipment. A facility plagued 
with a poor ground system may experi- 
ence RFI problems on a regular basis, 
especially if the station's studio and 
transmitter are co-located. 

Implementing an effective ground sys- 

GROUNDING 
CONDUCTOR 

tern for a studio facility is not an easy task. 
It requires thorough planning, quality 
components and skilled installers. It is not 
cheap. However, proper grounding is an 
inves :ment that will bring high dividends 
for the life of the facility. 

Any studio ground system consists of 
two key elements: the earth- to-grounding 
electrode interface outside the facility and 
the ac power and signal wiring systems in- 
side the facility. 

Establishing an earth ground 
The grounding electrode is the primary 

element of any ground system. The elec- 
trode can take many forms. However, in 
all cases, its purpose is to interface the 
electrode (a conductor) with the earth (a 

semiconductor). Grounding principles 

GROUNDING ELECTROD 
OVERLAP AREA 

Figure 1. The effective earth interface 
hemisphere resulting from a single ground rod 
driven into the earth. The 90% effective area 
of the rod extends to a radius of approximate- 
ly 1.1 times the length of the rod. (Reference 5.) 

160 

120 - 

80 

40 

o 

Figure 2. The effect of overlapping earth in- 

terface hemispheres by placing two ground rods 

at a spacing less than 2.2 times the length of 

either rod. The overlap area represents wastes 
earth -to- grounding electrode interface capabili. 
ty. (Reference 5.) 

0 z 4 6 

DEPTH (FEET) 

Figure 3. Charted grounding resistance as a function of ground -rod length. It can be seen tha, 
ground -rod length in excess of 10 feet produces diminishing returns. The chart applies to a 1 -inch 
diameter rod. (Reference 5.) 

8 11 
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AND EVERYTHING IN BETWEEN! 
Regardless of the brand of electronic equipment 

you choose, Winsted video furniture systems offer the 
perfect professional choice. Winsted components are 
more than compatible...they're designed especially 
to accommodate all models and major brands of elec- 
tronic equipment. To keep it safe and secure. To pro- 
vide space-saving efficiency... convenient mobility...easy 
accessibility. 

Winsted modular components offer complete 
flexibility to fit your present facility and your future 
needs. Whatever your requirements, Winsted offers 
the industry's largest selection of quality modular video 
furniture systems and accessories. Make Winsted part 
of your plans! 
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Call toll -free for our FREE full line 
catalog 1 -800- 447 -2257 

10901 Hampshire Avenue So. 
Minneapolis, MN 55438 (612) 944 -8556 
FAX 612 -944 -1546 Telex 510- 601 -0887 

WINSTED, LTD. SHINKO ELECTRONICS, LTD. 
Birmingham, England Tokyo, Japan 

JAVELIN ELECTRONICS (A -ASIA) PTY. LTD. 
Sydney, Australia 

PREFERRED BY PROFESSIONALS WORLDWIDE! 
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have been studied in great detail, chang- 
ing the work of creating an effective 
ground system from the realm of opinion 
to science. However, many misconceptions 
about grounding still exist. An understand- 
ing of proper grounding procedures begins 
with the basic earth -interface mechanism. 

The grounding electrode (or ground rod) 
interacts with the earth to effectively cre- 
ate a hemisphere -shaped volume, as illus- 
trated in Figure 1. The size of this volume 
is related to the size of the grounding elec- 
trode. The length of the electrode has a 
much greater effect than the diameter. 

Studies have demonstrated that the 
earth -to- electrode resistance from a driven 
ground rod decreases exponentially with 
the distance from that rod. At a given 
point, the change becomes insignificant. 
It has been found that for maximum ef- 
fectiveness of the earth-to-electrode inter- 
face, each ground rod requires a hemi- 
sphere- shaped volume with a diameter 
that is approximately 2.2 times the rod 
length. 

The constraints of economics and avail- 
able real estate place practical limitations 
on the installation of a ground system. It 
is important, however, to keep the 2.2 rule 
in mind because it allows you to use the 
available resources to the best advantage. 
Figure 2 illustrates the effects of locating 

ground rods too close to each other (less 
than 2.2 times the rod length). An overlap 
area is created that wastes some of the 
earth -to- electrode capabilities of the two 
ground rods. 

Research has shown, for example, that 
two 10 -foot ground rods driven only one 
foot apart provide about the same resistivi- 
ty as a single 10 -foot rod. 

There are two schools of thought with 
regard to ground -rod length. The first ap- 
proach, to which this author subscribes, 
states that extending ground -rod length 
beyond about 10 feet is of little value for 
most types of soil. The reasoning behind 
this conclusion is given in Figure 3, where 
ground resistance is plotted as a function 
of ground -rod length. Note that beyond 10 

feet in length, you reach a point of dimin- 
ishing returns. 

A second school of thought concludes 
that optimum earth-to-electrode interface 
is achieved with long (40 -foot or longer) 
rods, driven to penetrate the local water 
table. When planning this type of installa- 
tion, consider the difficulty you might en- 
counter when attempting to drive long 
ground rods. 

The foregoing discussion assumes that 
the soil around the grounding electrode 
is reasonably uniform in composition. De- 
pending upon the location, however, this 

NEw;ess Clear-Corn 
Wire 

A Clear -Corn quality audio 

yExtends range of wired 
system with up to six 
wireless transceivers 

FCC Approved 

A Full -duplex, high band 
operation 

- Developed for the 
professional user 

A Exceptional RF performance - virtually 
transparent from the wired system 

CONTACT YOUR 
CLEAR -COM DEALER. 
OR CALUW R ITE 

`¡;; 
Intercom 
ler Clear-Cam 1111 17th Street 

San Francisco, CA 94107 
415 -861 -6666 
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may not be the case. At least one stud! 
(reference 5) indicates that the use o 
several shorter rods, spaced at 2.2 time 
their length, provides a lower effective in 
terface resistance than a smaller number 
of longer rods. This was true even whet 
lower soil levels were more conductive 
than the higher levels. 

Ground rods are available in a wide va 
riety of types, offering various diameters 
cladding and lengths. Rods often are clac 
with copper to prevent rust. The coppe: 
is no: used to provide better conductivi 
ty, as you might think. The copper certain 
ly provides a better conductor interface 
to earth, but the steel that it covers als( 
is an excellent conductor when compares 
with ground conductivity. The thickness 
of the cladding is important only insofar 
as rust protection is concerned. 

Chemical ground rods 
An alternative to the conventiona 

grour.d rod is the chemically activates 
ground system. The idea behind chemica 
ground rods is to increase the earth -to 
electrode interface by conditioning the soi 
surrounding the rod. 

Experts have known for many years tha 
the addition of ordinary table salt (NaCI 
to soil will reduce the resistivity of the 
earth -to- ground electrode interface. Witt 

1,200 t: 

1.000- 

900- 

600- 

400 - 

200 - 

RAIN 

JSEASON 
I 

4 $ 12 4 12 12 4 B 

1-1ST YEAR - I- 2ND YEAR -I- 3RO YEAR - 
Figure 4. The effect of soil salting on grouna 
rod resistance with time. The expected resaltini 
period, shown here as two years, varies depeno 
ing on local soil conditions and the amount o 
moisture present. (Reference 5.) 

PROVISIONS FOR 
CONNECTION 

BREATHER 
HOLES 

CHEMICAL 
CHARGE 

EARTH RESISTANCE 
SHELLS 

,_SEEPAGE 
HOLES 

Figure 5. Construction of a typical air 
breathing, chemically activated ground rod 
Breather holes at the top of the device allot, 
moisture into the chemical charge section of th. 
device. A salt solution subsequently seeps ou 
of the bottom of the unit. (Reference 5.) 

www.americanradiohistory.com

www.americanradiohistory.com


2001 is here, now! 

(Chart/image on analyzer is actual output from Me2001 snitcher.) 

Wide band switchers for any size system. 
l he new Bosch TVS /TAS -2001 Video /Audio 
Routing Switcher demonstrates a video 
bandwidth of more than 30 MHz- measured 
with a full -amplitude (1 V P -P) sine wave or video 
signal. 

The TVS -2001 takes advantage of the newest 
technology to reduce signal path length, 
providing the flattest possible response through 
every stage. The resulting overall bandpass, as 
plotted by a HP3577A Network Analyzer, is 
shown above. 

With a completely new approach to switcher bus 
architecture, and a companion line of 30 MHz 
distribution amplifiers, the TVS /TAS -2001 is 
designed to deliver wide band performance with 
matrix sizes of 200 inputs x 200 outputs or more. 

Whether for compositeicomponent switching 
today, or high definition tomorrow, your best 
choice is TVS /TAS -2001: the Precision router. 

BTS Inc. 
P.O. Box 30816 
Salt Lake City, Utah 
84130 -0816 
Phone: (801) 972 -8000 
Sales and Service Headquarters 
Phone: (201) 529 -1550 

BTS 
Broadcast 
Television 
Systems 

A joint company of Bosch and Philips 

Regional Sales Offices 
:ew York City Midwest Northeast Allegheny Mid- Atlantic Southeast 
WI) 529 -1550 (312) 803 -8060 1207) 283 -0777 1201) 529 -1550 (703) 461 -0188 (904) 492.1600 
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the proper soil moisture level (4% to 12 %), 
salting can reduce soil resistivity from 
10,00011 /m to less than 10011 /m. 

Salting of the area surrounding a ground 
rod (or group of rods) follows a predictable 
life -cycle pattern, as illustrated in Figure 
4. Subsequent salt applications are rarely 
as effective as the initial salting. Various 
approaches have been tried over the past 

10 years to solve this problem. 
One of these approaches is shown in 

Figure 5. This chemically activated 
grounding electrode consists of a 21/2-inch- 

diameter copper pipe filled with rock salt. 
Breathing holes are provided on the top 
of the assembly, and seepage holes are 
provided at the bottom. The theory of op- 
eration is simple. Moisture is absorbed 
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Figure 6. Another approach to the chemically activated ground rod. Multiple holes are provided 
on the ground -rod assembly to increase the effective earth-to-electrode interface. Note that chemical 
rods can be produced for a variety of configurations. (Reference 5.) 

GROUND RODS 

22 ET 

22 FEET 

TOWER (IF USED) 

TOWER GROUND 
SYSTEM 

GROUND STRAP (2- MINIMUM) 

NOTES: 1. ALL GROUND RODS 
ARE 10 FEET LONG AND 
1 INCH IN DIAMETER. 

2. BURY ALL COMPONENTS 
OF THE GROUND SYSTEM. 

UTILITY 
GROUND ROD 

22 FEET 

22 FEET 

from the air (when available) and ab- 
sorbed by the salt. This creates a solution 
that seeps out of the base of the device 
and conditions the soil in the immediate 
vicinity of the rod. 

Another approach is shown in Figure 6. 

This device incorporates a number of 
ports (holes) in the assembly. Moisture 
from the soil (and rain) is absorbed 
through the ports. The metallic salts subse- 
quently absorb the moisture, forming a 

saturated solution that seeps out of the 
ports and into the earth -to- electrode hem- 
isphere. Tests have shown that if the mois- 
ture content is within the required range, 
earth resistivity will be reduced by as 
much as 100:1. 

Designing a ground system 
After the required ground -rod configura- 

tion has been determined, the individual 
rods must be connected together. Many 
different approaches may be taken, but 
the goals are all the same: Establish a low - 
resistance and low- inductance path to 
surge energy. 

Figure 7 shows a studio building ground 
system using a combination of ground 

MAIN STATION GROUND POINT 
(BULKHEAD) 

STUDIO FACILITY 

ROADWAY 

Figure 7. Studio facility ground system using a hub-and -spoke approach. The available real estate at the studio site dictates the exact configuration 
of the ground system. If a tower is located at the site, the tower ground system is connected to the building ground as shown. 
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Give it_your 
best shot 
with Ampex. 
There are two kinds of videotape 
companies. 

Those who commit all their 
efforts, resources and research to 
the video professional. 

And those who don't. 
Ampex is totally committed to 

the professional market. Which 
means we have to be dedicated to 
providing the best products and 
service in the business. 

Our commitment begins with 
Ampex Process Management -an 
advanced quality program that 
assures you unmatched consistency. 
So you can count on superior 
picture quality. Tape after tape, 
year after year. 

And we give you this exceptional 
dependability in over 100 configura- 
tions for commercial and broadcast 
production to electronic news 
gathering and corporate training. 

And as hardware requirements 
change and new formats emerge, 
Ampex research and development 
ensures that you're always covered 
for the future. 

Ampex dedication to the pro- 
fessional also includes full technical 
support, immediate deliveries and 
the most personal service in the 
industry. 

If Ampex sounds like your kind 
of videotape company, get in touch 
with us soon. Because anything 
less could be just a shot in the dark. 

AMPEX 
It's your best shot. 

Ampex Corporation 
Magnetic Tape Division 
401 Broadway 
Redwood City, CA 94063 
(415) 367 -3809 
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rods and buried bare copper radial wires. 
This design is appropriate if the building 
housing the studio facility is large or lo- 
cated in an urban area. The approach 
shown in Figure 7 also may be used if the 
studio facility is located in a high -rise 
building that requires a separate ground 
system for the station. Most newer office 
buildings have grounding systems de- 
signed into the structure. If a comprehen- 
sive building ground system is provided, 
use it. For older structures (constructed of 
wood or brick), a separate ground system 
may be required. 

Figure 8 shows another approach, in 
which a perimeter ground strap is buried 
around the building, and ground rods are 
driven into the earth at regular intervals 
(2.2 times the rod lengths). The ground 
ring consists of a 1 -piece copper conduc- 
tor that is bonded to each ground rod. 

If a tower is located at the studio site, 
connect the tower ground system to the 

main station ground point via a copper 
strap. The width of the strap must be at 
least 1% of the length, and not less than 
three inches wide. The studio ground sys- 
tem is not a substitute for a tower ground 
system, no matter what the size of the 
tower. The two systems are treated as in- 
dependent elements, except for the point 
at which they interconnect. 

Tie the utility company power system 
ground rod to the main station ground 
point as required by the local electrical 
code. Do not consider the station ground 
system to be a substitute for the utility 
company ground rod. The utility ground 
rod is important for safety reasons and 
must not be disconnected or moved. 

Do not remove any existing earth - 
ground connections to the power -line neu- 
tral connection. To do so may violate local 
electrical code. 

Bury all elements of the ground systems 
shown in Figures 7 and 8 to reduce the 

22 FEET 22 FEET 22 FEET 

inductance of the overall network. Do not 
make sharp turns or bends in the inter- 
connecting wires. Straight, direct wiring 
practises will reduce the overall induc- 
tance of the system and increase its effec- 
tiveness in shunting fast rise -time surges 
to earth. 

In most areas, soil conductivity is high 
enough to permit rods to be connected 
with No. 6 (or larger) bare copper wire. In 
areas where the soil is sandy, use copper 
strap. A wire buried in low- conductivity, 
sandy soil tends to be highly inductive and 
ineffective to fast rise -time current surges. 
As a rule of thumb, make the width of the 
ground strap at least 1% of its overall 
length. 

Bonding ground system elements 
Do not use soldered -only connections 

outside the equipment building. Crimped/ 
brazed and exothermic (Cadwelded) con- 
nections are preferred. For a proper bond, 

PERIMETER GROUND SYSTEM 

TOWER (IF USED) 

GROUND STRAP 
(3" MINIMUM) 

TOWER GROUND 
SYSTEM 

UTILITY 
se GROUND 

MAIN STATION GROUND POINT 
(BULKHEAD) 

NOTES: 1. ALL GROUND RODS ARE 
10 FEET LONG AND 
1 INCH IN DIAMETER. 

2. BURY ALL COMPONENTS 
OF THE GROUND SYSTEM. 

EET 

ROADWAY 

Figure 8. Studio facility ground configuration using a perimeter ground -rod system. This approach works well for stations with limited real estate 
available. 

54 Broadcast Engineering May 1988 

www.americanradiohistory.com

www.americanradiohistory.com


One tape 
makes every 
production a 
commercial 
success. 
You've shot 30 takes and everything 
has to be perfect. Including the tape. 

With Ampex, you always get 
your best shot. You don't have to 
worry about dropouts, mechanical 
problems or other glitches that 
force you to settle for second best. 

Because Ampex Process Man- 
agement, our exclusive quality 
program, gives you total consistency. 
And total confidence. 

Ampex delivers the right 
features, too. Like precision reels 
for low vibration and accurate tape 
winding. And ABS plastic cassettes 
with molded -in antistatic protection 
that minimizes dust, debris and 
other contaminants. 

Of course we're saving our best 
shot for last. Its our service -full 
technical support, immediate 
deliveries and the personal atten- 
tion of your Ampex representative. 

So don't take chances. Shoot with 
Ampex. And make every production 
a success. 

AMPEX 
It's your best shot. 

Ampex Corporation 
Magnetic lape Division 
401 Broadway 
Redwood City, CA 94063 
(415) 367 -3809 
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all metal surfaces must be clean, any finish 
removed to bare metal and surface prep- 
aration compound applied. Protect all con- 
nections from moisture by appropriate 
means (sealing compound and heat -shrink 
tubing). 

It is not uncommon for an untrained in- 
staller to use soft solder to connect the 
elements of a ground system. Such a sys- 
tem is doomed from the start. Soft -sol- 
dered connections cannot stand up to the 
acid and mechanical stress imposed by the 
soil. 

The most common method of connect- 
ing the components of a ground system 
is silver soldering. The process requires 
the use of brazing equipment, which may 

DIS 

ac UTILITY 
COMPANY LINE 

TELCO AND 
AUDIO LINES 

TRANSMISSION 
LINES AND COAX 

PERIMETER GR 
SYSTEM 

be unfamiliar to many broadcast engi- 
neers. A high- temperature, high- conduc- 
tivity solder is used to complete the bond- 
ing process. 

The best approach to bonding involves 
a process called Cadwelding, in which 
molten copper is used to melt connections 
together to form a permanent bond. This 
process is particularly useful in joining 
dissimilar metals. In fact, if copper and 
galvanized cable must be joined, Cadweld- 
ing is the only acceptable way. The com- 
pleted connection will not loosen or cor- 
rode, and it will carry as much current as 
the cable connected to it. 

Cadwelding is accomplished by dump- 
ing powdered metals (copper ox'de and 
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Figure 9. The basic design of a bulkhead panel for a studio or transmission facility. The bulkhead 
establishes the grounding reference point for the entire facility. (Reference I.) 
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Figure 10. A typical grounding arrangement for a studio facility with a remote transmitter. The 
main station ground point is the reference from which all grounding is done. If a bulkhead en- 
trance panel is used at the facility, it will function as the main ground point. 
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aluminum) from a container into a 
graphite crucible and igniting the material 
by a flint lighter. Reduction of the copper 
oxide by the aluminum produces molten 
copper and aluminum oxide slag. The 
molten copper flows over the conductors, 
bonding them together. (Cadweld is a reg- 
istered trademark of Erico Corporation.) 

Conductors to an earth -ground system, 
or to components of the system, must be 
kept short to be effective. The inductance 
of a conductor is a major factor in its im- 
pedance to surge energy. Any bends in the 
conductor will increase its inductance and 
decrease the effectiveness of the wire. 
Bends in ground conductors should be 
gradual. A 90° bend is the electrical 
equivalent of a IA -turn coil. The sharper 
the bend, the greater the inductance. 

Because of the fast rise time of most 
lightning discharges and power -line tran- 
sients. the skin effect plays an important 
role in ground conductor selection. When 
planning a station ground system, view 
the project from an RF standpoint. 

Bulkhead panel 
The cornerstone of any facility ground- 

ing system should be a bulkhead panel. 
The concept of the bulkhead is simple: 
Establish one reference point to which all 
cables entering the equipment building 
are grounded and to which all transient - 
suppression devices are mounted. Figure 
9 shows a typical bulkhead installation for 
a rad'.o station. 

The bulkhead panel size depends on the 
spacing, number and size of the coaxial 
lines, power cables and other conduit en- 
tering the building. Construct the panel of 
copper or brass. Do not use steel, unless 
it is stainless steel (18-8 type or equivalent). 

The bulkhead panel must be construct- 
ed of heavy material because of the signifi- 
cant current it will carry during a light- 
ning strike or ac line disturbance. The rec- 
ommended material is 1/8 -inch C110 (solid 
copper) 1/3 hard. Use 18-8 stainless -steel 
mour_ting hardware to secure a subpanel 
(if used) to the bulkhead. 

Because the bulkhead panel establishes 
the central grounding point for all equip- 
ment within the building, it must be tied 
to a low- resistance (and low- inductance) 
perimeter ground system. Ideally, the 
bulkhead panel will extend down the side 
of the building and tie into the perimeter 
ground below grade level. This will result 
in the lowest resistance and inductance to 
earth ground. 

The bulkhead panel establishes the 
main station ground point, from which all 
grounds inside the building are referenced. 

Studio ground system 
Installing an effective ground system to 

achieve a good earth -to- grounding elec- 
trode interface is only half the battle for 
a studio facility. An equally important ele- 
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The best 
tape to pass 
on to future 
generations. 
There only one thing more 
important than a tape stock that 
gives you highly saturated colors, 
rich, clean sound and consistently 
low dropout performance. 

A tape that stays that way through 
multiple generations of editing. 

Ampex gives you both. 
Our tough, crosslinked copolymer 

binder system delivers superior 
durability through hundreds of 
shuttles and edits. Minimizing drop- 
out buildup and ensuring excellent 
picture quality. And Ampex Process 
Management, our exclusive quality 
program, guarantees exceptional 
consistency in every master. 

You can also look forward to 
the most consistent service in the 
industry. Including full technical 
support, immediate deliveries and 
the personal attention of your 
Ampex representative. 

So if you want the images you 
edit to be the best they can be, get 
in touch with Ampex. We'll keep 
your work fresh and bright. For 
many generations. 

AMPEX 
Its your best shot. 

Ampex Corporation 
Magnetic Tape Division 
401 Broadway 
Redwood City, CA 94063 
(415) 367 -3809 
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Figure 11. A typical grounding arrangement for an indiu'dual equipment room at a broadcast facility. The ground strap from the station ground 
point establishes a local ground point in the room, to which all source and control equipment is bonded. 
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Figure 12. The recommended grounding arrangement for equipment racks. For easier assembly 
of multiple racks, position the ground connections and ac receptacles at the same location in 
all racks. 

ment of any station ground is the config- 
uration of grounding conductors inside the 
building. 

Many different methods can be used to 
implement a ground system for a radio or 
TV studio facility. However, some conven- 
tions should always be followed to ensure 
a low- resistance (and low- inductance) 
ground that will perform as required. 
Proper grounding is important, whether 
or not the studio is located in an RF field. 
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Figure 10 shows a recommended 
grounding arrangement for a typical 
broadcast facility. Construct the building 
ground system using heavy -gauge copper 
wire (No. 4 or larger) if the studio is not 
located in an RF field. Use a wide copper 
strap (at least three inches wide) if the 
facility is located near an RF energy 
source. 

A common method to determine the re- 
quired size of a ground strap (in inches) 

inside the building is to specify the mini- 
mum width of the strap as 1.5% of its 
length. For example, if the total grounding 
run from the bulkhead panel to the far- 
thest piece of equipment is 350 feet, a 
ground strap of 5.25 inches should be 
used. For short runs in an RF field, do not 
use a ground strap that is less than three 
inches wide. 

Run the strap or cable from the perim- 
eter ground system to a main station 
ground point. Branch out from the main 
ground point to each major piece of equip- 
ment and to the various studio /equipment 
rooms. Establish a local ground point in 
each room or group of racks, as shown in 
Figure 11. Use a separate ground cable for 
each piece of equipment (No. 14 gauge or 
larger). 

The ac line ground connection for a par- 
ticular piece of equipment often presents 
a built -in problem. If the equipment is 

grounded through the chassis to the equip- 
ment room ground point, a ground loop 
may be created when it is plugged in (if 
it has a 3 -prong plug). 

The solution is careful design and instal- 
lation of the ac power -distribution system 
to minimize ground -loop currents, while 
providing the required protection against 
ground -current faults. (See "Controlling ac 
Line Disturbances" in the November 1987 
issue.) 

Some equipment manufacturers provide 
a convenient solution to the ground -loop 
problem by isolating the signal ground 
from the ac and chassis ground. This fea- 
ture offers the user the best of both worlds: 
the ability to create a signal ground system 
and ac ground system free of interaction 
and ground loops. 

It should be emphasized that the design 
of a ground system must be considered as 
an integrated package. Proper procedures 

Continued on page 62 
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One tape 
consistently 
gets good 
reports. 
When you've got to get the story in 
one take, you've got to get Ampex. 

It§ the tape professionals rely on 
to cover everything from four -alarm 
fires to world class sporting events. 

Thah because we designed it 
to withstand the tortures of heat, 
humidity and freezing cold. 

And deliver fully saturated colors 
and rich, clean sound with minimal 
dropouts, tape after tape. Thanks 
to Ampex Process Management, 
our exclusive quality program. 

So you can concentrate on great 
shots instead of worrying about 
your tape. 

Another Ampex exclusive is our 
convenient labeling system which 
helps you keep detailed, accurate 
shot lists as you go. 

And we always give you full tech- 
nical support, immediate deliveries 
and the personal attention of your 
Ampex representative. 

So when you've only got one shot 
at a story, cover it with Ampex. 
Anything less could be bad news. 

AMPEX 
It's your best shot. 

Ampex Corporation 
Magnetic Tape Division 
401 Broadway 
Redwood City, CA 94063 
(415) 367 -3809 
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Here's a far out way 

and a down to Earth 
Introducing the Cycle Sat 
Satellite Courier System. 

With the dramatic increase in the number of 
spot commercials and the revenues they generate, 
your television station faces a critical need for a 
dependable, fast, accurate system for receiving 
network quality spots and traffic instructions 
on time. 

Any commercials OR traffic instructions that 
are misplaced or damaged due to land or air 
courier error can mean financial loss to your sta- 
tion or the inconvenience of "make- goods." 

Now there's the Cycle Sat Satellite Courier Sys- 
tem. Cycle Sat can provide you with network 
quality spots AND traffic information - including 
updates in a timely fashion, allowing you more 
scheduling time. Changes in trafficking can now 
be instantaneous instead of late or lost. 

Cyclecypher downlinks fast! 
Cycle Sat's proprietary Cyclecy her, when 

installed in your station, is capable of automati- 
cally recording only those spot commercials 
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vay tto receive them. 
Thank you for your support at NAB. 

We are now in 94 of the top 100 markets 
and 188 of the top 214 markets. 

intended for your station. What's more, they may 
be recorded in off -peak time periods. 

With reception of either Ku -band or C -band, 
our nightly transmission schedules reduce your 
recording equipment conflicts by allowing you to 
receive all scheduled commercials during a single 
feed. By the use of the Cyclecypher system, you can 
reduce operation time and store commercials in 
just 25% of the space required to store a similar 
number by conventional means. 

The Cycle Sat Package. 
When you sign -up for the Cycle Sat Satellite 

Courier, you will receive the Cycle Sat package, 
which includes: a Cyclecypher, Ku- band/C -band 
satellite data decoder /receiver, a high -speed Cycle 
Sat printer, a remote record indicator, two inter- 
face cable packs, and $100 to help cover your 
installation costs. 

For consistent clear picture quality, reliability, 
timely delivery and scheduling of spot TV, call 
toll -free 1- 800 -622 -1865. 

(r) 
CYCLE SAT 
SATELLITE COURIERS 

DELIVERS CLEAR SOLUTIONS 

Circle (38) on Reply Card 

A subsidiary of Winnebago Industries Inc. 
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Continued from page 58 
must be used at all points in the system. 
It takes only one improperly connected 
piece of equipment to upset an otherwise 
perfect ground system. The problems gen- 

J 

TO Re OUTLETS 

PRODUCTION 
ROOM 110.2 

EQUIPMENT 
RACKS 

erated by a single grounding error can 
vary from trivial to significant, depending 
upon where in the system the error occurs. 

This consideration leads, naturally, to 
the concept of ground- system mainte- 

TECH TIPS 
NOISE PROBLEMS? 

you need dynafett noise reduction 

PROBLEM: Radio station is unable to broadcast 
remotes from some locations using a MARTI 
Remote Pickup Transmitter because of noise. 

SOLUTION: More transmitter power or dynafex 
noise reduction. 

Here are the results using a Marti RPT -30 and the 
CR -10 receiver and a dynafex DX -1 unit. 

SIGNAL IN S/N WITHOUT 
noise reduction 

S/N WITH dynafex 
noise reduction 

1.5 microvolts 
10 microvolts 
100 microvolts 

-30db 
-48db 
-53db 

-48db 
- 63 db 
- 72 db 

DATA: Reference + 10 db at 1000Hz. 
Measurements conducted by Marti Electronics. 

CRL Systems - Less than $700. 1.800- 535.7648 
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Figure 13. Simplified ac power and station 
signal grounding arrangement. Careful installa- 
tion of equipment is important because just one 
incorrect connection can make an otherwise 
perfect ground system unacceptable. 

nance for elements inside the studio build- 
ing. Check the grounding arrangement 
from tame to time for faults or errors. 
Whenever new equipment is installed or 
old equipment is removed from service, 
give careful attention to the effects such 
work might have on the ground system. 

Grounding equipment racks 
The installation and wiring of equip- 

ment racks must be carefully planned to 
prevent problems during day -to-day opera- 
tions. Figure 12 shows the recommended 
approach. 

Bond together adjacent racks with 3/8- 
or 1/2-irch- diameter bolts. Clean the con- 
tacting surfaces by sanding down to bare 
metal. Use lockwashers on both ends of 
the bolts. Bond racks together using at 
least six bolts per side (three bolts for each 
vertica. rail). 

Run a ground strap from the main sta- 
tion ground star point, and bond the strap 
to the base of each rack. Silver solder the 
strap to a convenient spot on one side of 

iiiJ11s ZS.. 
MULTI CHANNEL TELEVISION SOUND 

with the 
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FILTER 

15Q LOW PASS FILTERS 

CLEAN PASSBAND 
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PASSIVE BNC IN and OUT 

FOR TYPE RECOMMENDATION 

Buzz .. BILL 'BRICKWALL' PEGLER: 

914 763 8893 

FREE ARTICLE ON REQUEST 

"BRICKWALL FILTER ALLEVIATES MTS Buzz" 

Television Equipment Ass«,ales. Inc 

BOX 393 SOUTH SALEM, N.Y. 105900393 

Tel: 914 -763 -8893 Fax: 914 763 9158 
In California phone 213 -271 -9570 TÍA 
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How to make the 

big stars work for 

a few dollars less. 
Marconi's 7500 Series UHF transmitters give you 

more performance per dollar, whatever's on the 

program schedule. 

In the 10 kW to 120 kW range, they offer unrivalled 

energy efficiency, thanks to Marconi's world- beating 

B7500 drive and klystron pulser (currently used by 

leading manufacturers on both sides of the Atlantic). 

They offer stereo or dual sound capability, and 

compatibility with the klystron of your choice. 

Above all, they combine power economy with ease 

of maintenance, bringing operating costs down to an 

all time low. 

The entire 7500 Series is available in the USA 

through Acrodyne Industries, who also offer a 

comprehensive parts and maintenance service, coast 

to coast. 

Ask them for full specifications today. And discover 

how to save a fistful of dollars. 

Marconi 
Communication Systems @- 

1HJUHF 
TU TRANSMITTERS 

. 

Now fully supported throughout the USA by: 

ACRODYNE INDUSTRIES Inc., 516 Township Line Road, Blue Bell, PA19422, (215) 542 - 7000 (800) 523 - 2596. Telex: 846358. 
Pl.nla IA11 nn Ranh. revel www.americanradiohistory.com
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the back portion of each rack. Secure the 
strap at the same location for each rack 
used. A mechanical connection between 
the rack and the ground strap may be 
made using bolts and lockwashers, if nec- 
essary. Be certain, however, to sand down 
to bare metal before making the ground 
connection. Because of the importance of 
the ground connection, it is recommended 
that each attachment be made with a 

combination of crimping and silver solder. 
Install a vertical ground bus in each rack 

(as illustrated in Figure 12). Use copper 

busbar about one inch wide and 1/4-inch 
thick. Size the busbar to reach from the 
bottom of the rack to about one foot from 
the top. The exact size of the busbar is not 
critical. However, it must be sufficiently 
wide and rigid to permit drilling 1 /8-inch 
holes without deforming. 

Mount the ground busbar to the rack us- 
ing insulated standoffs. The easiest meth- 
od is to use porcelain standoffs common- 
ly found in high -voltage equipment. These 
are readily available and reasonably 
priced. Attach the ground busbar to the 

AN AUTOMATED AUDIO MIXER WITH A 
TRACK RECORD FOR RELIABILITY AND COMPATIBILITY. 

The Model 608 Edit Suite Audio Mixer incorporates the features of our 
larger mixers into a smaller package, at a significant cost savings, without 
sacrificing quality or ease of operation. 

Audio sources are controlled with the 608 in much the same way as video 
sources are controlled using a production switcher. This concept allows you 
to edit audio quickly, along with video or separately, using the same editing 
system. 

Our proven editor interface, supported by most major edit system 
manufacturers*, allows hands -free control of audio mixing right from the 
editor. Yet, at any time the mixer may be operated manually or with a 

combination of manual and editor control. 
The Model 608 has eight inputs, each with its own fader, with separate 

inputs for the record VTR and tone. Outputs are stereo for both the program 
channels and built -in preview switcher. 

Call us for a complete brochure. 

mixers are currently in use worldwide with the following editing systems: Ampex Ace. CMX. Calaway, Convergence. 

Grass Valley Group. PALTEX. and other systems capable of operating a video switcher. 

GRAHAM -PATTEN SYSTEMS, INC. 
P.O. Box 1960. Grass Valley, CA 95945 

Inside CA: ($00) 422 -6662 Outside CA: (800) 547 -2489 
TWX 910- 333 -6065 FAX: 916 -273 -7458 
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rack at the point at which the station 
ground strap attaches to the rack. Silver 
solder the busbar to the rack and strap at 
the same location in each rack used. 

Mount a vertical power strip inside each 
rack to power the equipment. The power 
strip doesn't need to be insulated from the 
rack. Power equipment from the strip us- 
ing standard 3 -prong grounding ac plugs. 
Do not defeat the safety ground connec- 
tion. Equipment manufacturers use this 
ground to drain transient energy. 

Mount equipment in the rack using nor- 
mal metal- mounting screws. If you're in a 
high -RF field, clean the rack rails and 
equipment panel connection points to en- 
sure a good electrical bond. This is impor- 
tant because, in a high -RF field, detection 
of RF energy can occur at the junctions 
between equipment chassis and the rack. 

Connect a separate ground wire from 
each piece of equipment in the rack to the 
vertical ground busbar. Use No. 12 strand- 
ed copper wire (insulated). Connect the 
ground wire to the busbar by drilling a 

hole in the busbar at a convenient eleva- 
tion near the equipment. Fit one end of 
the ground wire with an enclosed -hole sol- 
derless terminal connector (No. 10 size 
hole or larger). Attach the ground wire to 
the busbar using No. 10 (or larger) hard- 
ware. Use an internal -tooth lockwasher be- 
tween the busbar and the nut. 

Fit the other end of the ground wire 
with a terminal that will be accepted by 
the equipment. If the equipment has an 
isolated signal ground terminal, it should 
be tied to the ground busbar. 

In Figure 13, each of the grounding el- 
ements that has been discussed is in- 
tegrated into one diagram. This approach 
fulfills the requirements of personnel safe- 
ty and broadcast equipment performance. 

Plan ahead 
There is nothing magical about imple- 

menting an effective ground system for a 

radio or TV facility. Disturbances from the 
outside world can be diverted from the sta- 
tion if the ground system has been planned 
carefully and installed properly. It is much 
easier -and cheaper -to install a ground 
system right the first time than it is to redo 
a poor system or to try to live with an in- 
adequate grounding design. 

References 
1. Block, Roger. "How to Ground Guy Anchors and Install 
Bulkhead Panels.' Mobile Radio Technology. February 1986. 

2. Mullinack, Howard G. "Grounding for Safety and Perform- 
ance" October 1986. 

3. Stuart, Bud. "Maintaining an Antenna Ground System" 
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4. Schneider, John. "Surge Protection and Grounding 
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Some things are just obvious. For any number of 
applications, headset mics are the only way to go ... but 

they also can be a big headache. Many on the market sound 
bad and feel - after only a few minutes - even worse. 

Not the AKG O- series. Whatever your need in an 
intercom or broadcast communications application, 

we've got a headset ready to meet it with unparalleled 
comfort, audio quality, and reliability. Features like 
close -talking, noise-cancelling microphones, 
removeable /washable ear cushions, self- adjusting 
headband and options providing squelch circuit, 

carbon equivalency, in -line 
mic preamp and PTT 

switching. 
It takes the best 

sound and best feel to 
make the best 

headsets. 
With AKG, 

some things after 
all, are just 

obvious. 

Q-31 

77 Selleck Street 
Stamford, CT 06902 

K-18 

c AKG 1987 Akustische und Kino- Gerate GmbH. Austria 
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special report 

Choosing the right components is basic to the ultimate 
reliability of a broadcast transmission system. 

Selecting 
coaxial cable 

MK By Robert D. . Sullivan 

Parts is parts. Wire is wire. Right? Well, 
in the case of RF components, not so. 

In the design and implementation of a 
new transmission facility, the focus is 
usually on the selection of the transmit- 
ter and antenna, but only secondary con- 
sideration may be given to the antenna 
feeder cable. This can be a serious mis- 
take. The overall performance of the sys- 
tem depends upon the efficiency and re- 
liability of the RF transmission path be- 
tween the transmitter and the antenna. 
The transmission system includes not on- 
ly the cable but also connectors, hangers 
and grounding straps. These components 
form the cable system. 

The mechanical and electrical charac- 
teristics of the cable system are critical to 
proper operation. Mechanical considera- 
tions determine the capability of the cable 
to withstand temperature extremes, light- 
ning, rain and wind. In other words, they 
determine overall reliability. 

Electrical considerations directly affect 
overall transmitter efficiency. In the ex- 
treme, using the wrong cable can cost the 
station expensive downtime and repairs. 

A number of different types of coaxial 
cable are available. The choice depends 
on the power level required, the length of 
the run from the transmitter to the anten- 
na, and the installation method preferred. 

Rigid coaxial cables, constructed of 
heavy -wall, copper tubes with Teflon or 
ceramic spacers, provide electrical per- 
formance approaching that of an ideal 
transmission line. They are, however, ex- 

Perelman is marketing manager for special coaxial cable 
products, and Sullivan is an applications engineer for coaxial 
cable at Andrew Corporation, Orland Park, IL, 
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pensive to purchase and install. Corrugat- 
ed copper outer conductor cables possess 
the combined characteristics that make 
them suitable for most AM /FM, and some 
TV, applications. 

For the purposes of this article, we will 
examine the selection and installation of 

Selecting coaxial cable for a transmitter plant 
is not an easy task. A number of important 
specifications must be considered. Shown are 
various sizes of flexible air-dielectric cable. 
(Photos courtesy of Andrew Corporation.) 

flexible coaxial cables. Well discuss rigid 
line in another issue. 

Cable basics 
A coaxial cable is a transmission line in 

which the concentric center and outer 
conductors are separated by a dielectric 
material. When current flows along the 
center conductor, it establishes an electric 
field. The electric flux density and the 
electric field intensity are determined by 
the dielectric constant of the dielectric 
material. The dielectric material becomes 
polarized, with positive charges on one 
side and negative charges on the opposite 
side. Therefore, the dielectric acts as a 
capacitor with a given capacitance per 
unit length of the coaxial line. 

Properties of this field establish a given 
inductance per unit length of the coaxial 
line. The transmission line also exhibits a 
given series resistance in ohms per unit 
length. If the transmission -line resistance 
is negligible or if the line is terminated 
properly, you can use the following sim- 
ple formula to determine the characteristic 
impedance of the line: 

where: 
L = inductance in henries /ft 
C = capacitance in farads /ft 
Coaxial cables typically are manufac- 

tured with 50 or 75 characteristic impe- 
dances. However, other characteristic im- 
pedances also can be created by chang- 
ing the spacing between the center and 
outer conductors. 

A signal traveling in free space is unim- 
peded and has a free -space velocity equal 

Continued on page 70 
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DON'T 
LET THE PRICE 

FOOL YOU. 

Just because th 
new Tek TSG -100 
Test Signal Gen- 
erator is low in cost 
low in performance. It offers Tek 
quality and features at their 
affordable best. 

Just look at what you get. 
A simple yet functional 
set of 8 test signals 
conforming to 
RS -170A ... scope 
triggers. .. a 1 kHz audio tone... 
DC operation ... all in a compact, 
rugged, economical package. 

The Tektronix 
TSG -100 is 

your ideal 
choice 

for equipment 
maintenance 

and alignment 
in most television 

environments. 
Don't fool around. Get 

a demonstration from 
your local Tektronix Profes- 

sional Video Dealer and see 
why the TSG -100 is your best value 
for the money on the market. 
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IS THIS, 
Tektronix 

21 Ile. K leclat. Auve.nl 
Moro M1.LtLw F t LL,I. III 
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ail 

Tektronix VM700 
Wenigem Vector PIcture Meas.,. Auto' - 
0 0 0 0 0_ 

Erne. ' A B C Storta i .o o D 
Menu Help Configure Fmcdon Copy 

0 0_ 
Select tine 

Move 
E.pand 

. . 

Display Omticul ---Intemgv 
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AND THIS. 
The Tektronix VM700 Video Measure- 
ment Set puts complete digital 
monitoring and measurement at your 
fingertips. It offers more in performance 
and ease of use than you've ever had 
in a video measurement set. 

All functions are controlled by a few 
simple, front -panel pushbuttons. 
Results are accurate and repeatable. 
And it's all done by one powerful pack- 
age, at a very reasonable price. 

The VM700 makes all standard 
television measurements automati- 
cally. It can compare them to limits 
you've defined and generate an 
alarm message if limits are exceeded. 

To save even more time, you can 
define any sequence of operations as a 
function. Later, when you want them per- 
formed, the measurements will be made 
automatically - complete with printout. 

Access to manual testing at the touch 
of a button. For detailed analysis, an 
actual signal can be displayed and addi- 
tional measurements made manually. 
Waveform mode cursors ease the way to 

accurate time, frequency and amplitude 
measurements. And you can 

expand any point of a waveform 
display vertically and hori- 

zontally just by touching 
the point on the screen. 

To learn more, get in 
touch with Tek! Call 
your Tektronix repre- 
sentative to demon- 
strate the simplicity and 

power of the VM700. No 
other video measurement 

set provides so many 
capabilities in one easy -to- 

use instrument. 

Téktronbc 
COMMITTEOTOExC.ELLfNC.E 
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"With the new Continental 
solid -state transmitter we 
have had zero down time 
despite inclement weather." 

'At what must be the world's most 
hostile transmitter site, we have had zero 
down time despite inclement weather and 

antenna icing conditions. The 
transmitter remained on the 
air, with a minimum of power 
foldback." 

W.C. Alexander 
Director of Engineering 
Crawford Broadcasting Company 

"We are very pleased with 
the superior sound and 
performance of the solid -state 
1 kW Continental transmitter." 

"The new transmitter has a "cleaner" 
sound, better than any other stereo station 
on the AM band in 
this market by a wide 
margin." 

"The reliability has 
surpassed that of its 
predecessor, in fact, 
we have installed 
our sixth new 
Continental 
transmitter." 

PI! 
A Continental 1 kW AM transmitter 
installation for KPBC in Dallas. 

For information on any of Continental 
Electronics' family of reliable transmitters, 
contact: 

varian 
continental electronics division 
P.O. Box 270879 Dallas, Texas 75227 
Telephone: 214- 381 -7161 FAX: 214- 381 -4949 
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Low -density foam cables are designed to pre- 
vent water from penetrating and traveling along 
the length of the cable. The outer conductor is 
locked mechanically to the foam dielectric by 
annular corrugations. 

Continued from page 66 
to the speed of light. In a transmission line, 
capacitance and inductance slow the sig- 
nal as it propagates along the line. The 
amount the signal is slowed is represented 
as a percentage of the free -space veloci- 
ty. This velocity is called the relative ve- 
locity of propagation, and it can be deter- 
mined Dy the following equation: 

1 

V, = LxC 
where: 
L = inductance in henries /ft 
C = capacitance in farads /ft 
and 

V,=(V,/c)x 100% 

where: 
V, = velocity of propagation 
V, = velocity of propagation as a percent- 
age of free -space velocity 
c = 9.842 x 10° ft /s (free -space velocity) 

The principal mode of propagation in 
a coaxial line is the transverse electro- 
magnetic mode (TEM). This mode will not 
propagate in a waveguide, and that is why 
coaxial lines can propagate a broad band 
of frequencies efficiently. 

Coaxial cables use two types of dielec- 
tric construction to isolate the inner con- 
ductor from the outer conductor. The first 
is an air dielectric, with the inner conduc- 
tcr supported by a dielectric spacer and 
the remaining volume filled with air or ni- 

Continues on page 74 
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Today's tougher audio requirements 
demand a new choice 

Telex YA612O 

A new duplicator with 8X speed 
nd tougher s 

Improved frequency response plus 
less distortion and crosstalk are just a 
few of the technical gains achieved in 
the new Telex Pro Series duplicator. 
This means that you'll make duplicates 
that are truer to the master than with 
any comparable tape duplicator on the 
market today. 
Yes, here's a system with all the advan- 
tages of the famous 6120 high speed 
duplicator plus enhanced specifica- 
tions. Features that made the 6120 
popular such as compact size, unlim- 
ited expandability, track select, audio 
level monitors and easy one -button operation remain distinct 
Telex advantages. But, by developing the 6120XLP with 8X 
speed, Telex gives you the advantage of improvements in 
many important professional specifications such as distor- 
tion, frequency response, speed accuracy and crosstalk. 
And, the new cassette transport speed allows you to 
duplicate directly from 15 ips open reel masters for the 
ultimate in quality and convenience. 
The Pro Series 6120 uses a newly developed, highly effi- 

New XL LIFE cassette head. 

cient XL LIFE" cassette head featuring 
ultra -hard physical characteristics for 
extra long life (10X normal) plus a 
satin smooth surface that resists ex- 
cessive oxide build -up preventing the 
need for frequent maintenance. Its ad- 
vanced engineering, precision design 
and painstaking manufacturing tech- 
niques contribute immensely to the 
Pro Series improved specs including 
an unmatched frequency range of 50 
to 13KHz. For further technical details 
and the name of your nearest 6120 
dealer, call or write Telex Communica- 

tions, Inc., 9600 Aldrich Ave. So., Minneapolis, MN 55420. 

Up to 12 months to pay with no interest! 
The entire Telex 6120 duplicator series is available with 
special NO INTEREST financing through participating 
Telex dealers. Yes, with only 10% down and up to 12 
months to pay, you could be eligible for special NO IN- 
TEREST financing. Think of it! You could pay for your 
6120 out of the savings or income generated. 

TELEX. 
Call Toll Free in U.S. 800- 328 -6107 to Minnesota Call (612) 887 -5531 
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7 r ou n 1 e gr a 
if somebody built a 

fully integrated 
station automati n 
system that could 
handle all on -air 
operations, with 

ff- the -shelf hardw4re, 
and backed by 

ten-year warrant ? 

www.americanradiohistory.com

www.americanradiohistory.com


Somebody 
does. 

The SAS -2 from Utah Scientific -part of a 

growing line of integrated automation systems. 
Machine control, cart control, business 
service interface, off -line recording -complete 
systems from a single source. And all backed 
by the industry's only ten -year warranty. 

rE 
UTf7H 

SC1E77T/F/C 
DYNATECH Broadcast Group 

1685 West 2200 South. Salt Lake City. Utah 84119 
(801) 973 -6840 Call Toll Free (800) 453 -8782 TLX 269 -916 FAX: (801) 973 -0255 
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CABLE SIZE 
(INCHES) 

MAXIMUM 
FREQUENCY 

VELOCITY PEAK 
POWER 

AVERAGE POWER 
1MHz 100MHz 

ATTENUATION' 
1MHz 100MHz 

1 5/8 2.7GHz 92.1% 145kW 145kW 14.4kW 0.020dB 0.207d B 

2 1/4 2.3GHz 93.1 % 210kW 210kW 20kW 0.016dB 0.169dB 

3 1.64GHz 93.3% 320kW 320kW 37kW 0.013dB 0.14dB 

4 1.22G H z 92% 490kW 490kW 5EkW 0.010dB 0.113dB 

5 0.96GHz 93.1% 765kW 765kW 72kW 0.007d B 0.079d B 

Attenuation specified in dB/100 ft. 

Table 1. Representative specifications for various types of flexible air -dielectric coaxial cable. Coax manufacturers can be valuable sources of 
information when you are selecting a transmission line. 

Continued from page 70 

trogen gas. The spacer, which may be con- 
structed of spiral or discrete rings, usual- 
ly is made of polyolefin or Teflon. Air -di- 
electric cable has lower attenuation and 
higher average power ratings than foam - 
filled cables, but it requires pressurization 
to prevent moisture entry. 

Foam-dielectric cables are an alternative 
to air-dielectric cables. Foam -dielectric 
cables are ideal for use as feeders with an- 
tennas that do not require pressurization. 
The center conductor is surrounded com- 
pletely by foam-dielectric material, result- 
ing in a high dielectric breakdown level. 

The dielectric materials are derived from 
polyethylene -based formulations, which 
contain anti -oxidants to reduce dielectric 
deterioration at high temperatures. 

Center conductors are made from cop- 
per -clad aluminum or high -purity copper 
and can be solid, hollow tubular or cor- 
rugated tubular. Solid center conductors 
are found on cable with diameters of 
r/ -inch or less. 'lilbular conductors are 
found in h -inch or larger-diameter cables. 
Although tubular center conductors are 
used primarily to maintain flexibility, they 
can be used to pressurize the antenna 
through the feeder. 

Mechanical parameters 
Corrugated copper cables can withstand 

repeated bends with no change in proper- 
ties, which is important for ease of installa- 
tion. Low- density foam- and air -dielectric 
cables generally have a minimum bending 
radius of 10 times the cable diameter. So- 
called superflexible versions have a much 
smaller bending radius. 

When a larger cable must be used to 
meet attenuation requirements, short 
lengths of a smaller cable Oumpers or 
pigtails) may be used on both ends for 
ease of installation in low -power systems. 
The trade-offs are slightly higher attenua- 

Portable Partnership 
When you're on the scene, you're in the air -with a 

cellular phone and a Comrex. Our PLXmicro converts 
telephone quality to program quality around town or 
around the world. 

The PLXmicro is the tiniest extender we've ever built. 
Just about pocket size, it stows -and goes- almost anywhere. 

Yet despite its size, it's packed with features: the Comrex 
frequency extender is built in, along with interface for 

cellular telephone or standard dial line. There are 
microphone and tape inputs and 

automatic send level control. 
A monitor decoder, hybrid 
circuitry and headphone 
output allow full duplex 
operation. 

Call or write for a demo 
tape of the difference that a 

Comrex can make. 
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617- 263 -18001- 800 -237 -1776 

Comex UK, Ltd., 29 Kenilworth Road, 
London W5 5PA UK 01- 567 -5128 
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TELEVISION TRANSMITTERS 
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THE THE PERFECT PICTURE 
BY 

THOMSON-LGT 
LABORATOIRE GENERAL DES TELECOMMUNICATIONS 

1 RUE DE CHAUTIL - Z.I. DES BOUTRIES 
78700 CONFLANS- STE- HONORINE /FRANCE 
TEL : (33.1) 34.90.31.00 - FAX : (33.1) 34.90.30.00 

TELEX 696833 F 
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Cutaway view of a 7 /8-inch connector interface. This weatherproof design is self-flaring for easy 
assembly and good electrical contact. 

tion and some additional cost. 
The tensile strength of a cable is defined 

as the axial load that may be applied to 
the cable with no more than 0.2% perma- 

nent deformation after the load is re- 
leased. This figure, divided by the weight 
per foot of cable, indicates the maximum 
length of cable that is self- supporting and, 

therefore, readily installable on a tower 
with a single hoisting grip. 

The crush strength of a cable is defined 
as the maximum force per linear inch that 
may be applied by a flat plate without 
causing more than a 5% deformation of 
the cable diameter. Crush strength is a 
good indicator of the ruggedness of a ca- 
ble and its capability to withstand rough 
handling during installation. 

Cable jacketing affords mechanical pro- 
tection during installation and service. 
Cables typically are supplied with jackets 
consisting of low- density polyethylene 
blended with 3% carbon black for protec- 
tion from the sun's ultraviolet rays, which, 
given enough time, can degrade clear 
plastics. This blend has proved to be an 
effective protective agent, yielding a life 
expectancy of more than 20 years. 

For indoor applications, where fire -re- 
tardant jackets are specified, cables can 
be supp.ied with a fire -retardant material, 
usually listed by Underwriters Laborator- 
ies. Note that under the provisions of the 
National Electrical Code, outside plant 
cables such as standard black polyethy- 
lene- jacketed coaxial cables may be run 
for as far as 50 feet inside a building with 
no additional protection. They also may 
be placed in conduit for longer runs. 

Your Problem Sol 

Mike 
Line 
Phono 
Mixing 
Matching 
Metering 
Monitoring 
Processing 
Distribution 
Rack Mounting AUDIO TECHNOLOGIES, INC. 

328 W. Maple Ave.. Horsham. PA 19044 (215) 443 -0330 FAX (215) 443 -0394 
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"Reliability 
makes 

Auditronics 
boards winners 

with us", 

says WHIO AM -FM chief engineer Ron Gaier. "Our job in engineering is to keep the 
station on the air, so our three Auditronics consoles' record of zero failures makes me 

very happy." 
"When we renovated three years ago. I insisted on enough input capacity so 

every signal source could have its own channel with no switching or patching. So we 
bought the 224 for production and on -air, and the 212 for news. This also gives us the 

flexibility to easily reconfigure the boards as our needs change." 
"We got everything we wanted from Auditronics through our dealer Allied, 

including timely delivery which was critical to us then." 
"Based on our trouble -free experience with the Auditronics 200 series thus 

far. I'd buy them again tomorrow," 
If you'd like to know more about why Ron Gaier specifies Auditronics 

consoles. call toll -free 800 -638 -0977 or circle reader service number. 
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Maintaining a broadcast tower 

The transmitting tower is the most vis- 
ible and expensive component of most 
broadcast transmission systems. A com- 
prehensive maintenance program is es- 

sential to the safety of personnel in the 
vicinity of the tower, as well as to the 
long -term survival of the structure. 

Rules for safety 
The FCC addresses tower safety in Vol- 

ume 1, Part 17 of its rules. The commis- 
sion specifies the painting and lighting 
requirements for towers ranging from 
heights of less than 250 feet to more 
than 2,000 feet. 

By naming paints, colors, lamps and 
lighting filters, the commission addresses 
the safety concerns that relate to aircraft. 
The Occupational Safety and Health Ad- 
ministration (OSHA) focuses on person- 
nel safety matters. OSHAs main concern 
is for the people who must work on and 
around the tower structure. 

Many cities have statutes that apply to 
broadcast antennas and towers and the 
safety of the general public. In some 
cases, local regulations are far more 
stringent than any restrictions made by 
the FCC and OSHA. 

It may appear to some that the various 
tiers of regulations are overkill. Yet, the 
tower represents a liability for which the 
broadcaster is solely responsible. The 
regulatory efforts at each level are in- 
tended to aid the radio /TV industry in 
reducing such liability. 

On the tower 
Most of the work on existing towers 

is limited to two projects: replacing 

By Carl Bentz, 
technical and special projects editor 

lamps and /or colored lighting filters and 
occasional painting. Make sure a reliable 
tower service company is contracted to 
perform these tasks. Replacement lamps 
should be kept in stock to assure that 
any failures can be corrected quickly. 

Painting is a long -term project. Even 
though a reputable service company is 
contracted to do the work, the station 
engineer should oversee the project. Not 
only must the paint and its application 
answer FCC and FAA requirements, but 
painting may have a direct effect on the 
longevity of the structure. Galvanized 
metal usually does not require painting 
as non -coated metals do. Even so, the 
zinc coating of galvanizing eventually 
will wear away. 

Seven points are suggested by NAB 
with regard to contracting the tower 
painting project: 

Purchase the paint yourself, in accord- 
ance with FCC rules. 

Require brushing, scraping and prim- 
ing of the structure before the final coat 
of paint is applied. 

Permit painting to be done only when 
the tower is dry and the relative humidi- 
ty is low. 

Allow painting to be done only if the 
tower temperature is at least 50 °. 

Apply paint as specified by the 
manufacturer. 

Inform the painters that the job will 
be inspected as the work progresses. 

Require evidence that the painting 
company has insurance coverage for its 
employees. 

Insurance coverage should include 

worker's liability, contractor's public li- 
ability, contractor's protective liability, 
automobile liability and direct -damage 
insurance Ask your insurance represen- 
tative to investigate the evidence of 
coverage. 

Inspections 
Just as preventive maintenance of any 

station equipment may help avert cost- 
ly problems, the same is true of tower 
maintenance. Insurance requirements 
often specify that complete inspections 
of the tower be made annually as a req- 
uisite for renewal of coverage. In some 
areas, local statutes also require inspec- 
tions to be made and the results ap- 
proved by a professional engineer. Dur- 
ing such inspections, search for any signs 
of wear, stress or corrosion of the tower, 
attachments and hardware. 

Check guy wires, guy attachments on 
the tower, guy anchors and insulators (if 
used). Include all ladders, catwalks, ice 
bridges and other ancillary parts of the 
tower in the inspection. Pay special at- 
tention to concrete foundations, the ball 
gap on AM towers and weep holes on 
base insulators (if used). 

In addition, check guy tensions, line- 
arity aid plumb of the tower. These 
checks can be made occasionally by sta- 
tion personnel if the proper equipment 
is available. Your tower structural con- 
sultant should be able to assist in devel- 
oping an inspection plan. 

Inspections throughout the year, espe- 
cially after storms or high winds, can 
help you pinpoint a potential tower fail- 
ure and prevent it. 

Low -density foam cables are designed 
to prevent water from traveling along their 
length, in case it enters because of damage 
to the connector or the cable sheath. This 
is accomplished by mechanically locking 
the outer conductor to the foam dielectric 
by annular corrugations. Annular or ring 
corrugations, unlike helical or screw - 
thread -type corrugations, provide a water 
block at each corrugation. The closed -cell 
polyethylene dielectric foam is bonded to 
the inner conductor, completing the mois- 
ture seal. 

Electrical considerations 
VSWR, attenuation and power rating are 

key electrical factors to consider when 
selecting a cable system. High VSWR can 
cause power loss, voltage breakdown and 
thermal degradation of the system. High 
attenuation means less power delivered to 
the antenna, higher power consumption 
at the transmitter and increased heating 
of the transmission line itself. 

If a system suffers from inadequate 
power -handling capabilities, the result can 
be thermal breakdown and damaged ca- 
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ble. The power rating must be specified 
carefully to account for temperature ex- 
tremes during service. 

VSWR is a convenient way to check the 
construction quality of coaxial cable. High 
VSWR indicates non -uniformities in the 
cable that can be caused by variations in 
the dielectric core diameter, variations in 
the outer conductor, poor concentricity of 
the inner conductor, or a non- homoge- 
neous or periodic dielectric core. Although 
each of these may contribute only a small 
reflection, they can add up to a measur- 
able VSWR at a particular frequency. 

Attenuation is related tó the construc- 
tion of the cable and varies with frequen- 
cy, product dimensions and dielectric con- 
stant. Larger- diameter cable has lower at- 
tenuation than smaller- diameter cable of 
similar construction operating at the same 
frequency. It follows, therefore, that larger - 
diameter cables should be used for long 
cable runs. 

Air -dielectric cable exhibits less attenua- 
tion than comparably sized foam -dielectric 
cable. The attenuation characteristic of a 
given cable also is affected by any stand- 

ing waves present in the cable resulting 
from an impedance mismatch. Table 1 

shows a representative sampling of coax- 
ial cable specifications for a variety of 
cable sizes. 

Installation considerations 
A coaxial cable is of no use whatsoever 

if it can't be connected reliably to other 
parts of the transmission system. Connec- 
tor design, therefore, takes into account 
several key requirements. The connector 
interface must create a weatherproof bond 
with the cable to prevent water from pen- 
etrating the connection. This is ensured 
by using O-ring seals. The cable- connector 
interface also must provide a good elec- 
trical bond that does not introduce a mis- 
match and increase the VSWR. Good elec- 
trical contact between connector and 
cable also assures that proper RF shielding 
is maintained. 

Tower windload 
Windloading is always a concern when 

a tower is designed. Overall cable di- 
ameter and the configuration in which it 
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NEW. HERE. mi. 

Offering you higher performance, reliability and value, 
Fujinon's newest and finest ENG lenses are available 
now. 

The new A18x8.5ERM gets you in closer and takes 
you out farther. It gives you two focal ranges - 8.5mm to 
153mm and 17mm to 306mm - by flipping the built -in 
2X extender lever. The F1.7 maximum aperture is flat to 
116mm and only drops to F2.3 at the full 153mm tele 
position. About half an inch longer than ordinary ENG 
lenses, the new A18x8.5ERM's combination of range, 
features, and performance are making it the new world 
standard for electronic news gathering. 

The new A14x9ERM, lighter and more compact, out- 
performs its predecessors and the competition. It's less 
than 1.4kg with the flexibility of a built -in 2X extender. 
MOD is 0.8m. And it provides an F1.7 maximum aper- 

ture from '- m to 10 `- . 1(F2.0 at 126mm). 
Both newiensss,offer performance improvements in- 

cluding higherMTF`Nïth significant reductions in distor- 
tion and longitudinal chromatic aberration. Images are 
sharper and brighter throughout the zoom ranges. Color 
and focus tracking are right on. Both lenses also offer 
macro focusing, weatherized construction, and such 
Fujinon options as miniaturized, built -in pattern projec- 
tors, front -mounted wide and tele adapters, manual and 
servo hand controls for studio use, and push- button shot 
boxes for programming multiple focal positions and 
zoom speed. 

They're new. They're here. And they're available now. 
To learn more about Fujinon's new ENG lenses, you'll 
get more information or a demonstration by calling the 
Fujinon location nearest you. 
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is hung affect the tower windload. These 
factors are especially important when sev- 
eral cable runs are required. If these runs 
are mounted side by side, they increase 
the windload. Windload reduction can be 
achieved by a cluster -mount arrangement 
in which the cable is mounted in a side - 
by -side circular configuration. 

Proper installation of a cable system re- 
quires various accessories. The method 
used to hang a cable system determines 
both immediate and long -term perform- 
ance. Three basic types of hangers are 
available for use with flexible cable 
systems. 

The wrap -type hanger offers quick and 
easy installation, but long -term use pre- 
sents some hazards. Many such hangers 
are nylon and are limited in mechanical 
durability. Others are made of malleable 
metal and installed by twisting wires 
together. These hangers have a low resis- 
tance to cable slippage, and the clamping 
force is determined by the installer. 

Clamp hangers are similar to a conduit - 
type hanger, but the halves are easier to 
spread apart. Clamp hangers require hard- 
ware for mounting to the tower bracket 
and for clamping cable. This type of hang- 
er provides dependable support, and 
should be used wherever possible. The ad- 

Corrugated cable offers a convenient and effec- 
tive method of grounding anywhere along the 
line by stripping the jacketing, attaching a 
ground strap and covering the connection. 

ditional time required for installation is not 
significant. 

Lightning protection is important to the 
long -term survival of a system. Corrugated 
cable offers an easy and effective method 
of grounding anywhere along the line by 

stripping the jacketing off. A ground strap 
then can be attached and the connection 
covered to protect it from the environ- 
ment. Braided copper straps from the ca- 
ble to the tower should be avoided be- 
cause they accumulate moisture, resulting 
in corrosion and eventual breakage. Use 
a solid copper ground strap instead. 

Consider all factors 
Many items must be considered in the 

planning and specification of a transmis- 
sion -line system, including: attenuation, 
power, VSWR, weight, windloading, cable 
bend radius, jacketing requirements and 
environmental factors. Cable accessory 
items, often overlooked, are critical to the 
reliabili.y and efficiency of the system. 

Choosing the least expensive cable is 
not always the most economical decision 
for either the short- or long -term. The total 
installed cost of the cable system must be 
considered, and the lowest total installed 
cost does not always mean the lowest - 
priced cable. For the long -term, it is crucial 
that the cable installation be able to with- 
stand environmental stresses and still de- 
liver specified performance. The cost of 
unnecessary downtime or repairs can far 
outweigh the cost differential of a margin- 
al cable installation. 

With our Automatic Remote Control System 
your transmitter - and your personnel - will 
operate with increased efficiency 

Have you ever wondered if your night operator will 
remember ... to switch patterns at sunrise? ... to 
periodically check critical levels? ... the correct 
transmitter restart sequence? You'll never have to worry if 
Potomac Instruments' RC16 + is on the job. Because it'll 
do all these tasks for you. Plus a lot more. Automatically. 

With its microprocessor based control logic, the basic 
RC16 + provides 16 telemetry channels with automatic 
out -of- tolerance alarms and remote raise /lower controls; 
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plus 16 status channels. The automatic functions - pat- 
tern shift, transmitter restart, power control - are pre- 
programmed in accordance with station license re- 
quirements and controlled with an accurate master clock. 

The RC16 + is also expandable. In 16 channel incre- 
ments, up to a total of 64 channels. With the remote video 
display option your chief engineer can get a detailed 
readout of all measured parameters. Its updated every 30 
seconds and connects to any standard telephone. The op- 
tional plug -in automatic logger provides a permanent 
record of all transmitter activity. Log intervals, sequence, 
and alarm flags are user -selectable. 

And, best of all, the RC16 + is cost effective. No other 
unit on the market offers these features and capabilities at 
this low price. 

Basic System $4,995.00 
Additional 16 Channels 1,865.00 
Plug -In Automatic Logger 2,499.00 
Remote Video Display Unit 650.00 

,. 
O TOMA C INSTRUMENTS 

932 PHILADELPHIA AVE. SILVER SPRING, MD 20910 
(301) 589 -2662 
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The next time your perform- 
ance is measured by the success 
)f audio and video transmissions, 
:ake a closer look at the critical 
ink: will the shielded cable you 
select maintain signal integrity? 
4t Belden, were working to 
xotect this critical link. 

shield Effectiveness 
Nith heavy foot and equipment 
raffic inside the broadcast 
studio, one of your greatest 
:hallenges is to preserve 
he integrity of your 
ransmission. This tough 
3nvironmental problem, 
oupled with the need to É 

xotect the quality of your 
signal, has created a grow - 
ng demand for sophisti- 
,ated, shielded cable 
,onstructions. 

Belden responds to 
hese demands with inno- 
/ative shielding designed 
o meet the highest per- 

The lower the value of 
ormance standards in the transfer impedance. 

the xoadcast industry. eId g. 

E 

BUT IT CAN 
DESTROY YOUR 

BROADCAST 
SIGNALS 

100.000 

10.000 

1.000 

100 

10 

Belden helps you control interference 
and protect signal integrity 

with innovative shielded cable 

Transfer Impedance Test Results Test Methods Protect 
Your System 
To help you define interference 
problems, Belden's Technical 
Research Center evaluates the 
development, implementa- 
tion and refinement of 
shields and shield 
effectiveness testing. 
Our Transfer Imped- 
ance Test is but one 
of many rigorous 
tests employed by 
Belden engineers. The 
procedures we use help 
you select the proper 

0 10 o 
shielded cable that 

Brad _Fat Brad Fe 
results In cost- effective 

Spiral Duc o dPus transmission performance. 
Fo4 Optimized Brad 
Foil Brae 

0101 

Frequency 1MH, 

100 1000 

Effective Assistance 
Belden has recently published a 
Cable Shield Performance 
and Selection Guide. It's free, 
and it helps you define yoúr 
interference problem, acquaints 
you with current FCC regula- 
tions, and familiarizes you with 
the trade -offs associated with 
different shield designs and 
Belden's various test proce- 
dures for mr,asuring shielding 
effectiveness. Shield perform- 
ance results are detailed from 
each test to properly guide your 
cable selection. 

Contact Belden 
today for your free 
personal copy. Belden 
Wire and Cable, 
P.O. Box 1980, 
Richmond, IN 47375. 

1- 800 -BELDEN -4 
In Indiana, call 317 983 -5200 

'here is no equal:" 

opyright < 1984, 1988 Cooper Industries, Inc. 
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Canon Answers the Needs of the 
Broadcast Industry Once again. 

Introducing the Canon J50X9.5BIE. 
Canon answers the demanding requirements of 

electronic field production with the sensational new 
J50X9.5BIE. The perfect lens for outdoor events like 
the Super Bowl and the Calgary Olympics where the 
J50X was put into action. Featuring a 50X zoom ratio, 
f1.4 maximum aperture, and an effective focal length 
of 9.5 to 950mm, thanks to its built -in 1.5X and 2X 
extenders. Any way you look at it, the J50X9.5 gives 
you incredible reach. Yet, it's great indoors too, with a 
minimum object distance of 7.2 feet and macrofocus- 
ing to 20 inches. Plus the usual high M.T.F., minimized 
distortion and chromatic aberration you've come to 
expect from Canon broadcast lenses. 

An optional rotary shutter provides a choice of 

1/1,000th, 1/500th and 1/250th sec. high shutter speeds 
and will interface with most major manufacturer's 
cameras. 

The J50X9.5BIE is designed for outstanding per- 
formance on both 2/3" tube and CCD cameras. And 
with a weight of just 36 lbs., these credentials are even 
more impressive. Simply stated, the J50X represents 
the most advanced design in optical technology avail- 
able to the broadcast industry today. There is no better 
lens to meet the tough professional standards of elec- 
tronic field production. So the next time you need a 
broadcast lens with the reach of a 50X zoom and unsur- 
passed optical quality, choose Canon. Because no 
other lens measures up. 

Canon 
Canon USA. Inc.. New York Office: One Jericho Plaza. Jericho. NY 11753 (516) 933-6300. Dallas Office: 3200 Regent Blvd.. Irving. TX 75063 (214) 830-9600 

Chicago Office: 100 Park Blvd.. Itasca, IL 60143 (312) 250-6200. West Coast Office: 123 Paularino Avenue East. Costa Mesa. CA 92626 (714) 979-6000 
Canon Canada. Inc.. 6390 Dixie Road, Mississauga, Ontario L5T1P7, Canada (416) 678 -2730 
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special report 

Combining resources to improve FM coverage has led 
many stations to use sophisticated multiplexer systems. 

Mukiplexinp 
FM transmitters 

BY Bake` 

The "use it or lose it" aspects of FCC 
Docket 80 -90 have been the impetus for 
many FM stations to shop around for the 
ways and means to bring their broadcast 
power up to the licensed limits. Applica- 
tions for the necessary construction, rights 
of way, zoning variances and other per- 
mits accelerated shortly after the March 
1984 edict was issued. Unless existing sta- 
tions meet certain minimum operating 
limits, they will be locked in at their cur- 
rent levels. The commission then can issue 
new licenses for other FM stations willing 
to operate in the dead space created by 
the reduced coverage areas of existing 
facilities. 

The station owner facing the prospect 
of raising a 10- or 20- year -old antenna 
several hundred feet up a too-short tower 
is in for a shock. If you were to go out 
shopping for a new car without the benefit 
DeCormier is FM broadcast/RF custom engineering man- 
ager at Dielectric Communications. Raymond. ME. 

of having priced a new automobile in sev- 
eral years, you could sympathize. The 
term "sticker shock" hardly describes the 
trauma. 

Finding a site 
There aren't enough judiciously placed 

skyscrapers to accommodate all the FM 
stations in need of a high perch for their 
antennas. And when tall building sites are 
available, they usually are expensive. 

Most often, a station must vie with its 
competitors for adequate high ground to 
erect an appropriate tower and transmit- 
ter building. Then there is the added dif- 
ficulty of finding a spot where zoning or- 
dinances or airport restrictions allow tall 
structures. 

Enter the concept of the community 
broadcast site. As many as 10 FM stations 
can operate efficiently from a single tower 
by using an FM multiplexer system. 

A 3- station partnership brings each sta- 

Multistation FM combiners have gained considerable interest since the FCC's 80-90 decision. Systems 
can be large or small, but the idea is always the same: Feed two or more transmitters into a 
single wideband antenna. 
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tion's cost down to a little less than it 
would cost one station alone without a 
multiplexer. Six stations using the same 
tower and multiplexer can reduce the 
start -up costs of a $1 million tower to 
$166,000 each. Each station's share of a 
$360,000, 6- station FM multiplexer would 
be $60,000 -a small initial price to pay for 
the more than $800,000 saved on the 
shared tower. 

If you're in a market with 20 FM sta- 
tions, and three or more of your biggest 
competitors decide to go into partnership 
to achieve licensed capacity with the aid 
of a multiplexer system, you may not be 
invited to participate. 

Who will advertisers prefer, all else be- 
ing equal? The 75kW station or the 100kW 
station? You'd better do something. And 
quickly! 

Design considerations 
Designing a multiplexer system to fit the 

needs of your station and those of your 
partners' stations requires the specification 
of some basic parameters. Ask yourself 
these questions: 

What power level will be going through 
the multiplexer? 

How many stations will be involved? 
Do you want excess capacity for adding 

more stations later? 
What kind of performance characteris- 

tics do you require? 
How much floor space is available for a 

multiplexer? (A 6- station system requires 
floor space of about 20x55, or 1,100 
square feet.) 

How many outputs do you want? 
Is your antenna going to be a single -feed 

or dual -feed configuration? 
What type of monitoring system do you 

prefer, and what should be done with the 
data that the system provides? 

Do you want the capability of bypassing 
the cutput splitting device so that you can 
feed all the stations into either half of the 
antenna? 
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LEITCH 
LISTENS 

It's the reason why 
these three new Leitch test generators 

are tailored to your needs. 
These three new test generators may 

look alike. But the software inside tells 
another story. Before they were designed, we 
sat down with transmitter, studio and trans- 
mission people to find out what they needed 
and wanted. 

With these new Leitch 2500 NTSC test 
generators, you get digital generation for 
accuracy and stability. The Transmitter and 

Transmission generators deliver up to 60 
signals while the Studio generator provides 56 
different signals. All with 10 bit precision. 

Upgradeable EPROMs allow you to have 
the unit adapted to meet new signal require- 
ments. And you get Leitch ease of operation. 

If you want further information, just 
write or call. You'll find we're not only good 
listeners, we're good providers. 

Leitch Video International Inc., 10 Dyas Road, Don Mills. Ontario, Canada M3B 1V5, Tel.: (416) 445 -9640 or l- 800 -387 -0233, Telex: 06 986 241 
Leitch Video of America. Inc.. 825K Greenbrier Circle, Chesapeake, VA. U.S.A. 23320. Tel.: (804) 424 -7920 or 1- 800. 231.9673. Telex: 710 882 434 
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Ft INPUT -- 
F2 INPUT 

Fl POUT 

OUTPUT 
NIOEYND 

PRANCN DIPLEXER (NON-CONSTANT IMPEDANCE) 

F1,F2 OUTPUT 

Figure 1. A non -constant- impedance branch 
diplexer. In this configuration, two banks of 
filters feed into a coaxial tee. With this design, 
the electrical parameters are basically a func- 
tion of the filter characteristics. 

Figure 2. A bandstop (notch) constant - 
impedance diplexer module. This design incor- 
porates two 3dB hybrids and filters, with a ter- 
minating load on the isolated port. 

Do you want the capability of a spare 
wideband input? In other words, if one of 
the modules were to fail, would you want 
the capability of feeding into the spare in- 
put to keep everyone on the air? 

Meeting the last objective will require 
installation of a patch panel. You will need 
to be able to reroute the input power, not 
only at the input to the module, but also 
around its output. Because the failed mod- 
ule is symmetrical in many respects, it will 
pass power in the forward and reverse 
directions. The module must be taken out 
of the link in order to bypass it. 

To accomplish all of this means you will 
have a large patch panel on the output 
side. Panels for this type of installation are 
made of 6- or 9 -inch coax and can han- 

STOP GROUND -LOOP HUM! 

VIDEO HUM STOP 
COIL...HSC 1 

Will ELIMINATE HUM and 
other INTERFERENCE in 
Video Lines caused by dif- 
ferences in Ground Potential. 

For Color and Black and White. 
FLAT -DC to 6.5 MHz. 
No Low -Freq or Hi -Freq. Roll -off. 
No Differential Phase Distortion. 
No Differential Gain Distortion. 
No Envelope Delay. 
Passive Device - Failure Free -Low Price. 
Small Compact Package 4" x 4" x 2 -114 ". 

ELIMINATES HUM 
AND INTERFERENCE: 

IN STUDIO 
Between Buildings 
On long runs in Buildings 
Between Studio and Transmitter 
On Incoming Telco circuits 
On Outgoing Telco circuits 

IN FIELD 
Betw. Remote Truck and Telco 
Betw. Remote Truck and Microwave 
For Intertruck Hookup 
For VTR Units 
For Monitoring Lines 

Available on 
10 day free trial 

NEW! 

r 

$190 
F.O.B. 
N.Y. 

AUDIO -VIDEO ENGINEERING COMPANY 
65 Nancy Blvd.. Merrick, N.Y. 11566 

Tel. (5161 546 -4239 
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Switchable between LINEAR and FAST key modes 

Smooth SEAMLESS INLAY of DVE's and Paint Boxes 

Preserves the clean edge of anti -aliased equipment 

Separates down to 5 IRE anywhere in grey scale 

Variable SOFT key INVERT key 

CUT to KEY, MIX to KEY or A/B MIX 

All user controls on remote panel 

Stand alone operation 

Optional AUTO MIX via G.P.I. 

THE ONLY WAY TO KEY 

broadcast video ltd. 
40 West Wilmot Street Richmond Hill. Ontario L4B 11-18 

Telephone: (416) 764 -1584 Telex: 06- 964652 Fax: 14161764 -7438 
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The point of no re rn. 
When you've come this far, the last thing you want to do is go back down the mountain to fetch the right equipment for !. That's why the 

MAGNI 1527 puts all the features you need in a single unit - Waveform Monitor, Vectorscope, and a Test Signal Gene ,. ly expanded to 

provide over 24 different NT 

, 

SC signals. We've tuc . 6' easy -to-use 

Differential Phase and Gain measurements, ` monitoring 

(available directly at a VTR DEMOD output), .:, a matching, 

and audio tone output as standard f v j, : selectable 

Signal -Follows- Measurement mode s ' j3 . your work by 

automatically giving you the right si ; Ef I s the monitoring 

mode you choose. And at just 1 

s 

nds, including 

portable cabinet, the 1527 easily from 

studio to transmitter t er you need it. 

Before your ne 

turns into thre 

MAGNI 1527: func 

where you have to. 
7 Circle (61) 

up the hill 

, discover the 

ty that goes 

y Card 

' 

>hb 

MAGNI SYSTEMS. INC!. 

9500 SW Gemini Uria 
'Beaverton, OR 9700516A 
(51)3) 626 -84(H) 

(81N)) 237;596-1 

FAX (51)3) 626 -6225 
TI_1t'650.276994 iMCI 

www.americanradiohistory.com

www.americanradiohistory.com


Large multiplexer systems require u great deal of floor space. Depending on the number of sta- 
tions to be combined, the multiplexer may be configured to fit the physical space available. Note 
the use of casters on the individual modules of this combiner to make installation easier 

dle an enormous amount of power. Patch 
panels are the most elegant way to bypass 
a module, but they are also the most ex- 

pensive way. A less expensive approach 
involves the use of an extra -long U -link to 
bridge between the appropriate ports. 

The type of monitoring system chosen 
for the facility is another important part 
of the planning process. By monitoring 
forward and reflected power at the input 
of each module, you can identify module 
failure. By monitoring forward and reflect- 
ed power at the output of the combined 
system, you can identify antenna failure. 
A 6- station system has 27 connections that 
could be left loose following maintenance. 
A schematic with LEDs is helpful to pin- 
point a loose connection. 

If you are going to spend a bundle on 
upgrading your FM transmission plant to 
its licensed capacity, you'll want more than 
a casual understanding of the intricacies 
of the hardware involved. You'll also want 
to know about the various fail -safe devices 
or redundancies that can be included in 
your system to assure that you and your 
multiplexer partners are never off the air 
for more than the few minutes it takes to 
bypass a failed module. 

Non -constant -impedance diplexers 
The . hranch diplexer is the typical con- 

figuration for a diplexer that does not ex- 
hibit constant -impedance inputs. As 
shown in Figure 1, the branch diplexer 
consists of two banks of filters, each 
feeding into a coaxial tee. The electrical 

Produce A/B Roll 
with the power of Still Store. 
Keep 200 to 2,000e images on line for 
instant recall with ALTAs Centaurus and take full 
advantage of Super VHS resolution. Use wideband 
Y/C video processing from input to output. Even 
mix and match composite and Y/C signals. 

Create over 50 video effects. Wipes, pushes, pulls, 
splits, dissolves, split screens, fades, posterizations, 
strobes and freeze frames. Even stereo audio mixing 
and keying. All with full bandwidth, 8 -bit encoding 
and a comprehensive two year warranty. 

Produce high resolution A/B roll video with the 
power of Centaurus for $13,900. Or $16,900 with 
Still Store. Find out more today! 
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With optional drive. 
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ALTA 
GROUP, INC 
535 Race St. 

San Jose, CA95126 
Télex 757994 
Fax 408 -297 -1206 

Tél 408- 297 -ALTA 
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Some video experts would 
lave you believe that the only way 
o upgrade your video equipment 
s to throw it out and start over. 

At Sony, we see it differently. 
knd you will too when you see 
he new TYPE VII and TYPE IX 
;eries of U -matie players and 
ecorders. 

Not only are they compatible 
vith your existing U -matie equip - 
nent. they offer performance that 
intil now you could only get at 
wice the price. 

L_ 

For starters, you get SP tech- 
nology on the TYPE IX models, 
which means superior picture 
quality on both originals and 
copies. You also get a new form of 
absolute address called Frame 
Code. As well as a computer inter- 
face which lets you preset players 
and recorders to start and stop at 
certain times. 

More impressive, however, is 
the price. We've designed these 
U- maties to fit into your budget as 
easily as they fit into your facility. 

> 1987 Sony Communications Products Co., a division of Sony Corp. of America, 1600 Queen Anne. Teaneck NJ 07666. 
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When 
it's time to 
move up 

from 
U- matte, 
move up 

to 
U- matic. 

To learn more about TYPE 
VII and IX, or to attend a Sony 
video workshop, please write to 
Sony, P.O. Box 6185, Department 
U -2, Union, NJ 07083. 

With U- matie, moving up to 
a new standard in video could be 
as simple as opening a box and 
plugging it in. 

SONY 
Professional Video 
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Audiocom Intercom 
Systems Are Simply... 

Sophisticated. 

7- 

From the simple two person intercom to the sophisticated 4- channel 
unit, Audiocom technology responds to your communication needs. 
The balanced line design protects wiring from external interference 
and, Audiocom interfaces with Clearcom, RTS and Telco. Simple color - 
coded cabling takes the headache out of wiring for theaters, 
auditoriums, industrial, broadcast, recording and a host of sporting 
applications involving spotter -to -coach communications. 

Audiocom's microprocessor circuitry adds the option of closed- circuit 
communications capability for discreet communications between the 
master station and any of up to 150 remote stations. 

Telex has also developed a line of light, comfortable intercom headsets 
to be used with Audiocom. Telex has once again taken sophisticated 
technology and made it simple and comfortable to use. For more 
detailed information, write to Telex Communications, Inc., 9600 Aldrich 
Avenue South, Minneapolis, Minnesota 55420 

TELEX 
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length between each filter output and the 
center line of the tee is frequency -sensi 
tive, but this fact is more of a tuning nui 
sance than a genuine user concern. 

For this type of diplexer, all the electrica 
parameters are a function of the filter 
characteristics. The VSWR, insertion loss 
group delay and rejection /isolation will be 

the sane for the system as they are for 
the individual banks of cavities. The ma 
jor drawback of this type of combiner is 

the limit of isolation that can be obtainec 
for closely spaced channels. 

As the frequency spacing approaches 
800kHz, the number of filter cavities nec 
essary to obtain 50dB isolation can exceec 
five, it the required passband bandwidtt 
is to be retained. In addition, all the power 
for each station passes through a single 
bank of cavities. The cavities must be 

rated for twice as much power as similar 
cavities in a constant -impedance 
conf iguration. 

Performance specifications 
The typical performance of a non 

constant- impedance diplexer where twc 
FM channels are spaced 2MHz apart is as 

follows: 

VSWR <1.05:1 at FO +200kHz 
Insertion loss <0.25dB at FO, <0.30dE 

at FO ±200kHz 
Group delay < +25ns at FO ±150kHz 
Isolation > 50dB for frequencies 

> +2MHz from carrier 

Constant -impedance diplexers 
Constant- impedance diplexers employ 

3dB hybrids and filters with a terminating 
load on the isolated port. (See Figures 2 

and 3.) The filters in this type of combiner 
can be either notch -type or bandpass -type 
The performance characteristics will be 

noticeably different for each design. 

Bandstop diplexer modules 
Bandstop (notch) constant -impedance 

diplexer modules are configured as showr. 
in Figure 2. For this design, the notch fil. 
ters must have a high Q response to keep 
insertion loss low in the passband skirts 
The high Q characteristic results in a sharp 
notch, typically providing 35dB to 40dE 
of notch depth at carrier and falling tc 
14dB at ±50kHz and 8dB at ±100kHz. 

Because this bandwidth is inadequate 
for FM broadcasting, at least two cavities 
are located in each leg of the diplexer. 
They are adjusted so that one is tuned 
high and the other is tuned low. With one 
cavity tuned 25kHz high and the other 
tuned 25kHz low, a reject response of 

50dB is achieved at carrier, 65dB at 

+25kHz and 20dB at +133kHz. With this 
dual- cavity reject response in each leg 01 

the bandstop diplexer system, the follow- 
ing analysis explains the key performance 
specifications: 
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EEV KLYSTRONS 
SO MUCH MORE TO OFFER 

The most comprehensive range of 
External Cavity UHF TV Klystrons 

Transmitter Frequency 
output power range 

WIDEBAND SERIES 

Typical Sync 
efficiency 

K3773BCD 60.70 kW 470.860 MHz 44% to 48% 
K3673BCD 55.60 kW 470 -860 MHz 44% to 48% 
K3573BCD 40-55 kW 470 -860 MHz 43% to46% 
K36726CD 55 -60 kW 470 -810 MHz 44% to 48% 
K3572BCD 40-55 kW 470 -810 MHz 43 %to46% 
K3271BCD 15 -30 kW 470 -860 MHz 42 %to47% 
K3270BCD 5 -15 kW 470-860 MHz 42% to 47% 

S1ANDARD SERIES 
Low Band 
K3276HBCD 40-55 kW 470 -596 MHz 
K3382BCD 40 -55 kW 470 -590 MHz 
K3217HBCD 30-45 kW 470-590 MHz 
K32308CD 10-30 kW 470-596 MHz 
K376L 10-30 kW 470-610 MHz 
K370/W series 5-10 kW 470 -606 MHz 

Mid Band 
K3277HBCD 40-55 kW 590 -710 MHz 
K3383BCD 40-55 kW 590 -702 MHz 
K3218HBCD 30-45 kW 590 -702 MHz 
K3231BCD 10-30 kW 590.704 MHz 
K377L 10-30 kW 590 -720 MHz 
K371/W series 5-10kW 606.742 MHz 

High Band 
K3278HBCD 40-55 kW 702 -860 MHz 
K3384BCD 40-55 kW 702- 860MHz 
K3219HBCD 30-45 kW 702 -860 MHz 
K372/W series 5-10 kW 740 -860 MHz 

38% to 43% 
38% to 42% 
40% to 42% 
40% to 42% 
34% to 40% 
29% to 35% 

38%to43% 
38% to 42% 
40% tg 42% 
40% to42% 
38% to 45% 
32% to 35% 

AVAILABLE TODAY Klystrons 

38% to 43% 
38%to42% 
40% to 42% 
32% to 35% 
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USA: EEV Inc 4 Westchester Plaza, Elmsford, NY 10523 Telephone: (914) 592 6050 Telex: 6818096 Fax: (914) 682 8922 
CANADA: EEV Canada Ltd, 67 Westmore Drive, Rexdale, Ontario M9V 3Y6 Telephone: (416) 7459494 Telex: 06989363 Fax: (416) 7450618 

UK: EEV, Waterhouse Lane, Chelmsford, Essex CM1 2QU, England Telephone: (0245) 493493 Telex: 99103 Fax: (0245) 492492 

Subsidiary of the General Electric Company plc of England Jayse - 
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N /DYMT" Technology Comes 
to Broadcast Microphones 
By Alan Watson, Director of Engineering 
Electro -Voice, Inc. 

Those familiar with the benefits enjoyed by musicians through the 
new neodymium -magnet microphones have no doubt predicted that the 
new technology would soon be available in broadcast microphones. And 
now, with the advent of the Electro -Voice RE45NID hand -held shotgun 
microphone, the prediction has come true. 

The advantages N /DYM TM technology brings to broadcasting are 
significant. Above all, it gives us a microphone with the high output 
previously available only from condenser mics -but without the problems 
of dead batteries, noises caused by poor ground connections in phantom - 
powering, humidity damage, static electricity, and poor rf rejection. 

The Alnico magnets used in most dynamic mics yield a sensitivity of 6 
dB less than would be possible if the steel parts of the magnetic structure 
could be completely saturated with the field. Increasing the Alnico magnet 
size does not work since the added size interferes with the acoustic design 
of the mic. Neodymium magnets, however, are so powerful that the 
magnet can be far smaller and still provide the "lost" 6 dB of sensitivity. 

N /DYM Technology extends far beyond a mere substitution of 
magnetic material. To maximize the new opportunities, Electro- Voice 
engineers found that the ideal neodymium magnet shape is one with 
a thin, wafer -like configuration. 

This permitted using a voice coil and attached dome of far larger 
diameter while reducing the surround -yielding important added advantages 
for broadcast engineers: a smoother, more evenly contoured pickup pattern 
with extended high- and low- frequency response and better rejection of 
unwanted noise from the sides. 

For more information, please write to us for the specification sheet 
and brochure on the RE45NID -the broadcast industry's first N /DYM 
dynamic shotgun microphone. 
600 Cecil Street Buchanan, MI 49107 616/695-6831 
In Canada: 
Electro -Voice Div., Gulton Industries (Canada) Ltd. 
P.O. Box 520 Gananoque. Ont. K7G2V1 613/382-2141 

ElecirciYVIcCa 
a MARK IV company 

BROADCAST /PRODUCTION MICROPHONES 
Quality -made in the U.S.A. since 1927 

Advertisement 
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Narrowband input 
If frequency Fl is fed into the top left 

port of Figure 2, it will be split equally in- 
to the upper and lower legs of the diplexer. 
Each of these signals will reach the filters 
in their respective legs, be rejected /reflect- 
ed back toward the input hybrid, recom- 
bine and emerge through the lower left 
port, also known as the wideband output. 

The VSWR looking into the Fl input is 
approximately 1.05:1 at all frequencies in 
the band. Within the bandwidth of the re- 
ject skirts, the observed VSWR is equal to 
the termination of the wideband output. 
Outside of ±250kHz the signals will pass 
by the cavities, enter the rightmost hybrid, 
recombine and emerge into the dummy 
load. Consequently, the out-of-band VSWR 
is, in fact, the VSWR of the load. 

The insertion loss from the Fl input to 
the wideband output is on the order of 
0.1dB at carrier ±125kHz. This insertion 
loss depends on perfect reflection from the 
cavities. As the rejection diminishes on the 
skirts at ±150kHz, the insertion loss from 
Fl to the wideband output rises. 

The limitation in reject bandwidth of the 
cavities causes the insertion loss to rise at 
the edges. The isolation from Fl to the 
wideband input is respectable. It consists 
of a combination of the reject value of the 
cavities plus the isolation of the rightmost 
hybrid. 

A signal entering at Fl splits and pro- 
ceeds in equal halves to the right through 
both the upper and lower legs of the di- 
plexer. It is rejected by the filters to the 
tune of 50dB at carrier and 20dB at 
±130kHz. Any residual signal that gets by 
the cavities reaches the rightmost hybrid. 
There it recombines and emerges from the 
load port. The hybrid exhibits 35dB isola- 
tion from the load port to the wideband 
input port. This hybrid isolation must be 
added to the filter rejection to obtain the 
total isolation from the Fl input to the 
wideband input. 

Wideband input 
If any frequency in the FM band is fed 

into the wideband input, the signal will 
split equally and proceed to the left along 
the upper and lower legs of the diplexer. 
Normally, Fl is not fed into the wideband 
input. If it were, Fl would be rejected by 
the notch filters and would recombine in- 
to the load. All other signals sufficiently 
removed from FI will pass by the cavities 
with minimal insertion loss and recombine 
into the wideband output. 

The VSWR looking in the wideband in- 
pu: is equal to the VSWR at the output for 
frequencies other than Fl. If FI were fed 
into the wideband input, the VSWR would 
be equal to that of the load. 

Isolation from the wideband input to the 
FI input is simply the isolation available 
in the leftmost 3dB hybrid, which is nom- 
inally 35dR This usually is inadequate for 
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The )C 24 Multi -Function 
4 Dy4 amic Controller. 

EMPANO . W *E - fgw M ES4 d ii -7 EXPAND 

- 

" 
` a O 

Pt. OU. 

ther designs give you "either /or." The 
DC 24 gives you "AND ": Two limiters AND 

two compressors AND two gates AND a built -in 
crossover, all in one compact unit. 

A NEW SERVO -LOCK LIMITER DESIGN means 
more transparent limiting no matter how 
drastically the program material changes from 
moment to moment. Our servo -locking circuit is 

smar, enough to continuously maintain just the 
r ght ratio necessary to guarantee flawless control. 

SEPARATE COMPRESSION CONTROLS allow 
you to dial in the perfect amount of dynamics you 
want, independently of the limiter. Extremely low - 
noise, low distortion VCAs guarantee a level of 
performance that will satisfy the most demanding 
recording or broadcast requirements. 

THE INDEPENDENT EXPANDER /NOISE GATES 

can be adjusted to tighten percussion or turn off 
background hum and noise, without effecting any 
of the other dynamic control operations. 

A BUILT-IN 4TH ORDER CROSSOVER 
transforms the DC 24 into a bi -amp crossover/ 
processor all -in -one. You can minimize feedback, 
maximize speaker protection and save 

considerably on equipment costs. Or use the DC 

24 as a band -split mono controller to obtain more 
ccnsistent broadcast or recording signal strength 
with less "pumping" and "breathing." 

Why put up with the expense and bulk of 
handling 3 or 4 conventional units? Get greater 
precision and more versatility with fewer side 
effects.. all packed into a single compact unit. 
Experience a whole new dimension in dynamic 
control from Rane. 

CONTROLLER 

RANE 
Rane Corporation 
10802 -47th Ave. W. Everett, WA 98204 
(205)355 -6000 
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INPUT 
MOM MC 

OUTPUT J WIDfMMO 

Figure 3. A bandpass constant- impedance diplexer module. This design takes the best features 
of diplexers and combines them in one module. 

high -power applications. To increase the 
isolation from the wideband input to the 
Fl input, it is necessary to use additional 
cavities between the Fl transmitter and 
the Fl input that will reject all frequencies 
fed into the wideband input by at least 
20dB. 

The 20dB isolation of these cavities and 
the 35dB of the hybrid result in a total iso- 
lation of 55dB. This usually is adequate 
(with typical transmitter turnaround loss) 
to eliminate intermodulation products 

above the FCC 80dB limit. 
Unfortunately, adding these cavities to 

the input line also cancels the constant - 
impedance input. Although the notch di- 
plexer, as shown in Figure 2, is truly a 

constant -impedance type of diplexer, the 
constant impedance is presented to the 
two inputs by use of the hybrids at the 
respective inputs. 

The hybrids essentially cause the diplex- 
er to act as an absorptive type of filter to 
all out-of-band signals. The out-of-band sig- 

T1 Digital Audio 
A Clear Difference 

Across Town or 
oued the World 

Digital audio 

I over T1 circuits ly s 

consnsistently pro- 

vides higher quality than 

conventional methods. Use T1 digital audio for: 

Local program circuits. 

Long-distance program circuits. 

Studio-to-transmitter links. 

And you can easily configure multiple program 

circuits with voice and even data. 

Call us to discuss how Intraplex Ti digital audio 

can benefit you. 

Trr 
Jllll 

Intraplex 
Intraplex, Incorporated, 59 Porter Rd., PO. Box 2427, Littleton, MA 01460 -3427 

TEL: (617) 486 -3722 / FAX: (6 7) 486 -0709 

Circle (45) on Reply Card 

94 Broadcast Engineering May 1988 

nais generated by the transmitter are ab- 
sorbed by the load rather than reflected 
to the transmitter. 

If a filter is added to the input to sup - 
plemen,. isolation, the filter will reflect 
some out-of-band signals back at the trans- 
mitter. The transmitter then will be see- 
ing the passband impedance of this sup- 
plemental filter rather than the constant 
impedance of the notch diplexer. This is 
a serious deficiency for broadcasters who 
want a true constant- impedance input. 

Bandpass constant -impedance 
diplexer 

The bandpass constant -impedance di- 
plexer module is shown in Figure 3. This 
system takes all the best features of diplex- 
ers and combines them into one module. 
It also provides a constant -impedance in- 
put tha: does not need to be supplemented 
with input cavities, which rob the con - 
stant -impedance diplexer of its constant - 
impedance input. 

The bandpass filters exhibit exceptional 
bandwidth, providing 1.05:1 VSWR across 
±200kHz, insertion loss of 0.28dB at car- 
rier, and rise to 0.30dB at ±200kHz. Re- 
jection is 25dB at ±800kHz. This, when 
supplemented by isolation of the hybrids, 
will p'ovide ample transmitter -to- trans- 

Wireless ... 
on LOCATION! 

i 

HME 

r TELEX- 

Samson 
Sennheiser 

HME 
Vega 
Sony 

Beyer 
Telex 

' 
. '¡}. axSENNNEISER 

' -*or?.` a 

CALL Full Compass. . - BUY or RENT from 
the Wireless Specialist 

TOLL FREE in 50 States 1- 800 -356 -5844 
In Wisconsin 
1- 8(0362 -5445 

Consultation: 
6729 Seybold Rd. Madison WI 53719 -1393 608- 271 -1100 

'Full GIDMPASS SYSTEMS 
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WE'RE RELIA13LE.YOU'VE GOT 
THEIR WORD ON IT. 

transmitter has stood the test 
e (nearly 9 years). Were very 
'ied with its reliability:' 

Joe Alvin, Chief Engineer 
WNNE -TV 

White River Junction, VT N 

?ir technical support is always 
9. You can just call Chicago 
get the information you need. 
the transmitter's good. We're 
satisfied with its performance:' 

Phil DeLorme, Dir. of Engineering 
WTKK -TV 

Manassas, VA 

"NEC has bent over backwards to 
help us with any questions about 
the transmitter. We've had a 
wonderful association with them. 
We're very impressed with NEC 
quality:" 

Karl E. Paulsen, Chief Engineer 
KTZZ -TV 

Seattle, WA 

"We were impressed with its 'turn 
key' performance. It's easy to 
operate and doesn't require any 
'tender loving care: It's reliable:' 

Bob Hollinger, Assistant Chief Engineer 
WOEX -TV 

Pittsburgh, PA 

If you want a clear picture of just how 
good an NEC UHF transmitter is, take a 
look at what people who use them are 
saying. They're talking about reliability. 
Stability. Excellence in design. Low cost 
operation. And there's no comparison 
when it comes to maintenance. They re- 
quire very little attention. 

They're also saying that NEC people are 
always there when needed. With sug- 
gestions. Ideas. Answers to questions. 
Replacement parts. Or whatever it takes 
to keep a transmitter running smoothly. 

What they're telling us is what we'd like 
to tell you. If you need a transmitter that's 
built to be reliable year after year, that's 
known for stability, and that's not power 
hungry, take a look at what NEC is offer- 
ing. Better yet, take a user's word for it. 

Here's why there's no comparison: 
100% solid state construction 

C&C 
Computers and Communications 

Highly efficient Amperex, EEV, or Thorn 
EMI klystrons 
Power ranges from 10 kW to 240 kW 
(parallel running) 
30% reduction in exciter parts for 50% 
increase in MTBF (to 30,000 hours) 
Diagnostics throughout transmitter 
Water or vapor -cooled - as you 
choose 

PCN -1400 Series VHF Transmitters also 
available. Power sizes 1 kW to 100 kW 
(parallel running). 
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External (oil) or dry, internal power sup- 
ply - as you choose 
ATS ready 
Ready for stereo without modification 
Ion pump to increase klystron life 

Emergency parts are available 24 
hours a day, 365 days a year in Wood 
Dale, IL, 30 minutes from O'Hare 
Airport. Simply call 1- 800 -323 -6656. 

For more information about NEC 
transmitters, contact NEC America, Inc., 
Broadcast Equipment Division, 1255 
Michael Drive, Wood Dale, IL 60191. 
Phone: 312/860 -7600. 

NEC 

650.099 
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A Good Reason To Call RTS 

When You're In The Business 

Of Recording On Tape. 

Our Model 927 Programmable Reference Tone Generator adds a new 
dimension to tape recording quality assurance. 

Operating in a stereo mode, it is user programmable with discrete tones, 

pink noise, noise reduction tones, phase check, stereo I.D. and more. 

We think the 927 can improve your audio business. Please call or write 
for descriptive literature. 

PROFESSIONAL INTERCOMMUNICATIONS PROFESSIONAL AUDIO PRODUCTS RTS SYSTEMS 
Circle (70) on Reply Card INCORPOR YID 

1100 West Chestnut Street Burbank. Cahfornla 91506 Telephone 818 840 7119 Telex 194855 Telefax 818 842 4921 

mitter isolation. Group delay is exception- 
al at ±25ns for ±150kHz. In fact, this sys- 
tem provides performance specifications 
similar to a branch -style bandpass system. 
It has the additional capability of pro- 
viding port -to -port isolation of greater 
than 50dB between channels separated by 
only 800kHz, as well as a true constant - 
impedance input. 

Narrowband input performance 
The hybrids shown in Figure 3 work 

identically to those described in Figure 2. 
However, the bandpass filters cause the 
system to exhibit performance specifica- 
tions that exceed the bandstop system in 
every way. Consider a signal entering at 
the Fl input in Figure 3. 

Within the passbands of the filters, 
which also are tuned to Fl, the VSWR will 
be 1.05:1 at carrier, and <1.10:1 at Fl 
±150kHz. Because of the characteristic of 
the leftmost hybrid, the VSWR is, in fact, 
a measure of the similarity of response of 
the top and bottom bands of filters. The 
insertion loss looking from the Fl input 
to the wideband output will be similar to 
the individual insertion loss of the top and 
bottom filters. It is approximately 0.28dB 
at carrier and 0.30dB at +200kHz. This 
is virtually flat across the FM channel. 

Both the insertion loss and the group de- 
lay can be determined by the design band- 
width of the filters. Increasing bandwidth 
causes the insertion loss to decrease and 
the group delay deviation to decrease. Un- 
fortunately, as the bandwidth increases 
with a given number of cavities, the isola- 
tion suffers for closely spaced channels 
because the reject skirt of the filter de- 
creases with increasing bandwidth. 

Isolation of Fl to the wideband input is 
determined as follows: A signal enters at 
the Fl input, splits equally into the upper 
and lower banks of filters, passes with min- 
imal loss through the filters and recom- 
bines into the wideband output of the 
rightmost hybrid. Both the load and the 
wideband input ports are isolated by their 
respective hybrids to 30dB below the Fl 
input level. Therefore, isolation of the Fl 
input to the wideband input is 30dB, which 
is inadequate. Fortunately, it will be sup- 
plemented by the reject skirt of the next 
module, which will be explained at an- 
other point in this article. 

Wideband input performance 
A signal fed into the wideband input 

could be any frequency at least 800kHz 
removed from Fl. As the signal enters, it 
will be split into halves by the hybrid, then 
proceed to the left until the two compo- 
nents reach the reject skirts of the filters. 
The filters will provide a short circuit at 
all frequencies 800kHz or more removed 
from Fl. If the short circuits are in phase 
for the given frequency when the signal 
is reflected back to the right hybrid, it will 
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Outstanding Achievements. 
AEG Transmitting Antennas. 
AEG Transmitting antennas ensure 
both reliable broadcasting services 
and an optimal primary coverage 
area. Outstanding operational reliabil- 
ity is a further quality characteristic. 
It is assured in every case even when 
the antennas are operated with the 
highest transmitter powers and are 
subjected to extreme environmental 
conditions. AEG designs and con- 
structs antennas and antenna systems 
to satisfy individual service area 
requirements. AEG has an unrivalled 
range of products and services: Long 
and medium wave antennas with 
either omnidirectional or directional 
radiation pattern. Wide -band curtain 
arrays for up to five adjacent broad- 
cast bands with electrical slewing of 
radiation direction or turn -table mount- 
ing. Omnidirectional antennas for 
short wave broadcasting. 

Short wave communications antennas. 
VHF transmitting antennas for 
FM broadcasting in Band II for perfect 
broadcasting service. Well- proven 
TV transmitting antennas for the 
UHF bands. 
A comprehensive suite of ancillaries 
like RF feeders, antenna switching 
matrices with active and inactive 
cross -points, balancing and trans- 
formation lines, tuning devices etc. 
We will be pleased to supply details 
of other focal points in our range of 
products and services. 

The information and communications 
technology of AEG and the office 
automation technology of 
Olympia AG have united to form 
AEG Olympia AG - representing 
a new international sphere of activity 
for the technology_ company AEG. 
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Now get the same 
service and equipment 

on this coast... 

as you do on this coast. 

East Coast or West Coast. Now the same complete 
selection of sophisticated video equipment you've come 
to expect from Camera Mart /New York is yours to rent 
or buy from CMTV /Burbank. 

The same great service, too. Because with your 
continued support, we've been able to expand CMTV to 
a full - fledged West Coast operation, complete with 
repair and maintenance facilities. 

So now you can have the best of both coasts. 
We've been big in video since it was small. 

CMTV Inc. 
The Camera Mart. tnc- 

1900 W. Burbank Boulevard, Burbank, CA 91506 (B18) 843.6644 
Headquarters/New York 456 West 55th Street. NY 10019 (212) 757 -6977 

Telex 27519 I-AX .212, 582 2498 
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Patch -panel capabilities are important in any 
multiplexer design. The ability to patch around 
a problem is critical in reducing downtime due 
to component fai lure. 

recombine into the wideband output. The 
VSWR under these conditions will be 
equal to the termination at the wideband 
output, typically <1.10:1. If the reject 
skirts of the filter are sufficient ( >20dB), 
the insertion loss from wideband input to 
wideband output will be 0.03dú 

The isolation from the wideband input 
to Fl can be determined as follows: A sig- 
nal enters at the wideband input, splits 
equally into upper and lower filters and 
is rejected by the filters by at least 25dB. 
Any residual signal that passes through the 
filters In spite of the 25dB rejection still 
will be in the proper phase to recombine 
into the load, producing 30dB isolation to 
the Fl input port. Therefore, the isolation 
of the wideband input to the Fl input is 
the sum of 25dB from the filters and 30dB 
from the left hybrid, for a total of 55dB. 

Isolation of Fl to F2 
Extending the use of the diplexer mod- 

ule into a multiplexer application supple- 
ments the deficient isolation described 
previously (narrowband input perform- 
ance), while maintaining the constant - 
impedance input. In a multiplexer system 
you would simply connect the wideband 
input of one module to the wideband out- 
put of the next module. (See Figure 4.) 

You have already observed the isolation 
from the Fl input to the wideband input 
to be deficient, but now observe the isola- 
tion of the wideband output to the F2 in- 
put of the next module to get the rest of 
the available isolation. Consider that Fl 
has already experienced 30dB isolation to 
the wideband input of the same module. 
When this signal continues to the next 
module through the wideband output of 
module 2, it will be split into equal halves 
and proceed to the left of module 2 (see 
Figure 3) until it reaches the reject skirts 
of the filters in module 2. 

These filters are tuned to F2 and reject 
Fl by at least 25dB. The residual signal 
that gets through will recombine into the 
F2 input. But the combined total isolation 
of Fl to F2 is the sum of the 30dB of the 
right hybrid in module 1, plus the 25dB 
of the reject skirts of module 2, for a total 
of 55dB- 

Intermodulation products 
The isolation just described is equal in 

magnitude to that for a bandstop module, 
but it provides further protection against 
the production of intermodulation prod- 
ucts. The most troublesome intermod 
products occur when an incoming signal 
mixes with the second harmonic of your 

Main story continues on page 102 
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In the farmlands of western 
Illinois, people value the things that 
last. That's why John Conner called 
Harris when the AM transmitter at 
WRMS finally gave out. After 28 years 
on the air. 

It had seen a lot of history. New 
faces. New owners. Even its original 
manufacturer, Gates Radio, had a 
new name - Hanis. 

Over the years, Harris experts 
had kept WRMS' transmitter in top 
condition. They were always there 
when we needed them," says Conner. 

So, when the old transmitter 
finally wore out, an urgent call went 
out to Harris, 71 miles away in 
Quincy. Yes -a new transmitter 
was available. Immediately. 

"The next day," remembers 
Conner, "it was on our pickup. And by 
the following morning, we were up 
and broadcasting." 

From major networks to small - 
town broadcasting, Harris under- 
stands what commitment and cus- 
tomer support are all about. 

"That's why," says June Conner 

Circle 72) on Reply Card 

with a smile, "when Kyle buys our 
next transmitter - many years from 
now - he'll be calling Harris." 

Find out how Hanis is leading 
broadcast manufacturing into a new 
century. Call TOLL FREE: 

1- 800-4HARRIS 
Extension 3009 

W HARRIS 
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CHARACTERISTIC 

4- CAVITY 
BAN DPASS 

BRANCH 

4- CAVITY 
BANDSTOP 

CONSTANT IMPEDANCE 

8- CAVITY 
BANDPASS 

CONSTANT IMPEDANCE 

VSWR BANDWIDTH ±200kHz t130kHz w /dual cavities ±200kHz 

VSWR 1.05:1 1.05:1 1.05:1 

INSERTION LOSS BW ±200kHz t130kHz w /dual cavities ±200kHz 

INSERTION LOSS -0.25dB -0.15dB /NB input -0.25dB /NB input 
-0.03dB/WB input -0.03dB/WB input 

ISOLATION >50dB >50dB >50dB 

NEAREST ADJACENT 
FREQUENCY 1.8MHz 0.8MHz 0.8MHz 

NEEDS SUPPLEMENTAL 
CAVITIES? No Yes No 

EFFECTIVE CONSTANT No No Yes 
IMPEDANCE INPUT? 

GROUP DELAY BW t 150kHz t150kHz t150kHz 

GROUP DELAY DEVIATION ±25ns t100ns ±25ns 

GROUP DELAY SYMMETRY? Yes No Yes 

GROUP DELAY 
CORRECTABLE? Yes No Yes 

SYMMETRICAL INTERMOD Yes No Yes 
PROTECTION? 

Table 1. Performance characteristics of three multiplexer configurations, each using 4-cavity designs. 

Before 
The Phantom 

13) 

Technically speaking, the PHANTOM is a VTR Emulator that 
allows video editing systems control of audio transports. It 

accepts information from virtually any video editing system via 
the RS -422 interface and provides parallel information to the 
audio transport. Designed around a high speed microproces- 
sor, the PHANTOM has the capability to provide control of up to 
four events and will even interface U -Matic type VCR's with 
video editing systems designed for 1" VTR's. 

To get the conversation going 
in your editing suite, contact 
Cipher Digital today! 
Call (800) 331 -9066 

These Two Weren't Speaking 

But now, the video editing 
system communicates 
beautifully with the ATR, 
thus eliminating the need 
for an expensive audio suite. 
And all the credit goes to 
the unique, new PHANTOM 
from Cipher Digital. 
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Now... 
the third 
ene ratio 

It's the SuperPro -200 Video 
Processor from Forte!. And with 
it, you can expect a multi - 
generation Super -VHS picture 
that meets professional 
standards. The reason is Fortel's 
powerful new S -VHS signal 
processing, which delivers a 
dramatic improvement in both 
resolution and noise 
performance. What's more, the 
SuperPro -200 combines third 
generation quality with real 
flexibility; use it with 3/4" U- Matic, 
VHS and S -VHS formats in 
both DUB and Composite modes. 
Its outputs include composite 

FOR TEL M ll and Betacam systems. 
video, plus components for S-VHS, 

And its quality Forte! features 
include full Proc Amp controls, 
Dynamic tracking /shuttle 
compatibility, FREEZE, and many 
others. 

Want to see pictures? For a 
demonstration tape of third 
generation Super -VHS the way it 
should be, call Darryl Keeler at 
404/449 -4343. 
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Main story continued from page 98 
transmitter. 

When the transmitter is operating on 
frequency A, the intermod will occur at 
the frequency 2A -B. This formula invar- 
iably places the intermod from your trans- 
mitter symmetrically about the operating 
frequency. By an interesting coincidence, 
the bandpass filters in the bandpass mod- 
ule also provide symmetrical reject re- 
sponse on both sides of your operating 
frequency. 

Notice that the incoming signal is atten- 
uated by 30dB in the respective hybrid 
and by 25dB in the filter, for a total of 
55dB. If an intermod is generated in spite 
of this, it will emerge on the other skirt 
of your filter attenuated by 25dB. In the 
bandpass system, the incoming signal is 
attenuated by 55dB and the resulting out- 
going spur by 25dí3. The total 80dB is 
equal to the 80dB intermod requirement 
specified by the FCC. 

It's interesting that the entire 80dB of 
attenuation is supplied by the diplexer re- 
gardless of the so- called turnaround loss 
of the transmitter. The tendency toward 
wideband final -stage amplifiers in trans- 
mitters requires constant -impedance in- 
puts. The transmitters require increased 
isolation because they offer turnaround 

Accurate and complete monitoring is essential 
to a reliable multiplexer system. The arrange- 
ment shown features continuous monitoring of 
forward and reflected power for each of the six 
stations using the multiplexer. A computer proc- 
esses electrical and environmental data to 
manage site operations. 

loss within 1.2MHz of carrier. 

Group delay 
Group delay in the bandpass multiplex- 

er module is the sum of the narrowband 
input group delay and the wideband in- 
put group delay of all modules between 
the input and the antenna. The narrow - 
band input group delay is a U- shaped re- 
sponse, with minimum at center and ris- 
ing to a maximum on both sides at the fre- 
quency where the reject rises to 3dB. 
Group delay decreases rapidly at first, then 
decreases slowly. 

If the bandwidth of the passband is 
made such that the group delay is ±25ns, 
±150kHz, then the 3dB points will be at 
±400kHz, and the out-of -band group de- 
lay will fall rapidly at ±800kHz and, 
possibly, ±1MHz. If there are no frequen- 
cies 800kHz or 1MHz removed upstream 
in other modules, this poses no problem. 

If upstream modules are tuned to 
800kHz or 1MHz on either side, the group 
delay (when viewed at the upstream mod- 
ule) will consist of its own narrowband in- 
put group delay plus the rapidly falling 
group delay of the wideband input of the 
closely spaced downstream module. Un- 
der these circumstances, if good group de- 
lay is desired, it is possible to use a group 

hé chok of the 
rofessìonals--: 

3108 
PROFESSIONAL 

PHONO PREAMPIEOUALIZER 
... Interfaces magnetic phono cartridges for opti- 
mum calibration of audio systems. Available with 
balanced or unbalanced output. 

680EL ... Delivers sound excellence and stands 
up to backcueing, vibrations and mishandling. 

PBR ANNOUNCER'S EARPHONE .. 
Ideal for on camera studio work 

and remote coverage. 

Stanton is the company with a total 
commitment to quality and reliability 
producing products for the Recording 
Industry, the Broadcast Industry and 
the Professionals in Audio. 

L STNTOfl 
THE CHOICE OF THE PROFESSIONALS 

200 Terminal Dr., Plainview, NY 11803 

The 
Dynaphase - 

30M/SR is a shoulder rest single cup 
headphoie that provides the ultimate in 
convenie,ce, comfort and superb sound 
quality. Made to rest on either your left 
or right shoulder, or shoulder rest can 
be detacied and used as a single cup 
hand -held monitor. 

500AL ... For heavy duty on -the -air use with 
wide tracking force range. 
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Over a ton, in fact. Because our new 
SNG° 230 has a 2100 -lb. greater weight 
capacity. With the same height (10'), size and 
economy of our most popular SNG° vehicle. 

And we didn't stop there. Our new cutaway 
feature allows easy access from the cab to the 
work area. There's plenty of storage space: 
155 cubic feet. A GVW of 16,900 lbs. Even a 
generator compartment that accommodates 
up to 20 KW. 

The newest addition to the HUBCOM fleet 
has been improved from the inside out. And 
it's destined to become an industry standard 
in satellite news gathering transmission: 
There's lots more we could tell you about the 
230. (Like its highly advanced technology 

and equipment.) And a lot more we could say 
about HUBCOM. (The fact we've got more 
SNG®'s on the road than anyone else; 
for example.) 

But with a whole ton of improvements to 
consider, now's the time to call your 
HUBCOM representative. So you can start - 

weighing the differences for yourself. 

HUBCOM 
HUBBARD COMMUNICATIONS; INC. 
The last word in technology from 
the first name in the industry 
A subsidiary of Hubbard Broadcasting Inc. 

1249534t1í Street North. Ste. D, St. Petersburg, Fl 33716- 
(813) 577-7759 (outside Florida) 1-860-5237.2397 
Easy'n' 62985215 International Easylink810863O4ll.. 
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LEGEND: 

r1 MI HYBRID 

V 

Jl BANDPASS CAVITY 

LOAD 

NNCH A-PORT PATCH PANEL 

0-INCH 4-PORT PATCH PANEL 

iNDEN 41áR PATCH PANE. 

i1MP1 i10RT PATCH PANEL 

_ TO TOP HALF 
OF ANTENNA 

TO BOTTOM HALF 
OF ANTENNA 

Figure 4. Schematic diagram of a 6- module bandpass multiplexer This configuration accom- 
modates a split antenna design and incorporates patch panels for bypass purposes. 

TO UPPER ANTENNA 

TO LOWER ANTENNA 

SAW LOAD 

OUTPUT SPLITTING SYSTEM 
GROUP DELAY MODULE 

L_ MULTIPLEXER MODULES HH 

Figure 5. Physical layout of a 6-module bandpass multiplexer incorporating a group delay module 
and output splitter. (The top view of the multiplexer is shown in this drawing.) 

delay compensation module. 
A group delay compensation module 

consists of a hybrid and two cavities used 
as note cavities. It provides VSWR equal 
to 1.05:1, insertion loss equal to 0.25dB 
and a group delay response that is invert- 
ed, compared with a narrowband input 
group delay. Because group delay is addi- 
tive, the inverted response subtracts from 
the standard response, effectively can- 
celing and reducing the effective group de- 
lay deviation to within ±25ns for 
±150kHz. 

It should be noted that the improvement 
in group delay is obtained at a cost of 
0.25dB of insertion loss. In large systems, 
the insertion loss can be high on the 10th 
module because of the cumulative total of 
all wideband losses. Under those condi- 
tions, it may be more prudent to accept 
higher group delay and retain minimum 
insertion loss. 

The bandpass constant -impedance di- 
plexer is the only one described in this ar- 
ticle that effectively provides a constant - 
impedance input with all other parameters 
set at acceptable levels. It acts as an ab- 
sorptive filter to out -of -band emissions, in- 
cluding intermod products. Table 1 lists the 
key electrical performance specifications 
for the branch, bandstop and bandpass di- 
plexer modules. 

Configuration options 
An economical multiplexer system can 

be built to meet all of the critical electrical 
performance specifications and retain 
emergency flexibility. Consider the follow- 
ing check list for a basic system: 

Specify one standard multiplexer mod- 
ule without input or output patch panels 
for each station. 

Use standard interconnect U -links be- 
tween wideband inputs and adjacent 
outputs. 

Use an extra -long U -link for emergen- 

BASIC ELECTRICAL SYSTEM REQUIREMENTS: 

1. Power level to be used. 
2. Number of stations to be combined. 
3. Excess system capacity desired. 
4. Required performance characteristics. 
5. Group delay compensation module options. 

INPUT /OUTPUT CONFIGURATION: 

1. Number of input ports. 
2. Provisions for a spare wideband input. 
3. Number of outputs. 
4. Single- or dual -feed antenna. 
5. Output -splitting arrangement. 
6. Patch panel or U -link to be used. 
7. Variable orientation of output hybrid to accommodate patch 

panel or U- links. 
8. Bolt -in iris plates for easy return or redesign. 

PHYSICAL SYSTEM DESIGN: 

1. Space available for multiplexer. 
2. Type of space available (ground -level or high- rise). 
3. Degree of modular construction desired. 
4. Casters to facilitate loading and unloading at installation. 
5. Unitized frame support with adjustable- height casters. 

MONITORING SYSTEM PROVISIONS: 

1. Type of interlock configuration. 
2. Data -acquisition requirements. 
3. Type of wattmeters to be used. 
4. Data processing to be performed. 
5. Control functions delegated to the monitoring system. 
6. Amount of data to be relayed to studio. 
7. Telemetry return method. 
8. Provisions for manual override of monitoring system. 
9. Data -display options fo- transmitter and studio. 

Table 2. Key design considerations for an FM multiplexer project. Because of the importance of careful design, consider hiring an outside consul- 
tant to review all plans and proposals. 
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cy bypass at the high -power side of the 
modules. 

Use a 3 -inch flexible transmission line 
long enough to reach from the wideband 
input of the last module to any transmit- 
ter. (When not used, the transmitter end 
of the coax should be connected to a ter- 
mination load.) 

Run all output interlocks in series to all 
transmitters. 

Use input power monitors with integral 
trips. 

Use thermistor -type power meters for 
output monitoring. 

Use a good -quality remote control to 
provide trips on all forward and reflected 
power meters installed on output lines. 

Use an output splitting system if the an- 
tenna requires a dual feed. 

This system will provide maximum flex- 
ibility for a minimum price while meeting 
basic protection requirements. 

Premium multiplexer 
A premium multiplexer system may be 

designed by specifying virtually all avail- 
able options. The system would be con- 
figured from standard modular compo- 
nents. When planning such a system, con- 
sider the following suggestions: 

Use standard modular diplexer modules 
with input patch panels to enable normal 
use as well as emergency bypass to the 
spare wideband input. 

Specify large output patch panels for 
each module. When a module is by- 
passed, it must be bypassed at both in- 
put and output. U -links are needed to con- 
nect adjacent patch panels to both ends 
of the diplexer modules. An additional ter- 
mination is necessary to terminate the 
spare wideband input. It will physically be 
located at the first module and connected 
through all the 3 -inch patch panels. 

Specify a premium interlock system with 
a display panel for troubleshooting 
interlocks. 

Specify an output splitting system that 
permits operation of all transmitters into 
a dual transmission line or all transmitters 
into either line. 

Specify a premium monitor and control 
system that includes a sophisticated power 
metering and control capability. Include 
the necessary line sections and directional 
couplers. 

Consider the purchase of a monitor in- 
terface system that includes a personal 
computer to chart each meter and display 
forward and reflected power and VSWR. 
Configure the system to communicate 
through a modem to a second PC located 
at a studio. Set the software limits so that 
a warning will be generated when VSWR 
increases to 1.30:1 or higher. Set 1.50:1 as 
the VSWR trip point. The computer should 
reset trips two times, but require manual 

reset on the third trip. Configure each PC 

to drive a printer to provide a written his- 
tory of system performance for trouble- 
shooting and maintenance records. 

Customized multiplexer systems 
The examples given here provide the 

two extremes of the economy model vs. 

the top -of- the -line model. Actual systems 
designed with efficiency and an eye to 
ward a reasonable return on investment 
will more likely find a middle ground, 
while still providing exceptional electrical 

performance. Consider the guidelines list- 
ed in Table 2. 

Finally, if you are concerned that your 
multiplexer system will become obsolete 
five, 10 or 20 years down the road because 
analog transmitters have been replaced by 
digital transmitters, there is good news. 
The multiplexer systems and components 
described have been designed to with- 
stand the rigors of 20 -plus years of use, 
and provide bandwidth capabilities that 
will support wider modulation schemes 
than are presently used. I= '-1111 

DONT 
DELAY DELAY 

The ADU -11 provides a variable 
audio digital delay capability for 
television stations or other facilities 
which receive video signals via 
satellite transmission. The ADU -11 

compensates the audio signal for 
the delay that is introduced by the 
video processing and satellite 
systems to the corresponding video 
signal. 

Available in stereo or mono, this 
compact, standard rack -mountable 
unit incorporates such sophisti- 
cated features as: 

the latest 16 -bit, linear A/D con- 
version technology 
advanced microprocessor control 
Audio delay is adjustable from 
1 msec to 998 msec or 1/16 field to 
62 fields in precise increments of 
1 msec or 1 field unit 

optional delay up to 7 seconds 
A serial RS-422 interface port is 
provided for external control 

The delay time mode is selectable 
between manual -mode and 
tracking -mode 
Don't let your audio pass you by. 

Ask for McCurdy's ADU -11 Audio 
Digital Delay. 

McCurdy Radio Industries 
108 Carnforth Road, Toronto, Ontario 
Canada M4A 2L4 Tel: (416) 751 -6262 
Telex: 06- 963533 Telefax: (416) 751 -6455 
1051 Clinton St., Buffalo, New York 14206 
Tel: (212) 772 -0719 
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special report 
Reducing IPM improves the quality of monaural and 

stereo AM signals. 

Reducing 1PM 
in AM transmitters 

Dominic Bordonaro 

Before the advent of AM stereo, few AM 
broadcast engineers understood the term 
incidental phase modulation (IPM), let 
alone concerned themselves with its ef- 
fect on their AM transmitters. But as more 
facilities convert to AM stereo, it is becom- 
ing evident that a lot more than amplitude 
modulation has been coming out of our 
antennas over the years. 

IPM is important 
IPM can be defined as phase modula- 

tion produced by an AM transmitter as a 

result of its amplitude modulation. In 
other words, as an AM transmitter 
develops the amplitude -modulated dated 
signal, it also is broadcasting a phase - 
modulated, or PM, version of the audio as 
well. Because the only difference between 
phase modulation and frequency modula- 
tion is 6dB per octave, you can think of 
IPM as a pre -emphasized FM version of 
your programming being broadcast along 
with the AM signal. 

In theory, this is of little consequence 
because neither FM or PM affects the car- 
rier amplitude. An envelope detector will 
ignore all of this IPM, right? That's correct, 
in theory. But because you're dealing in 
the real world, take a look at the effect 
of IPM on all those real world radios out 
there. 

Bordonero is chief engineer for WRAF -AM and WFTO-FM, 
Worcester, MA. 
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Before you begin to ponder how all this 
affects stereo broadcasting, consider what 
IPM means to the mono broadcaster. An 
ideal envelope detector will ignore any 
IPM and reproduce only the AM com- 
ponents of the signal. That's exactly what 
happens with your modulation monitor. 
Modulation monitors are wideband, un- 
tuned devices that behave much like an 
ideal envelope detector. 

Phase modulation goes undetected by 
a conventional modulation monitor. 
Historically, this is one of the reasons 
engineers seldom thought about 1PM. 
They didn't know a problem existed. Un- 
fortunately, there's usually only one 
modulation monitor listening to your sta- 
tion, but there are thousands of lesser - 
quality receivers out there, all more or less 
subject to the effects of IPM. 

Inefficient use of spectrum 
Let's first consider how excessive IPM 

affects the available spectrum. When a 

perfect AM transmitter is modulated with 
a 1kHz tone, two sidebands are created, 
one 1kHz above the carrier and one 1kHz 
below the carrier. On the other hand, 
phase modulation of the same carrier pro- 
duces an infinite number of sidebands at 
ikHz intervals above and below the car- 
rier. The number of significant sidebands 
depends on the magnitude of the 
modulation. 

With moderate amounts of 1PM, the 
radio station's transmitted spectrum can 

be increased to the point at which the 
legal channel limits are exceeded. This is 
especially likely to occur with program 
material that is excessively pre- empha- 
sized. Besides being a bad neighbor, this 
phenomenon can create problems for 
your own listeners as they try to receive 
your station on manually tuned radios. 
Any mistakes in tuning produce a hashy, 
spitting sound that makes listening to your 
station unpleasant. Because few people 
take the time to tune their radios exactly, 
your listeners won't like what they hear. 

Slope detection 
Slope detection is a method of recover- 

ing audio from an FM or PM signal by us- 
ing one side (or slope) of a resonant cir- 
cuit..4s the frequency or phase of the 
signal changes, the detector's output 
voltage changes proportionately, resulting 
in demodulation. This same principle is in 
effect with a mistuned receiver tuned to 
a station with IPM. The IF passband's slope 
will demodulate the IPM, which adds with 
the AM envelope and produces distortion. 
Although this is most pronounced on a 
receiver that has been mistuned by the 
user, the effect can be produced on any 
radio with an asymmetrical IF passband. 

For IPM to remain undetected by an 
envelope detector, all of the sidebands 
must be present at the detector. If the 
signal passes through a narrow passband 
IF on its way to the detector, as it does in 
every radio, then many of the sidebands 
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1. Modulate transmitter with 1kHz tone at 95% modulation or 1% distortion, whichever comes first. 

2. Adjust PA neutralization for lowest 2kHz and 3kHz sidebands on spectrum analyzer display. 

3. Adjust PA grid tuning for lowest 2kHz and 3kHz sidebands on spectrum analyzer display. 

4. With display expanded to 2dB /division, fine -tune the neutralization and grid tuning for symmetrical 2kHz and 3kHz 
sidebands around carrier. 

Table 1. Tuning for minimum IPM is not difficult. Just follow these four basic steps. 

will be lost. If the IF passband is sym- 
metrical, then the detected audio consists 
primarily of the harmonics of the audio. 
The result is similar to having a distortion 
generator built inside of every listener's 
radio. This also is the main reason your 
modulation monitor does not exhibit the 
added distortion noticed in the listener's 
radio. 

Phase rotation 
Phase rotation is a problem that short- 

wave broadcasters have been dealing with 
for years. As a radio signal travels through 
space and bounces off the ionosphere, the 
phase relationships between the carrier 
and modulation sidebands can be dis- 
turbed, resulting in signal fading and 
distortion. IPM remains IPM only as long 
as the phase relationships between the 
carrier and sidebands remain undisturbed. 
If the phase relationships change, then 
IPM becomes AM. When this effect is add- 
ed with the AM sidebands that have also 
been disturbed, intolerable distortion can 
result. The station may be unlistenable in 
an area where it would have been listen - 
able if it had been free of IPM. 

Phase rotation also occurs within the 
coverage areas of AM stations. Stations 
operating on the high end of the band may 
find that skywave signals combine with 
the groundwave signal. Interference also 
can occur in the nulls of a directional pat- 
tern if the phase relationships between the 
sidebands and carrier are changed. 

COMPACT 
DISTRIBUTION 

POWER 
The superlative ADS -800 Audio 
Distribution System from McCurdy 
provides exceptional performance 
from a very compact 2 R.U. high 
(3.5 inches) frame. This system 
incorporates many advanced 
features including: 

Twelve high performance DA 
modules providing six matching 
output splits and a single direct 
output for split expansion capability 
When used alone, the direct 
output is capable of driving an 
8 Ohm load. 
30 dB of gain is available in five 
6 dB steps 
Dual redundant switch -mode 
power supplies 
The soft -start power supply mod- 
ules employ such sophisticated 
circuit features as thermal shut- 
down, current limiting and crow- 
bar output voltage protection 

A choice of three output source 
impedances and three rear con- 
nector panels is available 
A separate front panel trim poten- 
tiometer provides adjustment 
within a ± 6 dB range 
An optional Voltage Controlled 
Amplifier sub -board may also be 
field retrofitted for remote gain 
control with superb performance 
If you're looking for a powerful 

space- saving audio distribution sys- 
tem, look to McCurdy for a solution. 

McCurdy Radio Industries 
108 Carnforth Road, Toronto, Ontario 
Canada M4A 2L4 Tel: (416) 751 -6262 
Telex: 06- 963533 Telefax: (416) 751 -6455 

1051 Clinton St., Buffalo, New York 14206 
Tel: (212) 772 -0719 
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Unfortunately, the AM band is not an 
especially phase -stable medium. Transmit- 
ting and receiving antennas, tuned circuits 
and propagation effects all can serve to 
convert IPM into an AM component. The 
primary result is a decrease in the 
coverage area of the radio station. 

Stereo transmissions 
With all the reasons for the monaural 

broadcaster to avoid IPM, it's surprising 
there hasn't been a higher awareness of 
it in the past. Why the sudden interest in 
1PM? The reason is that IPM affects AM 
stereo broadcasting in more ways than 
those already mentioned. 

All five of the originally proposed AM 
stereo systems used some form of phase - 
or frequency -carrier modulation. It ap- 
pears that any undesired carrier phase 
modulation, such as IPM, would have a 
direct bearing on stereo performance. 
Although the effects of IPM on stereo per- 
formance vary from system to system, it 
is safe to assume that IPM is undesirable 
in any of the designs and that optimum 
performance is realized when IPM is 
minimized. 

IPM causes 
As a general rule, because IPM is a 

direct result of the modulation process, it 
is created in a stage that is being influ- 
enced by the modulator. The first place to 
look for IPM is in the PA stage. The classic 
cause of IPM in plate -modulated and pulse - 
modulated transmitters is imperfect 
neutralization of the final. 

Because many older 1kW transmitters 
and almost all 5kW tube transmitters use 
triodes in the power amplifiers, this is a 
good place to look first. Adjusting the 
transmitter for the lowest IPM is an ac- 
curate way of achieving proper neutraliza- 
tion. The reverse is not true because other 
neutralization methods will not necessari- 

ly result in the lowest amount of IPM. In 
most cases, improper neutralization is the 
first place to look for IPM. If that's not the 
source, the next place to go is the PA 
driver stage. 

As the modulation changes the driver 
loading into the PA grid, the driver out- 
put also may change. Often, an adjustment 
of the PA grid tuning will center the tun- 
ing even though the grid meter indicates 
otherwise. 

The circuits that feed the driver stage 
usually are isolated enough from the PA 
that they do not produce IPM. An excep- 
tion is when the power supply for these 
stages is influenced by the modulation. 
Aside from a design deficiency, IPM can 
be caused by a loss of capacitance in the 
power supply. In any case, when you're 
looking for the cause of IPM, remember 
that the transmitter's modulating circuits 
are influencing the phase of the carrier. 

IPM corrective procedures 
In order to correct IPM in a transmitter, 

you need a viewing method so that you 
can directly monitor the effects of different 
adjustments. There are several methods 
for displaying IPM, but none are as graphic 
as a spectrum analyzer. For the purpose 
of this article, we will use a spectrum 
analyzer, a tone generator and a distor- 
tion analyzer. 

First modulate the transmitter with a 
pure sine wave, and make a THD 
measurement with a distortion analyzer. 
This will give you an idea of what the 
spectrum analyzer should look like when 
it is hooked up to the transmitter. If the 
transmitter has an excessive amount of 
harmonic distortion, you will not be able 
to tell the difference between the normal 
distortion sidebands and the IPM 
sidebands. 

Figure 1 shows what an ideal transmit- 
ted spectrum would look like on a spec- 

trum analyzer when modulated with a 

1kHz tone at 100% modulation. Notice 
that there are just three components: one 
carrier and two sidebands. This transmit- 
ter would measure 0% distortion, because 
no harmonic sidebands are present. Also, 
no IPM is present, because it would show 
up as extra sidebands in the spectrum. 

If, on the other hand, the ideal transmit- 
ter had an IPM problem, the spectrum 
analyzer display might look like Figure 2. 
The distortion analyzer still would read 
0 %, but the sidebands on the spectrum 
analyzer would not agree. You know that 
the transmitter is not producing any distor- 
tion sidebands, so you have to conclude 
that the sidebands you do see are a direct 
result of IPM. 

The :cey is to start with a low harmonic 
distortion reading on the transmitter so 
that any sidebands will be recognizable 
immediately as the result of IPM. The most 
practical way to do this is to modulate the 
transmitter with a 1kHz tone to a modula- 
tion level that is as close to 100% as possi- 
ble, without exceeding 1% THD. If the 
distortion measures less than 1 %, no 
distortion sideband will be greater than 
40dB below the ¡kHz sidebands. Any 
sidebands that are greater than this value 
are the result of IPM, and they will be easy 
to spot. 

After you have obtained a distortion 
reading of 1% or less, connect the spec- 
trum analyzer, and examine the transmit- 
ter output. Figure 3 is a spectrum analyzer 
display photo from a typical 5kW transmit- 
ter with a measured THD of 0.3 %. The 
photo was taken before any optimization 
had been performed. It's worth noting that 
this transmitter already was carefully 
neutralized using the traditional methods. 
Notice that the spectrum in no way agrees 
with the distortion measurement. Al- 
thouga the sidebands should be more than 
50dB below the first -order sidebands, the 

Figure 1. The spe tram of an ideal transmute has no harmonic side- Figure 2. The spectrum of the same ideal transmitter shown in Figure 
bands and measures 0% distortion. 1, but with the addition of 1PM. 
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second -order sidebands are only 30dB 
down. These extra sidebands are 1PM, in- 
visible to the modulation monitor but pres- 
ent just the same. 

Now let's try to make the spectrum look 
the way it should. The first thing to suspect 
is the neutralization. On this particular 
transmitter, the neutralization is adjustable 
from the front panel. making it easy to op- 
timize while the transmitter is operating. 
Some transmitters have no provision for 
adjusting the neutralization while the 
transmitter is on. In these instances, make 
the adjustment, then monitor the results. 
It may take a few tries to get the 
neutralization correct, but keep trying. 

As the neutralization is adjusted, watch 
the IPM change. Figure 4 shows a dramatic 
decrease in IPM compared with Figure 3. 

The neutralization-control setting that pro- 
duced this picture is close to the original 
setting. 

All the sidebands are at least 50dB 
below the first -order sidebands, which is 
in agreement with the distortion measure- 
ment. More improvement is possible. 
Figure 5 is an expanded look at the same 
spectrum, using a 2dB /division resolution. 
A closer look at the second -order and 
third -order sidebands reveals some asym- 
metry around the carrier. AM theory says 
that perfect AM creates identical sideband 
pairs above and below the carrier. Any 
asymmetry around the carrier can be ex- 
plained by only one thing: IPM. 

Carefully rocking the neutralization con- 
trol will reveal a point where the higher - 
order sidebands appear low, yet sym- 
metrical. This is the point of lowest IPM, 
as shown in Figure 6. In this particular 
transmitter, improper neutralization was 
the only source of 1PM. The proper tun- 
ing procedure is summarized in Table 1. 

It is entirely possible that more than one 
source of IPM exists in a transmitter. If so, 
then each source will have to be mini- 
mized until a symmetrical spectrum 
emerges that agrees with the distortion 
measurement. Note that the PA neutraliza- 
tion will have to be adjusted in this man- 
ner each time the PA tube is replaced, 
because every tube has a different amount 
of interelectrode capacitance. 

So far, we've considered only transmit- 
ters that use triodes in the PA stage. AM 
transmitters that use tetrodes or pentodes 
in their finals seldom have neutralization 
circuitry because the tube interelectrode 
capacitance is small enough that oscilla- 
tion is not a problem. 

However, that doesn't necessarily mean 
IPM has been eliminated. If you suspect 
1PM from a tetrode or pentode stage, you 
can add neutralization circuitry to cancel 
precisely any interelectrode capacitance 
and eliminate the IPM. In this case, it is 
best to consult the manufacturer for the 
proper method. 

AM transmitters with solid -state PAs are 

new enough to have been designed with 
IPM in mind. The production of IPM in this 
type of final stage is a function of design 
rather than adjustment, so be sure before 
you purchase a transmitter that the 
manufacturer has carefully considered this 
factor. 

Usually, the only other source of IPM is 
found in the RF driver stage that feeds the 
PA tube grid. Any instability in this stage 
may cause the circuit to phase -modulate 
as its load -the PA grid- changes with 
modulation. Try changing the tuning, 

loading, drive, neutralization or any ad- 
justable circuit associated with the stage. 
Often, slight adjustment of a control will 
reduce IPM significantly. Because every 
transmitter is different, there are no hard 
and fast rules here. Just remember to have 
enough grid current remaining after ad- 
justments to modulate the positive peaks. 

Helpful hints 
A common problem that might crop up 

when you're trying to neutralize a 

transmitter is finding a tube that won't 

SAFE AND 
SOUND 

with McCurdy's SA14023 Extended 
Range Meter 

Accurate self -contained audio 
measuring system in only 2 R.U. 
(3.5 inches) with the following 
features: 

VU meter and optional Peak 
Program Meter (PPM) allow 
simultaneous precision 
monitoring of average and peak 
signal characteristics 
Wide input level range from -50 to 
+ 30 dBm in precise 2 dB steps 
600 Ohm termination or a 20,000 
Ohm bridging balanced input 
either via front panel 1" 
telephone type jacks or via rear 
panel barrier terminals 
Front panel jack is provided for an 
isolated monitor output 

Simultaneous balanced output for 
fixed monitoring purposes is also 
provided 

Get performance anc peace of 
mind in the McCurdy tradition with 
the SA14023 Extended Range 
Meter. 

M:7 `- 

McCurdy Radio Industries 
108 Carntorth Road, Toronto, Ontario 
Canada M4A 2L4 Tel: (416) 751 -6262 
Telex: 06- 963533Telefax: (416) 751 -6455 
1051 Clinton St., Buffalo, New York 14206 
Tel: (212) 772 -0719 
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Figure 3. Although this transmitter measured 
0.3% THD, the second -harmonic sidebands are 
only 30dB below the fundamental. The extra 
sidebands are the result of ¡PM. 

Figure 4. This is the same transmitter as shown 
in Figure 3, after neutralization has been ad- 
justed for lowest ¡PM. 

"I can read my transmitter from 
anywhere using any Touch Tone phone. 

It§ wonderful:' 
Figure 5. The spectrum of Figure 4 expanded 
to show the asymmetry of the second- and thud- 
order sidebands. 

Ben Enochs- WDXL Lexington, Tennessee 

"With Gentner's VRC -1000, I'm 
troubleshooting AM /FM, plus EBS, 
from my house, from the studio, 
from almost anywhere. 
Our transmitters get 
read at least a dozen 
times a night, its the 
most control I've had 
keeping up the trans- 
mitter since 1954. 

Now my transmitter 
can alert me to problems 
by phone, anywhere, 
any time. The preprogrammed 
synthesized voice gives me the 
parameters, I make the adjust- 
ments. All at the touch of a button. 

And, I don't have to think like a 
microprocessor to work with the 
VRC -1000. Nothing could be 
simpler or more dependable. 

Gentner's VRC -1000 
Will Put You 

in Total Control. 
Stop baby- sitting your trans- 

mitter. For complete product infor- 
mation or specifications on the 
VRC -1000 Remote Control, 
I recommend you give Gentner 
a call today." 

GEIVTNER 
E L E C T R O N I C S 
C O R P O R A T I O N 

PO Box 32550, San Jose, CA 95152 (408) 926 -3864 FAX (408) 926 -6699 
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Figure 6. Fine -tuning of the neutralization 
brings the higher -order sidebands into 
symmetry 

neutralize completely. Either the neutraliz- 
ing trimmer cap is at the end of its range 
or the trimmer doesn't seem to have much 
effect on the IPM. This problem can be 
caused by a neutralizing circuit that wasn't 
designed with enough adjustment range 
or by a tube whose interelectrode 
capacitance is out of tolerance. This con- 
dition seems to show up more often in 
rebuilt tubes than in new ones. Perhaps 
a rebjilt tubes interelectrode capacitance 
is not necessarily the same as it was when 
the tube was new. It's a good policy to 
have a few padder capacitors of different 
values on hand in order to bring the 
neutralization circuitry into range with 
any tube that might be encountered. 

Another problem you might run into is 
a bad transmitter load. Although most 
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To get a bigger slice of your video 

patching business, we borrowed 
an idea from the experts. 

Quìck delìvery. 
Whether it's a pepperoni pizza or a patchbay, 
nobody likes waiting for deliveries. And when 
you order video products from ADC 
Telecommunications, you don't have to. Because 
unlike other manufacturers, we sell through a 
nationwide network of video distribu- 

tors. So instead of 
waiting weeks for 
delivery from a 

,may factory a thousand miles 
away, you simply call the 

ADC distributor in your area. 
We offer toppings the others can't match, too. 
Our video jacks come in gold or nickel finish, 
terminating or non -terminating and phase 
compensated as well. 

Circle (80) on Reply Card 

But you don't have to order an extra -large with 
everything to get fast delivery. We'll give you the 
same service even if you just need a few patch - 
cords. Because we know if we offer a broad 
range of quality products at fair prices, and 
deliver them faster than the competition, we'll 
get a bigger slice of your business. 
We call it the "Domino Theory" 
For the name of your local ADC stocking distrib- 
utor, call 612- 893 -3126 east of the Mississippi, 
or call 612- 893 -3119 west of the Mississippi. 

1. Telecommunications 
® "Where Quality Buns Pull circuit." 

4900 West 78th Street, Minneapolis, MN 55435 
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antenna systems are fairly flat within 
±2kHz from the carrier, it's still possible 
that the antenna system is causing an 
asymmetrical display on the spectrum 
analyzer. In this case, it is best to perform 
these procedures with the transmitter con- 
nected to the station's dummy load instead 
of to the antenna. IPM caused by asym- 
metrical antenna systems is a subject 
beyond the scope of this article. In any 
case, if you notice a difference in IPM 
when the antenna is connected, that area 
may be your next project. 

Alternative methods 
Because the average radio station 

doesn't own a spectrum analyzer, it would 
seem that the procedures outlined so far 
are of little use. However, before you 
dismiss the entire process as impossible, 
consider the following points. First, 
nothing is more revealing than looking at 
your radio station with a spectrum 
analyzer. Everyone should do it at least 
once. it's an eye -opening experience. Sec- 
ond, you don't have to own a spectrum 
analyzer to use one; you can rent one. 
Also, someone in your area -a friend at 
a nearby college or university, or an ac- 
quaintance in the radio business or some 
other electronics industry -might let you 

borrow a spectrum analyzer for a night. 
If the AM broadcast service is to become 

a quality medium, we all must start 
treating the service with a little more 
respect. That means using the proper tools 
for the job instead of just trying to get by. 
If you can possibly arrange it, use a spec- 
trum analyzer to perform these tests. 

If a spectrum analyzer is totally out of 
the question, consider other ways of look- 
ing at 1PM. One method is to use an 
oscilloscope, which means you'll need to 
obtain a sample of the carrier frequency 
from the oscillator. Connect the oscillator 
sample to the scope's external trigger in- 
put. Connect the transmitter RF sample to 
the scope's vertical input. Adjust the sweep 
time so that approximately 90° of the RF 
waveform is visible on the screen. 

Examine the zero axis crossing of the 
waveform. Any side -to -side movement of 
this zero axis crossing represents carrier 
phase modulation. The trace will appear 
as a "smear," as opposed to a distinct line. 
This smear can be measured in degrees 
with the oscilloscope. If the sweep time 
is adjusted so that 90° of the RF waveform 
covers nine vertical divisions on the 
graticule, then each division equals 10 °. 

The other way of observing IPM is with 
a stereo modulation monitor. The AM 

IMPROVE YOUR FM SIGNAL 
Last year, the F.C.C. created new rules which provide a practical 
means for many FM Broadcasters to dramatically improve their 
signals. 

Now, OMEGA INTERNATIONAL has developed a system which 
allows you to take full advantage of these new Hiles. If your FM station 
suffers from multi -path, terrain shielding or other coverage problems 
within your licensed contours, we can help. 

OMEGA INTERNATIONAL's unique solution is a proprietary FM 
Synchronous Repeater system. It's new, it's flexible, it's sensible, and 
it works. 

We don't have to tell you that improving your coverage will probably 
bring new listeners and new sponsors. But, we should tell you that 
OMEGA's complete solutions probably cost less than you think. Let's 
talk about it. Call or write for all the details. 

Call the Original ...Call the Leader in Systems Engineering. 

C OMEGA INTERNATIONAL 
2691 Richter, Suite 116 
Irvine, CA 92714 USA 

(714) 553 -0564 Telex: 678641 CORI' HQ 
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stereo modulation monitor for one of the 
two systems in use has a provision for 
monitoring L -R information, while the 
other one can measure IPM directly. 
Although IPM is not exactly the same 
thing as L -R audio, any information that 
shows up in the L -R channel during 
monophonic operation is due to 1PM. You 
can use either type of monitor to actual- 
ly hear your transmitter's phase modula- 
tion and implement a minimization 
program. 

Incidental phase modulation has been 
around for many years, causing problems 
that mos: of us have been unaware of. The 
advent of AM stereo has brought the issue 
of IPM tc the attention of the industry, and 
that in itself may be part of AM stereo's 
greatest contribution -the improvement 
of the quality of AM. Eliminating IPM from 
an AM transmitter is not difficult, and it 
is offer, easily accomplished simply 
through better PA tube neutralization. The 
extra effort required to complete this task 
is well worth the benefits derived by the 
individual broadcaster as well as the en- 
tire AM broadcasting industry. 

Editor's nob: This article is based on a paper presented 
at the 1985 NAB Engineering Conference by Dominic 
Bordonaro. I =.ra)))1 

NOW, FULL SHIFT 
PERFORMANCE 

FOR YOUR 
HAND -HELD RADIO 

SUPER ICOM CM -7S 
13.2 volts, 900 ma, double the capacity of the 
ICOM CM -7, 5 watt output for the IC- U21116/H16 

SUPER ICOM CM -8S 
9.6 volts, 1200 ma, 50% more capacity than the 
ICOM CM -8, 3.5 watt output for the IC- U2/1116 
1116/U12/H12. 

Both are base charge only using CM -30. CM -35 
or CM -60 chargers, and include overcharge and 
short circuit protection. CM -7S or CM -8S 
$65.00 + S3.00 shipping. 
Call Periphex for all ... 
your battery needs. V 
Motorcla, GE, RCA. 
Kenwo)d,lcom, 
Johnscn. Standard. 
etc. Also complete in- 
ventory of Gel Cells, 
Sealed Lead Acid, Al- 
kaline and Nicads. All 
battery packs include 
a 1 year guarantee.. 
Call or write for your 
free catalog. Dealer 
inquiries invited. 

,imuipemptiex 111(. 
149 Palmer Road Southbury, CT 06488 

(800) 634.8132 
in CT (203) 264-3985 
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DELTA BROADCAST 
PRODUCTS 

' " JI 
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ASE -1 /ASM -1 

AM Stereo without compromise. The AM Stereo Exciter and 
Modulation Monitor provides a C -QUAM " quadrature modu- 
lated stereo signal featuring low distortion and channel 
separation greater than 35 dB throughout the audio spectrum. 
The ASE -1 generates a signal to produce a phase modulated 
transmitter carrier. An L + R audio signal AM's this carrier to 
produce the C -QUAM signal, the only signal completely com- 
patible with all C -QUAM, multimode and envelope detector 
receivers. 

s 
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AAM-1 
The Analog Antenna Monitor measures the parent. 

oilers of directional antenna systems. Readings are: 
relative current; and current ratio and current phase to 
a reference antenna. The AAM -1 can monitor up to 8 
antennas with ratio and phase measurements dis - 
played on front panel meters. 

i 0 
APC -1 

Your insurance against oven and underpower open 
ation. The Automatic Power Controller continuously 
monitors the transmitter output power, making auto- 
matic power adjustments via the transmitter loading 
control. The APC assures proper power levels at all 
times. 

TCA /TCT 
Simplifies antenna current and phase sampling. 

TCA Ammeter Systems provide accurate. modulation - 

Iree current readings on a variety of meter types. 
Torodial Current Transformers provide current and 
phase samples, and are available with three output 
voltage ranges, as well as high voltage models. 
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RCS-1V 
This Remote Control System calls you when it needs help! 

The RCS -1 combines microprocessor technology with easy 
operation. Features include direct interface boards for antenna 
monitors, patented remote modulation bargraphs, automatic 
logging, and synthesized speech telephone interface. Addi- 
tional input and control boards to expand remote control capa- 
bilities can be added at any time. 

AMC -1 / FMC -1 

The only modulation control systems which provide 
a completely closed loop around the transmitter. The 
Amplitude and Digital Modulation Controllers sample 
actual modulation levels after the PA output network 
assures precise adjustment for optimum modulation 
levels. Both the AMC -1 and FMC -1 keep count of over - 
modulation bursts for signal control through a linear 
attenuator. 

OIB- 11016.3/CPB1 
Full power impedance measuring. The Operating 

Impedance Bridges measure the impedance of radia. 
tors, networks and the like while operating under nor- 
mal power. The OIB.1 measures VSWR and impedance 
up to 400 ± j300 ohms. The 018 -3 extends the range to 
1000 xj900 ohms. and has an RF amplifier for im- 
proved nulling. The Common Point Impedance Bridge 
is permanently installed for continuous monitoring of 
the common point during network adjustment. An op- 
tional TCA ammeter can be installed in its Iront panel. 

RG -4 
High output Receiver/Generator. The Receiver/Genera - 
tor combines a two -watt RF output and a correlation 
detector circuit that virtually eliminates interference 
problems. The RG-4 operates in the 100 kHz to 30 MHz 
range. It is designed as the ideal companion instru- 
ment for Delta's 01B -1, 01B -2, and 018.3 impedance 
bridges. 

6730E/6740B 
Fast, efficient coaxial transfer switches. The coaxial 

transfer switches are designed to switch transmitters, 
transmission lines, antennas, dummy loads and aux- 
iliary equipment quickly and easily. Either manually or 
remotely controlled, the switches are fully interlocked 
to prevent switching with RF power applied. The 
6730E switch uses 1 -518 Inch connectors. the 67408 
switch uses 3.118 inch connectors. 

DELTA ELECTRONICS 
5730 General Washington Drive 
P.O. Box 11268 Alexandria, Virginia 22312 
Telephone: (703) 354-3350 Telex: 90-1963 
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Applied technologyI 

The all- solid -state 
video recorder 

By Richard Dienhart 

Advancements in solid -state technology 
have redefined the design, function and 
capabilities of almost every device in the 
communications environment. Develop- 
ment of the VSR -10 digital video recorder 
(from NEC), built exclusively around solid - 
state devices, represents the latest 
milestone in semiconductor development. 

The application of solid -state technology 
for any product provides a number of user 
benefits, including: 

Flat performance: A solid -state device 
is rated at a specific level of performance 
on manufacture and test. That perform- 
ance level remains consistent throughout 
the life of the device. 

Dependability: Over the length of time 

Dienhart is national sales manager, video products, NEC 
America, broadcast equipment division, Wood Dale, IL. 

MEM SHELF 

solid -state devices have been available, the 
collective experience of the computer and 
communications industries has confirmed 
that these components tend to be very de- 
pendable. Their reliability is due, in large 
part, to their low power consumption, low 
heat generation and non -mechanical na- 
ture. Mean time between failure (MTBF) 
has become a manageable number in op- 
erational planning. 

Serviceability: The use of solid -state 
devices in products has redefined the ap- 
proach to equipment maintenance. The 
sealed- system nature of most systems, 
coupled with small size, now means that 
when problems occur, entire modules are 
replaced. The faulty parts are set aside for 
later repair or for return to the manufac- 
turer for repair or exchange. The down- 
side of this trend is that a facility's spare 
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Figure 1. Simplified b lock diagram of the ASR -10 solid -state video recorder. The system is divided 
into three basic sections: the memory shelf, analog shelf and power supply. 
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parts inventory requires a larger 
investment. 

Solid -state technology, however, permits 
the use of microprocessor -based diagnos- 
tic techniques that make troubleshooting 
of equipment faster and easier. Availability 
of built -in memory analysis and similar 
aids leads the maintenance engineer di- 
rectly to the problem area and provides 
ways to temporarily bypass the problem 
component in the bit -processing routine 
of the system. The equipment experiences 
less downtime for repairs and can be re- 
turned to service faster when a failure 
occurs. 

High -speed processing: The inherent 
speed of signal processing attainable with 
solid -state devices supports the many cal- 
culations required to process and manip- 
ulate complex signals, such as video. In ad- 
dition, high -speed processing permits si- 
multaneous data -handling by the same 
component. 

Multitasking: Perhaps the most signifi- 
cant aspect of solid -state technology is that 
it can be used in designs that process sev- 
eral different functions simultaneously. 
With this multitasking capability, equip- 
ment based on advanced solid -state tech- 
nology can perform radically diverse op- 
erations at any given time, sharing the 
same basic data. This concept is central 
to the efficient use of solid -state technol- 
ogy as applied to the video recorder. 

System implementation 
The VSR -10 solid -state digital video re- 

corder incorporates dynamic random -ac- 
cess memory (DRAM) for data storage and 
high -speed video signal processing. The 
heart of the system is the APD421000, a 

1Mb DRAM memory chip. Each memory 
card includes 256 devices. A typical 
system configuration would include 12 

memory cards in a given memory shelf for 
a total of 3,072 chips (384 megabytes of 
storage). 

Recorder hardware design is straightfor- 
ward. The basic system is built around 
three chassis: an analog shelf, memory 
shelf and power supply. Recorder func- 
tions are managed by a microprocessor - 
based control panel. Up to four control 
panels can be connected to the mainframe 
via serial interface. 
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------------ Discover the power, convenience and 

economy of the Video Slide. 

SONY 

Mavipak 
MP-50 

O N Y c 1987 Sony Corporation of America. Sony, ProMavica, 

® and Mavipak are registered trademarks of Sony. 

Sony announces the means to a perfect presentation. 

All it took was a combination of the power and 
convenience of video with the economies of slides. 

That's how Sony invented the ProMavicaTM Still 
Image System. 

It easily captures, stores and retrieves still images, 
instantly, whether you are using the ProMavica 
camera, your favorite computer software or even a 

video camera. 

The secret is the MavipakTM diskette, a slide -sized 
floppy which holds up to 50 images (and audio too!) 
and unlike slides is reusable time after time. 

Then play the still image on any color TV, monitor 
or video projector using a ProMavica deck or portable 
recorder player. 

It's easy, fast, sensational and affordable. 

It's part of a growing line of Still Image products 
from Sony that gives you all of this and even lets 
you print the image anywhere in the world -at the 
touch of a button. 

So call Sony Still Image Systems on 1- 800 -222 -0878 
for full information about the ProMavica solution. 

And stop searching. 

Pro M av i c aTM 
EVERYTHING COMES TOGETHER WITH PROMAVICA 

CC] L CO =1^ 
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Don't let 
your next tower 

be history 
before its time. 

Get Tower Specification from PiRod 

Tower Specification Guide 
Request your copy of Tower Spec- 
ification and avoid the pitfalls of 
tower purchase that have 
plagued mankind since 1173 AD. 

Published by PiRod, Inc., leaders 
in broadcast and telecommunica- 
tions tower engineering and 
fabrication, Tower Specifi- 
cation is packed with the 
facts you need to make 
valid comparisons between 
tower types and options. 

Maximize the return on 
your tower investment 

Developed for all specifiers of 
self- supporting and guyed towers, 
the information contained in 

Tower Specification provides a checklist of tower 
specification criteria critical to optimizing tower 
value and the return on your tower investment. 

Don't let your next tower be history before its 
time. Let us send you a copy of Tower Specifica- 
tion. Write or call us today! 

Specifiers' 
information for 
all types of self - 
supporting and 
guyed towers 

AP;RUH Inc. 
P.O. Box 128 

Plymouth, IN 46563 -0128 
"'1.936.4221 
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The analog shelf is the point at which 
most system interfacing takes place. I/O 
connections provided include four video 
inputs, four video outputs, two digital I/O 
ports, an external key input, hard disk I /O, 
and Ethernet port for networking. Four 
RS-422 serial control ports may be con- 
nected to the analog shelf to provide low - 
level communications to an external con- 
trol computer. 

The control panel is the point at which 
system management and creative super- 
vision are maintained. Control panels for 
simple (sports) or complicated (post -pro- 
duction) work can be tied to the system 
to support the requirements of various 
productions. The production control panel 
uses a 3.5 -inch floppy disk drive for 
operating system loading and off -line 
storage of program sequences. 

The analog shelf contains control, ana - 
log-to- digital (A /D) and digital -to- analog 
(D /A) cards. (See Figure 1.) Configuration 
of the system permits the VSR -10 to ac- 
complish more than simple record and 
playback of video. New features are avail- 
able to users because of the unique attrib- 
utes of solid -state recording. 

As shown in Figure 1, each of the NTSC 
composite input ports feeds an A/D for 
conversion into the digital domain. Four 
read ports from memory are provided 
downstream of the A/D converters. A 
4x1 input selection switch facilitates sig- 
nal routing in the digital domain. Various 
combinations of internal and external sig- 
nals may be applied to the digital mix/ 
keyer (M /K) within the system. 

A second digital M/K is available for si- 
multaneous mixing of two signals in two 
separate control locations. Any internal or 
external input may be assigned to mem- 
ory, passed through the M/K amplifier or 
read directly out of the VSR -10 to any of 
four NTSC composite or digital outputs. 

Figure 1 illustrates how the three shelves 

of the VSR -10 mainframe interconnect. 
The memory shelf shown represents from 
one to four shelves (34s to 136s of record- 
ing time). RO through R3 represent the 
channels available to read data from mem- 
ory, while WO through W3 represent the 
channels available to write data to a mem- 
ory location. The power supply shown 
may be one or two shelves, depending up- 
on the number of memory shelves in the 
system. 

System operation 
The recorder is designed so that it can 

perform various tasks at the same time, 
offering simultaneous control of the sys- 
tem from different locations, or control of 
several functions simultaneously from one 
location. Figure 2 shows some of the con - 
figura :ion possibilities. 

The system uses first -in- first -out control - 
panel priority in which the first control 
panel to request system resources gets 
them. The next control panel has access 
to any unused resources, such as ports or 
memory space. An individual control pan- 
el must release its allocated resources 
before they can be assigned to another 
contrcl location. 

The memory reservoir may be assigned 
in any value to each of a total of four ports, 
up to the combined maximum capacity of 
the memory. This assignment may be per- 
formed in increments as small as four 
frames. Time division does not require an 
equal assignment of recording time to any 
of the four ports. Each port may be as- 
signed to the exact number of frames or 
seconds of reading or writing time need- 
ed to perform the function assigned to the 
port. 

Because record and playback of the 
same material can be accomplished in the 
digital memory simultaneously, with on- 
ly one field of delay between record and 
play, playback of real time events can be 

FREQUENCY RESPONSE 
(measured at A /D, 
D/A direct connection) 

K FACTOR 
(2T pulse and bar) 

LINEARITY /DIF. GAIN 

LINEARITY /DIF. PHASE 

S/N 

SYSTEM TIMING 

±0.3dB, 200kHz to 5MHz 

K<1 

<4% 

<20 

50dB OR GREATER (10kHz, 4.2MHz FILTER) 

INPUT /OUTPUT ' /IDEO PHASE ADJUSTABLE 
±21 .as 

COLOR PHASE ADJUSTABLE OVER 360° 

Table I. Primary video specifications for the VSR -10 reco, der. Because all processing within the 
system is done in the digital domain, these specifications will be valid for any number of generations. 
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CEMTYS has been in the 
Broadcast -Radio equipment 
business since 1940, with a 
tradition of building quality 
AM & FM transmitters that 
are designed for and by radio 
professionals. 

The latest result of this long 
experience is the new KX series 
of FM transmitters with power 
outputs of 5, 10 and 20 KW all 
using our new model 24.540' 
resonant cavity shown above. 

When we began development 
of the new transmitters we 
established the following basic 
criteria: maximum reliability and 
sound quality, WIDEBAND solid 
state circuits, single tube design, 
minimum adjustments and a 
highly transparent RF path 
to provide minimum distorsion 
of stereo and multiple SCA 
signals on the carrier. 

The power amplifier with a 
gain of + 17 dB contains the 
YL -1631 ceramic tetrode. 

' Built under license (N. V. PHILIPS, pat. 
8200633) 

POWER AMPLIFIER 
CONFIGURATION 

The resonant cavity of the 
output stage contains the power 
amplifier in a grounded -grid and 
grounded- screen configuration. 
This unique design eliminates 
neutralization as it provides dual 
internal shielding between the 
input and output circuits of the 
tube stage. 

The broadband tube input 
circuit uses a rugged complex 
coaxial structure that converts 
the low operating impeadance of 
the cathode -grid circuit to 12 '/z 

Ohms. Final matching is then 
obtained by means of a 4:1 
transformer built with 50 
Ohm coaxial cables that provide 
WIDEBAND coupling over the 
entire FM Band without grid 
tuning. 

The design is so efficient that 
a VSWR of less than 1.3:1 is 
obtained throughout the entire 
operating range in Band II. 

The cavity output cricuit is 
tuned to the required frequency 
in a X/4 mode by means of a 

moveable shorting plunger which 
is the only frequency dependent 
adjustment in the transmitter. 

The mechanical design places 
the adjustable element out of the 
cooling airflow, eliminating both 
thermal detuning and the 
problems associated with high 
temperatures on the sliding RF 
contacts. 

CEMTYS manufactures the 
resonant cavity with meticulous 
care so as to achieve the rigid 
tolerances that are necessary for 
continuous operation in Band II. 

In the construction of the 
cavity we use special materials: 
KAPTON, ECCOSORB, 
NORYL, BERILLIUM- COPPER, 
etc. along with sophisticated 
cryogenic assembly techniques 
to provide the reliability and 
durability which are part of the 
basic design criteria. 

CEMTYS BROADCASTING. Explanada 4 y 6 - Tel. 233 25 08* - Fax 253 78 88 - Télex 22230 - 28040 MADRID SPAIN 
The constant evolution of technology allows us to incorporate improvements in the design and production of our products. For this reason, CEMTYS 
reserves the right to modify without prior notice the technical characteristics and specifications related to the product described in this publication 
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WE BUILD 

TAL 
TOWERS 

Express Tower Co. (EXCO) 

specializes in the design, 
engineering and construc- 
tion of 1,000 -ft. and above 

guyed towers - and we 
have a lot of tall stories 
to tell. 

For example, we just 
finished a "two -in -one" 
1,480 -ft. project for Cenla 
Broadcasting's KQID -FM 

near Alexandria, Louisiana. 
It required a 1,390 -ft.. 
84 -in. face base structure 
supporting a 90 -ft., 24 -in. 
face top section. The 90 -ft. 
top structure has the unique 
capability of rotating 360 
degrees for optimum pattern 
coverage. 

For complete tower ser- 
vices, including maintenance, 
repair, painting and replace- 
ment of antenna and 
transmission lines, contact 
Dyke Dean at Express Tower. 

Tell him your tall story! 

EXPRESS 
TOWER CO., INC. 

Star Route East 

P.O. Box 37 
Locust Grove, OK 74352 

918/479 -6484 

Fax No. 918/479 -6485 

Quality from the ground up. 
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accomplished in variable -time slow mo- 
tion as they happen. Individual field and 
frame identification and access mean that 
sequences read into the memory may be 
read out in any random order and in real 
time. 

Inside the memory 
Of the 17 boards contained in the mem- 

ory shelf, 12 are dedicated to memory it- 
self. The remaining boards handle various 
housekeeping functions. The memory 
consists of 384Mb, constructed from 1Mb 

The standard memory shelf of the video recorder. Twelve of the 17 boards in this shelf are used 
for storing video data. 

REF IN /OUT 

KEY IN 

VIDEO NO. I IN 

VIDEO NO. 2 IN 

VIDEO NO. 3 IN 

VIDEO NO. 4 IN 

4-PORT DIGITAL I/O 

POWER SUPPLY 

CONTROL 

MEMORY 
34 SECONDS 

VIDEO NO. I OUT 
VIDEO NO. 2 OUT 

VIDEO NO. 3 OUT 

VIDEO NO. 4 OUT 
CLOCK g- ETHERNET 

4 OUTPUT CONTROL PORTS 

RS422 SERIAL 

LOW. LEV I.L 
COMM UN ICA 'ION 

50m STANDARD LENGTH 
MEMORY 

EXPANSION 
34 SECONDS 

MEMORY 
EXPANSION 

34 SECONDS 

MEMORY 
EXPANSION 

34 SECONDS 

SECOND M/K OPTION 

SECOND CHANNEL OPTION 

OPTIONAL 
CRT DISPLAY 

HOS" PC 

TO PRINTER 

TO DYE FUTURE 

TIME CODE 

GPI 
5 IN /5 OUT 

I 

COMMUNICATION 
RC HIGH.LEVEL 

Figure 2. Configuration options for the solid -state record or. The system can be expanded from 
its basic complement through the addition of memory shelves and external controllers. 
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WHEN RECORDING IS 

ONE 
WHAT É TRUE 

Vdeocass,nc 
PV 20 
t3roadcas 
Vdeocas-xtte 

Whether it's your job to capture all the sound. Or focus on just the right visual. You need 
quality recordings. And one name in the world of recording stands true. 3M. 

Because we stand by you - with the largest support force in the field. And stand behind 
you - with some of the most advanced research in the industry. 

All to keep our standing - as number one in the world of the pro. 

NUMBER ONE IN THE WORLD OF THE PRO 
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BROADCAST THE NEWS 
WITHOUT THE NOISE. 

The new SM84 Lavalier Mic. 

A super - 
cardioid pick- 
up pattern 
enables the 
new SM84 
Condenser 
Microphone 
to reject 
unwanted 
background 
noise without 
compromising 
audio quality. So 
even if there's 
activity near your 
reporter or news- 
caster, the only 
thing the viewers 
hear is the news. The 
SM84 also provides 
greater gain before 
feedback than other 
lavalier condenser mies. 

The microphone's 
tailored frequency 
response provides profes- 
sional sound that's unusual 
in chest -mount applications. 
The 730 Hz filter compensates 
for chest resonance, while the 
high- frequency boost provides 
flatter, more natural response. 
The 12dB /octave low -end rolloff 
(below 100Hz) reduces room noise 

and other low- frequency 
signals. In addition, 

excellent shielding yields low RF 
interference and hum pickup. 
Easy to use. 

The mie runs on phantom power 
or a standard 9 -volt battery. The 
unique side -exit cable minimizes 
"cable hiding" problems. And 
universal mounting clips are 
included to handle virtually all 
attachment requirements. 

Plus, it's built with Shure's 
legendary emphasis on rugged- 
ness, reliability and 
performance. 
Shure Brothers Inc., 
222 Hartrey Ave., 
Evanston, IL 60202 -3696 
(312) 866 -2553. 

%Then background noise 
isn't a factor, consider the 
SM83 Omnidirectional 
Lovelier Microphone. 

Note: mies shown 
actual size. 

SNVRE° 
THE SOUND OF THE PROFESSIONALS ®...WORLDWIDE 
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One of the memory boards removed from its 
card cage. The building block of the system is 
the 11.1'0421000, a 1Mb DRAM memory chip 

DRAM devices. 
The basic system provides 34s of video 

recording time. Capacity can be expanded 
through the addition of other memory 
units. The system also is designed to take 
advantage of future developments in solid - 
state memory technology. This is impor- 
tant because significant work is being 
done b develop 4Mb memory devices. 

As currently constituted, the memory 
reservoir may be expanded to a total of 
1.536Gbytes, or 136s of recording time. 
Further expansion of the system includes 
adding a second A /D -D /A board, which 
provides two additional external input and 
output ports. 

Because the DRAM memory is volatile 
and not intended for archival storage, the 
system may be interfaced with an exter- 
nal storage medium, such as a digital tape 
recorder or hard disk -storage system. 

Data backup in the digital domain 
typically is addressed through use of a 

streaming tape system. Using present - 
technology streaming backup, the entire 
digital data contents of the basic VSR -10 
can be transferred to tape in about two 
and a half minutes. 

Equipment as complex as the VSR -10 
must have provisions for computer-assist- 
ed testing. Through use of software rou- 
tines, failed memory can be partitioned 
off, as in disk recorder technology. The full 
memory capacity can then be recovered 
upon replacement of the failed device. See 
Table 1. 

Future directions 
It has long been a goal of equipment 

manufacturers to reduce, or even elimi- 
nate, the mechanical components of prod- 
uct design. In most cases, mechanical sys- 
tems are more expensive to manufacture 
and less reliable in the field than well - 
designed solid -state hardware. As ad- 
vancements in memory technology are 
made, further improvements will be possi- 
ble in storage capacity. I: rä))11 
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25000J 300J 
FM Transmitter FM Transmitter 

Model X Silverline UHF 
FM Exciter TV Transmitter 

Silverline UHF 1000W UHF 100W UHF 
TV Transmitter TV Transmitter TV Transmitter 

FOR BROADCASTING EXCELLENCE... 
SOLID, POWERFUL, TELEVISION AND RADIO EQUIPMENT 

High Power UHF TV Transmitters 
TTC's Silverline UHF TV Transmitters 
provide the ultimate in picture quality, 
reliability and efficiency. These trans- 
mitters are designed that way, without 
compromise. 

All new state -of- the -art design uti- 
lizes CMOS logic for control functions. 
Silverline multiple klystron transmitters 
maximize reliability by offering total re- 
dundancy. Each multiple klystron trans- 
mitter includes two or more amplifier 
cabinets, control circuits, high voltage 
contactors, beam supplies, cooling sys- 
tems and exciters. 

Low Power Transmitters 
TTC offers a full line of outstanding VHF 
and UHF translator- transmitters, with an 
ultra -stable design that assures high 
quality and trouble -free operation. 

For both VHF and UHF TV up to 
the 100W level, TTC offers solid state 
translator- transmitters designed for 
worry-free unattended operation in 
remote and hostile environments. 

The 1000 Watt TTC XL1000 has 
become the best selling UHF transmitter 
in the world. Long -term reliability, per- 
formance, advanced capabilities, and 
versatility for use with UHF VHF satellite, 
or video inputs provide you with assur- 
ance of lasting quality. 

FM and AM Radio Transmitters 
TTC has established a longstanding 
track record for producing highly reli- 
able and durable FM and AM radio 
transmitters -combining unsurpassed 
value and performance. 

A complete line of transmitters is 
manufactured including units with a 
power output of as low as 30 Watts and 
ranging upward to 50,000 Watts. 

Featuring our clean, uncomplicated 
designs incorporating refinements 
developed from over twenty years of 
proven performance in radio stations 
worldwide, today's TTC radio transmitters 
provide unmatched price -performance 
value and quality. 

If you missed us at NAB, call or write us at our new location: 

TELEVISION TECHNOLOGY CORPORATION 
P.O. BOX 1385 BROOMFIELD, COLORADO 80020 USA (303) 665 -8000 TWX: 910 -938 -0396 TTC COLO 
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Station -to station' 

RF tuning for 
maximum performance 

By Richard Walsh 

Engineers at FM stations recognize that 
an improperly tuned or narrowband IPA 
or PA stage can degrade the performance 
of both the main and SCA channels. Fur- 
thermore, relying on transmitter front - 
panel metering alone does not ensure op- 
timum performance. Maximizing the per- 
formance of these audio channels requires 
careful RF tuning. 

AM noise method 
The traditional procedure of tuning for 

maximum efficiency may result in less - 
than -ideal bandpass characteristics. Ideal- 
ly, the RF amplifier should exhibit equal 
(flat) gain across the desired bandwidth. 
'Iilning for maximum efficiency may result 
in a peaked bandpass at the carrier center 
frequency. A preferable tuning method is 
to adjust for minimum AM noise while 
modulating the carrier. 

This procedure is particularly important 
if you are operating with an SCA channel 
and want to minimize main -to -SCA cross- 
talk. Some SCA generators are equipped 
with an integral incidental AM noise 
meter. If your generator is not, then the 

Walsh is chief engineer for WHCNFM, Hartford, CT. 

STL 
RCVR 

OR 
STEREO 

GEN 

COMPOSITE 
OUT 

modulation monitor must be moved to the 
transmitter site for these tests. 

Oscilloscope method 
The oscilloscope is an effective tuning 

aid when operated in the X -Y mode. The 
horizontal axis is deflected by a sample 
of the composite modulation, while the 
vertical axis is deflected by a rectified 
signal from the transmitter's RF monitor 
sample. (See Figures 1 and 2.) 

The transmitter is tuned while the 
displayed image is observed. Optimal tun- 
ing is achieved when the displayed 
horizontal image is as flat as possible. Any 
rotation from a horizontal trace indicates 
that the transmitter is not center -tuned. 
The more arched the display, the more 
narrowly tuned the RF amplifier. A thick 
horizontal line indicates a substantial 
quantity of AM noise. 

The IPA tuning is especially critical in 
transmitters using IPA tubes in these 
stages. The oscilloscope tuning method 
provides a quick and accurate picture of 
the transmitter's tuning. 

Power measurement method 
None of these procedures provide any 

X 

AXIS 

COMPOSITE 
INPUT 

OPP 

2- CHANNEL 
SCOPE IN 

X -Y MODE 

quantitative data concerning actual RF 
bandpass. An RF spectrum analyzer nor- 
mally would be employed to check the 
transmitter's bandpass. Because this ex- 
pensive device is seldom available, 
engineers will be happy to learn that they 
already may have the required equipment 
to produce similar results. 

The key to this test is an FM exciter that 
uses a frequency- synthesized oscillator. 
This feature allows the exciter to become 
an integral part of the test procedure. It 
also is necessary to have a dummy load 
for the transmitter (see Figure 3). Perform- 
ing this test into an antenna is illegal. 

Many older transmitters (in which band- 
width problems are more common) have 
been updated with these newer exciters. 
These exciters are incorporated into most 
new transmitters. 

Before conducting any tests on your 
transmitter, first review the exciter manual 
for the procedures to change the frequen- 
cy. Exciters typically use DIP switches in 
a BCD format to alter the output frequen- 
cy in 10kHz increments. 

Make a chart of the switch settings vs. 
frequencies to simplify changes during the 
test. Use frequencies in 50kHz steps above 

FM 
TRANSMITTER 

DC 

AM 
DETECTOR 

Figure 1. An oscilloscope and AM detector can be used to monitor the transmitter tuning. 

122 Broadcast Engineering May 1988 

AC 

DUMMY 
LOAD 

RF 
SAMPLE 

www.americanradiohistory.com

www.americanradiohistory.com


Get in sync with 
Videotek's versatile 
team of timing 
devices. 

No matter what your application, 
Videotek has a range of feature - 
rich timing devices to suit it -and 
your budget. 

Take our new VDP -8000 Frame 
Store /Synchronizer with indepen- 
dent Freeze Field capability. Or our 
two blackburst generators -each 
with individual horizontal and sub - 
carrier timing correction for up to 
six sources. The Times Six Plus 
model offers manual or automatic 
operation and automatically com- 
pensates for cable length and 
equipment drift. 

Our new drift -free VSG -201 
digital sync generator with six iso- 
lated blackburst outputs, audio test 
tone and "textbook" SMPTE color 
bar outputs can drive the whole 
show. And all units feature front - 
panel gen lock input loss /presence 
indicators. 

Don't waste any time! See 
your Videotek dealer 

for details! 

REFER 

'OWER 
MASTER PHASE 

)OWER MASTER PHASE 

VIDEOTEKINc. 
Designed for real needs. 
Priced for real budgets. 

243 Shoemaker Road, Pottstown, 
Pennsylvania 19464 (215) 327 -2292 

TWX 710 -653 -0125 FAX (215) 327 -9295 
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250pF 
LEVEL 

RF 
SAMPLE ÇO 1 J100Q 
INPUT l 2W 

1004 

IN541 

47K 

250 

pF 

AM DETECTOR 

15K 

TO 
SCOPE 
Y -AXIS 

Figure 2. The AM detector shown here is required to drive the Y-axis on the oscilloscope. 

nautel 
NEW 

DilITT_ 
route 

NEW 10KW SOLID STATE AM,TRANSMITTER 

-J 

J 

PROVEN SOLID STATE DESIGN 

75Z OVERALL EFFICIENCY 

8 INDEPENDENT POWER BLOCKS 

BUILT -IN STANDBY EXCITER 

ON -AIR SERVICEABILITY 

NEW INDUSTRY STANDARD FOR 

SUPERIOR PERFORMANCE 

125Z POSITIVE PEAK 

CAPABILITY TO 11 KW 

ZERO LOW FREQUENCY 

PHASE SHIFT 

THE 'PERFECT" TRANSMITTER 

FOR AM STEREO 

400W TO 100,000W 

TOTALLY 

SOLID STATE MT_ SERIES 

NAUTEL 
(Nautical Electronic Laboratories Limited] 
R.R. It. Tantallon. Halifax County. 
Nova Scotia, Canada BOJ 310 

Phone 19021 823 -2233 
Telex: 019 -22552 

Nau el Maine Inc. 
201 Target Industrial Circle 
Bangor. Maine 04401 U.S.A. 

Phone 1207) 947.8200 routs Telex: 944466 
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and below your center frequency, out to 
±500kHz. Before testing the entire 
transmitter, verify the exciter's perform- 
ance by coupling it to a small dummy load 
and an accurate wattmeter. 

With the equipment connected, turn on 
the transmitter and raise the output to 
your authorized power. Remove all 
modulation, and allow sufficient time for 
the transmitter power output to stabilize. 

Disable any automatic power control. 
Also monitor the ac power -line voltage 
during these tests. Any voltage changes 
will be reflected in the transmitter's out- 
put power and, therefore, will affect the 
results. In some locations, the power may 
be more stable when the station's backup 
generator is being operated. 

After the transmitter is fully warmed up, 
check the tuning and power output to 
make sure it is operating at your reference 
level. Once they are set, do not change 
any transmitter tuning or power controls 
for the remainder of these tests. 

If you have a frequency counter, monitor 
the exciter's frequency to confirm the ac- 
curacy of your DIP switch settings. Move 
the exciter's frequency up by 50kHz, and 
note the resultant power level. Continue 
to increase the frequency in 50kHz steps, 
recording the associated power -output 
level until the power drops to one -half the 
reference value. This is the upper - 
frequency -3dB point. 

Return the exciter to the reference fre- 
quency, then step down in 50kHz in- 
crements to -500kHz. This should be the 
-3dB joint. Smaller steps can be taken 
if more resolution is desired. 

Graph the results 
Plot t he results on a graph, showing fre- 

quency vs. output power. You may want 
to convert your power readings to decibels 
relative to the reference power. From the 
graph, it will be easy to see how flat the 
transmitter really is. 

For a station with no SCAs, the transmit- 
ter should be flat out to ±75kHz. It is 

desirable to have the transmitter flat out 
to ±300kHz or more, especially if stereo 
and SCA operation is required. A peaked 
graph indicates that the transmitter's Q is 
too high. An asymmetrical graph indicates 
mistun_ng or, perhaps, component failure. 
A narrow graph is not necessarily an in- 
dication of mistuning, but may be the 
reflection of an older, narrowband design. 

Figure 4 shows the test results from a 

common older 10kW FM transmitter with 
severe IPA bandwidth problems. Notice 
how rapidly the power falls on both sides 
of the center frequency. This transmitter 
exhibited noticeable power-output varia- 
tion during modulation. 

A modern 10kW transmitter sweep is 

shown in Figure 5. Notice how much flat- 
ter the curve is over a broad region. This 
particular transmitter uses a tube IPA with 
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THE FURTHER WE G0, 
THE FURTHER YOU G0. 

At Thomson -CSF we've been pioneers 
in developing the use of high -power 
tetrodes in transmitters for more than 
70 years. 

Over the years we've stayed ahead with 
such developments as Pyrobloc® grids and 
the Hypervapotronx cooling system. 

We offer: A complete line of tubes for 
radio broadcasting applications from FM to 
the most powerful SW 
and LW transmitters - 
the quality of our 500- 
600 kW tubes has been 
amply demonstrated in 
15 years of service in 
over forty transmitters 
worldwide. 

A complete line of power grid tubes 
and their associated cavities for UHF /VHF 
TV transmitters. Thanks to their efficiency, 
reliability and tight tolerances, systems 
makers can offer their customers sub- 
stantially more cost -effective products. 

High power 
radin broad - L 
casting 
tetrodes up to 1.W.l 
1.2 M W. 

UHF and 
VHF 
tetrodee 
up to 
50kW. 
FM 
tetrodes 
up to 
100 kW. 

... r-m meo_ m-= 

Matched 
cavities for 
best results. .. 

SAIT MIL 

Ku-band T W Ts For ENG earthstations 
up to 1 kW. t 

40414/40, 

High efficiency space 
TWTs (including 
50 W and 100 W Ku- 
band for next genera- 
tion DES Satellites(. r 

A complete line of klystrons and TWTs 
for ground stations and space TWTs for 
direct broadcasting satellites (DBS) designed 
to last for at least a decade. 

And we also produce high -resolution 
image pick -up tubes and devices (CCDs), 
and high -luminosity CRTs for top range 
professional applications. 

In radio and television, telecommunica- 
tions, military and civil aviation, as well as 
in a wide range of scientific and medical 
applications ,Thomson- CSFknow -how gets 
your systems moving. Fast. 
The world's most powerful tubes for radio 
and TV broadcasting. 

7H0MS0N -CSF 
ELECTRON TUBES 

THOMSON ELECTRON TUBESANO DEVICES CORPORATION 

550 Mount Pleasant Avenue 
P.O. Boo 8500 
DOVER. New Jersey 07801. 
Tel.: (1-201)32E1400. TWX : 7109877901. 
Fax: 0.201)328.1747. 

Deutschland: MUNCHEN 
1n 14989178190 
t. 522916 CS! 0 

50 1 1108100 
Tel 146811420710 

España: 0.0'. 
Tel 134114051:15 
h 16033100E F 

UeitNJligde: 9ASNGS10.1 
Tel 144 256184 3323 
I. 85112111[1 IA G 
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Calaway CED + editor 

By Arthur Schneider 

At an NAB convention several years ago, 
Calaway Engineering, of Sierra Madre, CA, 
introduced a unique new videotape edit- 
ing system. What made this editing system 
so different is that it was designed to be 
installed inside a personal computer. 

Many current editing systems are dedi- 
cated devices, meaning the only thing you 
can do is edit videotape. What if the com- 
puter fails? The entire system stops until 
the problem is fixed. The CED and CED+ 
editors, on the other hand, are only a 
small part of an IBM or Compaq personal 
computer. Therefore, if a computer failure 
occurs, you may be able to have the com- 
puter repaired at a computer store. A tech- 
nician easily could swap the editor hard- 

Schneider is e consultant and writer based in Agoura. CA. 

Field report 

Performance at a glance 

Machine -controlled: 4 or 6, depend- 
ing on configuration 
Machine -control methods: direct and 
interface /translator 
Features provided: variable speed, 
frame advance, mark in /out keys 
Video and audio switchers provided 
Error messages available 
Transitions: cuts, wipes, dissolves 
Transport controls: fast forward, fast 
rewind, play, stop, slow, cue, cue to 
in- point, 2X -play 
Interfaces available for a wide variety 
of machines 

ware boards into another computer if nec- 
essary. In other words, with the CED ed- 

itor, computer failure may not shut down 
production. 

Software 
The CED software has the capability to 

create up to 12 macros, each with up to 
26 characters per macro. The macros can 
be saved to disk and recovered along with 
the switcher E -mem register data. Another 
useful feature is the setup menu, which 
allows the user to select any of a group 
of 26 active configuration functions and 
store them on disk. These parameters can 
be recalled later and changed through the 
same menu. 

The CED software is quite versatile, in- 
corporating many of the list management 
functions that are available on more ex- 
pensive systems. The company says that 

SCED SCED+ MK-II 

X X X 

X 

X 

NEW FEATURES 

EXTENDED MOTION -CONTROLLER KEYBOARD (OPTIONAL FOR ALL SYSTEMS). 

PREVIEW SWITCHER PRESELECT SOFTWARE FOR RECORD MACHINE 
ASSIGNMENT. 

24 MACRO KEYS (12 SINGLE KEY AND SAME 12 SHIFTED FOR 13 -24) INCLUDING 
ALL MACRO FEATURES: MACRO COUNTER, MACRO DELAY, MACRO PAUSE AND 
MACRO EDIT. 

X EIGHT VTR PORTS CONNECTED WITH ANY SIX ASSIGNED AND SYNCHRONIZED 
SIMULTANEOUSLY. 

x x X 

X x x 

X 

X 

X X 

X X 

X 

X X X 

X X X 

X X X 

EXIT TO MS -DOS WITHOUT REBOOT. 

OUT EDIT PREVIEW. 

MULTIPLE RECORD. 

SUPER USER MODE. 

DISPLAY RECALLED EVENT NUMBER. 

MASTER /SLAVE LINK MARKS DISPLAYED. 

KEYBOARD ACTIVE IN PREVIEW FOR GOING DIRECTLY TO RECORD OR FOR 
MARKS DURING PREVIEW. 

OPEN -END KEY (SHIFT SET -DUR.) 

SAVE /RECALL MARKS FLIP -FLOP. (CURRENT MARKS ARE SAVED WHEN LAST 
SAVED MARKS ARE RECALLED.) 

RESORT LIST WHEN SETUP FUNCTION 27 IS CHANGED. 

7àhle 1. Comparison of current Calaway editor features. 
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More aggressive FM broadcasters are buying 
the TFT 844 Stereo Modulation Monitor because 
they've discovered that if they don't stay on -top of 
their signal quality, their competition will. 

THE 844 KEEPS TABS ON EVERYTHING. 

Every necessary measurement and modulation 
reading is right at your fingertips with the 844. 
An exclusive, 2- Channel 
RF pre- selector gives you a 
quick, precise and conven- 
ient way to A/B between 
any station's signals -like 
your competitor's and 
yours. 

lb maximize your sta- 
tion's total modulation 
level, the 844 includes dual 
LED peak flashers which 
can be adjusted over a broad modulation range: 
50% to 199 %. A built -in frequency- synthesized FM 
calibrator guarantees the highest accuracy for 
peak settings as well as all modulation readings. 

Precise antenna orientation can be easily 
achieved because of a built -in Multipath Detector. 

EXTRAS & DELIVERY. 

844 Options include a Remote Meter Panel as 
well as Alarm Circuits. A companion 3 plus 2- 

Channel SCA Monitor (Model 845) is also avail- 
able. Delivery is just 2 to 4 weeks. 

Contact your favorite TFT radio dealer now for 
more information on the 
only FM Stereo Monitor 
designed for today's in- 
tensely competitive radio 
markets. 

MW l0Y KNt 

1 00f11 10 Kltt 
I I t 

2 5 

10 MIt1 100 It 

1BK1V 
i t 

1Mw 

7 

Keep a sharp eye on the competition with the 844's 
exclusive, 2- Channel RF pre -selector. 

') 1987 TFT, Inc. Circle (98) on Reply Card 

3090 Oakmead Village Drive 

P.O. Box 58088 

Santa Clara, California 95052 -8088 
TeL (408) 727 -7272 

TWX: (910 -338 -0584) 
Telefacsimile (408) 727 -5942 
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additional software features, such as the 
sorted list and stored general -purpose in- 
terface (GPI) or master /slave information, 
are being implemented and will be avail- 
able soon. 

Hardware 
The editor is available in four basic ver- 

sions: the CED, CED +, SCED and SCED +. 
The CED and CED+ are the lower- priced 
versions and include a standard 4- machine 
interface. The SCED and SCED+ editors 

are capable of handling six machines. 
The editors are designed for direct con- 

trol of VTRs that operate with RS -422 pro- 
tocol. This design eliminates the need for 
interfaces between the editor and ma- 
chines. The primary difference between 
the CED and CED+ is the number of VTRs 
controlled (four for the CED and six for 
the CED +). The CED+ also has a slightly 
larger keyboard and offers 12 macros in- 
stead of 10. 

The system hardware includes a color- 

Every input on the Studer Revox C279 mixer is a stereo 
input. .. and a mono input. 

Line level stereo, balanced mono and balanced microphone, each 
with a separate input position. Mix them or match them with all six 
channels of the C279. 

Built to strict Studer Revox standards, the C279 makes no compromises 
in durability or sonic performance. No "small mixer" short cuts here. 

If you're looking for a compact mixer built like the big boards, the 
compact C279 mixer is tough to match. 

Details available from your Studer Revox Professional Products Dealer, 
or contact Studer Revox America, Inc., 1425 Elm Hill Pike, Nashville, 
TN 37210. (615) 254 -5651. 

B ° REVOX 
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coded custom keyboard and a preview 
switcher with sync and blackburst gener- 
ators activated by a single contact closure 
to trigger the start of a dissolve or wipe. 
A rotary knob motion -controller with 
pushbutton mark in /out keys and single - 
frame advance or variable -speed control 
gives the user a positive feel on the VTR 
being accessed. Operating software and 
drivers for the audio and video switchers 
also are included. 

Equipment supported 
System options include an 8 -inch flop- 

py disk and controller to store edit lists in 
the CMX /1SC format, a general -purpose 
interface, slow motion and E -mem control 
features. Optional interfaces are available 
for a variety of 1/2-, 3/- and 1 -inch VTRs 
and ATRs. 

The editors will interface directly to the 
Sony broadcast series of VTRs including 
the BVU -800 and BVH -2000. The system 
also interfaces with the Pioneer LD -V6000 
laserdisc player. The player requires an op- 
tional translator interface. 

Video switchers currently supported in- 
clude the Grass Valley Group 100 and 300 
series, TEN XL (cuts only), Crosspoint 
Latch 6109, Ross 210 and the CDL -480. 
Supported audio mixers include the Grass 
Valley Group AMX -100 and Graham -fatten 
612/616. 

Virtually any computer printer can be 
used with the editor because the output 
is generated through MS-DOS rather than 
through special editor software. The result- 
ing edit list is generated as an ASCII text 
file and may be read on any MS-DOS sys- 
tem. The command is Type Filename.ext. 
The edit list is stored in the computer in 
a CED format but may be output in a CED, 
CMX 217 or GVG /1SC format. The list also 
can be saved to 5% -inch or optional 8 -inch 
(CMX /ISC) disk. Some post -production fa- 
cilities now have the capability to convert 
edit list files produced with MS-DOS to 
CMX /ISC 8 -inch formats. The edit list has 
a capacity of 999 edits per file, and any 
number of files may be stored, subject to 
disk- storage capacity. 

Field test 
The field test was performed using three 

BVU -800 VTRs, each with a TBC -1 time 
base corrector. A GVG -100 production vid- 
eo switcher and a Graham -Patten 612 au- 
dio mixer were interfaced to create fades, 
dissolves or wipes. The audio mixer also 
was computer -controlled, allowing for 
audio-follow -video switches. This feature 
can be bypassed for manually controlled 
audio sources. 

A source of frustration for many video- 
tape editors is the frequent aborting of an 
editing system as it attempts to make an 
edit. This editor, however, never aborted 
during any of the tests. One reason for this 
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CED motion controller provides variable speed 
shuttle and frame advance, plus mark in/out 
keys. 

performance lies in the algorithm used to 
cue and park the VTRs. The system 
showed none of the familiar VTR- bumping 
routines used in some systems. Once 
parked, the VTRs went into play and per- 
formed the edits as instructed. However, 
it is important that the cassette tapes con- 
tain high -quality, properly recorded time 
code. The VTRs also must be adjusted 
properly to good performance levels. The 
editor cannot overcome the lack of prop- 
er maintenance. 

User- friendly 
Some people are intimidated by comput- 

ers and cannot decipher the technical lit- 
erature. The manual for the CED system, 
however, is well- written and easy to un- 
derstand. It uses little of the technical 
jargon that is so prevalent in equipment 
manuals today. 

The CED editor is designed to work with 
an IBM -PC /XT computer having at least 
one floppy disk drive, 256K RAM, mono- . 

chrome display card, two free hardware 
slots and version MS-DOS 2.1 or later. The 
CED+ editor requires a Compaq Deskpro 

The CED+ keyboard provides color-coded and 
labeled keys for easier operation. 

computer with the same configuration and 
a total of three hardware slots. Calaway 
states that although the hardware and soft- 
ware may work with compatible comput- 
ers, no tests have been made, and the 
company will not support other 
configurations. 

The editor is a pleasure to use and al- 

+++ 
_ ; 

NM 

I tN 
4 
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When you build major towers 
there are no minor details. 

At Stainless, Inc.. our exceptional track record has earned us the 
reputation of a company who specializes in detail. 

Whether its dealing with unusual equipment loading conditions or 
unique terrain conditions, we do whatever it takes to construct a 
quality Stainless tower to meet your specifications. 

As a result of our high 
standards, we've been 
commissioned to design 
and build more than 6,500 
towers of all heights and 
sizes worldwide. We've 
conquered all types of 
building challenges. And 
we've been doing it for 
40 years. 

Stainless, inc. 
North Wales, PA USA 19454 
Phone: 1215) 699 -4871 Telex: 510- 661 -8097 

Now celebrating our 40th Anniversary. 
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VTRS 
TO 6 

OPTIONAL 
GPI CONTACTS 

1.8 

2V P/P 
COMPOSITE 

SYNC 

OPTIONAL 
8 -INCH DISK 

EDITOR 
DISPLAY 

® 

MOTION 
CONTROLLER 

OPTIONAL 
PRINTER 

OPTIONAL 
CHARACTER 
GENERATOR 

REFERENCE 

VIDEO 
SWITCHER 

Figure 1. The editor interfaces with up to six VTRS as well as a printer and character generator. 

RECORD 
MACHINES 

PROGRAM 
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SPEAKERS 

PULSE 
OUT 

lows the user to concentrate on the cre- 
ative aspects of editing, not the mechanics 
of controlling hardware. After editing your 
tape, you can switch keyboards and pro- 
ceed to revise the script on the same com- 
puter. How's that for versatility? 
(Since the Calaway editor was reviewed, 
several changes have been made to the 
line of editing systems. The SCED+ Mark 
11 features an 80286 processor with 1Mb 
of memory and several additional 

functions. 
The SCED+ Mark II system now in- 

cludes 24 macro keys with 24 keystrokes 
per macro and eight machine ports. The 
ports are active with any six machines 
assignable in software for simultaneous 
operation. 

The SCED and SCED+ systems continue 
to be offered for installation in customer - 
furnished computers but also are available 
with the Mark I computer.) 

The TOTAL SOLUTION to 
Automated Audio Measurements 

Amber offers the full package for automated audio tests: high performance 
GPIB hardware and easy to use, comprehensive software. At home both in 
the lab and the production line, the Amber 5500 Audio Measurement System 
and the PC -based AudioCheck software packsg e gives you instant, complete 
and accurate results. Simple menu driven, self -running software lets you 
easily define complex tests with outputs as simple as PASS /FAIL tickets to 
comprehensive full color graphs and custom multi -page test reports. 

State -of- the -art measurements with balanced or unbalanced interface, dis- 
tortion below 0.001%, noise below - 120dBV qualifies the latest digital or 
analog systems in broadcast, telecommunications and consumer audio 
applications. 

Find out how easy audio testing can be. Call us today. 
Amber Electro Design Inc. 
3391 Griffith Street 

amber St. 

(514) 05T 

1W5 

361 3697 
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Editor's note: The field report is an exclusive BE 
feature for broadcasters. Each report is prepared by 
the staf' of a broadcast station, production facility or 
consulting firm. 

In essence, these reports are prepared by the in- 
dustry and for the industry. Manufacturer's support is 
limited .0 providing loan equipment and to aiding the 
author if support is requested in some area. 

It is tie responsibility of Broadcast Engineering to 
publish the results of any piece tested. whether 
positive or negative. No report should be considered 
an endorsement or disapproval by Broadcast Engl. 
nearing magazine. 1:1411 

Contactless de- soldering 
and soldering with 

the Leister -Labor "S" 
Hot Air Tool 

J '- 

Electronic Temperature 
Adjustment from 20 to 600 °C. 
Electronical Air Volume 
Adjustment from 1 to 150 
litres per minute. For 
contactless de- soldering and 
soldering of SMD- and DIP - 
components in 2 -4 seconds. 

Ask for free brochure UW 88 

Briar. R. White Co., Inc., 313 Henry Station Rd. 
Ukiah, CA 95482, phone: (707) 462 -9795 
Farmingdale, NJ 07727, phone: (201) 938 -2700 
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Varian 
TVT 

Varian 

Continental 
Electronics 

Varian 
Continental TVT 

VCT 

VCT - a direct line 
to video ancestry 

Varian Continental TVT - VCT - markets and provides 
24 hour a day technical support for Varian UHF-TV 
transmitters in the U.S. Our television heritage is strong 
because the VCT family tree consists of 
Continental's radio broadcast experience, state - 
of- the -art TV technology and transmitters 
built with quality English craftsmanship. 

We're located near the Dallas -Ft. Worth 
International Airport. Our transmitters are 
specially designed for reliable, quality 
performance because they're purpose built 
for UHF-TV stations. That's VCT's commitment from its 
strong heritage. 

For more information, contact: 

variano 
ÍVÍ limited 
P.O. Box 270879 Dallas, Texas 75227 
Telephone: 214- 381 -7161 Fax: 214- 381 -4949 

Products, sales, 
service and quality 
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Officer elections 
are around the corner 

By Bob Van Buhler 

Nominations are now being accepted for 
the 1988 slate of officers and board mem- 
bers. Nominating chairman, Tom Weems, 
requests that anyone desiring to run for 
office contact him for additional details. 
Although the nomination process is sim- 
ple, fulfilling your elected duties may be 
considerably more work. 

If you are contemplating running for an 
office, keep in mind that board members 
and officers are not reimbursed by the 
society for their expenses. All travel, ac- 
commodations and related expenses 
would be your responsibility or your 
employer's. 

Travel involves attending a minimum of 
two board meetings a year. In addition, 
postage, telephone costs and other ex- 
penses must be covered by the officer or 
board member. Activity at the national 
level, as at the local level, is not an 
honorary function; it's hard work. 

Continued growth 
The chartering of two new chapters and 

the formation of a third are indicative of 
the society's continuing growth. 

SBE welcomes Chapter 107 in Charles- 
ton, SC, chaired by Lowel Knougg of 
WCSC-TV. Barry Mathis of Trident Com- 
munications is vice chairman, and Willie 
Bennett of WSSX -FM /WTMA -AM is 
secretary- treasurer. 

Chapter 108 is the new California cen- 
tral coast chapter. Members are located 
primarily in the Monterey and Salinas 
area. Chapter chairman is Willis Wells of 
WSBW -TV, and vice chairman is Karl Kauf- 
man of KSBA -TV. Secretary- treasurer is 

Dave Hudson of KSTS -TV. 

Another chapter is forming in Jackson- 
ville, NC. As soon as they have 10 paid 
members, they will become the 109th 
chapter to begin operations. 

In addition to these new chapters, the 
Washington, DC, chapter is again meeting 
regularly. Efforts have been made in the 
past several years to bring a chapter back 
to that area. Until recently, the chapter 
had not been holding regular meetings. 
Fortunately, a lot of hard work on the part 
of Ward "Chip" Fetron of WAVA -FM, is be- 

Van Buhler is chief engineer for WEAL -AM and WIV1' -FM, 
Baltimore. 
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ISBE Update! 
............. 

ginning to pay off. Through his efforts, 
Chapter 37 in Washington is again meet- 
ing regularly. Engineer /manufacturer Bill 
Sachs previously served as chairman and 
is credited with much of the chapter's 
earlier success. 

Chapter rebates 
For all chapters filing the proper 1987 

attendance reports and meeting notices, 
the checks will soon be in the mail. Ac- 
cording to Helen Pfeiffer, executive sec- 
retary, chapter rebates will be mailed be- 
fore July 1. Because rebates are propor- 
tional to chapter membership and the total 
national dues collected, chapters have an 
incentive to maintain and expand 
membership. 

The only requirement for receiving the 
rebate is that the chapter's reports be com- 
plete and filed with the national office. If 

your chapter doesn't receive a rebate, it 
could mean the required reports were not 
filed properly by the chapter officers. 

Many chapters choose to donate their 
rebates to the Ennis Scholarship fund or 
other Ennis Foundation programs. If you 
would like to know more about how your 
chapter can assist the society's educational 
efforts through the foundation, contact 
Jim Wulliman at the national office. 

Sustaining membership campaign 
The society's sustaining membership 

program has taken a giant step forward. 
Recently, 193 letters were sent to radio and 
TV managers soliciting their support for 
the society. Because SBE supports the bulk 
of the nation's frequency coordination ef- 
forts in addition to member services, such 
as career education programs and certifi- 
cation, stations may want to be financial- 
ly supportive. The programs benefit man- 
agers of today's radio and TV stations. 

Several stations, recognizing the benefit 
received from the society's work, already 
participate in the sustaining membership 
program. Encourage your manager to be- 
come a sustaining member. Joe Manning, 
KAETTV, Phoenix, AZ, is coordinating the 
project. Contact him if you have questions 
or ideas. 

Certification examinations 
Certification examinations will be given 

at the national convention and Broadens 
Engineering conference in Denver, Sepl 
22 -25. The Application deadline i 

August 1. Contact your certification chair 
man for an application or additiona 
information. 

Ccmprehensive study guides with sam 
ple questions and a list of reference text 
are available from the national office 
Guides are available for broadcast technol 
ogist, broadcast engineer AM -FM, senio 
broadcast engineer AM -FM, broadcast en 
gineer television and senior broadcas 
engineer television. 

To obtain your copy, send a check o 
money order for $4.95 along with till 
guide title to SBE, 7002 Graham Road 
Suite 216, Indianapolis, IN 46220. 

Scholarship announced 
The Ennis Foundation has announced 

that a $1,000 scholarship will be madi 
through Alpha Epsilon Rho, the broadcas 
academic fraternity. For the second year 
Roby Casper, of the University of Wiscon 
sin at Platteville, is the recipient. Casper' 
curriculum is preparing him for a caree 
in broadcast management. His major i 

engi reering management, and his mino 
is br:siness administration. 

Ennis Foundation and Ennis Scholarshil 
grants will be announced soon. The tota 
award for this round of scholarships is like 
ly to be $2,500. 

Awards committee 
Judging soon will take place for the bes 

chapter newsletter. If you want your chap 
ter newsletter to be included in the con 
test, be sure that awards committee co 
chairmen Tom Weems and Phil Aaland art 
on your mailing list. 

Send meeting notices to Tom Weems 
Tektronix, 21300 Erwin Street, Woodland 
Hills. CA 91367; and Phil Aaland, KGUN 
TV, P.O. Box 5707, Tùcson, AZ 85703. 
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When- and -if you're ready to UP your transmitting power, 
will your FM transmitter be ready too? If it's one of the QEI 

"New Reliables" FMQ series, the answer is YES! 

Our new 3.5KW, 5KW and 10KW transmitters 
were designed to give you a clear upgrade path to 
higher power. In just a few hours, your 3.5KW or 
5KW QEI FM transmitter can be 
upgraded to a factory- equivalent 
5KW or 10KW unit, right in the 
field. AEI's unique modular solid 
state drivers and interchangeable 
P.A. assembly make these power 
upgrades easy...and very economical. 

If you're shopping for a 10KW unit in 
the first place, the QEI FMQ -10000 has lots 
to recommend it. No other FM transmitter packs 
this much power, reliability and performance into 
a single 24" wide rack cabinet. And the FMQ -10000 
is designed to operate on single -phase power, so 
there's no need to pay for installing new three - 
phase electric service. 

What's more, for upgrades to power levels 
beyond 10KW, each of these FMQ series 

transmitters can serve as the driver section for 
QEI's 20, 30 or 60KW transmitters, again resulting 
in major cost savings. 

Every QEI "New Reliables" FM transmitter is 

built to deliver ultra -dependability and performance. 
So- whether your station is thinking of upping its 
power down the road, or if the power you start with 
is the power you stay with -you'll be glad you 
chose QEI. Call us toll -free at (800) 334 -9154 for the 
full story. 
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CORPORATION 

The New Reliables 
One Airport Drive, P.O. Box D 

Williamstown, NJ, 08094 (609) 728 -2020 
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GLOBAL 
FOR GLO 

COMMU 

Microprocessor 
Controlled 
Klystron High 
Power Amplifiers 
Field- proven and recognized for wide 
spectrum coverage and consistent, 
reliable output, MCL. Microprocessor 
Controlled (and Standard Logic) Klystron 
High Power Amplifiers (SATCOM C -Band 
and Ku -Band) are accepted and proven by 
communications experts worldwide. MCL 
Series 10000 Klystron Amplifiers are 
designed to withstand variable 
environmental and mechanical conditions 
and are engineered for minimum 
maintenance and repair. 

MCL SATCOM Series 10000 Amplifier 
Systems feature a host of standard 
equipment and options, including: 

full microprocessor (or CMOS Logic) 
system control panel 
modular assembly for rapid 
sub -assembly access 
Motorized Channel Selectors 
available 
RS232, RS422, IEEE488, or Contact 
Remote Interfaces 
electricaVmechanical "no- step" or 
SCR AC line regulator drawer 
Beam Supply on casters; all other 
assemblies on slides 
ruggedization for transportable 
applications 
and more! 

MCL is the leader in the field of amplifiers 
and allied equipment for the field of 
satellite communications. MCL offers a 
complete line of products, at competitive 
prices, quality -tested and proven to 
provide unexcelled performance. 

UPPORT 
AL 
KATION 

Microprocessor amplifier shown 

Write or call MCL today and 
request your FREE copy of 

Brochure #1001 (Microprocessor 
Logic) or Brochure #9009 

(Standard CMOS Logic) for details 
and technical specifications. 

MCL, INC. 
501 S. Woodcreek Road 
Bolingbrook, IL 60439 
312 -759 -9500 TWX 910 -683 -1899 

Manufacturers of TWT and Klystron Amplifiers for Sa 
24 -Hour Sales and Technical Support for Immediate 

Hite Communications. 
ervice Worldwide. 

1 
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News 
Continued from page 4 

Prior to this appointment, Steinberg ha( 
been with Ampex for 25 years, most re 
cently as president and chief executive of 
ficer. chairman of the board and thet 
chairman emeritus. 

Salek is NAB staff 
engineer 

Stanley Salek, engineering manager, Cir 
cuit Research Labs, Tempe, AZ, joined the 
National Association of Broadcaster: 
(NAB) Science and Technology Depart 
men': April 7 as a staff engineer. 

He is a member of the Institute of Elec 
trical and Electronics Engineers, America 
Electronics Association and Society of Mo 
tion Picture and Television Engineers, an< 
has an FCC general radiotelephon( 
license. 

IEEE to sponsor 
certifications meeting 

On June 16, the IEEE New York Sectiol 
Broadcast Technology and Vehicular Tech 
nology Chapters are sponsoring a meetin; 
entitled: Professional Certifications Prc 
grams: an Overview. 

There will be representatives from th. 
Society of Broadcast Engineers (SBE), th. 
National Association of Business and Ed 
ucat.onal Radio (NABER), the Nationa 
Association of Radio and Telecommunica 
tion Engineers (NARTE), and the Federa 
Communications Commission (FCC). 

The meeting will take place at 6:30 p.m 
at the New York City Technical College 
Klitgord Auditorium. For more informa 
tion call Mike Hayden at 212 -246 -2350. 

NAB questions 
FCC proposal 

The National Association of Broadcast 
ers has asked the Federal Communication: 
Commission to amend its rules to bar non 
licensed radio frequency devices from us 
ing broadcast bands allocated to the AM 
FM and TV services. Such devices, whicl 
can cause inteference to station signals, in 
dude wireless microphones, persona 
computers, garage door openers an< 
home security systems. 

The commission has proposed to amen( 
its rules to "promote more effective us( 
of the spectrum while providing addition 
al...flexibility in the design, manufacture 
and use of such devices:' 

NAB said it agrees with the commit 
sion's grandfathering proposal to minimiz( 
the impact on equipment manufacturers 
However, it said that the suggested 10-yea 
period is excessively long and propose( 
five years instead. 

I =r:-))); 
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i00 MANY OF TODAY'S MICS 
ARE YESTERDAY'S NEWS. 

When you're in the fast -paced 
business of news, why use outdated 
microphones? Time marches on, 
and old habits become bad habits if 
you don't keep up with the times. 

The M 58, on the other hand, 
proudly benefits from new technical 
developments like a unique design 
employing a tiny, low mass dia- 
phragm. Highly sensitive and 
accurate, its contoured upper fre- 
quency response produces unprece- 

dented intelligibility, even off axis. 
A sophisticated modern internal 

shock -mount system reduces han- 
dling noise and vibration down to 
new levels. The 58 is scientifically 
"weight balanced" for greater com- 
fort during lengthy interviews. Its 
slim, elegant profile and special 
"on- camera" finish look excep- 
tional-in an understated way 
-on camera. The mic's thoroughly 
rugged and reliable construction 

stands out in a world of "dispos- 
able" mics. 

If your news microphone is old 
news, audition an M 58 at your 
authorized Beyer dealer and expe- 
rience the sound of modern news 
mic technology. Or contact: 
beyerdynamic U.S., 
5-05 Burns Avenue, 
Hicksville, New York 11801, 
(516) 935 -8000, 
FAX (516) 935 -8018. 

i 
ACCURACY IN AUDIO beyerdynamicll 
Canada: ELNOVA Ltd. 4190 Rue Sere, St. Laurint, Quebec H4T 1A6 Austr1a: Hi -Phon Distributors Pty. Ltd., 356 A : Eastern Valley Way 

Tel. (514) 3 41 69 33 Telex 5824086" Chatswood N.S.W. 2067 Tel: (02) 4177088 
Great Britain: beyerdynamic, Ltd., Unit 14, Cli jje Industrial Estate Germany: Lagen Beyer Eletroteknische Fabrik GmbH & Co., Theresienstrasse 8, 

Lewes, Sussex BN86JL Tel 273 4 79 411 Postfach 13 20, D -7100 Heilbronn Tel: (07131) 617 -0 Telex 728771 
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¡New products! 
Low -print audiotape 

Ampex has introduced the 478 low -print audio mastering 
tape. It features low -print performance, and a high -speed 
backcoating process provides the packing needed for flangeless 
use. It is available in CCIR and NAB formats and in an expanded 
number of configurations. 
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Synchronizer, fader and controller 

The Reflex fader 

Audio Kinetics has introduced the following products: 
The ES 1.11 synchronizer provides a range of facilities from 
one machine chase functicns to a large machine control net- 
work for use within a multiroom complex. 
The ES Eclipse controller is an EBU /SMPTE 16- machine 
controller. 
The ES SSU is a self- contained system services unit that pro- 
vides an EBU /SMPTE bus with all the auxiliary features re- 
quired within a machine control network. The module provides 
event and system relays as well as providing a system time - 
code source to drive external equipment. This unit operates 
on any FSbus system, but when it is used with the AK- ESbus, 
various time-code and sync source references can be distributed 
throughout the bus. 
The Reflex is a centrally controlled fader, muting and aux- 
iliary switching automation system retrofittable to audio mix- 
ing consoles without any mechanical modification. 
*Master cables for the Pacer Chase Synchronizer include the 
Sony BVU800, 3M M79, Studer B67, Fostex E2 and the National 
Panasonic 8500 and 9600. 
'Slave interfaces for the Pacer Chase Synchronizer are the Sony 
BVU800, 3M M79, Studer B67 and Fostex E2. 
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High -resolution film rendering 
Cubicomp has introduced the model 522-00 PictureMakei s 

high- resolution film recorder support. The software, integrated 
with RACE render accelerator boards, enables Matrix film 
recorders to output 2,000 -line PictureMaker images. 
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The wireless system that 
will never leave you speechless. 

1 
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If thi ha ev r hap ned t yo , you weren't using a Sony 
VHF wireless microphone. 

Rather than a mere one. two or ten channels. the Sony 
wireless system gives you up to 168. So no matter where you 
are, no matter how cluttered the airwaves, the signal will 
come through loud and clear. And with so many open chan- 
nels to choose from, multi- microphone setups are a snap. 

For added insurance, Sony wireless arms you with true 
space diversity reception. livin tuners constantly compare 

incoming signals for the strongest, clearest 
signal. Sparing you the echoes. dead spots and 
other horrors that plague lesser systems. 

So. if you're looking for a wireless system you 
can have faith in -any time. any place- contact your 
Sony Professional Audio representative. Or call 
Sony at 800 -635 -SONY. SONY 

Professional Audio 

.ors Products Company Professional Audio Division, 1600 Queen An_.. c 
. ',if ^.J56Ó t 'QPP 5, Corporation of Americo. Sony is o registered trademark of Sony Corporator. 
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IF YOU'RE A DEMANDING, 
PICKY, IMPATIENT PERFECTIONIST, WE MAKE 

AND DELAY LINES FOR YOU. FILTERS 
The tougher you are as a customer, the happier you'll be with us. Start 

with our products. Because we design, manufacture and stock one of the 
most extensive lines in the industry, chances are you'll find exactly what you 
need in either or both catalogs. And if you don't, we'll design circuitry or 
customize a package to your exact specifications. So, stock or custom, 
there's no need to look any further than Allen Avionics. 

Then there's reliability. Every single component we deliver has been 
individually tested and is guaranteed to be within the electrical and physical 
parameters specified. Regarding price and delivery ... we're competitive 
on every item and lower on many. More important, whether it's a product in 
stock, a custom order or a prototype, you'll have it when you need it, and 
that's a promise. 

If your standards are a little too high for other suppliers, send for our 
Delay Line and /or Filter catalog, or better yet, give us a call. We handle 224 East Second Street, Mineola, NY 11501 

tough problems for tough customers. With ease. 516 -248 -8080 FAX: 516- 747 -5481 
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BP-1-1 1 

Camcorder 
Battery 

*Direct replacement for NP -1. 

*Immediate delivery. 
*Reasonably priced. 
*Full warranty. 
*10 warehouses throughout 
U.S. and Canada. 

*Made in USA. 

Alexander 
Batteries 

1-800-247-1821 or515-423-8955 

Double Adjusting 
Battery Belt 

*Adjusts front and back 
to fit all sizes. 

*Shoulder strap for comfort. 
*A1l leather belt with 
no- crack, no- split, no -peel 
pockets. 

*Five models available. 

PA* Alexander 
Batteries 

1-800-247-1821 or 515-423-8955 
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Magneto- optical videodisc 
recorder 

Asaca /Shibasoku has introduced the 
ADR- 5000/5500 magneto -optical video- 
disc recorder. The 5000 is available in the 
4fsc composite digital and the 5500 is. 
available in the 4:2:2 component digital 
domain. The recorder uses high -density 
(more than 10Mb /s) recording techniques, 
and can play back up to 10 minutes of con- 
tinuous motion (18,000 still pictures) per 
disk drive unit. High -speed access and 
simultaneous erase /record allow versatili- 
ty in multigeneration overlays for anima- 
tion and computer graphics. The high - 
resolution video is complemented by two 
channels of 16-bit digital audio and a time - 
code track. 
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SCPC test analyzer and 
spectrum analyzer 

AVCOM of Virginia has announced the 
following products: 
The STA -70D SCPC test analyzer. It 
displays SCPC and FM signals and their 
frequencies from OMHz to 110MHz, and 
has an on- screen dynamic range of more 
than 60dB. Vertical display sensitivity is 
switchable from 2dB to 10dB per division. 
A built -in audio demodulator allows the 
analyzer to function as a fixed tune 
receiver at zero span. This function allows 
for simultaneous listening and viewing of 
carrier signals. 
The PSA -35 portable spectrum analyzer 
features a standard center frequency band 
calibrated from 1,250MHz to 1,750MHz to 
cover European BDC frequencies, and a 
switch selectable 2dB /division or 
10dB /division sensitivity function. The 
analyzer offers frequency coverages of 
10MHz to 1,750MHz and 3.7GHz to 
4.2GHz. It features a built -in dc clock with 
+18Vdc for powering LNAs and BDCs, 
calibrated signal amplitude display and 
rechargeable internal battery with built - 
in charger. 

-j 4 

PSA -35 spectrum analyzer 
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FREE! 
TV CAMERA 
CABLE AND 
CONNECTORS 
INFORMATION 
KIT 

Your 
one -stop source for 
broadcast -quality 
camera cable 

Ultra -Flex VTR Cable 
Assemblies for Sony, Ikegami, 
Hitachi, & Others 
S imline studio camera cables 
Waterproof, three -piece high 
strength connector design 
Customized lengths 
Chassis Mounts 
Quick response to all 
assembly orders 
Quick repair turn around 

Call or write today for your free 
order kit. 

W IRE 1. CABLE CORPORATION 

9 Mohawk Drive 
Leominster, MA 01453 
1 -8C0- 422 -9961 
In Massachusetts, 1 -800- 642 -9961 
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Do You Want 
To `Talk' Audio? 

GO AESNET 
ON COMPUSERVE 

John Hoffman 
Net Administrator 

76703, 1036 
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nnounang as er- m 
Master control that's expansive. 

Without being expensive. 

`._..._......, .76950 

Introducing the new 
MASTER -21'M Master 
Control System from 
Grass Valley Group. 

With its standard high 
performance features, 
available options, and 
built -in GVG quality, 
MASTER -21 packs more 
power than you've ever seen 
in any master control system. 

Let alone in a complete 
system priced around 
$17,000. 

The MASTER -21 system 
is the first master control 

system ever designed 
with a keyed -in video status 
display, so you can monitor 
preset events and transitions. 

Plus a long list of 
standard features including 
16 inputs, stereo audio, a 
keyer with matte generator, 
pre -roll, and RS- 232/422 
serial control of every active 
function on the panel. 

The new MASTER -21 
Master Control System 
from GVG. The price/ 
performance breakthrough 
you must see to appreciate. 
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For complete details, contact 
the Grass Valley Group office 
nearest you. 

Grass Valley Group 

A TEKTRONIX COMPANY 

i V ii1E GRASS VALLEY GROUP INC. 
P.O. Box 1114, Grass Valley, CA 95945 USA 
Telephone (916) 478.3000 
TRT: 160432 

OFFICES: New York (201) 845 -7988; District of Columbia 
(301) 622 -6313; Atlanta (404) 493-1255; Chicago (219) 264-0931; 
Minneapolis (612) 483-2594; Dallas /Fort Worth (817) 483 -7447; 
Los Angeles (818) 999 -2303; San Francisco (415) 968 -6680; 
GVG International Ltd. (UK) + 44. 962. 843939; Grass Valley 
Group Asia (HK) +852 -3- 7396632 
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Hand -held LCR meter 
Beckman Industrial Instrumentation Products Division has 

introduced the LM22A hand -held LCR meter. It measures 
capacitance, inductance, resistance and dissipation. Seven in- 
ductance ranges provide accurate readings From 1912H to 
199.9H. Eight capacitance ranges cover 19pF to 1,999µF. Two 
different internal test frequencies are used to optimize the ac- 
curacy of readings between the high and low capacitance and 
induction ranges. The meter has its own 9V battery. Input pro- 
tection and overrange indication is provided on all ranges 
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If your cable is doing 
this to your video... 

Join the rest of the industry! 
Restore it with a VPDA -2. the 
portablelrack- mounted videolpulse 
distribution amplifier. It equalizes 
up to 2.500 feet without adding any 
distortion. 

uçK 

o-,,.:;. 

You'll see how easy it is to make 
your video look like this again! 

ti 

lomoo 

iH* 
Call Multidyne now at (800) 535.3050 or 

(516) 6281495 
Multidyne Electronics Inc. 
P.O. Box 528 
Locust Valley. N.V. 11560 
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Mixer 
Precision Design has introduced the ROAM -8 mixer. It is 

powered by ac or dc through an internal battery pack or ex- 
ternal supply from +12Vd2 to +30Vdc and will feed a studio 
line directly or plug directly into a standard telephone line via 
a self- contained network. Each of eight channels provides 
3 -band EQ and are mic or line selectable. Other features include 
a built -in limiter circuit and a pink noise generator. The mixer 
can send audio through the phone network and allows the re- 
ceived telephone audio tc join the mix bus of the mixer. 
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Waveform monitor /vectorscope 
Leader Instruments has introduced the model 5870 waveform 

monitor /vectorscope. It in_orporates an SCH phase meter, a 

waveform monitor and vectorscope in one half rack unit. The 
SCH mode provides on- screen digital readout of SCH phase. 
The waveform monitor offers overlaid or side -by -side display 
of A and B inputs for precise matching of amplitude and tim- 
ing; chroma, IRE and flat filters in a single or dual filter mode; 
full raster line select capabi ity with CRT readout; and memory 
storage /recall of up to nine field /line combinations. The vec- 
torscope features overlaid eisplay of A and B inputs for precise 
phase matching; R -Y mode internal Z -axis blanking for single 
line selection; and continuous phase adjustment. The waveform 
and vector displays also can be superimposed for hands -free 
monitoring; remote -control capability of all front -panel func- 
tions is provided. 
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M 
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Built -in 20 Watt Amplifier 
\X\ - Balanced Input XLR and Post 

110 -220 VAC Operation 
2 -Way High Fidelity 

i Die -Cast Aluminum Case 

Rack -Mount Optional r VU Panel Optional 

$199.95 

MIKROLAB 
VIDEO INCORPORATED 

4121 Redwood Ave., Suite 215, LOS ANGELES. CALIFORNIA 90066/(213) 306 -0120 
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FREE 44pg Catalog & 80 Audio Video Applìc. 
ODD SUN, EG 
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AGA-Sync .al BAB. A0u1,1SvOICOCII- 
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®OPAMP LABS INC (213) 934- 3566'- 
1033 N Sycamore Av LOS ANGELES CA, 90038 

116"11 
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PRECISION MAGNETIC 
TEST TAPES 

Standard Tape Laboratory, Inc. 
261 20 Eden Landing Road #5, Hayward, CA94545 

(415) 786 -3546 
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Want more information on 
advertised products? Use the 

Reader Service Card. 
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Pre -amp and short shotgun microphone 
Beyerdynamic has introduced the following products: 

The pre-amp for lavalier microphones is standard on all MCE 
5 omnidirectional condenser lavalier microphones and MCE 
10 supercardioid condenser lavalier microphones. The pre -amp 
permits the use of battery power or any phantom power sup- 
ply from 12V to 48V. 
The MCE 86 short shotgun microphone weighs 95g. The con- 
denser element and hypercardioid polar pattern provide high 
sensitivity, off -axis rejection and accurate sound source 
reproduction. Frequency response is 50Hz to 18kHz. Maximum 
SPL at 1kHz, with less than 1% THD, is 148dB. The microphone 
can be powered by any phantom power source generating 12V 
to 48V. 

Circle (358) on Reply Card 

Graphics supermini computer 
Lazerus has announced the 832 graphics supermini com- 

puter. It features 28 MIPS processing power with expanded 
display list and frame buffer memory. It provides a complete 
graphics environment in one work station. The parallel proc- 
essing environment allows both fast vector generation and fast 
pixel manipulation. Other features include input by scanner, 
video, bitpad, keyboard, mouse and integral gen -lock to stan- 
dard video; output is 32 -bit true color for 16.7 million colors, 
RGB high resolution, RGB medium resolution, NTSC RS -170A 
or PAL, film recorders and printers. 
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Options for time /frequency system 
Kode, a division of Odetics, has announced the addition of 

two options for SatSync, a satellite synchronized precision time 
and frequency system. The first option is a disciplined nihidium 
oscillator that allows SatSync to offer stratum one performance 
as a frequency reference and continuous submicrosecond tim- 
ing accuracy. The second option is a time tagging feature that 
allows SatSync to tag the time of randomly occurring events, 
with submicrosecond resolution. It also has the capability to 
generate a trigger pulse at a preset time of year. 
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Cell pack 
Energex has announced a cell pack with 3 -wire multipin 

mount for rebuilding worn-out snap-on batteries. It is available 
in a 4Ah 13.2V/14.4V cell pack. The cell pack features matched 
capacity, 1 -hour fast charge cells, high- temperature sensors 
monitoring all cells, two spare plug -in fuses and extra wide tab 
stock and multiple weld points. 
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ES 217 AUDIO DISTRIBUTION 

AMPLIFIER $129. 

70 SERIES 

CONSOLE 
MOUNT 

AND 
TIMERS 

$174 -$570. 

ES 212 HYBRID - 
TELEPHONE INTERFACE 

$995. 

4\ 

ES 214 

131 

, 

AUDIO LEVEL 
ES 216 $63. INDICATORS 

ST. EL SEGUNDO, CALIFORNIA 90245 
f 

(213) 322 -2136 1 
'' I I " 

142 SIERRA 
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Cardioid microphone 
Bruel & Kjaer has announced the type 4011 high - 

performance cardioid microphone. It is a prepolarized con- 
denser microphone, with a first -order cardioid directional 
characteristic. It combines a flat on -axis frequency response 
with a uniformly smooth off-axis phase and frequency response. 
The microphone has a nickel diaphragm and a P48 phantom - 
powered transformerless pre -amplifier. Each microphone is in- 
dividually calibrated, and can handle 158dB SPL before clip- 
ping occurs. The mic has a -20/0dB attenuator, user -selectable 
via a switch recessed in the XLR connector. 
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RF hybrid 
Dielectric Communications has introduced the 180kW UHF 

3 -tube Magic Tee. It delivers transmitter power to the notch 
diplexer if tube failure occurs in a 3 -tube system. The tee has 
no moving contacts anywhere in the RF path, except for the 
aural detuners. These features allow switching between visual 
amplifiers in any combination. The tee uses standard 3dB 
hybrids. The system comes with heat exchangers, test loads, 
notch diplexer, all test and reject loads and monitoring couplers. 
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Expanded EDL and sound -sweetening system 
CMX has introduced the following products: 

The 3400A software version 600 allows for the expanded EDL 
function through the use of full alphanumeric -eel names. The 
software also allows for the highlighting of all lines of a featured 

event, including master /slave information. Any existing 3400A 
can be upgraded. The version 600 software option will be stan- 
dard on all CMX 3400A systems delivered after April. 
Features and options including the Gismo have been added 
to enhance the capabilities of the CASS -1. The options include 
track -select that allows an editor to arm up to 48 channels on 
a multitrack tape recorder through software; the CMX 12 (in- 
telligent interface), a synchronizer that addresses a broad base 
of machine types through the CASS system; the KSM (keystroke 
memory file) improvements include nine hot keys along with 
KSM editing. 

For AM, FM. SCA 
and TV modulation monitors. 

WHEN ACCURACY COUNTS... COUNT ON... 

Call (215) 687 -5550 or write for more 
information on Belar AM, FM, Stereo, 
SCA and TV monitors. 
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Remote Controle 

, ( 0 AS-101 AUDIO SWITCHER 

to Stereo In 

1 Stereo Out 

0 o 

li1 li li fit li 

Illuminated and l.gendeble control buttons Optional RS -232 Interface 
Instant or overlap switching Optional relay follow switch outputs 
Front panel accessible level controls Plug-in screw -clamp terminals 

CONE X crecraot'I)I 
P.O. Box 1342 Bellingham, WA 98227 SYSTEMS 12061 734-4323 
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COAXIAL WIRE STRIPPER 

One Step / 3 Layers 
.080 - 485" O.D. 
$64.95 

WESTERN ELECTRONICS 
(714) 492-4677 

ARCOR ELECTRONICS 
(312) 724 -7820 
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Grow 
Professionally! 

Join & 
Participate in 

SBE 
For Information 

Call: 

317- 842 -0836 
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Isolation communications system 
and wireless intercom 

Clear -Com has introduced the following products: 
The ISO -4000 station ISO system for teleproduction applica- 
tions. It includes 2 -, 4 -, 8- and 16-channel intercom stations for 
both conference line, point -to-point and mixed function applica- 
tions; single, 2-channel/dual listen, and 2- channel full 
stereo /split -ear digitally controlled beltpacks; 2- channel 
capability over single standard mic cables; full stereo /split -ear 
1FB over single standard mic cables; full -duplex, multichannel 
wireless beltpack system; and full factory system design sup- 
port, including AutoCad system block diagrams. 
The W series wireless intercom system consists of the WBS-6 
base station, WTR -1 portable transceivers and a series of ac- 
cessories. The series features full -duplex operation. Up to six 
WTR -1 portable transceivers can be supported by adding WBS-R 
receiver modules to the WBS-6 base station. A dynamic corn - 
pandor circuit provides wide audio frequency response. The 
WBS-6 base station connects directly to a standard intercom 
line. Two 9V batteries power the WTR -1 for eight continuous 
hours. 
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Frame synchronizer 
Nova Systems has introduced NOVASync, a video frame syn- 

chronizer that combines frame synchronization, auto default, 
video AGC, input switching, black source, color bars and proc- 
essing amplifier in a one -rack- unit -high package. It features 
full bandwidth, 8 -bit encoding and 14.3MHz sampling for max- 

imum transparency. A/B video inputs plus synchronous alter- 
nate inputs enable flexible system integrations. Automatic gain 
control raises or lowers video level to compensate for signal 
loss or termination errors. Auto default to black, color bars or 
an alternate input such as a character generator or still store 
allow system flexibility. 

Circle (366) on Reply Card 

Universal battery support system 
Christie Electric has introduced the CASP /1000 Wonder Box, 

a universal battery support system. The system rejuvenates 
NiCad batteries by erasing memory and restoring faded capaci- 
ty. The system also recharges zinc -silver, lead -acid or lithium 
batteries. The support system uses the ReFLEX charging meth- 
od to restore batteries. Up to six batteries of varied types may be 
connected to the system at the same time. The system 
multiplexes from battery to battery automatically, giving each 
battery the type and amount of charging current it needs. The 
unit has three color-coded control keys. The system operates 
on mains power and accepts inputs from 90Vac to 265Vac, at 
frequencies from 47Hz to 440Hz. 

Circle (367) on Reply Card 
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Dielectric can broaden your FM broad- 
casting capabilities with quality -manu- 
factured, reliable products. Dielectric 
components have provided years of con- 
tinuous performance with very little 
maintenance for FM stations around the 
world. That's reliability you can't ignore. 

Dielectric is the single source for all 
your equipment needs: 

I Coaxial Transmission Line, Switches 
and Patch Panels for maximum 
isolation and low VSWR 

I Panel Antennas for single and multi- 
ple frequencies 

I Economical, high performance DCR 
Series of circularly polarized FM 
Ring Antennas 

I Rigid Coaxial Transmission Line of 
welded, high conductivity copper 
that meets critical performance 
criteria 

I Line Hangers and Accessories 
I FM Multi- Station Combiners and 

Switching Systems for switching any 
transmitter to an antenna or station 
dummy load 

Our complete line of FM broadcasting 
components is also backed by reliable 
customer services, including quality con- 
trol, installation, start -up and servicing. 
So, for all your broadcast needs, there's 
only one number to call: (800) 341 -9678. 

Circle (118) on Reply Card 
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Foam -packed cases 
Jensen Tools has introduced Pelican cases made of cycolac 

resin. The cases have replaceable 1/2-inch Neoprene "0" ring 
seals to make them airtight and to enable cases to keep up to 
50 pounds of equipment afloat. Pressure purge valve releases 
the seal for change in altitude. The cases are packed with layers 
of foam, prescored into 1/2-inch cubes to allow the user to pluck 
and fit foam to the exact shape of the case contents. Other 
features include molded oversized handle, positive -locking 
molded latches and padlockable locking flange. 

Circle (368) on Reply Card 

PC control terminal 
Moseley has introduced the PC Control Terminal option that 

emulates the control terminal with a personal computer and 
compatible software. Interconnection is available via an IBM 
AT- compatible personal computer for serial Access to monitor 

HIGH ENERGY CORP 
CERAMIC RF CAPACITORS 

CORNELL- DUBILIER 
MICA RF CAPACITORS 

FL JENNINGS 
VACUUM CAPACITORS 

VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 

TEL (619) 438-4420 
FAX (619) 4384759 

Circle (119) on Reply Card 
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and control the MRC -2 remote -control system. The multitask- 
ing system automatically stores data to hard disk while other 
programs are running. The PC control option adds both 
feedback -oriented and time -oriented functions to the system. 
The option is capable of multiple steps with logic branching 
at many levels to accommodate control and switching of multi- 
ple transmitters and antennas. 

Circle (369) on Reply Card 

Graphics supercomputer 
Stellar Computer has announced the following products: 

Stellar Graphics Supercomputer model GS1000 delivers 20 -25 
MIPS integer performance, 8.6 MFLOPS floating point perform- 
ance as measured by the 100x100 all Fortran Linpack bench - 
mark, and 150,000 Gouraud- shaped, Z- buffered polygons per 
second graphics performance. The architecture uses 
application- specific integrated circuits and includes multiple, 
parallel functional units and large main and cache memories 
all coupled with a central, very high- bandwidth DataPath. The 
computer comes with the Stellix operating system, a 

multiprocessing, multiprogramming, multitasking software en- 
vironment based on UNIXR V release 3 with BSC 4.2/4.3 ex- 
tensions. The computer supports Fortran 77 with VAXR, Cray 
and Convex extensions, and C. Both programming languages 
are delivered as optimizing and vectorizing compilers. 
StellarVision is an interactive visualization environment. It of- 
fers a comprehensive set of tools. User interfaces include the 
X Window System, Version 11, and PHIGS +. 

Circle (370) on Reply Card 

BJM ELECTRONICS 

A Great Supplier to a 

Great Industry 

Distributor of: 

Adapters 
AudioNideo 
Cables 
AudioNideo 
Connectors 
AudioNideo 
Fuses & Lamps 

Multi conductor 
cable 

Multiple outlet 
strips 

to the hard to find Items 

our ever expantbn catalog. 
odustly. 

BJM is 
dedicated 

that smite d to call for our hee 

We lhvite You 

Shrink tubing 
Test equipment 
Tools 

UL approved 
cable ties 

Video 
Replacement 
head 

Wire teflon 

1- 800 - DIAL -BJM 
2008 Victory Blvd. 

Staten Island, N.Y. 10314 

OUTSIDE N.Y: (718) 442 -0223 
FAX: 718- 442 -1451 
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Ask for our A 

FREE CATALOG 
OF PRO ESSIONAL 

RECORDING 
& UPLICATING SUPPLIES 

Blank- Loaded 
AUDIO CASSETTES 

1111 C. 

TAPES 
CASSETTES 

from MAXELL 
AMPEX FUJI 3M 
BASF AGFA TDK 

CASSETTE BOXES 
LABELS ALBUMS 

ACCESSORIES 
from NORTRONICS 
3M BASF EDITALL 

Polylire Empr 
REELS & BOXES 

Polyline Corp. 
1233 Rand Rd Des Plaines. IL 60016 

(312) 298-5300 
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ttttttttttttitt 
NATIONAL CONVENTION 

he need for technical expertise has never been 
greater, and the competition has never been 

tougher. Focus on your future by attending the 1988 
SBE National Convention and Broadcast Engineering 
Conference, September 22 -25 in Denver. Examine the 
latest broadcast equipment from leading manufacturers. 
Attend technical sessions that provide practical answers 
to today's problems. 

This year's convention will provide more exhibit 
hours and more technical papers than ever before. 

:.Keep an eye on your future. Attend the SBE National 
Convention and Broadcast Engineering Conference. 

Denver Convention Complex 
Denver, CO 

September 22 -25 

Co- located with the Rocky Mountain Film and Video Expo and INA 
ÇONFERENCE Region 8 Conference 
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All Editin Systems 
Are ot 

Created Equal. 
Calaway Engineering's SCED MKII: Editing 

Power Without the Price. 
The Calaway MKII editing system rises to the top 

by managing your editing requirements within your 
budget. Not only does it control six VTRs and generate 
edit lists in industry standard formats, MKII also offers: 

llMultiple Record - enable additional 
"slaved" record machines. 

Learn Macro - program up to 24 macro 
,-^ keys with up to 24 keystrokes per key. 

Macro functions include counter, delay, 
pause, edit, and save to /from disk. 

ilGeneral Purpose Interface - program 
closure or pulse time on eight relays, 
program execution time of E -MEM 
switther functions, and program machine 
motion control. 

IIIIOops - undo inadvertent changes or 
mistakes to the list. 

®Constant - control eight selectable 
constant registers. 

IlBump - advance or retard a selected 
machine while tracking the number of 
frames. 

To get the most powerful editing system for every 
dollar you spend, look to Calaway Engineering's MKII. 

CALAWAY Ef1GIflEERIf1G 
A Division of QUANTA Corporation 

49 South Baldwin Avenue Sierra Madre, CA 91024 
(818) 355-2094 

E -MEM is a trademark of-the Grass Valley Group, Inc. 

Circle (60) on Reply Card 
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Video imaging system board 
/DR has introduced the IDR capture, merge and display 

(CMD) board. It is a high -performance video imaging board that 
turns a PC AT compatible computer into an integrated full -color 
image processing system. It can display a full- motion video 
image -together with a virtually unlimited number of windows 
containing captured still video images, graphics and text -on 
an RGB analog TV monitor, in more than 16 million colors. 
The board consists of three Intel 82786 graphics co- processor 
chips, each supporting 1Mb of random access memory; an on- 
board time -base correction circuit; and high -speed A/D and 
D/A converters. The 3Mb of on -board memory allows three 
full screen digitized images. 

Circle (371) on Reply Card 

Label printing software 
Panduit has introduced the PAN -MARK software program to 

produce Panduit computer printable labels and data plates. The 
program can produce number, letter and number /letter 
legends; UPC A, Code 39, and interleaved two of five bar codes; 
serialization in up to 24 combinations; and bar codes in com- 
bination with number, letter or serialized legends. One com- 
mand loads all sizes of the selection of standard labels and data 
plates. To use the program, the operator types the informa- 
tion into a WYSIWYG multiple -label screen graphic. The soft- 
ware program requires an IBM -PC, XT, AT or compatible per- 
sonal computer, minimum 512K memory, two drives, DOS 2.1 
or higher. A graphics card is not needed. 

Circle (372) on Reply Card 

Live sist 
and ore! 
CABS delivers ar integrated Computer Aided Broadcasting 

System from Library Maintenance to Analysis of Aired Events. 

Music and 

commercial library 

management 

Sophisticated 

programming and 

scheduling criteria 

Live assist with full 

control of audio 

peripherals 

Announcer 

information, live tags 

and schedule enquiry 

Analysis of formats, 

aired events and 

their relationship to 

station ratings. 

MS INC. 
#730, 9919 -105 Street 

Edmonton, Alberta Canada T5K 1B1 
(403) 426 -1551 
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Commercial insertion system 
Rational Broadcast Systems has introduced a multichannel 

_ommercial insertion system that provides for automatic in- 
>ertion of commercial breaks across an unlimited number of 
:hannels with no prespot editing or tape editing. The system 
accesses a pool of SMPTE time -code -tagged commercials on 
ape. The company will integrate the system with existing tape 
nachines or will supply a complete turnkey package including 
ape machines and required video equipment. 

Circle (373) on Reply Card 

75W TWTA 
Stantel has introduced the W2MC15N and PW2C15N. The 

[WT provides 49dB of gain at a working power output of 75W 
rver the 14GHz to 14.5GHz band with low gain variation and 
ipple. Its double- depressed collector is optimized for efficien- 
:y and to minimize heat sink requirements. Performance and 
ong life are ensured by an osmium -coated cathode and a 

'2- position switch located on the front of the power supply. 
fhe PSU /TWT interface is controlled by an electronic circuit 
hat automatically sets up the tube electrode voltages through 
r low- voltage control cable: 

Circle (374) on Reply Card 

Rack -mount cabinets 
Winsted has introduced rack -mount cabinets that feature a 

IV sloping profile with 21 inches of rack space. The sloping 
nodule can be combined with System /85 modules. 

Circle (375) on Reply Card 

The answer 
to world peace 

and quiet. 
Wherever noise is a problem, SONEX acoustkai foam is the 
answer. And flame- resistant SONEX 1 can kill noise in even 

the hottest, messiest environments. So if you want peace and 
quiet in your corner of the world, discover SONEX. it's the 
solution everyone can agree on. Call or write us for all the 

facts and prices. 

AlphaAudia 
Acoustics 

2049 West Broad Street 
Rknmond, Virginia 23220 USA (804) 358-3852 

Telex: 469037 (ALPHAAUD CI) FAX: (804) 358 -9496 

Acoustic Products tor the Audio Industry 

SO\EX i, manu(a, mrvd In IIIFru: k and JnrnFureJ ec<Iv.n<Ic ro the pro ,und ,ni Alpha AuS., 

Circle (125) on Reply Card 

JACK 
NOISE. 

You don't need it. 
We don't make it! 

No one needs jack noise, and when you 
specify Mosses & Mitchell jack sockets and 
jackfields you won't get it. What you will get 
is immediate noise free operation every 
time, plus secure plug retention and long 
term reliability. Talk to Penny & Giles about 
the world's most advanced jack sockets 
and jackfields. If you value 
performance don't 
settle for 
anything 
less. 
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noise free 
operation 
every time 

secure plug retention 
self cleaning 
action 
palladium 
contacts 
audio and 
video 
jackfields 
audio jack 
sockets 

v 

PennyfGí/es 
Penny & Giles Inc 
2716 Ocean Park Boulevard #1005 
Santa Monica California 90405 
Tel: (213) 393 0014 Telex: 858866 
Fax: (213) 450 9860 
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Professional services 
VIR JAMES P.C. 

CONSULTING ENGINEERS 

Applications and Field Engineering 
Computerized Frequency Surveys 

3137 W. Kentucky Ave-80219 
(303) 937.1900 

DENVER, COLORADO 
Member AFCCE & NAB 

FCC ON -LINE DATABASL 

dataWOPId 
,ca. e -e--a 

AM FM TV LPTV ITFS 

P.O. Box 30730 
Bethesda. MD 20814 

(3011 652-8822 1-800-368-5754 

TEKNIMAX 
TELECOMMUNICATIONS 

DENNIS R. CIAPURA 
PRESIDE, 

115e5 roacsTVlew Ln. 
SAnDICqp CA 93141 16191 695.2429 

Radio and Television System Design 
Transmitter and Studio Installation 
Microwave and Satellite Engineering 
and Installation 

12 North Willow St. 
201. 746 -9307 Montclair. NJ 07042 

\I/ - a» 
/I\ 

AMERICAN as.lwc. 

T 

ENG STE LINKS SPORTING EVENTS 

Solutions to LICENSE -FREE, short range 
video /audio transmissions via infrared 

atmospheric links 

LORRAINE. SHAI-LENRERGER 
%t \RKFTI \(, SIA \\4,FR 1,111,1,10- 042 

East Coast Video Eystems 
A full service 

company providing... 
Consultation 
Engineering 8 Design 
Installations 
Training 

Serving... 
Cable Systems 
Corporate Facilities 
Broadcast Facilities 
Teleproduction Facilities 

-178 Casterline Road Denville, NJ 07834 (212) 431.7453 

CHUCK JONES 
ANTENNA SYSTEMS 
SPECIALIST 
618 -564 -2481 

SOUTHERN ILLINOIS ANTENNAS 

340 WEST 55TH ST.. NEW YORK. NY 10019 (212) 769.4660 

IDEO 
DIMENSIONS 

ORGANIZATION LTD. 

System Design 
Studio Planning 
Teleconferencing 

Broadcast Enginsring Consultants 
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PPRO VIDEO & FILM" 
EQUIPMENT GROUP 

SPECIALISTS IN USED & NEW 
WE BUY -SELL -TRADE -CONSIGN 
FREE CATALOG ON REQUEST 

ihri (214) 869 -0011 DALLAS 

D. L. MARKLEY 
& Associates, Inc. 
CONSULTING ENGINEERS 

2401 West Moss Ave. 
Peoria, Illinois 61604 

(309) 673-7511 
Member AFCCE 

SMITH and POWSTENKO 
Broadcasting and Telecommunications 

Consultants 

2033 M Street N.W., Suite 600 
Washington, D. C. 20036 

(202) 293 -7742 

JOHN H. BATTISON PE. 
CONSULTING BROADCAST ENGINEER, 

FCC APPLICATIONS AM, FM, TV, LPTV 
Antenna Design, Proofs, Fieldwork 

890 Clubview Blvd. North 
Columbus, Ohio 43085 

614/888 -3364 

MAILING LABELS 
AM, FM & TV 

CALL 

dataWOPIC 
1- 800 -368 -5754 

Consultation Services 
Lightning Power Conditioning . Grounding 
Over 40 years experience. Work guaranteed 

o, COW., 

Lqnong Eweslen ne tasnnla 
130071a.enro Re santa re 50,15 CA 9c67C 

213194666e6 TWO 9,05a6,39, 

UNUSED 
CALL LETTERS 

datawoIle 
1-800 -- 368-5754 

Hall Electronics 
Broadcast Equipment & Components 

We sell quality used radio broadcast equipment 
with 30 day warranties & economical prices. 
We buy used equipment. 
SEND FOR FREE FLYER! 

P.O. Box 7732 
Charlottesville, Va. 22906 
(804) 973 -8697 

EVANS ASSOCIATES 
CONSULTING TELECOMMUNICATIONS ENGINEERS 

ANI- FM -TV- CAN -ITFS -LPTV SATELLITE 
216 N. Green Bay Road 

Thiensville, Wisconsin 53092 
Phone: (414) 242-6000 Member AFCCE 

BLAIR BENSON 
Engineering Consultant 

TV Systems Design and Operation 

23 Park Lane 
Norwalk, CT 06854 

203 -838 -9049 

Robert J. Nissen 

THE NISSEN GROUP, INC. 
Communications Technology- Consultants 

32 Ridge Drive Port Washington, New York 11050 
(516)944.5477 

ERIC NEIL ANGEVINE, P.E. 
consultant in acoustics 

specializing In broadcast studio acoustics 

910 Lakeridge Drive 

405- 6246043 

Stillwater, OK 74075 

405. 372.3949 

PATCHPRINTS r- vmO Tu 
in x x N. A s 

Custom Fats, Bay Labeling lot rire AWroJVdeo Inousttes 
er 

PATCH BAY DESIGNATION COMPANY c or m..e Ra, sue, a Rnnn9 Co ,ne 

CHARLIE SCHUFER 

P O Bor 6278. Glendale. CA 91205 
4742 San Fernando Road 
Glendale. CA 91204 

Tebnone 
18161241p-5565 

MAILING LABELS AM. FM & TV 
'Personalized to Manager. Engineer 
or Program Director. 

Pre -sorted by Zip Code 
Market selection. 
'Accurate. 
540.00 Der 1,000 

StationBase 
P.O. Box 24092 

Phoenix, AZ 85282 
(206) 385.3029 or (602) 899 -8916 

BROADCASTING CONSULTANTS 
AND ENGINEERS 

FCC Applications and Field Engineering 
Frecuency Searches and Coordination 
Tower Erection and Maintenance 
Fac lily Design and Construction 

Contact: 
KENNETH W. HOEHN * -l>OC 23400 Michigan Avenue . . 

Dearbcrn, MI 48124 (313) 562 -6873 

PROMOTE YOUR SERVICES 
and increase business 

for as low as $55 per insertion. 
Call 913/888-4664. 
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Advertising rates in Classified Section are $1.50 per 
word, each insertion, and must be accompanied by 
payment to insure publication. 

Each initial or abbreviation counts a full word. 
Minimum classified charge. $35.00. 

For ads on which replies are sent to us for forward. 
ing (blind ads), there is an additional charge of $40.00 
per insertion, to cover department number, processing 
of replies, and mailing costs. 

Classified columns are not open to advertising of 
any products regularly produced by manufacturers 
unless used and no longer owned by the manufacturer 
N distributor. 

TRAINING 

=CC GENERAL RADIOTELEPHONE operators license 
:hrough cassette recorded lessons at home plus One 
week seminar in Boston, Washington, Detroit or 
ohiladelphia. Our twentieth year teaching FCC license 
courses. Bob Johnson Radio License Preparation. 
1201 Ninth. Manhattan Beach, Calif. 90266. Telephone 
213) 379.4461. 8.81 -0 n 

SERVICES 

DNE STOP FOR ALL YOUR PROFESSIONAL AUDIO 
3EQUIREMENTS. Bottom line oriented. F.T.C. Brewer 
company, P.O. Box 8057, Pensacola, Florida 32506. 

7.71.íf 

rRANSMITTER TUBE REBUILDING SINCE 1941: 
ICX2500, 4CX5000. 4CX15000 and many others. Write 
or details. FREELAND PRODUCTS INC., Rt. 7, Box 
128, Covington, LA 70433. (504) 893-1243 or (8001 

)24.7626. 6- 791fn 

r REELANCE MAINTENANCE available for tune -ups. 
epairs, installations of Convergence edit systems 
Ind associated equipment. Available for travel from 
ìo. Calif. (714) 751-8817. 5-88-1t 

Grow 
Professionally! 

Join & 
Participate in 

SBE 
For Information 

Call: 317 -842 -8836 

¡Glass ¿lied I 
WANTED TO BUY 

HIGHEST PRICES for 112 Phase Monitors, vacuum 
capacitors and clean, one kw or greater powered AM 
and FM Transmitters. All duty and transportation paid. 
Surplus Equipment Sales, 2 Throncliffe Park Dr., Unit 
28, Toronto, Canada M4H 1H2, 416-421-5631. 3-86-tf n 

LOOKING FOR several Kodak Super 8MM VP1 or VPX 
Video Players (Flying spot scanners). Also: Need 
several 8480 and 8134 Vidicon tubes for RCA TK -27 
camera. Please call 914-331-5849, Ellenbogen Eng. & 
Video. 4 -88 -21 

CAREER OPPORTUNITIES 

WE PLACE ENGINEERS 
CHIEFS, ASST. CHIEFS, MAINTENANCE 
TECHNICIANS, EDITORS, GRAPHICS 
America's Leading Source for a Decade 

I1V STATIONS. PRODUCTION FACILITIES. CORP. TV., MFG.I 

For information phone or write Mark Kornish 

kEy SYSTEMS 
479 Northampton Street 

Kingston, PA 18704 

1717) 283 -1041 
L 

Employer 
Paid Fees 

HELP WANTED 

COMMUNICATIONS SYSTEMS ENGINEER. PBS is 

seeking an experience electrical engineer to develop 
and evaluate new technologies to determine the 
feasibility and cost effectiveness of implementation. 
Responsibilities include providing in -depth technical 
analyses, participating in ongoing development pro- 
jects, and monitoring industry standards committees. 
Successful applicant will have a BS degree in elec- 
trical engineering with a minimum of 5-7 years ex- 

perience in broadcast systems engineering, satellite, 
or data communications. PBS offers a salary com- 
mensurate with experience and an excellent benefits 
package. Interested candidates should send letter of 
interest, resume, and salary requirements to: PBS, 
Attn.: Carla A. Gibson, 1320 Braddock Place, Alexan- 
dria, VA 223143. EOE/AA 5 -88-lt 

MAINTENANCE ENGINEER - Experience maintaining 
television studio equipment. FCC iicense required. 
Competitive salary and benefits. Send resume to 
Chief Engineer, WTZA -TV, P.O. Box 1609, Kingston, 
NY 12401. EOE. 5438 -1t 

KSBW -TV (NBC AFFILIATE) in Salinas, California, has 
an Assistant Chief /Maintenance Engineer position 
available. Applicant must have 5 years experience in 
TV with a good knowledge of RF. analog, and digital 
theory. General Class FCC license and/or SBE cer- 
tification required. Modern studios and a new Harris 
TV7OH transmitter. This is your chance to live on the 
lovely Central California Coast. No phone calls 
please. Send resume to: KSBW -TV, P.O. Box 81651, 
Salinas. CA 93912. EOEIMIF. 5-88-11 

CHIEF ENGINEER. Your input will be vital in helping 
construct new facilities for new owners of existing In- 
dy in beautiful, medium size, southwest market. If 
you're an assistant chief and ready to move up. or a 

chief looking for a new challenge, join our growing TV 
broadcast group. Salary range $28.000 to $36,000. 
Send resume to: Broadcast Engineering, P.O. Box 
12901, Dept. 697, Overland Park, Kansas66212. 5 -88 -1t 

MAINTENANCE TECHNICIAN sought with minimum 5 

years experience in the installation of broadcast 
audio, video, microwave, two -way communications, 
satellite and support equipment. Experience with 
maintenance of RF transmitters helpful. Must be will- 
ing to work flexible hours and travel as necessary. 
Submit resumes to: Ralph Lee, Chief Engineer, KSTP- 
TV, 3415 University Avenue, St. Paul, MN 55114. Equal 
Opportunity Employer. M /F. 5.88.1t. 

VIDEOTAPE EDITOR. Full service post -production 
company seeks full time post editor for CMX 3600, 
ADO, A62, VPR3, On -line and off line. Computer 
graphics experience helpful. Resume to: Sceen Three, 
1813 Eighth Avenue South, Nashville, TN 37203, Attn: 
Joe Askins, (615) 385-2820. 5-88 -1 t 

MAINTENANCE ENGINEER: for NBC affiliate. Need 
technician with experience in RCA VHF transmitters. 
Ampex Quads, VPR -2's, and Sony ENG equipment. 
Send resume, references and salary history to: KJAC, 
P.O. Box 3257, Port Arthur, TX 77643, Attention: Chief 
Engineer. EOE. 12 -87 -61 

SEEKING MAINTENANCE SUPERVISOR. instructor. 
chief position. 12 years broadcast /education 
maintenance and production experience. M.A. higher 
education administration. FCC General Class. SBE 
certified. Contact: C.D.P.- P.O. Box 6264. Surf side. FL 
33154. 5-88-21 

Transmitter Sales 
If you have transmitter sales experience 
you may qualify for a rewarding sales 
position with Beers Associates, Inc., a 

young dynamic rep organization who 
represents NEC in New England and New 
York. Compensation, Benefits, and ex- 
penses are negotiable. 

Call 1-800-84-BEERS 
and ask for 

Eric Pfaff or Scott Beers. 

/Advertising sales offices 
CHICAGO, ILLINOIS TOKYO, JAPAN 
Torn Nilsen SANTA MONICA, CALIFORNIA OXFORD, ENGLAND Mashy Yoshikawa 
Telephone: (312) 435 -2361 Herbert A. Schiff \lrholas McGeachin Orient Echo, Inc. 
Telefax: (312) 922 -1408 Telephone: (213) 393 -9285 Intertec Publishing Corp. 1101 Grand Maison 
55 East Jackson Telefax: 213/393.2381 Roseleigh House Shimomiyabi -Cho, 2 -18 
Ste. 1100 Jason Perlman New Street Shinjuku -ku, Tokyo 162, Japan 
Chicago. IL 60604 Telephone: (213) 458.9987 Deddington Telephone: (03) 235.5961 

Telefax: 213/393 -2381 Oxford OX5 4SP Telex: J -33376 MYORIENT 
NEW YORK, NEW YORK Chris Woodbury -Leonard England 
Diane Gottlieb -Klusner Telephone: (213) 451 -8695 Telephone: (0869) 38794 
Telephone: (212) 702 -3405 Telefax: 213/393-2381 Telefax: (0869) 38040 
Telefax: (212) 702 -7802 Schiff & Associates Telex: 837469 BFS G NORWOOD, AUSTRALIA 
David W. Frankel 501 Santa Monica Blvd.. Ste. 504 Hastweli Williamson. Rouse Pty. Ltd. 
Telephone: (212) 702 -3405 Santa Monica. CA 90401 P.O. Box 419 
Telefax: (212) 702.7802 Norwood 5067, Australia rsaaa.eew.ur 
866 Third Ave. Telephone: 332 -3322 
New York, NY 10022 ' 1988. All rights reserved. Telex: AA87113 
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Abekas Video Systems 37 23 415/571.1711 M/A -Com MAC Inc 11 9 617/272 -3100 

ADC Telecommunications, Inc. 111 80 612/893 -3010 Magna -Tech Electronics Co., Inc 127 95 212/586 -7240 

AEG Olympia AG 97 71 416/683.8200 Magni Systems, Inc 87 61 503/626-8400 

AKG Acoustics, Inc 65 203/348 -2121 Marconi Communications Systems Ltd. 63 41 800/233 -2955 

Alexander Mfg. Co 140 96 800/247 -1821 McCurdy Radio Industries 105 77 416/751 -6262 

Allen Avionics 139 108 516/248 -8080 McCurdy Radio Industries 107 78 416-751-6262 

Alpha Audio 144 125 804/358-3852 McCurdy Radio Industries 109 79 416/751 -6262 

Alta Group Inc. 88 62 408/297 -2582 MCL, Inc 136 89 312/759.9500 

Amber Electro Design Inc 132 102 800/361-3697 Midwest Communications Corp. 1 3 800/543 -1584 

Ampex Corp. (AVSD) 39 24 415/367 -2911 Mikrolab 142 110 213/306-0120 

Ampex Corp. (MTD) 53 29 415/367 -2911 Mohawk Wire & Cable 140 97 800/422 -9961 

Ampex Corp. (MTD) 55 30 415/367-2911 Moseley Associates Inc 13 10 806/968-9621 

Ampex Corp. (MTD) 57 31 415/367 -2911 Multidyne Electronics Inc. 142 121 800/535 -3050 

Ampex Corp. (MTD) 59 32 415/367 -2911 Nautel 124 93 902/823-2233 

Arrakis Systems, Inc 21 14 303/224 -2248 NECAmericalnc 95 69 312/860 -7600 

Arrakis Systems, Inc 27 16 303/224 -2248 Omega International 112 81 714/553 -0564 

Audio Technologies Inc. 76 47 215/443 -0330 Opamp Labs Inc. 142 111 213/934-3566 

Audio -Video Engineering Co. 86 123 516/546 -4239 Orban Associates Inc 17 12 800/227 -4498 

Auditronics, Inc 77 55 901/362 -1350 Orban Associates Inc 7 7 800/227-4498 

Belar Electronics Laboratory Inc 144 115 215/687 -5550 Otari Corp 15 11 415/592-8311 

Belden Wire and Cable 81 57 800 /BEL -DEN4 Paltex Inc 43 27 714/838 -8833 

Beyer Dynamic Inc. 137 100 516/935 -8000 Panasonic Pro Industrial Videc ....40 -41 25 201/348-7336 

BJM Electronics Ltd. 146 120 718/442-0223 Penny & Giles Inc. 149 127 213/393 -0014 

Broadcast Video Systems Ltd. 86 124 416/764 -1584 Periphex Inc 112 82 800/634 -8132 

BTS Broadcast Television PI Rod Inc 116 86 219/936-4221 
Systems 51 35 801/972 -8000 PolylineCorp 146 113 312/297 -0955 

Calaway Engineering 148 60 818/355-2094 Potomac Instruments 80 48 301/589 -2662 
Camera Mart, Inc 98 196 212/757 -6977 QEI 135 109 800/334 -9154 
Canon USA Inc., Broadcast Lens ...82 -83 58 516/488 -6700 Quanta Corp 148 60 801/974-0992 
Cemtys S.A. 117 87 Rane Corporation 93 67 206/355 -6000 
Cipher Digital, Inc 100 73 301/695 -0200 Rank Cintel Inc. 42 26 312/426 -2450 
Circuit Research Labs, Inc 62 49 800/535 -7648 RTS Systems, Inc. 96 70 818/843-7022 
Clear -Com Intercom Systems 50 39 415/861 -6666 Shure Brothers Inc. IFC 1 312/866 -2553 
Comark 3 4 215/822 -0777 Shure Brothers Inc. 120 90 312/866 -2553 
Comrex Corp. 74 68 617/443 -8811 Sony Corp. of America 
Conex Electro Systems 144 116 206/734-4323 (A/V & Pro Aud) 138 107 800/662 -SONY 
Continental Electronics, 

Div. of Varian 70 34 214/381-7161 
Sony Corp. of America 

(AV Pro Video) 89 63 800 /662 -SONY 

Cycle Sat 60ó1 38 800 /622 -1865 Sony /Pro Mavica 115 85 800/222 -0878 

Delta Electronics 113 83 703/354 -3350 Sound Technology 29 17 408/378 -6540 

Di -Tech Inc IBC 2 516/667 -6300 Stainless, Inc 131 105 717/569-2681 

Dielectric 145 118 800/341 -9678 Standard Tape Laboratory, Inc 142 112 415/786-3546 

DKW Systems Inc. 148 126 403/426-1551 Stanton Magnetics 102 75 212/445 -0063 

E E V, Inc. 91 65 914/592ó050 Studer Revox America Inc. 130 99 615/254-5651 

Electro -Voice 92 66 616/695-6831 Studer Revox America Inc. 35 22 615/254 -5651 

ESE 143 114 914/592 -6050 Surcom Associates Inc 146 119 619/722-6162 
Express Tower Co 118 88 918/479 -6484 Tascam Div. Teac Corp. of America ...32 19 213/726-0303 
Faroudja Laboratories, Inc 45 28 408/245 -1492 Tascam Div. Teac Corp. of America ...34 21 213/726 -0303 
Forte! Inc. 101 74 404/449 -4343 Tektronix Inc. 67 152 800/452-1877 
Fujinon Inc 79 56 201/633 -5600 Tektronix Inc 68 -69 51 800/452-1877 
Full Compass Systems 94 46 800/356 -5844 Television Equipment Associates, 
Gentner 110 84 801/268 -1117 Inc 62 50 914/763-8893 

Graham -Patten Systems Inc. 64 42 800/547-2489 Television Technology Corp 121 91 303/665 -8000 

Grass Valley Group, Inc. 9 8 916/273-8421 Telex Communications, Inc ...71 52 612/887 -5550 

Grass Valley Group, Inc. 141 104 916/273 -8421 Telex Communications, Inc 90 64 612/887 -5550 

Harris Corp 99 72 800/442 -7747 TFT, Inc 129 98 408/727 -7272 

Hubbard Communications, Inc. 103 76 813/577-7759 Thomson-CSF /DTE 125 94 203/324 -1320 

Intraplex, Inc. 94 45 . 617/486-4072 Thomson-CSF /LGT 75 54 203/324 -1320 

Jampro Antennas Inc. 48 36 916/383 -1177 Total Spectrum Manufacturing, Inc... .31 18 914/268.0100 

JVC Company of America 19 13 800/582 -5825 Utah Scientific Inc. 72-73 53 800/453.8782 

JVC Company of America 24-25 15 800/582 -5825 Varian 33 20 415/592 -1221 

Leader Instruments Corp. 5 5,6 800/645-5104 Varian VCT LTD 133 151 415/592 -1221 

Leister, KarlElectro-Geratebau 132 103 707/462-9795 Videotek, Inc. 123 92 602/997 -7523 

Leitch Video of America, Inc. (Direct) ..85 59 804/424 -7290 Ward -Beck Systems Ltd. BC 416/438 -6550 

M C G Electronics, Inc. 47 155 516/586 -5125 Western Electronic Products Co.....144 117 714/492 -4677 

3M Magnetic Media Div. 119 150 800/328-1684 Winsted Corp 49 37 800/447 -2257 
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It a adds up. 
128x12$ VIDEO MATRIX 

96x 112 STEREO MATRIX 

32 x 2$ TIME cobE MATRIX 

64x56 kEy MATRIK 

32x40 RG-13. h1ATRN 
+ 32rx 32. R5422 
Df-TecN's VIRTUAL Nlr4rkiX 

The Solution to Real World Routing Problems 
Today's teleproduction techniques 

impose new demands on routing switcher 
systems. Component /RGB and key video 
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Model UM 
(tl x 32 Video Swindler 
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Vh.drl ?rib.? 

ha 32 Audio Swilchcr 

signals are more widely used than ever. 
Flexible interformat editing suites may 
require RS422 switching systems to allocate 
tape machines and their time code data. 
Planning for growth now means thinking in 
terms of many differently sized routers. 

Di- Tech's virtual natrixcontrol system, 
Model 9002, allows you to name over 500 
input and output devices and automatically 
select the crosspoints on up to 8 separate 
routing frames as easily as on one big sys- 
tem. Since our high performance routing 
switchers are field 
expandable, you 
never need to over- 
buy to allow for 
growth. 

Prepare for to- 
morrow with the 
company that 
can do it all 
today... Di -Tech. Warw.: .,...... brir r,.....i`. 
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Circle (2) on Reply Card 

till' -tech 48 Jefryn Boulevard, Deer Park, New York 11729 
inc. (516) 667 -6300, Telex No. 971806, FAX (516) 595 -1012 
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Ward -Beck's :Ubiquitous ST! 
No matter what size the market - Chicago t. Shreveport, New York h) S 
Greenville - the versatility of Ward- Beck's S i Stereo Console is unsurpas 

Flexible 24, 36 or 48 channel configurations :an meet every need and fit 

Available features... 4 -BAND EQ INTEGRA ROUTING SWITCHER CENT 
CONTROLLER PROGRAMMING KEYBOARD A'.PHA- NUMERIC DISPLAYS PEA 

AUDIO -FOLLOW -VIDEO INTERFACE. 
1 

Talk to us! Discover how affordable Super- ?uality can!be! 

oul, Vancouver to 
ed. 

very budget.` 

First by Design 

¡Hui How: wii 

Wird -Berl. Systems Ltd., 841 Progress Ave., Scarlwttu an ugh, Ontario, Canada M1111 2X4. Teti-(41 )438 -6550 Tla: 065- 25399. 
n. 
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