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Announcing Master-21 from GVG.

Master control thats expanswe
10Ut being

Introducing the new
MASTER-21™ 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 tnputs, stereo audio, a
kevyer 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.

Circle (1) on Reply Card
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For. complete details, contact
the Grass Valley Group office
nearest you.

Grass Valley Group®

A TEKTRONIX COMPANY

/A/ALUTHE GRASS VALLEY GROUP INC.

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

QFFICES: New York (201) 845-7988; District of Columbia
(301) 622-6313; Atlanta (404) 493-1255; Chicago (219) 264-0931;
Minnecapolis (612) 483-25%94; Dallas/Fort Worth (817) 483-7447;
Los Angeles (818) 999-2303; San Francisco (415) 968-6680;
GVG International Lid. (UK) +44-962-843939; Grass Valley
Group Asia (HK) + 852-3-7396632
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aneuverable

f -Systefn

Midwest utilizes a heavy-duty .

structural system to combinea 1.8M

dual offset-fed antenna with an

extended body oné-ton van. The

result is a powerful satellite com- -
murnications system that can

maneuver easily in city traffic or on
narrow country roads.
The Vertex 1.8M antenna has a

‘transmit gain of 46.6 dbj and meets

the 29-25 |gg O FCC 2° spacing
curves. The %
includes a single thread 300 watt

I'WT amplifier, a Ku exciter with"

two agile audio subcarriers, a Ku
receiver and a spectrum monitor.
Moduiar dual 200 watt phase com-

bined amplifiers, providing fail-safe

"See us at NAB atindoor booth No. 4342 and outdoor booth No. A1 17"
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www americanradiohistorv com

andard RF package

redundancy are optional, as are sev-
eral baseband equipment packages.
The S$-18's spacious, acoustically

- treated interior provides an opti-

mum work environment. The unit

‘has ample storage space, and there

is enough room for the addition of
a VTR editing system. -

The S-18 is a flexible satellite com-
munications system, ideal for up-
linking news or special events, and

© easily adaptable for voice and data

applications. -
Contact ‘Midwest for- compiete

dnformation.

The Midwest 5-18. Performance and
Flexibility. In a compact, rna.neuver—
able package.

MIDWEST

Comm: ccmons Corp.

One Sperti Drive
Edgewood. KY 41017
606-331-8990
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SERIES CONFIGURATION

/

PS-B
6.125kV

PS-A
6.125k

PS-C
6.125kV

ON THE COVER

Broadcasting and Democracy: The Winning
Ticket. That's the theme of the 1988 NAB
convention to be held April 9-12 in Las
Vegas. The broadcast industry’s “main
event” will feature more technical
sessions and exhibit space than ever
before. And with the upcoming political
conventions, broadcasters are ex-
pected to be in a buying mood.
Cover design by Kristi Sherman of

the BE staff.
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§ FCC Update
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14 Satellite Technology
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BROADCAST

enGineeRrING

NAB PREVIEW ISSUE:

The broadcast industry’s main event refurns to Las Vegas.
Whether or nof you atfend this year, use the following
information to get the most from the 1988 NAB convention.

26

133

150

199

NAB ‘88: Broadcasting & Democracy

By Ed Williams, NAB, Washington, DC
A rundown of technical papers and sessions.

Exhibitor Map

Your guide to exhibitor displays and meeting rooms.

Exhibitor Listings
Who's exhibiting and what products they'll display.

New at NAB

A detailed summary of products to be introduced.

SETTING THE PACE FOR BROADCASTING:

36

54

76

84

Breaking New Ground: the MSDC
Klystron
By Jerry Whitaker, editorial director

Comparing Klystron Designs

By Jerry Whitaker, editorial director, and Earl
Blankenship, Varian Associates, Palo Alto, CA

In the Chips

By Terry Pennington and Larry Winter, the Rane
Corporation, Mountlake Terrace, WA

Researching the Future
By Jerry Whitaker, editorial director

FACILITY PLANNING SPECIAL REPORT:

98

124

268

296

80-90 One Year Later
By Jerry Whitaker, editorial director

A New Home for PBS
By Brad Dick, technical editor

Acoustical Design and Construction

By Eric Neil Angevine, BE acoustics consultant, and
Renee Kolar, Oklahoma State Univ., Stillwater, OK

High-Definition Radio: Will it Work?
By Douglas Fearn, D.W. Fearn & Associartes, West
Chester, PA

18 Troubleshooting

20 Management for Engineers

22 SBE Update
302 Applied Technology: DX-10 AM transmitter
320 News Special Report: VOA training program
330 Field Report: Howe Phase Chaser 2300
334 New Products
338 People
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How to get perfect camera setups in three minutes—with
a single camera or up to 42 cameras. That's right, 42.

Camera setup problems always
seem to happen when there’s
absolutely no time to waste.

That’s why Hitachi's setup
solution is quick and easy. Our
microcomputer Zero Control auto-
matic setup of all three channels is
built into every Hitachi SK-970D
and SK-97D camera. Zero
Control totally eliminates manual
adjustment of the G channel.

Now, imagine yourself as the
engineer with this setup problem.

You're setting up three cameras
to shoot an hour of drama. It has
already taken 40 minutes to
adjust the G channels and get the

Rear panel on Hitachi's SK-970D camera.
Complete controls for automatic setup and
camera operation.

color and registration right.
The talent is yawning. The
crew is telling jokes. The
director is having a fit.
Then one of the cameras
fails. You bring in another
camera and start adjusting
G channels again. But you
find yourself wishing TV
was still black and white.
Stop sweating over
G-reference setup. With
Hitachi Zero Method
automatic setup, no
adjustments are required. Just
fire up, press the auto setup
button and within minutes you'’re
ready to shoot. It’s that simple.

SK—97D SK-120

CA-97D and
AP-40R2
are atlached
lo Camera
head.

o

D P Tf
‘rmﬁ

SK-110D SK-970D

=
CA-970D
is builtinto
Camera
head.

CCU PS
AP-110D

BSY
BU-97D

CU 110D

CCUPS ccu. BSU
AP-110D - D

CC-97D
15 buill into
Bsu

CC-97D
Is built into
Bsu

. RCU -
RU-97 B/D

. 8cU
SU-97D/110D

RCU
RU-97 B/D

How Hitachi's SU-97D Auto Setup Control achieves simultaneous setups on four different camera models. Sysiem can expand to set

up and control 42 cameras.

Even better, Hitachi’s SU-97D
Auto Setup Control Panel can
simultaneously and automatically
set up as many as 42 cameras.
Not only does the SU-97D
achieve identical perfect setups on
SK-970D and SK-97D cameras,
it can also control auto setup of
Hitachi SK-110D and SK-120
cameras (see chart).

Another Hitachi exclusive—
you can record complete setup
and camera adjustment data on
a floppy disk, and
use the disk to

check camera
status against

-
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the original setup values. Or, for
instant automatic checking of
registration and color balance,
you can use Hitachi’s “Quick
Check” switch.

What's your bottom line? You
save time and you get perfection.
You increase productive time and
picture quality.

The world’s toughest customers—
major networks and major

FEasy access io plug-in modules for quick service

independent producers—
are our best customers for
SK-970D’s, SK-97D’s and

SU-97D’s. Isn’t it time you called
us for a demonstration?

Call now.

@ HITACHI

Hitachi Denshi America, Ltd.
175 Crossways Park West, Woodbury,
NY 11797+ 516-921-7200  In Canada,
Call Hitachi Denshi, Ltd. 416-299-5900
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Winter SMPTE
reflects transitions

The theme of the 22nd annual Televi-
sion Conference of the Society of Motion
Picture and Television Engineers, “Tech-
nology in Transition,” was an uninten-
tionally ironic comment in that the con-
ference was, in itself, somewhat of a tran-
sition. The meeting, Jan. 29 to 30 at the
Opryland Hotel in Nashville, TN, marked
the last time equipment exhibitions per se
will be part of the winter conference.

Acting on industry input, SMPTE leaders
decided that, in the future, the only ex-
hibitions will be technology demonstra-
tions by the various working groups of the
organization. The equipment exhibit will
remain a part of the SMPTE Technical
Conference and Equipment Exhibit each
fall.

Industry experts from four nations pre-
sented papers to the more than 600 at-
tendees on digital tape formats, digital in-
terconnection in facilities, facility design,
HDTYV, advanced diagnostics and trouble-

INews

shooting, audio for television and comput-
er graphics.

D1, D2 and summaries of technologies,
present and future, comprised the Friday
morning session. Speakers touched on the
diagnostic packages built into DVTR prod-
ucts, discussed the engineering constraints
of a new, small (possibly 8mm) digital for-
mat and described a 3-D laserdisc system.

Friday afternoon topics included digital
and analog interconnection of equipment,
some 6MHz HDTV systems proposals and
tests being conducted on terrestrial
delivery systems for HDTV.

Facility design, the Saturday morning
topic, included papers on CAD (computer-
aided design) and control room design for
quality stereo imaging. Other papers
covered monitor setup, fault diagnosis in
digital equipment, audio test tones and
computer graphics.

Papers delivered Saturday afternocn ad-
dressed audio for television, editing and
a conference controversy, the *“10-bit
brushfire,” a proposal to use extra bits in
the CCIR 656 digital standard. The pur-

Editorial and adwrmmg correspondence should be uddress
66212-9981 (a suburh of Ka
respmdence shou!d be sen! 0t

City, MOJ; (813) 8884664
¢ above address, under P.

pose of the bits is to lower the visibility
of correlation patterns that sometimes
crop up as a result of rounding or trun-
cating operations.

Exhibition space was fairly compact at
the conference, consisting of two aisles in
a room downstairs from the presentation
area. However, the 15 or so exhibitors
were able to provide great accessibility to
attendees with questions.

The conference was opened with a wel-
coming speech by SMPTE editorial vice
president Howard T. La Zare. A “get-
together” luncheon Friday featured CBS
vice president of engineering and develop-
ment, Joseph Flaherty, who spoke of how
technology keeps coming back to meet us.
Flaherty cited historical examples of
broadcast pioneers who faced problems of
standardization and rapid advancement
similar to the ones seen by today’s
broadcasters.

B
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FAX: 9:3—33&-?243. :
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TRUTH..

e

o —

CONSEQUENCES.

If you haven't heard JBL's new generation of Studio Monitors,
you haven't heard the “truth” about your sound.

TRUTH: A lot of monitors “color” their
sound. They don't deliver truly flat
response. Their technology is full of
compromises. Their components are
from a variety of sources, and not
designed to precisely integrate with
each other.

CONSEQUENCES: Bad mixes. Re-mixes.
Having to "trash" an entire sessjon. Or
worst of all, no mixes because clients
simply don't come back.

TRUTH: |BL eliminates these conse-
quences by achieving a new “truth”

in sound: ]JBLs remarkable new 4400
Series. The design, size, and materials
have been specifically tailored to each
monitor’s function. For example, the
2-way 4406 6" Monitor is ideally
designed for console or close-in listening.
While the 2-way 8” 4408 is ideal for
broadcast applications. The 3-way 10"
4410 Monitor captures maximum spatial
detail at greater listening distances. And
the 3-way 12" 4412 Monitor is mounted
with a tight-cluster arrangement for
close-in monitoring,

CONSEQUENCES: "Universal” monitors,
those not specifically designed for a
precise application or environment,
invariably compromise technology, with
inferior sound the result.

TRUTH: |BL's 4400 Series Studio Moni-
tors achieve a new "truth” in sound with

an extended high frequency response
that remains effortlessly smooth through
the critical 3,000 to 20,000 Hz range.
And even extends beyond audibility to
27 kHz, reducing phase shift within the
audible band for a more open and natu-
ral sound. The 4400 Series’ incompara-
ble high end clarity is the result of |BLs
use of pure titanium for its unique
ribbed-dome tweeter and diamond
surround, capable of withstanding forces
surpassing a phenomenal 1000 G's.
CONSEQUENCES: When pushed hard.
most tweeters simply fail. Transient
detail blurs, and the material itself
deforms and breaks down. Other materi-
als can't take the stress, and crack under
pressure.

TRUTH: The Frequency Dividing Net-
work in each 4400 Series monitor allows
optimum transitions between drivers in
both amplitude and phase. The precisely
calibrated reference controls let you
adjust for personal preferences, room
variations, and specific equalization.
CONSEQUENCES: When the interaction
between drivers is not carefully orches-
trated, the results can be edgy, indistinct-
ive, or simply "false” sound.

TRUTH: All 4400 Studio Monitors fea-
ture jBLs exclusive Symmetrical Field
Geometry magnetic structure, which
dramatically reduces second harmonic
Circle (5) on Reply Card
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distortion, and is key in producing the
4400's deep, powerful, clean bass.
CONSEQUENCES: Conventional mag-
netic structures utilize non-symmetrical
magnetic fields, which add significantly
to distortion due to a nonlinear pull on
the voice coil.

TRUTH: 4400 Series monitors also
feature special.low diffraction grill frame
designs. which reduce time delay distor-
tion. Extra-large voice coils and ultra-
rigid cast frames result in both
mechanical and thermal stability under
heavy professional use.
CONSEQUENCES: For reasons of eco-
nomics, monitors will often use stamped
rather than cast frames, resulting in both
mechanical distortion and power com-
pression.

TRUTH: The JBL 4400 Studio Monitor
Series captures the full dynamic range,
extended high frequency. and precise
character of your sound as no other
monitors in the business. Experience the
4400 Series Studio Monitors at your JBL
dealer’s today.

CONSEQUENCES: You'll never know
the “truth” until you do.

JBL Professional
8500 Balboa Boulevard
Northridge. CA 91329
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e
audience

is
watching

A guest editorial
by Michael Heiss,
consulting editor
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I Lditorial I

ln these times of tight budgets, it is hard enough to get funds for required maintenance,
let alone to replace aged equipment that is past its efficient life. And yet, as NAB ap-
proaches, you'll be urged again and again to consider purchasing items to upgrade
your signal. [t seems pretty unreasonable, doesn't it?

After all, the dreaded competition from HDTV is a long way off — why worry about
it today? Why fight for production and test equipment that doesn’t seem to yield im-
mediate benefits? Even Julius Barnathan of ABC said that * . . people watch programs,
not technology. . . ” Perhaps this is true. And everyone knows that no amount of fan-
cy production work or elaborate effects can save a poorly written or directed broadcast.

But a glance at the newspaper movie listings will tell you something different. Why
do theaters use their ads to trumpet the fact that they're offering 35mm Dolby Stereo
presentations or 70mm prints? Theaters with the Lucasfilm THX sound system go even
further. These theaters show a special trailer to plug the quality, proclaiming: “The
audience is listening. . . " Obviously, theater owners present films in high-quality for-
mats because they know it brings in the people.

Movie-goers can choose the theater in which they will see a given film. The quality
of the image and the comfort of the theater seats determine a theater’s share of the
market. But radio and TV audiences have no such choice. To receive your programs,
they must tune in to your channel, quality notwithstanding.

So, if you are the only game in town, why should you care whether the audience
is listening or watching closely? Because they will come to demand top quality.

There is a new alphabet of high-tech gear on the way to consumers — IDTV* sets
that will show your signal’s every flaw, S-VHS and ED Beta recorders with “better-
than-broadcast” resolution, LV discs with digital audio tracks, and more MTS TVs that
will showcase good audio and emphasize the bad.

Radio, too, soon will be competing not only with other radio stations for listeners,
but also with CDs, R-DAT and other new services. These and other advances in con-
sumer electronics will make good signals look and sound great and show poor ones
for what they are.

Radio and television have lost their monopoly on high-quality software. You are no
longer competing just with fellow broadcasters, but with forces that can fragment your
audience. The people who produce the technical, as well as the artistic, elements of
the new software choices take special care in the preparation of their materials. Does
your station?

As you shop the products at NAB, think beyond what you need to merely keep your
signal on the air. Think of what you need to improve it. Don't go just for the slick
effects gear; go to improve your basic plant. And don't compromise on specs, thinking
you'll save money where no one will notice. They will.

*Improved Definition Television is a system that performs extensive signal processing
prior to writing the image on the CRT. B&)
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In Las Vegas,
all that glitters isn’t on the strip.

»*
*
8
x
X
X
X
x
¥

Short-Wave Broadcast Transmission:

Audio processing specifically designed for international short-wave broadcast (both
conventional AM and SSB) to help punch through noise and interference.

Studio Audio Processing;:

Detects and enhances psychoacoustic directional cues present in all stereo program

material—increases spatial definition, brightness, clarity, and transient definition. The
hot new box for FM and AM stereo. Now shipping!

For programmable DJ mic processing, TV personality processing, and video post-
production chores: Parametric EQ, compressor, de-esser, noise and compressor

gates—integrated into a compact, powerful system that stores up to 99 complete
control setups in memory for instantaneous recall.

Orban'’s third-generation parametric equalizer, now with “Automatic Sliding

Besselworth” ™ low-pass filter, high-pass filter, and infinite-depth frequency notching
with vernier. Ultra low-noise and distortion. Now shipping!

L v r T | +
1" [y ]

A fully programmabie version of Orban’s new, third generation 642B Parametric
Equalizer. Stores 99 complete control setups in memory for instantaneous recall.

Orban Associates Inc.
645 Bryant Street, San Francisco, CA 94107 USA
(800) 227-4498 or (415) 957-1067 Telex: 17-1480 FAX (415) 957-1070
Circle (6) on Reply Card
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AM stereo policy
affirmed

By Harry C. Martin

ln January the FCC refused to reconsider
its previous decision to let market forces
determine the development of AM stereo
broadcasting. In 1982 the commission de-
cided not to select a single technical sys-
tern for AM stereo. This brought about
controversy because the resulting compe-
tition among systems hindered AM stereo’s
development.

The commission’s decision to hold firm
on the marketplace approach was based
on a report issued by the National Tele-
communications and Information Admin-
istration (NTIA). In the report, NTIA said
the number of competitors manufacturing
AM stereo systems has dropped from five
to two. Of the two systems, approximate-
ly 70% of AM stations broadcasting in
stereo use the Motorola C-Quam system.
The report also stated that all of the re-
ceivers are C-Quam compatible. The com-
mission concluded that the marketplace
is moving on its own toward selecting an
industry standard. The commission be-
lieves that intervention at this time would
be counterproductive.

In connection with the current effort for
standardization, several parties suggested
the commission should require manufac-
turers of AM receivers to make the receiv-
ers compatible with all stereo transmission
systems. The commission rejected this pro-
posal because it would place unnecessary
burdens on receiver manufacturers and
would be costly for both the manufac-
turers and the public.

The commission also decided against
establishing interference protection for the
pilot tones of AM stereo systems. NTIA has
suggested the need for such interference
protection, but the commission said that
although protection of pilot tones may be
desirable in some situations, the potential
for cross-system interference is not great
enough to warrant imposition of govern-
ment standards. The agency said establish-
ing protection standards could disrupt and
delay the development of AM stereo.

Minority and female
preferences reinstated
In January, in response to a congression-
al directive, the commission reinstated its

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

8 BroadcastEngineering March 1988

system of awarding racial, ethnic and gen-
der preferences in comparative licensing
proceedings. It also terminated its pro-
ceeding to investigate the constitutionali-
ty of its minority and female preference
policies.

Under the minority preference system,
applicants that propose to integrate racial
and ethnic minorities into the manage-
ment of a facility are awarded special “en-
hancement” credit. Such credit can be de-
cisive in a tight comparative contest. A
smaller enhancement credit is awarded for
female participation in management.

The commission also reinstated its “dis-
tress sale” policy. Under the policy, a licen-
cee subject to revocation or whose re-
newal is designated for hearing on basic
qualifying issues, is permitted to sell the
station before the hearing if the buying
group is controlled by minorities, and cer-
tain other qualifying criteria are met. Nor-
mally, a licensee with character issues
pending against it is not permitted to sell
until the issues are favorably resolved.

The issuance of tax certificates for sales
of broadcast properties to minorities also
is affected by the agency’s action. Under
the tax certificate procedure, the seller of
a station is permitted to defer payment of
capital gains tax if the facility is sold to
an entity controlled by minorities. This
procedure is being examined but has not
been suspended during the commission’s
re-examination of its minority policies.

The female enhancement preference

~ still is under challenge in the U.S. Court

of Appeals. However, until the court holds
the preference to be invalid, it will con-
tinue to be awarded by the commission in
comparative licensing proceedings.

FCC asserts jurisdiction over
obscene broadcasts
In January the commission reversed an
carlier ruling and announced that it would
make its own administrative determina-
tions as to whether particular broadcasts
are obscene. Prior to the ruling, the com-
mission deferred to the local courts and
would not take action in the obscenity

area absent a local adjudication on the

matter. The agency’s deference to the
court system was based on its conclusion
that obscenity determinations should re-

Wwww americanradiohistorv com

flect local community standards.

The commission distinguishes between
indecency and obscenity, noting that the
latter is governed by standards set by the
Supreme Court. To be considered obscene,
the material must “depict or describe, in
a patently offensive way as measured by
contemporary community standards, sex-
ual conduct.” The material must be such
that an average person, applying contem-
porary community standards, would find
it to appeal to the prurient interest. Also,
the material, taken as a whole, must lack
serious literary, artistic, political or scien-
tific value.

Indecency, on the other hand, is “lan-
guage that describes, in terms patently of-
fensive as measured by contemporary
community standards for the broadcast
medium, sexual or excretory activities or
organs, when there is a reasonable risk
that children may be in the audience”
Although these definitions overlap, the
functional distinction seems to be based
on the degree of offensiveness and time
of broadcast. Thus, a particular broadcast
may fall within both definitions and sub-
ject the licensee to both criminal prosecu-
tion and administrative sanctions.

The commission has never abdicated
jurisdiction over indecent programming.
In fact, in 1987, it admonished three licen-
sees for broadcasting patently offensive
programming whenthere wasareasonable
risk that children would be in the audi-
ence. The new ruling extends the agency'’s
authority to deal with offensive program-
ming, no matter when it is aired. However,
the commission is not expected to use its
new authority except in the most extraor-
dinary circumstances. Most obscenity
cases will still be referred to the Depart-
ment of Justice for criminal prosecution.

(BN
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IS AN INVESTMENT IN THE FUTURE.
We're constantly working to make the world’s best production
switcher even better, with an ongoing program of enhancements. Gl'aSS Valley Gl’Ollp

When we add new features to the 300, we make those same
features available to every owner with convenient field updates. M

The Model 300. The best, and built to stay that way. STRENGTH YOU CAN RELY ON

THE GRASS VALLEY GROUP, INC.® — P.0. Box 1114 — Grass Valley, CA 95945 USA — Telephone (916) 273-8421 — 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. A TEKTRONIX COMPANY
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Y/C systems require
new test signals

By Dietrich “Rick’ Seaman

Video test and measurement procedures
were developed in the early 1950s, several
years before videotape recording became
possible, primarily to check relay and
transmission quality. These testing meth-
ods also worked well with early mono-
chrome VTRs. The advent of NTSC color
necessitated new test signals such as the
modulated ramp (see Figure 1) for measur-
ing differential gain and phase and, later,
the 12.5T modulated chrominance pulse
for determining luminance-to-chromi-
nance delay. These signals applied equal-
ly to transmission facilities and VTRs be-
cause the first color recorders were di-
rect-recording devices, as were their suc-
cessors, the 1-inch helical scan machines.

A newer alternative to recording NTSC,
component analog video {CAV) recording,
avoids combining the luminance and col-
or information. Instead, the luminance (Y)
is recorded on one video track, and the
two color components (B-Y and R-Y),
combined into a single channel, are re-
corded on another. To achieve the full ad-
vantages of this approach, the luminance
and color-difference information must be
kept separate throughout the signal chain
from camera, through switcher, to VTR
and monitor. Only upon broadcast or dub-
bing to another format should it be encod-
ed as NTSC. Of course, equipment consid-
erations make this difficult to achieve, so
what one is most likely to find is a series
of CAV islands in an otherwise composite
plant.

Some of the advantages of CAV signal
quality may be compromised if CAV VTRs
are used to record and play back NTSC,
because the recorder must separate the
luminance and chrominance (not a sim-
ple matter) and demodulate the chromi-
nance to color components for recording.
The procedure then must be reversed at
playback. There is opportunity for cumu-
lative errors at each step. Special signals
are necessary to ensure the optimum per-
formance of CAV recorders in both the
component and NTSC realms. (These sig-
nals include dual timing pulses and the
timing Bow-Tie for matching the channels
in timing and amplitude.)

Seaman is a sales engineer with Magni Systems, Beaver-
ton, OR.

I Strictly T VI

The third and most common color-re-
cording system is color-under or hetero-
dyne recording, used in the U-matic, Beta
and VHS systems. It involves separating
the luminance and chrominance from
each other and downconverting (hetero-
dyning) the subcarrier to a new frequen-
cy (688kHz or 629kHz), still modulated
with the same chrominance information.
This divides the amount of phase jitter at
playback at the ratio of the original sub-
carrier to the downconverted frequency.
(For example, time base jitter of 10ns
would give 13° phase error at 3.58MHz,
but only 2.3° at 629kHz.)

The luminance is recorded using FM
modulation, and the downconverted sub-
carrier is directly recorded on the same
track in much the same way as audio is
recorded, using the FM luminance carrier
as its high-frequency bias. Upon playback,
the color subcarrier is upconverted to
3.58MHz and added to the luminance sig-
nal to reappear as an NTSC signal. Note
that the chrominance is never demodulat-
ed/remodulated as in a true component
recorder, and that it shares a video track
with the luminance signal.

Newer versions of these color-under sys-
tems are Super VHS and extended-defini-
tion Beta. With S-VHS, luminance band-
width is increased by raising the FM car-
rier frequency and increasing its deviation.
ED Beta has increased bandwidth in both
the luminance and chrominance channels.

Figure 1. The familiar moduiated ramp, used
to measure non-linearity in NTSC systems,
becomes less meaningful in the testing of Y/C
systems.

Claims of “better than broadcast” perform-
ance have led people to consider these for-
mats for multigeneration work. To facili-
tate this use, manufacturers are including
component inputs and outputs in addition
to the ones used for NTSC.

Separate Y and downconverted chrom-
inance connections first appeared as the
dub connectors in %-inch VTRs. They re-
duced generational losses, bypassing the
steps of upconversion and phase correc-
tion, combining as NTSC, Y/C separation
and downconversion. TBC makers quick-
ly seized upon these outputs as a much
cleaner source of signals for their
correctors.

Dub connectors also appear on the in-
dustrial S-VHS and ED Beta machines. In
S-VHS, the 629kHz subcarrier is advanced
90° each line on one field and delayed 90°
each line on the next. This forms an adja-
cent-track chrominance-rejection scheme.
The Beta system uses a modified 688kHz
chrominance subcarrier, phase alternated
per line one field and phase constant the
next for crosstalk rejection. No doubt TBC
manufacturers will take advantage of
these outputs as well.

In addition to the Y and downconverted
subcarrier dub connector, both Super VHS
and ED Beta recorders are introducing the
so-called S-terminals, which are input and
output connectors with separated lumi-
nance and 3.58MHz chrominance (Y/C).
Because NTSC inputs are separated initial-
ly into Y and C within the VTR and the
color monitor, common sense says you
should not combine signals that you will
have to pull apart again. With camcorders
that record directly in Y/C, monitors with
separate Y/C inputs, and some time base
correctors, switchers, and video effects
units now becoming available, it is possi-
ble to have a low-cost recording system
with Y and C kept separate throughout.

Although all this has several advantages,
it also has its own set of problems that can-
not be measured or corrected using con-
ventional NTSC test signals. We'll investi-
gate these, from a maintenance point of
view, next month.

Editor’'s note: The Bow-Tie signal is an invention of
Tektronix, Beaverton, OR, 1271
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 bold statement. But no exaggeration.
lere’s why . . . No 2-track machine
ble today—at any price—offers the

level of advanced technology.
Studer audio performance and
vned Studer quality. Only the

Vith the A807, Studer defines a
rice point. If you don't believe us,
c out the competition . . . It won't
ou long, because there isn't any.
roadcast, post production, or stu-
in whatever audio environment
perate—make it your business to
c out the Studer A807. Start with

* Toch, Low Price
“erider”

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 e right hand edit o
tape dump e varispeed ® multifunction
tape timer and autolocator with
programmable “soft keys” e 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 e a variety of port-
able and console configurations,
including a 4 channel 4" version.

Studer Audio Perfor-
mance and Reliability

Advanced phase compensated
audio-electronics and Dolby HX Pro™
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

L ~=ecamiadbitive b recisieon that

So~—if “affordable’” is not the
word that comes to mind when
think of Studer—think again.

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

Portable version of the
A807 with wood side panels

Timer-autolo«
control pane!

Available from Studer F
Line Dealers. Or contact us d
Angeles (818) 780-4234 / Nex
255-4462 / Chicago (312) 52¢
Francisco {415} 930-9866
(615) 254-5651
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Working with DA
design constraints

By John Battison, P.E.

The general shape of the current distri-
bution on an AM tower is that of a sine
wave. This generally applies to a vertical
straight wire or a uniform cross-section
tower. The cross-section tower usually is
guyed, but a self-supported tower general-
ly is tapered, with a different and thicker
cross section toward the base. Therefore,
for a self-supporting tower, the assumption
of sine-wave distribution probably is not
completely correct.

With a Y-wave tower, current is zero
(minimum) at the top and approximately
maximum at the base. For Vi-wave towers
the sampling loop typically is placed about
10 feet above the tower base. When a
sampling transformer is used, the sam-
pling loop is placed immediately follow-
ing the ATU and the base current meter.
For Y2-wave towers, the sampling loop has
to be placed much farther up the tower
(about a quarter of the way up) in order
to obtain a satisfactory reading. A current
transformer is now generally acceptable
to the FCC.

Nowadays it seems that many direction-
al arrays use Y4-wave towers. This may be

Battiscn, BE's consultant on antennas and radiation, owns
John H. Battison & Associates, a consulting engineering
company in Columbus, OH.

WY

for economic expediency and also to fa-
cilitate and simplify antenna-performance
measuring systems. It is not advisable to
use towers less than 65° in height or spac-
ing of less than 70° between towers. This
proscription can be modified somewhat in
the case of simple 2-tower directional
antenna systems because there is only one
mutual impedance to be considered—be-
tween tower No. 1 and tower No. 2—and
such an array is seldom unstable.

For multitower arrays (more than two
towers), certain design factors are reflected
in the choice of a transmitter site, total
cost, aeronautical hazard considerations
(which sometimes control the allowable
tower height) and, occasionally, electrical
considerations. The amount of space avail-
able also becomes a determining factor.
The desired vertical radiation character-
istics must be considered in the case of
full-time operation.

In the case of DAs to be operated only
in the daytime, the vertical radiation char-
acteristic usually is not important unless
operation is to be on a frequency at which
critical hour constraints must be observed.
Generally speaking, the most suitable
tower height is the one selected. However,
for nighttime considerations, it sometimes

becomes necessary to use towers of une-
qual heights, and to pay close attention to
the vertical radiation characteristics pro-
duced by the DA's design.

When short spacing of less than about
75° is used, the final design often will pro-
duce one or more negative impedance
towers, because the mutual impedances
are larger than the tower-operating im-
pedance. In this case, the negative towers
actually return power to the system,
which, in itself, is not a difficult situation
to handle. However, a negative tower fre-
quently has a low impedance and “floats”
between zero and a few ohms positive and
negative. This results in an unstable opera-
tion that is extremely difficult to control.

On the other hand, a tower with a rea-
sonably large negative resistance usually
is as stable as one with reasonably positive
resistance and can be controlled without
difficulty. When problems are encountered
with a negative tower, it usually is the re-
sult of the operating impedance changing
whenthe array is tuned. As theimpedance
changes, the resistance of the tower moves
through zero to positive and begins to take
power from the system. This produces un-
anticipated changes in the operating
parameters and makes tune-up difficult.

HEIGHT*
IN SELF-SUPPORTING GUYED-MAST UNIFORM SECTION

DEGREES TYPE TYPE GUYED TOWER
G ' R X R iX R X
50 b5 7 =100 - ik OB —j220 9 - 170
BB 5 : 8 = 0 ; 13 —-j170 14 —j108
70 s : 14 ~j 25 19 —j 75 21 —j 46
80 e 20 e G P —~j 28 - 30 0
R L +]j 35 36 L 50 "+ 68
100 - IR : +j 80 80 +140 83 4136
110 . S 90 +§ 90" . 140 +320 133 +j210
120 e 176 +j 80 220 + j500 240 + |285
130 - 190 +j 15 370 + j600 425 +§310
140 165 —-j 70 660 + {480 760 0
150 130 -] B5 1100 25 Y 430 — 280
160 82 =b§ 550 — 250 360 —j380
170 _ 60 -] 25 280 — 450 210 —j340
o (SR 40 =} 5 180 —j500 132 —j283
190 28 +j 25 120 — j430 86 . =225
2085 oy 23 +] 50 80 —j400 60 —-]170

*Physical-height in degrees = height in feet x frequency in kilocycles x 1.016 x 106 x 360.

Table 1. Base impedances for various vertical antenna tower designs. Guyed and uniform cross-section antennas are similar, but note the dif-
ference between those designs and the self-supporting design. This is caused by the “fat” lower section of these towers. BEY)
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... using the PC in your ... a multitasking
facility to monitor and system that lets
control your MRC-2 you monitor and
Microprocessor Remote store test data,
Control System. while running a

| word processing
program at the
same time.

—— — = —

... automatically storing all
your logging data directly to
hard disk.

Imagine the MRC-2 PC.

111 Castilian Drive a Phaone 805 968 9621
Santa Barbara, CTA Flow General Telex 658445
93117-3093 Company FAX: 805 685 9638

; ' N
See us at NAB Booth #2315 for a demonstration.
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ISatellite technologyl

Communications plans
brew controversy

By Elmer Smalling I1I

Two areas of communications are enjoy-
ing renewed interest, but the fanfare does
not come without controversy. Mobile
satellite service is entangled in allocation
questions, and the issue of satellite vs.
fiber-optic communications is something
of a tug of war between the pros and cons
of each method.

Mobile satellite service

You might call mobile satellite service
(MSS) the ultimate cellular system. After
all, it would allow a caller to speak directly
with someone on any other phone in the
world, or at least within a large geo-
graphic area.

Satellite communication from aircraft,
automobiles, trucks and trains has long
been in the planning stages. A number of
corporations have been founded to pro-
vide the service, once operating frequen-
cies and regulations have been established
and the satellites have been launched.
These corporations wish to provide
mobile-to-satellite emergency and stan-
dard telephone communications on fre-
quencies in the lower L-band (1,625MHz
to 1,660MHz) for uplinking and 1,530MHz
to 1,560MHz for downlink return.

The hitch in the plan involves different
allocation schemes by two regulatory
agencies, the FCC and WARC (World Ad-
ministrative Radio Conference). WARC has
broken up the allocated frequency spec-
trum into various discrete services, such

Smalling, BE's consuitant on cablefsatellite systems, is
president of Jene!l Systems & Design, Dallas.
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as aeronautical mobile, land mobile and
marine mobile satellite services and safe-
ty and distress, while the FCC has
allocated the entire band to be shared as
needed, letting use dictate allocation.

The FCC also has indicated that
aeronautical telephone calls (passenger
and administrative communications) are
not the intended use of the aeronautical
section of the mobile satellite communica-
tions band—a decision that perturbs pro-
spective MSS operators. The commission
does not really point to any particular
mode of communication, such as
aeronautical, mobile or marine, but says
the entire band should be open to any
kind of communication.

BE will keep you abreast of this situa-
tion, as appeals and rulings develop. It is
hard to believe that a mere 30MHz has
been ailocated to a band that has the
potential to become the busiest of all.

Satellite-vs.-fiber-optic communication

The controversy about satellite and ter-
restrial fiber communications continues,
with proponents of each system calling it
more reliable, more economical and easier
to access. Ten years ago, satellite com-
munications would have been the hands-
down winner, especially over long
distances. Recently, a good deal of fiber
has been laid across the United States, to
the extent that most systems have greater
than 50% dark or spare fibers. Few loca-
tions are not served by fiber. By the same
token, no communications satellites have

Figure 1. Fiber-optic cables can be con-
figured in several ways, depending upon the
number of fibers required and the application.
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been launched for more than two years.

Proponents of fiber-optic transmission
maintain that:
¢ Communications are free from elec-
tromagnetic interference.
* Fiber point-of-presence locations are
less expensive than satellite earth stations
and do not require licensing.
¢ Fiber systems easily can accommodate
at least 150Mb/s on a single fiber, roughly
the equivalent of 150MHz bandwidth, for
high-quality digital video, audio or data.
* Fiber transmission lineside equipment
can be repaired, expanded or replaced at
any time.
® Echoes caused by the path length of
satellite transmissions do not exist with
fiber transmission.
¢ Satellites cannot be accessed in some
locations because of signal blockage or
terrestrial interference.

Satellite proponents, on the other hand,
say:
¢ Terrestrial barriers to cable paths (such
as oceans, mountains and harsh terrain)
and protracted installation time do not
exist.
® ]t is easy to implement soft networks,
which include rarely used nodes, for pur-
poses such as the national broadcast of an
event originating from an obscure
location.
¢ News events at almost any location ac-
cessible by van can be covered via
satellite.
e Satellites are well-suited for com-
municating with moving vehicles such as
airplanes, boats, cars and trains.

Although other advantages and disad-
vantages exist, these are discussed most
frequently. The potential user must weigh
the characteristics of each and judge their
bearing on a particular application. Even-
tually, one mode or the other may triumph
due to economic or political pressures, but
a system that includes both satellite and
fiber elements would seem to be a safe het
at this time. The development of less ex-
pensive, broad-use fiber terminal equip-
ment and realistic tariffs will do a great
deal to help the cause of fiber, while more
high-power, broadband satellites must be
launched in the near future to sustain the
momentumn of satellite communications.

(BE))
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For news editing, on-air, or in the production studio, Otari has exactly #the equipment
and features to fit any application, or budget.

When you are ready for a multitrack recorder, you can choose from our BQIL MKIINIA4,
MKIIE, MTR-10, or the MX-70 with 8 or 16 tracks. Need a Z-track? Choose our famous
‘workhorse” MX5050 Bll, MKIIZZ, or the brand new MX-55! Looking for top-end performance?
The MTR-10 has all the features you need to stay ahead in the competitive world of broadcast,
We also offer three models of our CIM-10 cart machine, and if yours s an autornated radlio
station, our ARS-1000 reproducer is the most popular in the world,

S0 you see, whatever you need for today, or for the future, Otarl can provide it from a
complete line of high quality, ultra-reliable tape recorders. Call your nearest Otari -
dealer today, or contact Otari at @15) 592-8311 for “lechnology You Can Trust”
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Inside digital technology

By Gerry Kaufhold II

Because many values in the real world
cannot be represented as whole units, frac-
tions are necessary for accurate numeric
expressions. For example, you measure
millivolts (thousandths of a wvolt) and
microfarads (millionths of a farad).

Fractions come in two forms: rafional
and irrational numbers. Those that can be
expressed as simple ratios between two in-
tegers, such as ¥ as the ratio of 1 to 2,
are rational numbers. Fractions that can-
not be expressed as ratios between two
integers are irrational. The square root of
2, epsilon (the base of the natural loga-
rithm system) and pi are examples of ir-
rational numbers.

Fractions can be written in decimal form
by placing digits to the right of the decimal
point. Each shift to the right changes the
digit's weighting value downward by a fac-
tor of 10. Many rational numbers convert
easily to decimal form, such as %4 = 0.25.
However, a few, such as ¥ and all irration-
al fractions, end up as repeating decimals
or as non-repeating decimals that go on
forever. This can be quite inconvenient.

Working with irrational
and binary fractions

To calculate using irrational or repeating
fractions, you must first decide how much
accuracy is required. Normally, engineers
round off decimals to a set number of
places. Four digits are usually sufficient,
because you can express fractions to with-
in one part in 9,999, an accuracy of 0.01%.
You just have to live with the difference
between actual values and their decimal
representations, and take “round-off” er-
ror into account.

Kaufhold is an independent consultant based in Tempe, AZ.

[ Circuirs!

Just as the decimal point is used to ex-
press fractions in decimal form, a binary
point is used to express binary fractions.
See Figure 1. Note that the first binary bit
to the right of the binary point has a value
of ¥2 (0.5 decimal). The next bit has a val-
ue of 1/(2x2), or 0.250 decimal. The next
has a value of 1/(2x2x2}, or 0.125 decimal,
and so on. The 16th bit has a value of
1/(256x256), or one part in 65,536.

Decimal to binary conversion

To convert a decimal fraction such as
0.175 to its binary fraction equivalent, a
“subtract and shift” procedure is used. First
place a binary point, then try to subtract
the first binary bit (0.3} from the decimal
fraction. [f the value of the weighting fac-
tor of the binary bit is larger than the val-
ue of the decimal fraction, put a 0 in that
bit position of the binary fraction you are
building. If the value of the binary bit is
less than the value of the decimal fraction,
write down the remainder obtained by
subtracting the binary weighting value
from the decimal fraction. Then put a 1
in that bit position of the binary fraction
you are building.

Continue subtracting the weighting val-
ue of each binary bit from the remainder
of the decimal fraction until all the binary
bits have been tried. As long as you use
all 16 of the binary bits, your error is never
greater than one part in 65,536. This
means that 4-digit decimal fractions can
be expressed in binary with an accuracy
of better than 0.002% (one part in 50,000).

Various errors can result from attempts
to express fractions with binary machines.
For example, if the “round off” leaves the
last bit 1, the answer might be 0.002% too
high. In a long sequence of calculations,

in which similar errors are accumulated
and carried forward, the answer might be
off by as much as 1%. Sometimes anoma-
lies oceut, such as expression of the num-
ber 1.0 (decimal) as 0.1111 1111 1111 1111
(binary); or 0.5 (decimal) might be ex-
pressed as 0.0111 1111 1111 1111 (binary),
when it actually should be 0.1000 0000
0000 0000.

Converting from binary

Converting binary fractions to hexa-
decimal fractions is easy. Once the deci-
mal fraction has been converted into bi-
nary using the subtract-and-shift method
previously described, simply group the
bits into groups of four, beginning imme-
diately to the right of the binary point. Re-
name each group with its hex symbol (0
through F).

Unfortunately, there is no easy way to
convert directly from decimal fractions in-
to hexadecimal fractions. Each conversion
must use the basic binary subtract-and-
shift scheme first.

To create a decimal fraction from a bi-
nary fraction, simply begin at the first bit
to the right of the binary point, and suc-
cessively add the weighting factors for
each bit position that contains a 1. For ex-
ample, the binary fraction 0.1001 = 0.5625
decimal.

Next month we'll take a close look at ex-
pressing floating-point decimal numbers
using binary integers and binary fractions.

I BIT POSITION N
0 1 2 3 4 5 6 7 8 9 A B c D E F
BINARY
POINT. % o 1 1
DECIMAL
VALUE 05 0.25 0.125 00625 | 003125 | 0015625 | 0.000122...ETC.
FRACTIONAL 1 1 1 1 hl 1 1 o 1 L 1 ! 1 1 I I I
VALUE 2 4 8 16 32 64 128 256 512 1,024 2,048 4,096 8,192 16384 | 32,768 | 65536
Figure 1. Weighting vaiues of the first 16 bit positions of binary fractions. The fraction shown is 0.6000 hex = 0.3750 decimal. BEM)
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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

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

B De-esser controls excessive sibilance
And it’s programmable.

B 32 memory registers store complete control setups for instantaneous recall

B 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 sterec operation (Model 787A/5L)

Standard line-level input; opticnal 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 D] 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 recal 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
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I ﬂ*oubleshootingl

Monitoring the
digital bus

By Carl Bentz,
technical and special projects editor,
and Ron Marquez

Tracing through the video signal path of
analog video equipment is pretty straight-
forward. By working through the circuit
in conjunction with a schematic, you can
use an oscilloscope to read the circuit ac-
tivity. What you find at any point will vary
among dc levels, pulses and typical video
waveforms, but at least they are recogniz-
able. A multiple trace scope makes the
project even easier, because it allows
simultaneous monitoring of several loca-
tions in the circuit. The source of trouble
is often found by comparing the signals
present on each end of a key component.

Tracking down problems in a system
with digital control circuits can be a bit
more difficult, but the same approach can
be useful. A multichannel oscilloscope dis-
plays several digital bitstreams at the same
time and shows whether logic gates are
providing the proper coincidence condi-
tions. As control circuits become more
complex, the next step in troubleshooting
equipment is probably the logic analyzer
or signature analyzer. These multiple-
channel devices display bit conditions of
a digital stream moving through databuses
of a system.

Without a doubt, analyzers are valuable
pieces of equipment in the digital repair
shop, but understanding what they are
showing may be quite difficult. One of
their more interesting aspects is that they
may be programmed to wait for specific
bit conditions to appear, at which point
they produce an alarm and print out a stat-
us report of the incident.

Monitoring a digital video signal may
not be as easy. There is repetition in a
video signal, but one of the more com-
monly repeated waveforms of video won't
look like you might expect it to—if it
shows up at all. Most engineers are used
to seeing video waveforms on oscillo-
scopes or on waveform and vector moni-
tors. When it is necessary to view a num-
ber of separate traces across the screen
(the activity of an 8- or 10-bit digital bus,
for example), the resemblance to classic
video is nowhere to he found. At any in-
stant, the condition of each trace is only
a part of one pixel on the screen.

Marquez is product manager, TV signal processing group,

Digital video probe

A solution to this dilemma is the digital
video probe, which is connected directly
to a databus. The probe system contains
a buffer to avoid loading of the circuit.
From the bus, the signals are directed to
a high-speed digital-to-analog converter
capable of operating at high clock rates.

In many cases, a direct output of the D/A
converter displayed on a waveform, vec-
tor or picture monitor would be sufficient,
but there will be some evidence of the dig-
ital sampling artifacts in that image. A
switch-selected reconstruction filter can be
inserted to attenuate high frequencies
above 5.5MHz.

Figure 1. SMPTE color bars, as viewed from
a digital bus with a logic analyzer.

Figare 2, SMPTE color bars on a picture
monitor, developed from a digital bus with a

In many digital video products, sync (as
you normally think of it) may not appear,
except at input and output ports. Inside
the system, there is no need for it. How-
ever, for monitoring equipment that typi-
cally is driven with external sync signals,
the display will be better if you can tap
into system sync and recreate an appro-
priate drive that is timed to the video. It
might be advantageous to be able to
change sync timing, in effect creating a
cross-pulse form of display. A control to
allow movement of the cross-pulse posi-
tion on the CRT is provided on the video
test probe.

There is a good deal of emphasis on
standardization in digital designs, but that
goal has not been achieved yet. Because
sampling rates vary from 10.7MHz or
14.3MHz to much higher frequencies, the
system needs to have an adaptable clock
system, one that can track a wide range.
Clocking frequency and phase adjust-
ments are essential for a D/A conversion
that encompasses the correct set of bits,
Adjustment of the clock frequency allows
the device to accommodate 525/60 or
625/50 systems.

For those of us who have grown up with
analog circuits, and who are fighting to
understand digital concepts at the same
time we are suddenly expected to main-
tain them, devices such as a digital video
probe will be welcome additions to the
maintenance arsenal. The probe also sim-
plifies the preparation of training mater-
ial for others trying to learn how to main-
tain digital equipment.

BE)!

Tektronix.

digital probe (TEK DP-100).
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ONLY JVC HAS THE
“ASSETS” TO SIZE UP
DIFFERENT FORMATS AND
TRANSLATE THEM
INTO THE FORMAT
OF YOUR CHOICE
.«.INSTANTLY.

Introducing the ‘' All Source Synchronization Electronic Translating System’’.

You can always count on JVC for equipment and technology that supports
and integrates whatever format you’re working with today . . . as

well as tomorrow. Whether you're using 31"
' now, or thinking of integrating
S-VHS or MII, JVC products
will be there to support you.

The perfect example of JVC’s technology and customer
support is the All Source Synchronization Electronic Translating System ... “ASSETS”.
This single unit accepts input signals from virtually any format, translates them, and then
delivers simultaneous outputs into the format you desire.

JVC’s “ASSETS”. Another example of how we keep our customers a step ahead.

For literature or a demonstration, call toll-free: 1-800-JVC-5825.
JVC PROFESSIONAL PRODUCTS COMPANY, 41 Slater Drive, Elmwood Park,
New Jersey 07407.

See Us At NAB

Booth #2656
ALWAYS A STEP AHEAD...
TO KEEP YOU A STEP AHEAD.
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When your style
cramps leadership

By Brad Dick, radio technical editor

Success—Frank could almost taste it. Sit-
ting in his new office, he looked around
at the trappings of a chief engineer. Frank
had often looked toward the day when he
would command a private office, have ac-
cess to secretarial help, control a budget
and travel to many conventions and sem-
inars. Now, as the TV station's new chief
engineer, he had these resources at his
fingertips.

Frank’s excellent abilities as a technical
leader were well-known, He had devel-
oped a warm, informal style of leadership
as he progressed from master control op-
erator to shift supervisor, then to studio
supervisor. In these positions, his manage-
ment style allowed his crews considerable
freedom to get their jobs done.

Those under Frank’s supervision seemed
to like his “hands-off” attitude. His super-
visor, while sometimes skeptical of his

methods, recognized results. Those results’

had brought Frank to his new position as
chief engineer for one of the corporation’s
TV stations.

Complaints

In his new position as chief engineer,
Frank established good relationships with
his boss and his peers. After several
months, however, two of the shift super-
visors and the ENG crew began complain-
ing about him. The supervisors thought
that Frank was not providing the needed
support for their work. Even the union,
with which Frank previously had good re-
lations, was beginning to complain.

One supervisor said that Frank failed to

I Management

for engineers

understand the overall objectives and sta-
tion policies. Another said he failed to pro-
vide direction and didn't care what was
happening. The ENG crew members said
they never knew what to do, and the union
complained that Frank expected too much
from his staff. Upon investigation, the per-
sonnel department found that the basic
complaint came down to one point: Frank
was not providing the leadership his peo-
ple believed they needed.

What happened? Frank had been suc-
cessful in his previous position, so why
wasn't he succeeding in his new job? After
all, he was practicing the same manage-
ment techniques that had served him well
for many years.

Leadership styles

Success as a manager often depends
more upon style of leadership than any
other single characteristic or skill. In fact,
if you fail to develop an effective style of
leadership, you may never be promoted to
a management position. Many different
models have been used to describe leader-
ship and its characteristics. Let’s examine
one.

A model developed by Tannenbaum and
Schmidt separates leadership style into
four categories: tell, sell, consult and join.
They are based on the contrast between
the amount of authority retained solely by
the leader and the amount of decision-
making authority shared with the group.

The least democratic style is the tell ap-
proach. In this case, the supervisor does
not ask for input from others, but simply

ABsoLUTE DIGTATORSHIP
TELL
SELL
CONSULT
JOIN

COMPLETE DEMOCRACY

Manager makes decisions and announces them.
Manager makes decislons and explains them.
Manager gets suggestions, then makes decisions and explains why.

Manager defines objectives and lets group make decisions.

Figure 1. Management styles can range from dictatorship to democracy. An effective manager

uses a range of styles.
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makes decisions and directs their imple-
mentation. An example of someone who
uses this style might be the crew chief at
a remote broadcast. The truck has arrived,
and the crew needs to be told where to
park and set up for the broadcast.

The second style, sell, is closely related
to tell in that it allows the supervisor to
make the decisions. However, the reasons
behind decisions and actions to be taken
are explained to the workers. The super-
visor, in essence, justifies decisions
through explanation.

Through the consult style, moving to-
ward complete democracy, the manager
solicits suggestions from the workers. In
this approach, the manager shares some
of the authority—the right to decide. The
manager uses less force, but still retains
the right to use authority when necessary.

The fourth leadership category in the
model is the join style. Here, the manager
defines the objectives, such as construct-
ing a new studio, then joins the staff in
reaching decisions (such as equipment se-
lection). The manager delegates all au-
thority. Decisions are made as and by a
whole group. Any countermanding or
other use of force by the manager means
a departure from the join process and a
move along the continuum toward
dictatorship.

Adapting your approach

Armed with this information, can you
identify a cause for Frank’s failure as a
chief engineer? His problem simply was
that he tried to manage just as he had
done before. Frank expected people who
didn’t know him to act like those he pre-
viously supervised. He assumed that his
new subordinates would pledge him their
trust and operate with minimal direction
just as his previous staff had done.

Frank’s failure, then, was based on his
inability to adapt his leadership style to
the new environment and situations. Next
month, we will begin to examine the
choices available to a leader and discuss
ways to help you develop your own leader-
ship style.

1: 19
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NEW FROM
ARRAKIS
SYSTEMS

5000 SERIES

The First No-Compromise
Modular Radio Console...

..At A Down-To-Earth Price: 16 Channels, Under $10,000.

THE FEATURES YOU WANT — THE DEPENDABILITY YOU NEED—

« 16 Modular Stereo Channels. * DC Controlled - No Audio On Pots.

* Program, Audition and * Rugged Modular Construction
Mono Mixdown Balanced Outputs. * Penny & Giles Slide Faders.

+ Telephone Mix-Minus Buss. « |TT Schadow Switches.

« Full Monitoring Facilities. NES532 IC Module Design.

* Remote Equipment Start/Stop. « External Requlated Power Supply.
Remote Module Control *» Superb Audio Performance Specs.

« Standard Digital Clock and Timer. * Most Important, Arrakis Systems
Optional EQ and Effects Modules. Designed-in Ultra Reliability!

Fer features performance prlce and reliability,

,',f\__,:",r_ .'; '.r.- ." 54 _.'.. » ; fi -_-—.,, 4 i ‘_.l .r-":- .-_ .( ,.“ﬂ__*‘l." i?lgj ;rfdic

Caﬂ (303) 224—2248
) arrakis

ARRAKIS SYSTEMS INC. 2609 RIVERBEND COURT  FORT COLLINS, CO 80525 1 SYSTEMS, INC.
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McKinney receives
Fellowship award

By Bob Van Buhler

Former mass media bureau chief James
McKinney was presented with an SBE Fel-
lowship Award at an awards luncheon
hosted by the executive committee on
Jan. 13 at the Marriott Hotel in Washing-
ton, DC. The Fellowship had been an-
nounced at the national convention in St.
Louis. McKinney is now deputy assistant
to the President of the United States and
director of the White House Military Of-
fice, which controls military support of the
president. Attendees at the luncheon in-
cluded members of the FCC staff, repre-
sentatives of the NAB's Office of Science
and Technology, members of the trade
press and SBE officials.

Convention plans confirmed

The society now has firm convention ar-
rangements for the next three years. Ed-
die Barker Enterprises of Fort Worth, TX,
has been hired to provide professional
convention management services through
1990. Barker manages many successful
trade conventions and expositions, includ-
ing the annual Radio and Television News
Directors Association (RTNDA} conven-
tion. Barker was one of three applicants
to present proposals to the board of direc-
tors at the annual meeting in November.

Agreements have been made with this
magazine to promote and conduct the
Broadcast Engineering Conference in
conjunction with the national convention
for the next three years. The contract also
secured the continuing services of confer-
ence chairman John Battison.

The 1988 SBE National Convention and
Broadcast Engineering Conference will
be Sept. 22 to 25 in Denver. Future con-
vention dates and locations are Oct. 5 to
8, 1989, in Kansas City, MO. and Oct. 11
to 14, 1990, in St. Louis.

Membership dues increase

An increase in membership dues will be-
come effective with the next renewal. The
board of directors approved the increase
upon recommendation by the executive
committee at the Jan. 14 meeting. The an-
nual dues for all membership categories
{except student membership) will increase

Van Buhler is chlef engineer for WBAL-AM and WIYY-FM,
Baltimore.

I SBE Update

A f
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by $10. Dues have been $20 per year since
the birth of the society in 1963. According
to president Jack McKain, the additional
revenue is necessary to improve the
organization’s solvency.

Of nine board members voting on the
issue, seven voted “yes,” one voted “no”
and one abstained. In the last general elec-
tion, members approved bylaw changes
permitting the board to change the annual
dues. Certification application fees are not
affected by the increase.

Current voting procedures

Major SBE concerns are decided on the
advice and consent of the board of direc-
tors. The executive committee, composed
primarily of non-voting members, is not
empowered to undertake major policy
shifts or projects without board approval.

The dues increase decision is a good ex-
ample of this process. The executive com-
mittee, in itself, does not have the power
to make such a change. A quorum vote of
board members is necessary, and the com-
position of the executive committee rules
this out. The executive committee makes
recommendations to the board, and the
board votes whether to approve the
recommendation.

Questions may be decided via a tele-
phone poll (vote) or conference call. Issues
of a controversial nature are the subject
of full debate at formal semi-annual board
meetings. The selection of a convention
management firm is an example of an is-
sue that required a consensus of the en-
tire board.

In accordance with the revised bylaws,

EXECUTIVE COMMITTEE
Jack McKain . ......... ... President
Robert Van Buhler . . .. Vice President
Richard Fargquhar . . ....... Secretary
Bill Harris . .............. Treasurer
James Wulliman . . . . Elected Director
Andy Butler . . .. .. Executive Director
Richard Rudman . . . . Immediate Past

President

Roger Johnson . ...... Outgoing Past
President/Adviser

Helen Pfeiffer . . . . Executive Secretary

officers and ex officio board members are
ineligible to vote. Only the 12 elected
board members may vote on such matters.
In the event of a tie, the president will
vote.

Frequency coordination handbook

A draft of the “Policy and Procedure”
and “Database” portions of the NFCC coor-
dinator’s handbook, which is largely SBE's
contribution, was presented to the NFCC
for editorial evaluation in January. Mem-
bers of the NFCC met Jan. 12 at the NAB
headquarters in Washington, DC, to re-
view the document. Substantial and con-
structive editorial input was received from
NAB's Ed Williams, SBE past president
Richard Rudman, NFCC chairman Jerry
Plemmons and other representatives.

Certification exams at NAB

Certification examinations will be Satur-
day, April 9, during the NAB convention
in Las Vegas, NV. Candidates must have
submitted their applications for examina-
tion to the national office by Feb. 15. The
exams will be held in the Las Vegas Con-
vention Center, Room 17 North, from 9
a.m. to noon. Certification examinations
also will be given at the national conven-
tion in Denver. Contact any chapter’s cer-
tification chairman or the national office
for deadlines and further details. Study
guides are available.

BE))
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A color radar system
should include certain
features as standard.
Because while the base
price may look OK, it can
bea shock when you put
together the options that
make it perform the way
you want.

That’s why you should
look at the Alden C2000R.
We've just redesigned it to
include more features than
ever—and kept the price the
most competitive around.

Our radar network has
expanded. You can access
any NWS radar in the
country, over 120 of them
nationwide. And each
has its own customized
4-color background—you
don’t pay extra for it.

We’ve also added four
built-in range displays,
from 25 to 200 miles, so
you can focus on your
local weather, or display
the entire region—at the
push of a button.

~Qur image memory has
been expanded so you can
store up to 16 images with
the standard system, or
add another 48 frames if
you want. You can loop
combinations in time-lapse
sequences to emphasize the
drama of storm movement.

And now you can collect
your time-lapse sequences

more easilythanever. Qur | ~ i
HeW auto-dlaler ca }:,)e AN — Our CZOOOR/SSystem adds weather graphu:s
grammed to automatically

such as these from major private databases.

For a live
demonstration,
- Please visit
Booth 4566-4567
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Alden Color Radar:
All The Extras At
o Extra Cost.

call the radar at preselected
intervals—freeing you up
for other important tasks.

We still include the wide
variety of standard features
that make Alden the most
flexible system you can buy.
Zoom, pan and scroll,
range rings and sweep line.
And NTSC and RGB com-
patibility that make it
usable for broadcast.

In addition to the
C2000R radar system,
Alden offers the C2000S
weather graphics system,
which lets you access a
variety of private data-
bases. Qur “building-
block” design lets you add
either system to an exist-
ing C2000 model at any
time in the future, with
minimal additional cost.

For more information
on Alden’s weather radar
and weather graphics
systems, call or write
Alden Electronics,
135A Washington Street,
Westborough, MA 01581.
(617) 366-8851.

‘ 0-C2000R Color Radar System

o C2000R/S Radar and Color
Weather Graphics System

o C2000M Single Picture
(radio version) -

Company
Address

|
|
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|
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|
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24-hour cash
machine.

Face it. If your station doesn’t have a rock-solid, economical
way to deliver station breaks, you could go broke.

Enter the Sony Betacart® system. With a single stroke, it
has redetined the video cart system from temperamental
mechanical monster to perpetual profit machine.

Today, the Betacart system is the most accepted state-of-
the-art system for commercial presentation. With proven,
easy-to-use software packages for spot delivery and news.
Ultra-reliable, side-loading mechanics. And multiple backup
and self-diagnostic systems.

And now, by incorporating Betacam SP° technology, the
Betacart system delivers even higher quality video and
versatile 4-channel audio.

[t’s one of those rare purchases you can make for your
station that pays for itself many times over. And will continue
to do so. Because Sony is constantly developing new
applications to make Betacart products even more versatile.

For more information on the top cart system for im-
proving your bottom line, contact your Sony Broadcast
representative. Or call Sony at 800-635-SONY.

SONY.

Broadcast Products

Sony Communicotions Products Company, Broodcost Products Division, 1600 Queen Anne Rd., Teanec k, NJ 07666.
©® 1988 Sany Corporation of America. Sany, Betacart, ond Betocom SP ore registered trademarks of Sony Corporotion. .
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By Ed Williams

It’s back to Vegas and bigger than ever.

This year'’s NAB convention theme,
“Broadcasting and Democracy: The Win-
ning Ticket,” echoes the contribution of
broadcast engineers to the election proc-
ess. Combined with the exhibition is the
42nd annual broadcast engineering con-
ference. The 1988 exhibitors will occupy
more space than ever before, and the en-
gineering conference will feature 27 tech-
nical sessions with 150 papers, four panel
discussions and four workshops.

Friday opening

Once again, the engineering conference
program will begin one day before the ex-
hibits open. This arrangement permits
broadcast engineers to attend technical
sessions without the temptation to sneak
away and view the exhibits.

The sessions will begin at 9:30 on Fri-
day morning and will cover AM improve-
ment, TV automation systems and graph-
ics and animation. An informal lunch will
be held in the area between the meeting
rooms. When the sessions resume in the
afternoon, additional AM improvement
topics will be discussed, and other sessions
will cover TV audio and stereo and TV
studio production.

Williams is director of broadcast systems engineering, NAB,
Washington, DC.

The AM improvement sessions will cov-
er field experiences with the new NRSC
standard, new antenna designs, electrical
interference, control and monitoring of ad-
jacent channel splatter and the subjective
aspects of service-area protection.

The TV automation systems session will
examine TV automation, including equip-
ment interfacing, camera control systems,
tape, switching and distribution. The im-
pact of this technology on the newsroom
also will be discussed.

The graphics and animation session will
provide interesting and informative papers
that will keep you up to date with the elec-
tion and 3-D graphics, weather displays
and animation techniques.

TV sound and stereo will be the subject
of a Friday afternoon session. Presenta-
tions on surround sound, testing multi-
channel sound systems, new transmitter
stereo exciters and a report from the
SMPTE multichannel recording commit-
tee are scheduled.

A studio production session will feature
presentations on preparations for the
Olympics, camera lenses, news set design,
communication systems, editing and the
production of TV specials.

Saturday sessions
The real work will begin on Saturday.

wwWw americanradiohistorv com

ROADGASTING
&DEMOCRACY

You don't need to make the choice be-
tween visiting the exhibits or attending
the technical sessions, because with care-
ful scheduling you can do both. Check the
schedule for sessions you don’'t want to
miss, set your digital watch alarm, and
head for the exhibit floor.

The radio and TV new technology ses-
sions will be presented on Saturday morn-
ing, along with the opening of the giant
equipment exhibit. The TV session will
feature papers on video transmission sys-
tem noise-reduction techniques, a new sol-
id-state video recorder, smart video mon-
itors, new-generation test equipment and
digital video modulation transmitters.

The radio session will look at ways to
reduce FM multipath effect using FM
boosters, FMX multistation FM anten-
nas, measuring AM noise in FM transmit-
ters and new audio switching and routing
techniques.

The TV post-production session, also on
Saturday morning, will feature presenta-
tions on editing movies for television,
music and effects. A variety of viewpoints
and techniques will be presented. Exam-
ples of recent developments will be shown
on large-screen video projectors.

Saturday luncheon
Plan to attend the engineering luncheon

March 1988 Broadcast Engineering
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AUV weknow what - FINALLY! THE UNIVERSAL FORMAT Pl by conbining th
itslikctobeinvour —THAT TAKES YOU FROM ACTION, (Chrome Time

shoes. Every day you Compressed Multiplex)

have to tap dance T0 ED'“"G, TO OVER-THE-AIR recording system with
between a barrage of equip-  WITHOUT MISSING A STEP. high-density metal particle

ment and format changes. tape, JVC’s MII format can
deliver up to 90 minutes of broadcast quality
recording/playback time in VHS-si1zed 2"
cassettes. All without worrying about format
switches or losing quality during editing —
even several generations down the line.

Fortunately, MII can make your job a
whole lot easier. It’s the first truly universal
format that answers the needs of people in
the field, in the studio and in production —
while delivering broadcast quality results.
And MII delivers these results in half the Most importantly, only JVC gives you
space and with less than half the weight of a choice. This means you can
1" C systems. : select a less sophisticated
@3 B  MIlsystem, say for ENG/

‘.. EFP, and a more advanced
,,,,,, | MII system for studio
work. Also, since each unit

As you might expect, our
new MII component video
recording systems more than

?(Z,I;ulgtggr?%gggglue is completely compatible
In fact. to pack an ' with each other, you can
more \;alug or Y virtually build your own
features into our system, feature for feature.
economical MII units Aﬂd upgrade at any time.
would probably take a shoehorn. . JVC’s MIL The

For example, you'll find features to choose _ ;“” dni : ai(ir%?.gﬁ’t%%ﬁ%z

from like four audio tracks, a time base

corrector, an integral longitudinal and 09 adpc D;_%ﬁ“ been waiting for
vertical time code, time/date generator ,—D-.’-;- 19 = o g For literature or
with presettable user bits, automatic S TRenwg - demonstration, call

backspace editing and Dolby-C toll free: 1-800-JVC-5825.
noise reduction...to name JVC Professional Products Company,
just a few. 41 Slater Drive, Elmwood Park, NJ 07407.
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ALWAYS A STEP AHEAD...
TO KEEP YOU A STEP AHEAD.

See Us At NAB Booth #2656
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on Saturday. In addition to a good meal
and a chance to relax, you also will hear
Richard C. Kirby, director of the Interna-
tional Radio Consultative Committee
(CCIR), speak on the importance of inter-
national standards for broadcasting.

Also at the luncheon, Jules Cohen of
Jules Cohen & Associates, broadcast engi-
neering consultants, will be presented with
the NAB EngineeringAchievement Award,
the most prestigious award in the broad-
cast industry. Cohen is known throughout
the country for his dedication, engineer-
ing knowledge, unquestioned integrity
and diplomatic prowess. He retired this
year after 50 years in broadcast engineer-
ing. Join the ceremonies and extend your
congratulations to him.

Because there are no technical sessions
scheduled for Saturday afternoon, engi-
neers may tour the exhibits with their
managers and take in the convention’s
opening ceremonies and entertainment.

Sunday
Broadcast engineering and high-defini-
tion television (HDTV) will be the topics
of technical sessions scheduled for Sunday
morning. The radio engineering session
will feature papers on grounding guy wires
on AM towers to improve performance,

broadbanding equipment, DA array ad-
justments, circularly polarized FM receive
antennas, AM pattern stability and adding
an AM signal to FM towers.

The TV engineering session will cover
several topics including reducing down-
time with solid-state transmitters, new-
generation VTRs, election information via
teletext, mixing component and compos-
ite video, a new-generation camcorder and
other TV developments.

A separate HDTV production session
will continue all day Sunday, and feature
reports and products from a variety of
HDTV production facilities around the
world. Examples of HDTV productions will
include the “Movie of the Week” Other
papers to be presented will include imple--
menting HDTV in today’s studio, HDTV
production for the Olympics and HDTV
camera tubes. An HDTV giant-screen vid-
eo projector will provide the audience
with theatrical-quality presentations dur-
ing this session and throughout the
conference.

Sunday afternoon will bring sessions on
studio construction and acoustics and
broadcast auxiliary operations. The studio
construction session will look at project
management, acoustical troubleshooting,
CAD drawing standards and studio facili-

ty design. Multiple, wireless mic planning,
40GHz systems, new-generation RPU sys-
tems and frequency-coordination issues
will be part of the broadcast auxiliary
session.

At 4 pm. Sunday, a special workshop
and participation panel will demonstrate
how broadcast engineers can use personal
computers for broadcast engineering ap-
plications. Software and hardware demon-
strations will be covered.

Once again, four Sunday evening engi-
neering workshops on contract engineers,
RF radiation, AM and antenna tuning and
acoustics will be held. Each workshop will
feature expert panelists and will encour-
age audience participation.

Monday

The Monday morning sessions will focus
on the digital radio studio, advanced TV
transmission systems, AM-FM allocations
and environmental concerns. The digital
radio studio session will examine tapeless
audio production, digital production facil-
ities, R/P digital disk equipment and
digital editing.

The advanced TV transmission systems
session will include reports from the ATSC
and presentations from six HDTV system
design proponents. The AM-FM alloca-

Digital Hybrid

talking on the phone.

And, like all Gentner telephone products,
the Digital Hybrid is easy toinstall and use and
is backed by our proven customer support.

Call your distributor or Gentner Engi-
neering today to improve your phones’ aural
hygiene with the Digital Hybrid.

Now your telephone audio can have the
consistent quality you demand for on-air
use, interviews and IFB.

Gentner's new Digital Hybrid cleans up
telephone audio with automatic nulling,
digital signal processing and advanced
digital filters. Call after call, your audio stays e« Automatic nulling
clean and clear — levels remain comparable. « Consistent caller audio levels

Digital signal processing ensures maximum ¢ Send level is consistent to callers
return loss possible in a telephone hybrid. » Works with 1A2 and most digital phones

That means talent sounds crisp GENTNER @ Copyright 1987 Gentner Engineering Co., Inc.

and clear, not "hollow” when
SOUND THINKING
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a automation , .
TSM'S ,%aggg nds to meet Studio camera automation
?I/I % ! requirements. has arrived...the HS-110P.
utomated live Metfective utilization and dlseribution o production

talent...and at a surprisingly affordable price.

m Our highly repeatable servos and stiff mechanical
design provide the same feel and responsiveness
of a manned camera...absolutely essential

for camera automation.

B Four HS-110Ps, using our software driven Multi:
Controller, provide a guality production with
one operator. As an alternative, the HS-110P
Heads can be controlled directly bva News Room
computer via MultiController's seriai mput

W 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 proa‘uctfa
-and a lower operating budget.

m Automate for your future.. naw;'f =.+
call us: for a demo. s

completely a
%eec‘e”as broa‘:jdcast N AB Booth 2069.
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tions session will have a report from the
FCC on recent changes in AM and FM al-
locations, using directional FM antennas
and AM band propagation.

The environmental concerns session
will contain important information about
working close to high-power RF devices,
a new RF ammeter, taming lightning near
towers, community-wide PCB cleanup
and a review of tower lighting regulations.

Monday afternoon is reserved for ses-
sions on radio production and audio proc-
essing, UHF-TV transmission systems and
radio-TV satellite systems. The radio pro-
duction session will include presentations
on designing highly functional remote
units, putting the “Morning Zoo” on the
“tube,” new cart machine systems and
novel methods for processing remote
audio feeds.

The UHFTYV transmission systems ses-
sion will feature papers on updating older
UHF transmitters, high-power, solid-state
facilities, and using CP and directional
UHF antennas. Because satellites are crit-
ical for broadcast news departments, the
satellite session will feature papers on
field-testing Ku-band antennas, station-
designed SNVs, low-cost satellite program-
ming for radio and highly portable uplink
antennas.

Calling all hams

Don't forget the annual ham radio op-
erators reception Monday evening in the
Hilton Hotel. There will be refreshments,
good times and, of course, door prizes.
Bring your QSL or business card for post-
ing, meet old friends, make new friends,
compare walkie-talkies and, maybe, win
a prize. Plan on enjoying this relaxing
break in the convention. The Las Vegas
radio clubs will have repeater frequencies
available for general use.

Tuesday

The technical sessions will continue
with fiber optics and digital transmission
systems, alternate power and grounding
systems and a major report from the FCC
Advanced Television Systems Committee,
The fiber-optics session will feature fun-
damentals, applications, telephone com-
pany-to-home delivery systems and high-
speed digital TV transmissicn. Papers on
solar-powered stations, power condition-
ing and important broadcast applications
of uninterruptible power systems will be
included in the alternate power session.

Following the morning sessions at 11
a.m., the NAB will host the annual FCC
engineers forum, chaired by Otis Freeman
of WPIXTV, New York. The forum will fea-

ture Alex Felker, the new mass media bur-
eau chief; Bill Hassinger, engineer; Tom
Stanley, chief engineer of the office of
engineering and technology; Dick Smith,
chief of the field operations bureau; and
a field engineer. These engineers will be
able to answer your questions about de-
regulation, rule compliance, inspections
and remote control and other technical is-
sues. There will be no better opportunity
to get an insider’s viewpoint on the tech-
nical condition of the broadcast spectrum.

You can do it all

The broadcast industry has become
more innovative, competitive and techni-
cally sophisticated than ever before. This
year's conference represents an excellent
opportunity for all broadcast engineers to
become more informed, more imaginative
and more efficient in the performance of
station operations.

Select the technical sessions and papers
as carefully as you plan your tour of the
floor. Plan your visit to the convention
with the same precision you'd use to install
a new transmitter, and make the most of
the time and facilities available. Just as
building a broadcast facility requires care-
ful planning, so too does attending the
1988 NAB convention. (BE)H

When Time is Unreal,
You Need Real-Time.

Quanta presents a very practical solution to
crunch time: the new anti-aliased, free-form Delta 1™
character generator with real-time operation. Real-
time as in instant sizing by character, instant
rendering, and instant digital compositing.

We Liberate the Imagination.

SUANTA

DYNATEGH Broadcast Group

And with features like flash digitizing and dual
frame buffers, Delta 1 is the perfect solution to your
production pressures.

The new Delta 1 character generator from Quanta.
Real-time for the next time you’re in a squeeze.

Quanta Corporation = 2440 South Progress Drive » Salt Lake City, Utah 84119 = (801) 974-0992
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The SL 5000 M Series

The World’s Most Advanced Stereo
Broadcast Consoles

he SL 5000 M Series is designed to

meet the demands of today’s
broadcasters — offering a new level of
operational and creative flexibility in a
practical format.

Built from a wide range of audio and
control cassettes housed in a variety of
mainframe sizes, the SL 5000 M Series
offers all the advantages of customised
functions and layouts, even for the
smallest consoles. Larger organisations
will also benefit from common operating
procedures, parts stock and maintenance
routines.

The SL 5000 M Series is designed for a
wide diversity of applications - live
radio, continuity, outside broadcasts,
film and video post. It will satisfy your
requirements for many years to come.

SL 5000 M Series
mainframes are
available in 4 depths
and from 8 to

72 channels wide,
allowing consoles of
almost any size and
capacity.

Whether you are looking for an eight
input on-air console, or a 72 input
multitrack desk, call us now and join the
growing number of broadcasters
equipped for the 1990s.

Solid State Logic

Oxford » Paris » Milan « New York e Los Angeles

Begbroke, Oxford, England OX5 IRU e (08675) 4333
1 rue Michael Faraday, 78180 Montigny le Bretonneaux, France o (1) 34 60 46 66
Via Cesare Cantu’ 1, 20092 Cinisello Balsamo, Milan e {2) 612 62 81
320 West 46th Street, New York, NY 10036 o {212) 315-1111
6255 Sunset Boulevard e Los Angeles, California 90028  (213) 463-4444
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setting the pace
for broadcasting

Economics is the driving force behind advancements in
broadcast technology.

Radio and TV stations live by tech-
nology. Advancements in component
design and implementation have given
broadcasters a whole new range of prod-
ucts from which to choose.

All of this is well and good, but the
development of technology for technol-
ogy’s sake isn’t going to sell any products.
Technology that makes sense is based on
real needs. And real needs are best de-
fined by economics.

Think about the major advancements in
broadcast equipment during the past 10
years. Here's a brief list of what comes to
mind:
¢ Graphic paint systems
* Computer-based equipment of all kinds
¢ Stereo television
¢ Digital audio-video recorders and editors
¢ Fixed and mobile satellite transmit-
ters/receivers
e Fiber optics
¢ Smatl-format video cameras
¢ Smart remote-control systems

The list could go on and on. There is,
however, a common thread woven
through all successful product lines: The
inherent technology fills a need. That
need may be for more efficient station
operation, faster production of program
material or an improved on-air look or
sound to keep up with the competition.

The application of technology all boils
down to the marketplace. It is our greatest
challenge and our greatest ally. It drives
stations and, thereby manufacturers, to
ever-greater levels of efficiency and per-
formance. We examine some of the key
areas of the technology-driven
marketplace this month.

¢ “Breaking New Ground: The MSDC
Klystron” ....... «v+v ... . page 36

Nowhere is the drive for efficiency more
important than in UHFTV broadcasting.
¢ “Comparing Klystron Designs’54

The decision on which klystron tech-
nology to buy can have a long-term im-

Wwww americanradiohistorv com

pact on your station’s bottom line.

¢ “In the Chips” .............. 70
Integrated circuits have revolutionized

the audio industry. New developments

hold the promise of even greater

performance,

¢ “Researching the Future” .. ... 84
Research holds the future for broadcast-

ing. But who is doing the research?

The past decade has brought develop-
ments and products that few broadcasters
would have dreamed of in 1978. With the
rapid pace of technology today, we can on-
ly speculate on what the next decade will
bring.

Jty Jypdile

Jerry Whitaker,
editorial director
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new ground: the

MSDC klystron

The multistage depressed collector klystron
holds the promise of cutting power bills
in half for UHF-TV broadcasters.

By Jerry Whitaker, editorial director

Much work has been devoted to
improving the efficiency of klystrons
for UHF-TV broadcasting. The driving
force behind this work has been
economics. UHF broadcasters use high
transmitting power to provide adequate
coverage to their service areas—and
that high power costs money.

Developmental work on the
multistage depressed collector (MSDC)
klystron began several years ago. A
joint project of NASA, NAB, PBS,
several transmitter manufacturers,
Varian Associates and others, the
effort has produced a working tube
that is capable of efficiency in UHFTV
service that was impossible with
previous technology.

The MSDC device has potential for
both broadcast and non-broadcast
applications. NASA originally became
involved in the project as a way to
improve the efficiency of satellite
transmitters. With limited power
available on board a space vehicle,
efficient operation is critically
important. Such transmitters
traditionally operate in a linear, non-
efficient mode.

Inside the MSDC tube

The MSDC device is essentially
identical to a standard integral cavity
60kW klystron, except for the collector
assembly. Researchers took an off-the-
shelf klystron design (the Varian
VKP-7555) and added the new
collector to produce the test device.
This approach was important for
several reasons. First, it provided a test
fixture with essentially one variable,
Any research project can become
needlessly lengthy and complicated if
several variables are changed at once.
If problems develop with the device, it
may be unclear where the fault lies.
However, by using a proven gun and
drift tube design, attention could be
focused on changes in the collector
assembly.

Use of existing technology in the test
device also provided a measure of
assurance that the new MSDC klystron
would operate in current transmitter
designs. A wealth of technical data
exists on klystron operation and
performance in the field. Adapting new
technology onto an existing device
allows more accurate predictions of the
ultimate in-service performance of the
unit.

Although the MSDC device was built
around an integral cavity klystron,
researchers are confident that similar

Edltor’s note: This article is based on information supplied
by E. W. McCuna, senior scientist, Microwave Tube Divi-
sion, Varian Associates, Palo Alto, CA.

www americanradiohistorv com



www.americanradiohistory.com

RF
OUTPUT
POWER
SYNC e 55
BLANKING 31.4
AVG PICTURE 1.1

TOTAL:

dc INPUT POWER REDUCTION
AVG EFFICIENCY
EFFICIENCY IMPROVEMENT

“EIGURE OF MERIT"

AVG
RF
TIME POWER
0.075 4.1
0.105 3.3
0.82- 9.1
: 16.5kW
49.1 = 0.413
118.8
16.5 = 0.336
49.1
0.336. = 2. 42
0.139
55 = 112
49.1

FOR COLLECTOR .

DESIGN 4G -~
PEAK - AVG
-~ de de
. POWER POWER
84 = 6.3
64 = 6.7
44 36.1

49.1kW

Table 1. Figure of merit calculation for the MSDC klystron in TV operation. The efficiency improvement compared with a conventional klystron
is 2.42. The overall figure of merit for the device is 1.12.

results can be obtained with an external-
cavity tube. One area of concern, however,
is the mechanical rigidity of the system.
An integral-type tube has a larger-diame-
ter beamstick than an external device.
Consequently, the integral cavity design
can support more weight on its collector
than an external tube. This is a concern
because the collector assembly in the

MSDC design is larger and heavier than
a common collector. To implement an
MSDC collector with an external cavity
klystron may require additional mechan-
ical supports for the tube assembly.
Cooling for the MSDC is, not surprising-
ly, more complicated than for a conven-
tional device. The trade-off, though, is
that, because of the higher efficiency of

the device, there is less heat to remove.
Water cooling is provided on each elec-
trode of the MSDC tube.

The project has not been without its try-
ing moments. Maintaining the structural
integrity of the device, mechanically more
complicated than a standard klystron, at
first gave designers problems. However,
those problems were overcome.

Betacam® With Triax Control

Live broadcasting with ENG cameras began with Telemetrics control systems.

Controls * Video ¢ Audio * Genlock * Power
Telemetrics—for over 20 years the innovators of
camera control multiplexing systems.

Circle (19) on Reply Card

11988 Telemetrics Inc. Betacam is a registered trademark of Sony Corparation

Telemelrics

7 Valley St. Hawthorne, M.
For Information Call (201) 4

*Ask for info on Pan/Til j
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Varian EIMAC...

SERVING THE BROADCAST WORLD!

For over 50 vyears Varian
EIMAC’s tradition of quality and
dependability has been firmly
established, and continues to
be the industry leader today.
Stringent manufacturing stand-
ards and controis reduce trans-
mitter downtime and eliminate
excessive operating overhead.
We back these standard tubes
with EIMAC’s extensive long-
term warranties.

Varian EIMAC tubes from watts
to megawatts, cavities from
megahertz to gigahertz, and ac-
cessories support this complete

= 301 Industrial Way, San Carlos, CA 94070, Telephone: (415) 592-1221
s 1678 S. Pioneer Road, Salt Lake City, UT 84104, Telephone: (801) 972-5000

product line in radio and televi-

sion.

All Varian EIMAC tubes are war-
ranted 100% to be free of manu-

facturing defects. Specific
warranties for individua!l tube
types are available from Varian
EIMAC sales organizations
worldwide.

Next to preducing the highest
standard products, EIMAC pro-
vides rapid customer service
and support. Our people are
trained in their field ready to
offer the expertise needed in
technical problem solving.

www americanradiohistorv com

From design to final product,
EIMAC perscnnel are available
to do the job. EIMAC is small
enough to handle special
orders, and large enough to
handle large industrial require-
ments.

We guarantee Varian EIMAC
products will be here today for
tomorrow’s applications. Varian
EIMAC’s 50 plus years of out-
standing performance stands
as the benchmark for the indus-
try.

-'\
F it A
Jird' g oty
P o' I ¥ ]
e )

varian@eimac

See us at the N.A.B. Booth #3725
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Mathematical models

Researchers had planned to build 10 ex-
perimental models of the MSDC. Only two
have been constructed so far, however, be-
cause of improved computer characteri-
zation of the operation of the new device,
New mathematical models, based on com-
puter-aided design (CAD), provided valu-
able information that in previous projects
was obtained only through the construc-
tion of test devices.

Mathematical models designed on CAD
systems provided researchers with de-
tailed information on the interactions of
electrons in the collector region. A series
of collector designs were analyzed with
the newly developed programs, permitting
optimization of the system using the com-
puter rather than actual test devices.

The main benefit of such a mathemat-
ical approach is that it is unnecessary to
build hardware to test a theory. The ap-
propriate data can be entered into the
computer, and tests can be run to deter-
mine what the system would do, if
constructed.

Computer modeling also provided the
basis for optimization of a beam-recond:-
tioning scheme incorporated into the
MSDC klystron. Beam reconditioning is
achieved by including a transition region
between the RF interaction circuit and the
collector under the influence of an inter-
mediate magnetic field. Computer analysis
allowed optimization of the refocuser ge-
ometry and the magnetic field before a
test device was built.

The mathematical models made for the
MSDC project translated well into practice
when the actual device was constructed.
This background data is expected to pro-
vide designers new tools in developing ad-
ditional products for broadcast and other
markets.

Why 4-stage MSDC?
From the electrical standpoint, the more

L)
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Figure 1. Mechanical design of the multistage depressed collector assembly. Note the “V" shape
of the 4-element systern. (fllustrations courtesy of Varian Associates.)

stages of a multistage depressed collector
klystron, the better. The predictable trade-
off is increased complexity and, therefore,
increased product cost. Also, a point of di-
minishing returns is reached as additional
stages are added to the depressed collec-
tor system. A 4-stage device was chosen
for the test unit because of these factors.
As additional stages are added above four,
the resulting improvement in efficiency is
proportionally smaller.

The mechanical configuration of the
4-stage MSDC unit is shown in Figure 1.
Note the “V" shape that was found,
through computer studies, to provide the
best “capture” performance, minimizing
electron feedback.

Figure 2 illustrates the dispersion of elec-
trons in the collector region for a zero out-
put operating mode (white picture). Note
that there is little dispersion of electrons

between stages of the MSDC. Most are at-
tracted to electrode No. 4, the element at
the lowest potential (6.125kV).

Collector electron trajectories at 25%
saturation are shown in Figure 3. The elec-
trons exhibit predictable dispersion char-
acteristics during the application of mod-
ulation, which varies the velocity of the
electrons. The Figure 3 waveform is a rea-
sonable approximation of average modu-
lation for a typical TV waveform.

Figure 4 shows electron trajectories at
50% saturation, approximately the blank-
ing level. Note the increased number of
electrons attracted to electrodes No. 2 and
3, the higher-potential electrodes,

Electron dispersion at 90% saturation,
as shown in Figure 5, is at approximately
the level of sync. As modulation is in-
creased, increasing numbers of electrons

Continued on page 44

RF

OUTPUT

'POWER
_ kW
SYNC 55 °
BLANKING 31.4
AVG PICTURE 11.1

TOTAL: '
AVG EFFICIENCY = 18.65 = 0.437
S 42.72
FIGURE OF MERIT = 55 - 1287
S 42.72

AVG
RF
TIME OUTPUT
kW
0.09 4.95
0.177 5.56
0.733 8.14
-'18.65
* 18.65 - p.673
29.29
+ 55 _ 1878
29.29
* WITH MSDC

AVG

BEAM
INPUT BEAM -
POWER POWER
RW o W S
94 74 8.46 6.66
61 45 10.80 7.97
32 20 23.46  14.66
42.72

29.29

Table 2. Figure of merit calculation for a Klystrode, and a Kiystrode fitted with a multistage depressed collector. The figure of merit calculated

for the combined technology device is 1.878.
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HE FUTURE OF UHF TELEVISION HAS ARRIVED ...

»
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|
. _ The future of UHF
| Television Transmitters is
ol . again brought to you by
aE i | q | L || 'S COMARK. After
' l | ' i : G extensive research,
product development and
testing, the world’s first
Klystrode TV transmitter
| will be on the air this
* ¥ summer. From the very
' first moment that the
| Georgia Public
1 ¥ | Telecommunications
" ' . Commission turns on its
! new Comark 120 kW
Klystrode UHF Trans-
~ il - : mitter, they can look
*. ' forward to slashing their
; | LR energy bills by $50,000 or
more a year ... year after
year! Once again Comark
has used groundbreaking
= 4 technology to deliver
tremendous bottom line
savings for its customers,
while the competition
watched from the
sidelines.
Best of all, these
transmitters are in
production now! Call your
regional sales office for a
firm price and delivery
quotation.

Comark. Technology
you can bank on.

) COMARK

=

240 kW Transmitter shown.

Southeastern Sales Office Northeastern Sales Office Western Sales Oifice
Byron E. Fincher Richard E. Fiore, Jr. Marty Jackson
P.O. Box 179 P.O. Box 616 P.O. Box 66507
Cropwell, AL 35054 Southwick, MA 01077 Scotts Valley, CA 95066
(205) 525-5660 (418) 568-1808 (408) 438-4273
COMARK COMMUNICATIONS, INC. P.O. Box 506, Route 309 & Advance Lane

A IXThomson-CSF Company Colmar, PA 18915 » (215) 822-0777 » Telex: 846075
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lMPERE)( does it again.

/e’ve come up with UHF, VHF and
M transmitting tubes that give
placement transmitters much
nger life. Installation and tuning
re much simpler. Maintenance
wich easier and less frequent.

G-

nd operation much less costly. * puutes
/hen your transmitter is ready for fat,l%
placement, it will pay you to N7

onsider the advantages of

necifying Amperex tubes in your . 5= o8 THE KLYSTRON
ew transmitter installation. In the it

ieantime; get ready by calling or : T MODEL YK1 270
riting for details. e ; " As a replacement for your

current low powered UHF
Tetrode tube, the YK1270

mperex Electronic Company,

division of o
orth American Philips Corporation, will give you 20,000 hours
30 Duffy Avenue, of warranteed life. Designed

cksville, NY 11802,

16) 931-6200.

utside the U.S.A. contact:

hilips Electronic Components

1d Materials Division,

500 MD Eindhoven, The Netherlands.

for 10kW combined
transmitters, or 15 kW
vision transmitters, this
new klystron is completely
air-cooled, so no plumbing
is needed.

THE TETRODE
MODELS YL153(
AND YL1631

A new advance in FM
broadcasting, these tube
and dedicated cavity
combinations have one
knob tuning instead of the
extensive tuning needed by
older tubes and cavities
they replace.

IE  eTETRODE
I 0DEL VL1630

With its dedicated cavity,
this tetrode gives high
powered VHF TV
instaflations broadband
input circuitry so the tube
can operate over a wide
frequency range without Amperex@

tuning the input circuit. Amperex Broadcast Components
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Figure 2. Collector electron trajectories for the zero RF output condition. Note that nearly all elec-
trons travel to the last electrode (No. 4), producing electrode current I

Figure 3. Collector trajectories with 25% saturation. With the application of modulation, the

electrons begin to sort themselves out.

a
4

“

Figure 4. Collector electron trajectories at 50% saturation, approximately the blanking level.
The last three electrodes (Nos. 2, 3 and 4) share electrons in a predictable manner, producing cur-

rents Is, I3 and I,

Figure 5. Collector trajectories at 30% saturation, the sync level. Note the significant increase
in the number of electrons attracted to the first electrode, producing I,.

Continued from page 40

are attracted to the higher-energy elec-
trodes. The dramatic increase in electron
capture by electrode No. 1, the highest-
potential element at a voltage of 24.5kV,
can be observed,

44 Broadcast Engineering March 1988

The electrons sort themselves out in a
predictable manner. Notice the arc that is
present on many electron traces. The elec-
trons penetrate the electrostatic field of
the collector, then are pulled back to their
respective potential.

www americanradiohistorv com

The completed MSDC assembly is
shown in Figure 6 with the collector shield
partially removed to allow visibility of the
collector elements. The collector of the
4-stage MSDC design is actually composed
of five elements mounted between ceram-
ic rings for electrical insulation. The fifth
electrode is at cathode potential. Each
electrode contains passages for water
cooling.

Figure 7 shows the distribution of col-
lector current as a function of drive power.
With no RF drive, essentially all current
goes to electrode No. 4, but as drive is in-
creased, I, drops rapidly as collector cur-
rent is distributed among the other ele-
ments. It is interesting to note that the cur-
rent to electrode No. 5 (cathode potential)
peaks at about 10% of beam current. This
suggests, according to researchers, that the
secondary yield of the collector surfaces,
a concern addressed during the design
stage of the MSDC tube, is within accept-
able limits.

Inserted between the klystron and the
collector assemnbly is a refocusing electro-
magnet that controls the electron beam
as it enters the collector region.

Researchers believe that the MSDC de-
sign will have little, if any, effect on the
lifetime of the klystron. The electron beam
is essentially unchanged. The tube is iden-
tical to a conventional integral cavity kly-
stron except in collector design. Research-
ers have simply found a more efficient
method of recovering electrons from the
cathode beam and returning them to the
power supply.

Power savings are realized because the
electrostatic forces set up in the MSDC de-
vice slow down the electrons before they
contact the copper electrode. The heat
that would be produced in the collector
is, instead, returned to the power supply
in the form of electrical energy. In theory,
peak efficiency would occur if the elec-
trons were slowed down to zero velocity.
In practice, however, that is not possible.

Problem areas

The general concept for the collector
was developed at NASA's Hughes Research
Center in Cleveland. Researchers had been
working on the problems of achieving
highly efficient operation from tubes op-
erated at UHF frequencies and above.
They recommended to Varian that the
configuration shown in Figure 1 be tried.
It had been used successfully on traveling
wave tubes. Whether it would work on a
klystron, however, was unknown.

The prevention of feedback within the
MSDC device was cited as a potential prob-
lem area for designers. Feedback would
occur if electrons in the collector not at-
tracted by any of the electrodes were to
return to the drift tube area of the kly-
stron. Such an occurrence would serious-
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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’s 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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Figure 6. Photograph of the construction of the
coliector region of the MSDC test device. The
5-element design (four stages plus one electrode
at cathode potential) includes cooling ports on
each electrode.

ly distort the linearity of the device. Par-
ticular attention was given to ensuring
that the mechanisms that could lead to
feedback within the MSDC tube did not
occur. Other areas of some concern in-
volved suppression of secondary electrons,

80 — 4

MODULATING ANODE VOLTAGE

collector cooling and RF radiation.

Suppression of secondary electrons was
accomplished both through the mechani-
cal design of the collector and through the
use of special materials on the collector
surfaces. Materials were available that ex-
hibit low secondary yield, such as carbon.
But carbon is known to absorb gases, a
potentially serious problem in a vacuum-
tube environment. The solution was to ap-
ply only enough carbon to keep second-
ary electrons at a low level. If the carbon
coating on the collector assembly was
kept thin, only a small volume would be
available to absorb gases.

To achieve the necessary thin carbon
layer, a sputter-coating system was used.
This equipment, originally designed for
use in producing semiconductors, uniform-
ly applied the thin carbon coating. Each
element of the collector is coated separate-
ly, then assembled.

Cooling for any complicated mechanical
device can be a concern, especially when
high voltages are present. Cooling is ac-
complished through water jackets on each
collector electrode.

Another area of concern was the poten-
tial for RF radiation. Video currents exist

W BEAM VOLTAGE = 24.5kV

BEAM CURRENT = 5.04A

= 18.4kV

OUTPUT POWER
— T TS e —
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Figure 7. The distribution of electrode current as a function of drive power. Note the significant
drop in I as drive power is increased. I5 is the electrode at cathode potential.
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in the elements of the collector, and the
design of the power supply must take that
into consideration. Interestingly, it was
determined that the main problem
relating to radiation would probably come
from the video component of the klystron
waveform, rather than from the RF
component.

The MSDC tube is now, according to re-
searchers, essentially buildable. In fact, a
second unit has been assembled with no
unusual problems. The major construction
problem during assembly of the first de-
vice was coming up with a method to deal
with differential thermal expansion of the
various parts of the MSDC assembly. Be-
cause of the large parts used in the col-
lector, differential expansion was exhibited
from one section to another. This effect
was noted during the evacuation process,
during which time the tube is exposed to
high temperatures,

MSDC power supply

Design criteria for the collector power-
supply system create a mixed bag of re-
quirements. The critical parameter is the
degree of regulation between the cathode
and anode. The relative differences among
the elements of the collector do not ap-
pear to be significant. Consequently, the
bulk of the power supplied to the tube
does not need to be well-regulated. This
is in contrast to current klystron operation,
in which the entire beam power supply
must be regulated. This factor effectively
decreases the amount of power that needs
to be regulated to 1%-2% of the dc input,
offsetting to some extent the additional
cost involved in constructing multiple sup-
plies to facilitate the 4-stage MSDC design.

Two approaches can be taken to collec-
tor supply design, as illustrated in Figures
8 and 9. Figure 8 shows a power supply
using parallel arrangement of the power
units, and Figure 9 shows a series-con-
structed system. In both cases, the collec-
tor electrodes are stepped at a 6.125kV po-
tential difference for each element.

Performance

The improvement in efficiency achieved
with the MSDC is impressive. Figure 10
shows the overall tube efficiency of a
60kW device, compared with a standard
collector klystron. The depressed collec-
tor actually performed better than predict-
ed, as shown in the illustration. Test data
showed the MSDC klystron operating in
a pulsed mode to reach almost 64% effi-
ciency at 55kW peak of sync power out-
put. The typical performance of a pulsed
klystron is 45% efficiency.

Particular attention was given to the
bandpass performance of the test device.
Figures 11 and 12 chart power output as
a function of frequency and RF drive. Fig-
ure 11 shows the full power test case, and
Figure 12 shows the tube in a beam-puls-
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PARALLEL CONFIGURATICN

l4
I3
+ +
PS4 | | Psa
6.125kV | | 12.25kV

Figure 8. Farallel configuration of the MSDC power supply. Note that each power-supply section
has an output voltage that is an integral multiple of 6.125kV.

SERIES CONFIGURATION

I
PS-B
6.125kV

PS-D
6.125kV

PS-C
6.125kV

2
PS-A
6.125kV

Figure 9. Series configuration of the MSDC power supply. This arrangement uses four identical
6.125RYV power supplies connected in series to achieve the needed voltages.

80~

0= MSDC TEST DATA ,//

Pl
'
\/

COLLECTOR //

50—

40~

EFFICIENCY (%)

30—

20
STANDARD
/A COLLECTOR

0 1 | | l
15 30 55 &0

RF OUTPUT POWER (kW)

Figure 10. Overall tube efficiency for the MSDC
test device operating in the pulsed mode. The
tube performed better than predicted by com-
puter simulation, reaching an efficiency of near-
ly 64% at 55RW peak of sync.
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ing mode. Drive power is charted from
0.5W to 16W in Figure 11 and from 0.5W
to 32W in Figure 12. Note that the traces
provide good linearity above 6MHz. Gain,
as a function of frequency and power, is
essentially constant and undisturbed.

Additional tests taken on the MSDC tube
showed that regeneration was not a prob-
lem with the device. To determine the re-
generation level, the tube was retuned for
narrow bandwidth to increase gain. Al-
though regeneration effects were evident,
operation was stable with no oscillations.

Figure 13 illustrates the dramatic power
savings realized with the MSDC device.
The shaded “power saved” area of the di-
agram represents the energy returned to
the power supply by the new collector.

The figure of merit calculations proce-
dure for thetest device is presentedin Table
1. The data shows an improvement in ef-
ficiency of 2.42 compared with a conven-
tional kiystron. The figure of merit for the
MSDC tube is 1.12.

Future work
The MSDC is expected to be available

WWwW americanradiohistorv com

The klystron’s
golden
anniversary

The klystron truly revolutionized the
modern world when it was quietly de-
veloped in 1937. Indeed, it may have
helped save the world as we know it.
And, more than 50 years after it was first
operated in a Stanford University labor-
atory by Russell Varian and his brother
Sigurd, the klystron remains irreplace-
able, even in this solid-state electronic
age.

For Stanford, the klystron represents
one of its best investments: $100 in seed
money and the use of a small laboratory
room turned into $2.56 million in licens-
ing fees before the patents expired in
the 1970s, three major campus buildings
and hundreds of thousands of dollars in
research funding.

Russell and Sigurd Varian went on to
found their own company.

Birth of the klystron

The Varian brothers were unusually
bright and extremely active. Mechan-
ically minded, they produced one inven-
tion after another. Generally, Sigurd
would think up an idea, Russell would
devise a method to make it work, and
Sigurd would build the device.

Through the influence of William
Hansen, a former roommate of Russell
and, at the time (the mid-1930s), a
physics professor at Stanford, the Var-
ians managed to get non-paying jobs as
research associates in the Stanford phys-
ics lab. They had the right to consult
with members of the faculty and were
given the use of a small room in the
physics building.

Hansen's role, apparently, was to
shoot down ideas as fast as the Varians
could dream them up. As the story goes,
the Varians came up with 36 inventions
of varying degrees of impracticality.
Then they came up with idea No. 37.
This time Hansen's eyes lit up.

On June 5, 1937, Russell proposed the
concept that eventually became the kly-
stron tube. The device could amplify mi-
crowave signals. With $100 granted by
Stanford for supplies, Sigurd built the
tube.

The device was simple. A filament
heated by an electric current in turn
heated a cathode. A special coating on
the cathode gave off electrons when it
reached a sufficiently high temperature.

Negatively charged electrons attract-
ed by a positively charged anode passed
through the first cavity of the klystron
tube. Microwaves in the cavity inter-
acted with the electrons and passed
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Ampex Corporation
Magnetic Tape Division
401 Broadway

Redwood City, CA 94063
(415) 367-3809
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through a narrow passage called a drift
tube. In the drift tube, the electrons
tended to bunch up; some sped up,
some slowed down. At the place in the
drift tube where the bunching was most
pronounced, the electrons entered a

Fiaie

The first klystron transmitter under
development in the Stanford University
laboratory of Russell and Sigurd Varian
during the summer of 1938.

second cavity, where the stronger
microwaves were excited and amplified
in the process.

The first klystron device was lit up on
the evening of Aug. 19, 1937. Perform-
ance was marginal, but confirmed the
theory of the device. An improved kly-
stron was completed and tested on
Aug. 30.

The Varians published the results of
their discovery in the “Journal of Ap-
plied Physics.” For reasons that have
never been clear, their announcement
immediately impressed British scientists
working in the same field, but was al-
most entjrely ignored by the Germans.

The development of the klystron al-
lowed British and American research-
ers to build smaller, more reliable radar
systems. The British had adopted the
Varians’ invention to the point that it
could spot German bombers on their
way to England. The device, in fact, was
a key element in winning the Battle of
Britain. So valuable was the secret of
radar employing klystrons that the Brit-
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Figure 11. Device bandwidth as a function of frequency and drive power. Beam voltage is 24.5RV,
and beam current is 5.04A for an output power of 64kRW. These traces represent the full-power

test of the MSDC device.
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Figure 12. Device bandwidth in the beam-pulising mode as a function of frequency and drive
power. Beam voltage is 24.5kV, and beam current is 3.56A with an output power of 34.5RW,

BEAM POWER 245KV AT 4.85A eventually to broadcasters at a price of

TR - 1 about 10% to 20% more than a conven-
tional klystron. Even though the collector
100 — is more complicated than a conventional

unit, the pieces are smaller. Therefore, it
is not clear that an MSDC klystron will cost
significantly more than integral or exter-
nal devices of comparable power. This
would make the device cost-compelitive
in the marketplace, especially in light of
the potential power consumption savings.

There is interest in applying the MSDC
to a Klystrode device. The combination of

POWER SAVED

DC INPUT POWER (kW)

40 POWER DISSIPATED

20— RF QUTPUT POWER (kW)
a highly efficient collector with an efficient
AVG PICTURE BLANKING SYNC 13 "
. T A | 4 tetrode “front end” for the klystron could
0 ol 20 300 a0 L

prove highly beneficial, as shown in Table

ish decided not to put radar in planes
that flew over occupied Europe in case
one of them crashed and the klystron
was discovered.

Figure 13. Calculated power savings realized
with the MSDC tube. The shaded area of the
chart represents the energy recovered ‘and
returned fo the power supply. In a conventional
klystron transmitter, all this energy would be
converted into waste heat.

50 Broadcast Engineering March 1988

www americanradiohistorv com

2. The calculated figure of merit for such
a device would be 1.878.

Work still needs to be done, but the
MSDC and Klystrode technologies appear
destined to be married into a single
device. Ben)l)
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Comparing
klystrog designs

By Jerry Whitaker, editorial director,
and Earl Blankenship

The long-running debate about integral vs. external cavity
klystrons stems from misconceptions about both types of tubes.

If you want to start a fight at your next
local SBE meeting, solicit the opinions of
your fellow broadcasters on which type of
UHFTYV transmitter is best to have: an in-
tegral cavity system or an external cavity
system. Few of them would agree. And
much of the disagreement would be based
on personal opinion rather than on hard
facts.

In terms of market, integral cavity kly-
strons are estimated to be used in 70% of
the installed sockets in the United States.
Most newer transmitters, however, incor-
porate external cavity tubes. A major fac-
tor in this shift has been the demise of the
RCA Broadcast Products Division, which
built transmitters using integral cavity
klystrons.

The primary areas of concern for any
user selecting a device for UHFTV applica-
tions are:

1. efficiency,
2. reliability and
3. cost.

Fundamentally, klystron theory applies
equally to integral and external cavity
tubes. In both cases, a velocity-modulated

54 Broadcast Engineering March 1988

electron beam interacts with multiple reso-
nant cavities to provide an amplified out-
put signal. Whether the tuning mechanism
is inside or outside the vacuum envelope
has no bearing on the resonant cavity in-
teraction gap and drift length require-
ments for optimum performance, includ-
ing conversion efficiency. High-efficiency
integral and external cavity klystrons have
been designed to provide maximum con-
version efficiency consistent with TV sig-
nal bandwidth requirements. The saturat-
ed conversion efficiency is essentially
identical for integral or external cavity kly-
strons with equal numbers of resonant
cavities.

Four vs. five

When comparing the efficiency of inte-
gral vs. external cavity klystrons, you real-
ly have to talk about four cavities vs. five
cavities. Four-cavity external tubes are
standard. If you have an external cavity
transmitter, it uses a 4-cavity klystron. For
mechanical and electrical (voltage stand-
off) reasons, it is not practical to produce
5-cavity external tubes.

www americanradiohistorv com

[ntegral devices permit the addition of
a fifth cavity to the design for two primary
reasons. First, the device itself is mechan-
ically more robust. The addition of a fifth
cavity to an external klystron adds length
and weight to the device. Because of the
size of the drift tube in an external tube,
as opposed to an integral unit, the addi-
tional weight is hard to support. Second,
because the cavities are enclosed in a vac-
uum in the integral design, voltage stand-
off problems are greatly reduced.

The tuning mechanism of an integral
cavity klystron is enclosed in a rigid steel
shell. In the external cavity unit the tun-
ing mechanism is in air. Within the region
of the tuning mechanism, the fields can
reach high levels, especially at the high
end of the UHFTV band. The highest en-
ergy field occurs in the area of the last
cavity. Because of the high dielectric prop-
erties of a vacuum, dielectric breakdown
is less of a problem in the integral design,
which places the tuning mechanisms with-

Blankenship is engineering manager, UHF-TV klystrons,
with Varian Associates, Palo Aito, CA.
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in a vacuum envelope. This situation is of
particular concern at the higher end of the
UHF band, where the tuning elements are
more closely spaced.

Four-cavity integral-type klystrons are
manufactured, but only for power outputs
of 30kW or less. However, 60kW integral
klystrons, the bread and butter of UHFTV
broadcasting, are produced with 5-cavity
designs.

The physics of the integral and external
cavity klystrons are essentially the same.
When comparing integral and external
units of like design—that is, with the same
number of cavities—performance should
be identical. The two units follow the same
laws of physics and use basically the same
components up to the beam stick. When
manufacturers take advantage of the rel-
ative merits of each design, differences in
performance are realized.

For the sake of easy comparison, as-
sume a power level of 60kW, and assume
that all integral cavity devices use five
cavities and that external cavity devices
use four. These conventions represent the
products being delivered to customers to-
day. It should be noted that most transmit-
ters installed in the United States during
the past five years were 60kW units. There
was, you may recall, discussion of 110kW
klystron designs several years ago.
However, with the withdrawal of RCA
from the transmitter market, that power
level was abandoned. (RCA was the ma-
jor proponent of socket power levels
above 60kW.) The industry is essentially
in a 60kW-per-socket world in the United
States. And as far as the authors know, all
60kW integral cavity klystrons are 5-cavity
devices.

Efficiency

All klystron manufacturers rate their
tubes’ performance in terms of saturated
efficiency. The saturated efficiency is deter-
mined by dividing the saturated RF out-
put power by the dc input power.

The 5-cavity integral S-tuned klystron is
inherently at least 20% more efficient than
a 4-cavity tube, The 5-cavity klystron gen-
erally is specified by the manufacturer for
a minimum efficiency of 52% (saturated
efficiency). Typical efficiency is 55%. Four-
cavity devices are characteristically spec-
ified at 42% minimum and 45% typical.

This efficiency advantage is achievable
because the fifth cavity of the integral de-

sign permits tuning patterns that allow

maximum transfer of RF energy while
maintaining adequate TV service band-
pass response. Tighter bunching of elec-
trons in the beam stick, a function of the
number of cavities, also contributes to the
higher-efficiency operation.

In actuality, the fifth cavity allows design
engineers to trade gain for efficiency. S-
tuning refers not only to the physical de-
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Figure 1. The relationship between saturated
klystron efficiency and pulsed peak-of-sync ef-
ficiency with 25% beam reduction provided by
beam pulsing.

sign of the device, but also to the method
used to tune the tube to enhance efficien-
cy. The 5-cavity tube, however, still has sig-
nificantly more gain than a 4-cavity de-
vice. The 5-cavity unit, therefore, requires
less drive, which simplifies the driving cir-
cuit. A 5-cavity klystron requires less than
25W of drive power, while a 4-cavity tube
needs as much as 90W.

With pulsed operation, approximately
the same reduction in beam current is
realized with both integral and external
cavity klystrons. When peak-of-sync
figures of merit are compared, the efficien-
cy differences will track. There is, funda-
mentally, no reason that one type of kly-
stron should pulse differently than the
other.

The klystron’s saturated efficiency gov-
erns the maximum peak-of-sync efficien-
cy available when beam-pulsing tech-
niques are employed. Peak-of-sync effi-
ciency is the commonly used figure of
merit expression, defined as the peak of
sync output power divided by the dc in-
put power. Figure 1 shows the relationship
between the klystron’s saturated efficien-
cy and the peak-of-sync efficiency when
25% beam reduction is provided by beam-
pulsing techniques. The slope of the curve
will change when more or less beam re-
duction is achieved, depending upon the
degree of precorrection available, but the
relationship always is determined by the
saturated efficiency of the klystron,

Trade-offs

It is a designer’s choice whether to lo-
cate the klystron cavities inside or outside
a vacuum envelope. When the cavity res-
onators are a part of the tube, the device
becomes more complicated and more ex-
pensive. But the power-generating system
is all together in one package, and that sig-

WWwW americanradiohistorv com

nificantly simplifies installation. In princi-
ple, a 4-cavity tube of one type or the
other should work essentially the same.
There are advantages to each approach,
however.

When the resonator is made separate
from the tube, it can be made with more
compliance {adjustability) and, conse-
quently, the device can be tuned for opera-
tion over the entire UHF-TV band. This
feature is not possible if the resonant cav-
ities are built into the device. To cover the
entire UHFTV band, three integral cavity
tubes are required. The operational divi-
sions are:
¢ channels 14 to 29,

# channels 30 to 51 and
¢ channels 52 to 69.

This practical limitation to integral cavi-
ty klystron construction may be a draw-
back for some stations. For example, it is
not uncommon for group operations to
share one or more spare klystrons. If the
stations have operating frequencies out-
side the limits of a single integral device,
it may be necessary to purchase more
than one spare. Also, when the cavities are
external, the resonators are in air and can
be accessed to permit fine adjustments of
the tuning stages for peak efficiency.

The advantages of tube changing are
significant when an integral device is used.
Typical tube maintenance change time for
an integral klystron is one hour, compared
with four to six hours for an external
device. The level of experience of the
technician also is more critical when an
external-type device is being changed.
Tuning procedures must be followed
carefully by station engineering personnel
to avoid premature device failure.

When an external cavity klystron is in-
stalled, care must be taken to move the
tube with proper mechanical support. The
electron beam tunnel supports all the cav-
ities and is not designed to be a load-car-
rying structure, Even if a bend in the beam
stick appears to be minuscule, it could
cause beam interception, vacuum deteri-
oration or a melted drift tube. Small ir-
regularities in the tunnel can result in de-
graded klystron performance and frequen-
¢y instabilities.

It is, of course, only fair to point out that
rough handling during shipment or instal-
lation for either an external or integral
cavity tube can significantly shorten the
life of the device.

Maintenance requirements during the
life of the transmitter vary depending
upon the type of klystron. An integral cavi-
ty tube requires little or no routine main-
tenance. Tube manufacturers generally
recommend cleaning to remove any dirt
on high-voltage surfaces and regular visual
inspection of the device. Both tasks can
be accomplished while the tube is in the

Continued on page 60
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“WHEN OUR TRANSMITTER
STOPPED...EXCEPT THE

Chattanooga. January 26, 1987.
WTVC’s transmitter — from a Harris
competitor — exploded. Doors
blew away. Quarter-inch-thick sheet
steel melted. And Channel 9 went
off the air.

Working through the night in
subzero weather, Director of Engi-
neering and Broadcast Operations
Manager Dennis Brown and his
staff would bring the station to half
power in 18 hours. But less power

www americanradiohistorv com
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BLEW UP, EVERYTHING
EXPENSES”

still meant less revenue. They
needed a replacement fast . . . in
30 days rather than 30 weeks. Says
Brown with a smile, “We knew if
anyone could, Harris could.”

The day after the accident, a
Harris rep was on site. Assessing
damage. ldentifying needs. Rolling
up the shirtsleeves to pitch in. And
once Lewis Robertson gave the go-
ahead, a new Harris transmitter
was in place and operating just 30

F. Lewis Robertson

WTVC

days after the order. Channel 9 was
back on the air at full power . . .
with a picture viewers felt was
better than ever!

At Hams, we understand the
special pace and requirements of the
broadcast industry. We've responded
fast and effectively to our customers’
needs for over 65 years. Supplying a
full line of transmitters, antennas,
control systems, and other high-
quality communications products.
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So when your signal goes up
in smoke, depend on Harris to put
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Increasing efficiency through
beam pulsing

Modern UHF-TV transmitters use pre-
correction of the modulated drive sig-
nal and sync-pulsing techniques to re-
duce visual klystron beam power re-
quirements. The resulting improvement
in efficiency can be 25% or more. Sync
pulsing is accomplished by raising the
beam current during the synchronizing
interval through voltage control of the
klystron annular beam control electrode
(ACE or comparable element) or mod-
ulating anode, then returning to a lower
current mode during the color burst and
video interval.

In theory, the amount of beam cur-
rent reduction achieved and the result-
ing efficiency improvement are inde-
pendent of whether annular beam con-
trol or modulating anode pulsing are
used. In practice, however, differences
are noted.

With existing mod anode pulsers, an
efficiency improvement of about 19%
in beam current, compared with non-
pulsed operation, typically is achieved.

A beam reduction of 30% to 35% has
been recordedthrough use of an annular
control electrode tube. A peak-of-sync
figure of merit for the integral cavity
klystron without ACE or equivalent con-
trol is 0.67 to 0.68. With an ACE-type
tube, the figure of merit becomes 0.80.
Similar improvements in efficiency can
be realized for external cavity tubes.
Use of the ACE-type gun reduces user
concern about the reliability of beam
pulsing, because it is accomplished at
a much lower voltage. The ACE-type
klystron fits the same socket as a stan-
dard integral cavity klystron. Modifica-
tion kits are available for some transmit-
ters to produce the lower-voltage (with
respect to the mod anode pulser ap-
proach}) pulser signal, which provides a
significant level of improved perform-
ance. Because the newer-design gun
pulses at a lower voltage, the pulser
must be integrated with a new exciter
equipped with sync-reduction circuitry
to realize the improved performance.

Continued from page 57
transmitter.

External cavity klystrons, on the other
hand, generally require more care. The RF
cavity boxes and ceramics, which are
open to the environment, should be kept
clean. In a particularly dirty environment,
cleaning may be required on a regular
basis.

For this type of maintenance, the exter-
nal cavity klystron may have to be re-
moved from its socket and the cavities dis-
assembled. The frequency of such serv-
ice is difficult to predict because the op-
erating environments of different trans-
mitter sites vary widely. Needless to say,
it is critically important to keep the trans-
mitter site as clean as possible.

Reliability/lifespan

Any discussion of the lifespan of a tube
must first identify the parameters that de-
fine life. The only identifiable wear-out
mechanism in a klystron is the electron
gun at the cathode of the tube. In princi-
ple, the cathode eventually will evaporate
the activating material and cease to pro-
duce the required output power. The cath-
odes used in UHFTV transmitters are
designed for long life—about eight to 10
years. More often than not (depending up-

Deane Jensen’s best mic preamp is now
available in half or full rack versions, with 2, 4
or 6 channels. The new standard for audio TR A /3 S L1 oA PO
perfection. Hear it at Audio Rents (LA), The
Rental Company (NY) or at your competitor’s

ﬁ,&wmdm R S

Clearly the
World’s Finest
Microphone
Preamplifier

* Winner of Every
Listening Test

* 18 to 60dB Gain
* 0.4Hz to 140kHz

Phantom Power

L
ST

studio. Write or call for a technical data sheet.

Manufactured for Jensen by Boulder Amplifiers
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MORE radio studio, FASTER delivery, LOWER cost. ..
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.

ldeal 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.

See MODULINK at
ALLIED BROADCAST SYSTEMS
NAB Booth 419

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 MacArtnur, Suite 200
Newport Beacn, CA 92660
FAX: 714-752-0855
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Good Reasons To Call RTS
When You Need Hig]:l_Perfomlarlce on the manufacturer), the cathode assem-
[ntercom Systems. R

the standpoint of the predictable wear-out
mechanism of cathode depletion, both
tubes should perform the same.

Tubes, however, rarely fail because of
low emission, but for other reasons that
usually are external to the device. Over-
voltage or cooling faults of one form or
another are the primary causes of cata-
strophic failure of klystrons. It is fair to
acknowledge that the output window
tends to be more of a problem with the

_external cavity tube when load mismatch-

es are present. The window experiences

i greater stress because it is in close prox-

' imity to the output of the device. It is, in
fact, within the cavity rescnator.

Cooling-induced faults are as much of
a problem with the integral as the exter-
nal cavity device.

Klystron lifespan data has been devel-
oped by the manufacturers of integral and
external tubes. Usually these figures are
based on surveys of users and represent
actual installed life, It is difficult to separate
tube failures resulting from external forces,
such as lightning or power-line transients,
from true tube faults.

The data available from klystron man-
ufactur