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with CBS Laboratories Mark Ill Image Enhancer
it sharpens the picture automatically!I •,. .:•;Ó;cOd~ •' :; • iJ
The Mark Ill Image

Enhancer is a solid state device that for the first time
helps to produce a perfect picture automatically. It
adjusts vertical and horizontal elements to eliminate
color softness. It produces highest stability and low
est drift. It rearranges all the ingredients of the pic
ture so that contrasts are sharper and details more
clearly defined. Evennumerals on football jerseys can
be easily identified. All things being equal, the CBS

Laboratories Mark Ill Image Enhancer will focus all
eyes on your station and make you the undisputed
leader in viewer ratings.

CBS LABORATORIES
A Division of Columbia Broadcasting System, Inc.
227 High Ridge Road, Stamford, Connecticut 06905
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Cohu's Broadcast Color Film Camera
offers superlative performance with com
plete convenience at a moderate price.

Rapidly adjust for poor film
colorimetry with "Instant Paint Control"
and return to normal colorimetry with the
touch of a button. Enjoy ease of operation
with precision triple action automatic cir
cuitry. Reduce annual retubing costs to an
industry low with three long-life separate
mesh vidicons.

A new optical system design virtually
eliminates flore and ghosting to give you
unsurpassed colorimetry. All circuit boards

A.t
\ i r. l!I ~

~. h~ ~' l

REGISTER THE
CAMERA IN ONLY
2 TO 3 MINUTES

COLOR
BALANCE
IN LESS THAN
3MINUTES

are silkscreened with each circuit function
clearly designated by name. The price
includes image enhancer, color encoder,
remote setup and control panels, remote
setup and waveform monitors and a cable
connector kit.

For complete information on the
Model 1500 contact Cohu Electronics, Inc.,
Box 623, San Diego, California 92112
Telephone 714-277-6700 TWX 910-335-1244

ELEC::IRC::>NIC:S, INC::

SAN DIEGO DIVISION

CHANGE A VIDICON
IN 30 SECONDS WITHOUT DISTURBING

THE YOKE OR
OPTICAL ALIGNMENT

December, 1971
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The cover this month depict
the theme of an FCC article
on the new remote control
rules. The article begins on
page 20 . An official and ex
elusive report on interpreting
the new rules. Further cover
age included in NAEB cover
age in the Industry News
section.
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DIRECT CURRENT
FROM D. C.
December, 1971

Howard T. Head

Translators vs. CATV?
The Commission has rejected a protest by a CATV system in Colorado against a grant of five
television translators to cover the community served by the cable system. The CATV
operator had alleged that the translators would provide economic competition against the
cable system.

The Commission noted that the available information indicated that both the CATV system
and the translators would provide their own types of service. Cable subscribers would be
able to obtain signals not delivered by the translators, and would serve areas where
translator reception was inadequate. The translators, on the other hand, would provide TV
service to areas beyond the reach of the CATV cables.

In another action, however, the Commission rejected a proposal by a UHF TV station in
Massachusetts to operate a translator in the same city as the TV station to be programmed
by "distant signals" from outside TV broadcast stations. One of the principal reasons cited
in rejecting the proposal was the Commission's ban on overlapping signals under common
ownership. Whether a different result would have been reached otherwise remains a good
question.

EBS Closed Circuit Tests Suspended Indefinitely
The provisions of the Emergency Broadcast System (EBS) for random closed circuit tests
have been suspended by the Commission until further notice. This suspension follows the
confusion created by the closed circuit test of September 14, 1971 (See last month's DC
column) which disclosed "a large number of additional deficiencies.

The Commission action is the most recent in a series of events pointing up the problems
which have been encountered in the emergency notification system. Meanwhile, the Office
of Civil Defense (OCD) continues with the planning of its Decision Information Distribution
System (DIDS) which will employ a network of high power LF and VLF stations to
transmit alerting and other warnings.

The White House Office of Telecommunications Policy (OTP) continues to keep the
problem under close scrutiny.

(Continued on page 6)
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FASTEST HANDLING SINGLE SYSTEM
SOUND CAMERA IN THE WORLD.
Canon Sound Scoopic 200. A single system sound-oh magnetic news documentary camera.
Designed for the TV news cameraman. Without compromise. And with features long demanded ...

REFLEX V,IEWING through a 1:35º rotating mirror LIGHT WEIGHT. 121bs. 6 oz. Including body with
shutter. No beam splitter. No loss of light at the film film chamber, lens, exposure system, sound heads and
plane. take-up spools.

FULLY AUTOMATIC THRU-THE-LENS
METERING with manual override control. F stops visible
in the viewfinder. Instant open and return diaphragm
for fast focusing.

FILTER SLOTTED 12.5-75mm canon zoom lens.
Filter changeable in seconds.

REGISTRATION PIN MOVEMENT.
Assures perfect framing.

ELECTRONICALLY GOVERNED MOTOR.
Insures accurate sound speed.

MODULAR TWIN SOUND HEADS. snap in
and out in seconds.

LOW PROFILE bottom load design for 200 feet
daylight spools. Shoot from cars, doorways ... anywhere.

AND MORE. A 6 lb. 14 oz. over-the-shoulder
amplifier /camera power pack in a single unit. With
advanced automatic gain control with manual override.
VU meter. Dual mike input. And a fast rechargeable
battery that powers the camera, meter and amplifier
through 2000 feet of film. Recharges in under 5 hours.
Batteries interchange in seconds.
Feature for feature, Canon Sound Scoopic 200 adds up
o getting the news faster than ever. See it in action at
your Canon dealer. Or write us for more information.
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(Continued from page 4)

AM Freeze Nearing An End?
The Commission has accepted an application for a fulltime AM station in Iowa,
notwithstanding the provisions of the current "freeze" on acceptance of new applications.
During the freeze, the Commission has accepted only a handful of such applications, each of
which has been characterized by the almost complete absence of other AM service.
The acceptance of the Iowa application is unusual for two reasons. First, the proposed
station would be the second AM station in the city. The other station operates as a
non-commercial educational station. Second, the rural surrounding area is served at night by
only a clear-channel station 90 miles distant. However, the applicant argued that the
Commission should not consider the distant clear channel signal to constitute primary
service at night, an argument frequently made in the past but uniformly rejected.

The Commission continues to plod along toward new AM rules that would end the freeze. A
present target of new rules could be a Christmas "package". Unless new rules are adopted,
exceptions of the type involved in the Iowa case are certain to become more and more
frequent.

Cable Origination Channel Identification Proposed
The Commission has proposed that CATV systems be required to use standard identification
of all programs originated by the system. The identification required would be "cable TV,
Channel __ , (location).''

The proposal was made for two reasons. There have been complaints by cable viewers that
some cable systems use call signs with their original programs which are sufficiently similar
to TV broadcast calls to create confusion. Further, the Commission points out that the
reservoir of remaining "K" and "W" call signs is becoming more and more limited. Also, the
FCC's Field Engineering Bureau continues to receive complaints of interference to off-air
TV reception caused by leakage and radiation from CATV systems. Most of these
complaints appear to be associated with the use by cable systems of channels for local
origination which could not be used for local broadcast carriage because of on-channel
ghosting resultinq from high ambient radiated signals.

Short Circuits
The Commission has proposed a substancial increase in the required minimum operating
schedule of FM broadcast stations, who may now broadcast as little as 36 hours per
week ... The Commission approved the use of 72-76 MHz band for the control of all types
of models, on a shared basis with other services... The FCC has approved the continued use
of the 4 GHz and 6 GHz bands for Community Antenna Relay Systems (CARS) under
special circumstances.

BROADCAST ENGINEERING
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toa/I
recording

and
broadcast

studios

THE SANSUI QSE-1 IS ALL YOU NEED TO
ENCODE 4 FULL-FIDELITY CHANNELS

-AND NOTHING ELSE.
Just add it to your existing equipment for instant

conversion and here's what you have going for you:
(1) It yields accurate sound-source location In every

direction for startling live-sound ambience.
(2) It's in broadcast and recording use today with

outstanding results.
(3) A complete line of complementary Sansui home

hardware is available now. In fact, thousands of Sansui
decoders are in users' homes already.

(4) It's compatible with 2-channel stereo and other
four-channel matrix systems.
To be more specific:

Its ingenious ± "J" phase shifters completely elim
inate the signal dropouts and shifts in sound-source
location that plague other matrix systems. Its symmetri
cal treatment of all four channels can accurately pick up
and relocate in reproduction any sound source over a
full range of 360º-so there are no limits to total free-

32-17, 61st Street, Woodside, N.Y. 11377. Tel.: (212) 721-4408. Cable: SANSUILEC NEW YORK.
Telex: 422633 SEC UI.
333 West Alondra Blvd. Gardena, Calif. 90247. Tel.: (212) 532-7670.
14-1, 2-chome, Izumi Suginami-ku, Tokyo 168, Japan. Tel.: (03) 323-1111. Cable: SANSUIELEC.
Telex: 232-2076.
Diacem Building Vestingstraat 53-55. 2000 Antwerp. Tel.: 315663-5. Cable: SANSUIEURO ANTWERP.
Telex: ANTWERP 33538.
6 Frankfurt am Main, Reuterweg 93. Tel.: 33538.
Thornhill Southampton S09 50F. Southampton 44811. Cable: VERNITRON SOTON. Telex: 47138.

,..~~
~ ::.ii The Symbol of Sonwi 4-Chonne/ Sound.

Sansui Electronics Corp. New York

Sansul Electric Co., Ltd.
Los Angeles
Tokyo

Sansui Audio Europe S..A. Belgium

Vernitr.,., Ltd.
Germany, W.
U.K.
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dom and flexibility in using creative studio and psycho
acoustic techniques. Andpresent standards of frequency
response, signal/noise ratio and dynamic range are
maintained.

It reproduces flawlessly on present two-channel
stereo and monophonic equipment. And it will produce
four-channel output not only through matching Sansui
hardware, but through all other available decoders-and
there are 600,000of them world-wide today.

Thousands of them are Sansui QS-1 Synthesizer/
Decoders that will decode it flawlessly. So will any of the
full line of matching Sansui 4-channel receivers and con
verters for existing two-channel systems-made by the
most respected name in stereo today throughout the
world, and a recognized pioneer in four-channel sound.

Can you afford not to make this simple addition?
Experiment with one right now. Learn what other re
cording and broadcast studios everywhere, now working
with the QSE-1 Encoder, are finding out for themselves.
Confirm their astonished conclusions.

For full details,
contact your nearest Sansui office now.

SANSUI ELECTRONICS CORP.
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Cartridge Tape
Supermarket!
Here's a one-stop shopping center
for the most and best in broadcast
quality cartridge tape equipmentª SPOTMASTER supermarket of
variety and value.

Just check the boxes and send
us this advertisement with your
letterhead. We'll speed complete
information to you by return mail.

Ten/70
Record-Play

Single
Cartridge
Equipment
Record-play & play
back models,
compact &
rack-mounted

O The incomparable Ten/70
O The classic 500C
O The economical 400 (from $415)
O Stereo models
O Delayed programming models

----··......
••••••

Cartridge Tape
Accessories
O Tape cartridge winder
O Calibrated tape timer

TapeCartridge Racks

Multiple
Cartridge
Equipment
O Five•Spot

(5-cartridge deck)
O Ten=Spot

(10-cartridge deck)

Versatile Five=Spot

O Remote
controllers

O Cartridge racks
(wall, floor &
table top models)

O Degaussers (head
demagnetizers &
cartridge erasers)

O Telephone answering accessory
O RepIacement tape heads
O Adjustable head brackets
O Head cleaning fluid
O Alignment tape
O Bui k tape (lubricated, heavy duty)

O Tape tags
O Cartridges, all

sizes, any length
tape (or empty),
no minimum order,
lowest prices

Car'ridges: All Sizes

The nation's leader in cartridge tape
technology can fill your every need,
quickly and economically. That's how we
became the leader. Write:

BROADCAST ELECTRONICS, INC.
--- A Filmways Comp•ny ---
8810 Brookville Rd., Silver Spring, Md. 20910

(301) 588-4983
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lETTERS V@ voo~~mm
Automatic Leveling System

Dear Editor:
Let me extend thanks and com

pliment Broadcast Engineering for
publishing the excellent and timely
article on "Preventing FM Over
modulation", by W. J. Kabrick, in
the September 1971 issue.

Having a very long engineering
background in FM broadcasting,
I certainly appreciate the value of
Mr. Kabrick's analysis of the prob
lem. and particularly his sugges
tions for solution.

KIKK-FM since 1968 has made
use of an automatic leveling system
consisting of a modern fast attack
time conventional limiter followed
by the selective peak clipping "Top
Level" system as suggested by
Mr. Kabrick.
The latter device does require

knowledgeable calibration and
competent regular supervision to
see that accurate calibration is
maintained. Other than that, how
ever, it performs admirably in al
lowing a relatively high average
modulation level. The Kl KK-FM
program material does not require
a wide dynamic range.

The total main channel maximum
modulation limit is 80 percent due
to stereo and SCA service. Such
clipping as occurs in the Top Level
system at Kl KK-FM does not re
sult in any discernable distortion
nor does it produce any audible
crosstalk into the SCA service.
Random excessively fast and high
amplitude peaks do overshoot the
deviation limit occasionally but the
duration is so short and the energy
content so low they pose no real
problem. I feel it is a pretty fair
solution to the FM overmodulation
problem.

I have mixed emotions about Mr.
Kabrick's suggestion that the long
time solution to the FM overrnodu
lation problem is to dispense with
the standard pre-emphasis/de
emphasis bit. I grant that this re
quirement does cause some prob
lems. On the other hand it gives

a IO dB noise advantage to the FM
broadcast system main channel.
And I am not at all sure the industry
can afford to give it up.

Gerald R. Chinski
Director, Engineering
KIKK/KIKK-FM
Houston, Tex.

Exciter Identification
Help Needed

Dear Editor:
Below is a photograph of an

FM exciter that was given to us
that we are trying to identify.

The unit measures 19" X 15\lí",
has no identifying marks, serial
numbers, or trade names. The out
put tube is a 5686. It has provisions
for stereo.

••
)

~- :ii,_¿
~ .e.
·(''

...

...
'~-

The unit is well built with quality
components and cleanly laid out.

If anyone could help us to iden
tify the manufacturer and/or obtain
schematics, we will be very grateful.

Mark C. Worley
Transmitter Supervisor
KAM U-TV
College Station, Tex.

On Using A Diode For
Transient Suppression

Dear Editor:
The letter to the Editor in the

September issue concerning the
use of a diode as a transient sup
pressor appears in error due to the
fact that it is not the zener break-

(Contmued 011 Page 10)
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Geres new BL-1h 1000 watt =~-l :'~-· "r· J ·"H"U\),.-j a ·.:¡1
A/V1transmitter fea tures reliable,
long life 833A tubes, solid state oscillation, instantaneous power
cut back to 250 watts, and 120% positive peak modulation capabilities.
It will be operating reliably at your station for years to come.
Get the details on tomorrow's transmitter today. Write Gates Radio Company,
123 Hampshire Street, •:ti-1-ifW GA.TES
Quine , Illinois 62301. ll:Wl-WUy ifi·i§-l.f.01.! i A DIVISION OF HARRIS-INTERTYPE
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remote VHF-TV
aural modulation monitoring

--.-- D

:=a:;:¡¡¡::··-·-•e- ofM-~-

TBM-2500-CL $510.00 I TBM-5500 $1,300.00
TBM-2500-CH $535.00

At a very practical price, McMartin's TBM-5500satisfies new FCC rules for "a type ap
proved aural modulation monitor, equipped where necessary,with a properly designed
signal frequency amplifier ... " Sec. 73.676(a)(5). • Driven by the TBM-2500-CL(Chan
nels 2-6) or TBM-2500-CH(Channels7-13)RFAmplifier, the TBM-5500hasa composite
output signal termination to permit measurement of 39 kHz subcarrier injection level.
Equipped with the TBM-2100 SCA Demodulator (optional at $125.00),it also provides
recovery of subcarrier telemetry tone information. • Long the leader in FMmonitoring
and professional receiving equipment, McMartin now provides the realistic answer to
remote control VHF-TVaural monitoring.
Coming soon-the TBM-5000VHF-TVDigital FrequencyMonitor-for visual, aural and
intercarrier deviations.

For details, contact: Broadcast Product Manager (402) 342-2753

MCMartin
rnc rna.rt.in inctustries. i.nc.. 605 110. 13th st.· ornaha. neb. 68102
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Check these low prices on professional •
quality Ampex or Scully Heads: :

•. No other audioThree new heads installed in your
Ampex assembly for only $97.50,Scully
$186.00. Or, your 3 heads recondi
tioned, wear permitting, for Ampex or
Scully 3-head assembly at $45.00. Get
continuing service as good as new!
Loaner assemblies available.

: head manufacturer••. offers this quality
: at these prices.

Send for our free brochure today
Call or TABERwrite.· MANUFACTURING & ENGINEERING CO.
2081 EDISON AVE.· SAN LEANDRO, CALIF. g4577 ·PHONE: (415) 635-3832
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(Co11ti1111edfrom page 8)

down of the diode that limits the
transient voltage.

Since an inductor will tend to
oppose any change in current, the
transient current will be of the
same polarity as the operating
current, but the transient voltage
will be of opposite polarity. This
condition will then forward bias
the diode and short the transient
voltage.

Michael J. Simmons
Maintenance Supervisor
WMFE-TV
Orlando, Fla.

Editor's Note: We expected a
bigger reaction to the original letter
than we actually got. For this
reason, in the Engineer's Exchange
column you will find a detailed
explanation of how the diode works
as a transient suppressor. 1n fact,
during the coming year we will be
running a series of articles explain
ing the theory and use of several
solid state devices.

For further information, we sug
gest you pull some of your copies
of 1971 Broadcast Engineering and
note the books listed in our Book
Review columns. One we thought
was particularly good: Workshop
In Solid State, by Harold E. Ennes.
This book should be on the book
shelf of every station. It is avail
able through Howard W. Sams &
Company, 1ndianapolis, Ind. 46206.
Ind. 46206.
To clarify another matter - as a

matter of fairness to several authors
- telco remotes cannot be covered
in one general article. The reports
printed in this magazine have come
from stations working through sev
eral different telephone companies.
Therefore, the specifics in each
case may be different from what
exists in your area. We suggest
you show these articles and ex
change items to your telco contact.
It might make a difference.

\\l Ir (U)ULD~ LiJ'E Tf'/S,"
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Microwave Rules Change
Parts 2 and 21 of the Rules for

licensing of common carrier micro
wave radio station to relay TV
signals to cable TV systems have
been modified by the FCC (Docket
15586). as of November 30.
The changes will allow limited

use of the 4 and 6 GHz common
carrier bands for the purpose of
serving cable TV systems and to
eliminate the conditional renewal
of these facilities.

Under previous rules, with some
exceptions, microwave facilities
for transmission of TV signals to
cable systems were limited to the
11 GHz band. Applications for new
common carrier microwave facil
ities in the 4 GHz and 6 GHz
bands to serve cable TV systems
were not accepted and existing
facilities could be renewed, after
February I, 1971. only under cer
tain conditions.

The Commission said that use
of 11 GHz frequencies would have
no substantial adverse economic
or other consequences on carriers
primarily serving CATV systems.
It pointed out also that, in view
of the congestion in the lower
bands and the heavy spectrum
impact of cable TV service, the
limitation is "reasonable" to meet
the growing demand for terrestrial
and satellite general communica
tions.

The Commission said, however,
it believed that some relief would
be appropriate and that it would
maintain the prohibition against the
authorizations for new frequency
paths in the 4 and 6 GHz bands
to serve cable TV systems but
would continue the policy of con
sidering waiver requests under its
February 3, 1970 Memorandum
Opinion and Order (21 FCC 2d
284), and would eliminate the con
ditions on renewals of licenses
granted after February I, 1971. It
said this is a "reasonable com
promise," since the lower fre
quencies will be reserved in areas

December, 1971

of greatest congestion, while waiv
ers will permit cable TV use in
areas where congestion is not a
problem.

A carrier, which has been au
thorized to operate on a lower fre
quency for cable purposes, would
not be subject to the uncertainty
and financial risk entailed in an
authorization which would be sub
ject to pre-emption, the Commis
sion pointed out.

Stations which supply cable ser
vice on the lower frequencies and
which are located within 50 miles
of one of the top 25 metropolitan
areas are few in number and they
have been made eligible for re
newal, the Commission said. How
ever, no waivers for new or addi
tional 4 and 6 GHz facilities will
be granted in these restricted zones
without a showing of compelling
and unusual circumstances.

The rule changes, which delete
Footnote NG55 in Section 2.106
and amend Section 21.70 I(i). be
came effective November 30, 1971.

Action by the Commission Octo
ber 14, 1971, by Memorandum
Opinion and Order. Commission
ers Burch (Chairman), Bartley,
Robert E. Lee, H. Rex Lee and
Wells with Commissioner Johnson
concurring in the result; Commis
sioner Reid not participating.

Commission Wants
Equipment Form Change

The Commission has specified
FCC Form 723 for use by appli
cants for type acceptance of equip
ment. Use of this form is encour
aged although, at the present time,
its use is optional. Future amend
ment of the rules is planned to re
quire that this form be submitted
with type acceptance applications.
A separate copy of Form 723
should be submitted for each equip
ment type number.

1171
NEW IC... IP

AMP AUDIO O.A.
Model A100

IS ONE FOi
THE BOOK

llUDCAST (Q4Uf"MflfT THIVISIDNl COMP'UHI COI~

@

At $171, our new Model
A 100 is another uncom
mon value in audio and
video modules. It's in THE
book ... TelComp's new
1972 catalog and price
list! A100 features 6 out
puts, + 20 DBM each,
6008 isolation between
outputs, 2008 gain for
unity adjustment. 12 units
use only 5-1 /4" rack space.
Order now. For better
broadcast equipment
made by broadcast engi
neers ... write for your free
Tel Comp catalog.

TELCOMP~
Division of TV and Computer Corp.
2385 Beryllium Rd.
Scotch Plains, N. J. 07076
20I/233·6200
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450-470 MHz Band

Mobile Requirements Relaxed
Parts 89, 91, 93 and 95 of the

rules have been amended by the
Commission to relax technical re
quirements for authorization and
operation of control stations in
mobile relay systems using frequen
cies in the 450-470 MHz band
(Docket 18740). (Control stations
permit communications from a
fixed location to mobile units.)

The amendments permit the use,
in certain situations, of bi-direc
tional, cardioid, or omnidirectional
antennas; allow certain required
signal measurements to be made at
one location, in cases in which a
fixed station is used to control
more than one mobile relay sta
tion; and permit an applicant to
"certify" that the "output power of
the proposed station transmitter
will be adjusted to comply with
the . . . signal level limitation."
Licensees will also be required to
maintain records of the necessary
measurement data. Additionally,
control stations will be allowed to
operate with a frequency tolerance
of -+- .0005 percent, instead of the
present tolerance (±0.00025). The
tighter tolerance, however, is to be
retained for all other fixed stations
operating in this band.

In its Notice of Proposed Rule
Making issued November 24, 1969,
(34 F.R. 19034) the Commission
also proposed to eliminate the re
quirement for coordination for
control stations. The Commission
said that the commenting parties
opposed this, arguing, among other
things, that in view of the proposal
to relax regulations governing the
use of directional antennas, there
was "more reason than ever to
require coordination; and overall,
they conclude, the requirement
makes possible the use of more
effective and efficient assignment
techniques." Its objective, the Com
mission noted, was to eliminate a
requirement it felt was unnecessary,
and lessen the burden on applicants
for control station facilities in this
class. Upon review of the com
ments, however, the Commission
stated it would retain the coordin-

ation requirement, at least for the
present.

The proposed amendments be
came effective November 8, 1971.
This action terminates the proceed
ing.

Industrial Radio
Affected By Latest
Rules Amendment

Amendment of Parts 2, 21, 89,
and 91 of the Rules with regard
to the allocation of frequencies in
the bands 35.19-35.69 and 43.19-
43.69 MHz has been proposed in a
rulemaking notice by the FCC. The
proposal involves channel splitting
of the two bands to allow for more
assignable frequencies.
The action was in response to a

petition by the Special Industrial
Radio Service Association (SIRSA)
requesting the Commission to real
locate to the Special Industrial Ra
dio Service certain frequencies in
the bands 35.2-35.68 MHz and
43.2-43.68 MHz presently allocated
to the Domestic Public Land Mo
bile Radio Service for use by wire
line common carriers.

The petition was opposed by
Pacific Northwest Bell Telephone
Company; American Telephone and
Telegraph Company; Michigan Bell
Telephone Company; Pacific Tele
phone and Telegraph Company;
United States Independent Tele-
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phone Association; Ohio Bell
Telephone Company; and New
York Telephone Company.

SIRSA contended that the chan
nels were being used very lightly
by the wirelinc carriers while Spe
cial Industrial frequencies in the
same general portion of the spec
trum were becoming overcrowded,
and concluded that its proposal
would increase the utilization of
these bands and that the same time
help to relieve growing congestion
in the Special Industrial Service.
It requested that the separation be
tween assignable frequencies in
these bands be reduced from 40
kHz to 20 kHz in line with other
land mobile operations in this same
region of the spectrum.

Pointing out that the technical
standards contained in the rules
specify a maximum authorized
bandwidth of 20 kHz for this range
of the spectrum, the Commission
proposed to split-channel the bands
35.2-35.68 MHz and 43.2-43.68
MHz which would provide 46 as
signable frequencies. The center
frequencies of the existing channels
would be retained for assignment
and the 10 kHz splinters at each
encl of the bands would be com
bined with existing 10 kHz splint
ers in adjacent bands to produce
4 additional 20 kHz channels. This
would result in a total of 50 as
signable frequencies in the larger
bands 35.19-35.69 and 43.19-43.69
MHz in place of the present 24.

Recognizing the needs of the
Special Industrial Radio Service for
additional frequencies in the lower
UHF band, the Commission also
proposed to allocate to that ser
vice, 14 of the newly assignable
frequencies to be derived through
the channel splitting. These new
channels would be intended for
regular two-way base and mobile
communication ..

The Commission said further
that it would retain for common
carrier one-way signaling service
the presently assignable common
carrier frequencies pl us 8 additional
one-way channels.

Four of the newly acquired chan
nels would be allocated to the
Special Emergency Radio Service
for one-way signaling exclusively
to meet the growing need for signal
ing service to doctors and other
medical personnel.

December, 1971

The cumbersome
four or more piece
FMmonitoring
systems are going.
Belar Monitors do a
more accurate job,
as totally integrated
one, two or three
piece systems.
The FM Frequency
and Modulation
Monitor measures
both frequency
deviation and
modulation functions
-the only unit to do
both. The Stereo
Frequency and
Modulation Monitor
has everything
built in-phase
discriminator,
exclusive 19 kHz
frequency meter,
and test functions.
The SCA Frequency
and Modulation
Monitor is the only
one that monitors
four separate
subcarriers.
All systems go!
Buy Belar!

Write to:

BE LAR
BELAR ELECTRONICS LABORATORY, INC., DEPT.. BIE-121
BOX 83, UPPER DARBY, PA. 19084 • (215) 789-0550
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ULTRA-LOW
SPEED

TACHOMETERS
Measure to as low
as 0.2 RPM.All

Metron
tachometers

accurate to I%.

STANDARD AND 1

HEAVY DUTY !'
TACHOMETERS

Single and / . ;

multiple ran:wi.... :~·.. .

I) 4 •
I s ~

PHOTOELECTRIC
TACHOMETERS
Speeds to 150,000
RPM. No connection

to shaft.

HAND
TACHOMETERS
Multiple range,

durable,
extremely

easy to use, easy
to read, high

METRON INSTRUMENTS, INC.
1055 So. Platte River Dr. • Denver, Colo. 80223

(303) 744-1791 • TELEX 04-5729
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Prime Time Rule Proposal
In response to a request by

Camellia City Telecasters, licensee
of KTXL-TV, Sacramento, Cal.,
for a declaratory ruling concerning
the applicability of Section 74.1103
(g)(2) of the rules (non-prime time
exception to the program exclu
sivity rule for network programs)
the Commission has proposed
amending the rule to make it apply
also to nationally syndicated pro
grams released on a same-day
basis.

Section 74.1103(g)(2) now pro
vides that the CATV system need
not delete a network program
scheduled between 6 and 11 p.m.
Eastern Time, but broadcast by the
station requesting deletion, outside
of the Prime Time period for net
work programming in the time zone
involved.

The Commission proposed to
amend Section 74.1103 by insert
ing a Note I after 74.1103(g)(2) to
read: The term "network program"

Memo to
Consult-
•. 1ng
l Engineers
I Broadcast Engineering's "Pro

fessional Services Section" is
your most economical and ef
fective way to display your Pro
fessional Card.

e LOW MONTHLY RATES
$16 per monthly issue, 12 or
more times
$18.50 per monthly issue, 6-
11 times
$21 per monthly issue, 5 or
less times

e REACH ALL PROSPECTS
Greater at-station circulation:
FM, AM and educational
radio; TV, ETV, CCTV and
CATV; recording studios.

e MORE AD SPACE
Your Professional Card in BE
is a full column wide!

includes programs nationally syndi
cated for release on a same-day
basis.

Camellia City said that viewers
may be deprived of the opportunity
to watch many popular nationally
syndicated programs in prime time
because a higher priority station on
the CATV system may schedule
the program later in the day, and
under the rules, may require the
CATV system to delete any other
presentations of the program, the
same day on another station on
the system.

The Commission said it found
Camellia City's argument "quite
persuasive", noting that in the
Second Report and Order in Docket
No. 14895, (2 FCC 2d 725, 749-
750) it had stated that the reason
for the non-prime time exception
to the program exclusivity rule for
network programs was to " ... in
sure that such programs are avail
able to the CATV subscribers in
maximum viewing hours."

Reid Joins Commission
United States Representative

Charlotte T. Reid, one of 12
women in the House of Represen
tatives, has been sworn in as a
Federal Communications Com
missioner in a ceremony at the
White House.

Mrs. Reid was appointed on July
2, 1971 to a full seven year term
by President Nixon and confirmed
by the Senate on July 29. She
succeeds Commissioner Thomas J.
Houser, who was appointed on
January 5, 1971 to finish the unex
pired term of Commissioner Robert
Wells. Commissioner Wells was
named by the President to a full
term as Commissioner on January
5, 1971.

She studied music and voice
with Louise Gilbert in Chicago for
seven years. During that period
she sang on radio stations in the
Chicago area and from 1936
through 1939 was a featured vocal
ist with the National Broadcasting
Company and on Don McNeill's
"Breakfast Club," appearing under
the professional name of Annette
King.
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The History Savers at work.
~ ,.... _.,,,, -- '~""""""·_...._._,,...,.,,,,...,,..,,,,._,,"'""~·-·.-~- """*'""""'"""'"'·-·'-~

Deep inside a building at New York's Lincoln
Center for the Performing Arts, recorded history is
eing recorded again. At the Rodgers and

Hammerstein Archives of Recorded Sound,
technician Sam Sanders is busy continually
transcribing all sorts of old recordings, transcrip
tions and acetates. Not only will there then be
a more permanent record of this valuable material,
but access to it is made easy through a sophisticated
catalogue system, by which interested persons can
hear material that was otherwise unavailable.

The Rodgers and Hammerstein Archives of
Recorded Sound are part of the New York Public
Library, Research Library of the Performing Arts,
and encompass virtually the entire history of
recorded sound. But to get these early (and often
irreplaceable) discs onto tape wasn't easy. Because

until the recording industry estab
[ished its own standards, playing
speeds, groove widths and
depths were widely varied.

Stanton engineers worked
closely with Archive Head David
Hall and engineer Sam Sanders

'David Hall and Sam Sanders discuss a fine point.

when the Archive Preservation Laboratory was being
set up. Standard Stanton 681 cartridge bodies were
chosen for their superior reproduction characteris
tics. However, some 30 different stylus types had to
be prepared to give the tape transfer operation the
variety needed to match the various old groove
specifications. Each was hand-made by Stanton
engineers to fit a particular disc's requirements.
So when Sam Sanders begins the careful disc-to
tape transfer, he must first match the stylus to
the record. Both microscope and trial-and-error
techniques must be often used together. But one of
the special styli will enable every last bit of
material to be extracted from these recorded rarities.

It goes without saying that a company willing to
take such care in helping to preserve recorded
history must also be interested in superior reproduc
tion of today's high fidelity pressings. Which is
one reason why Stanton cartridges remain the choice
of professionals the world over.

For an informative brochure about
our professional-quality cartridges,
write to Stanton Magnetics, Inc.,
Terminal Drive, Plainview, N.Y.11803.

December, 1971
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Understanding Zoom Lenses
Part 1 of 2 parts By Frank Bemish*

The advent of color and the
plumbicon color camera has re
sulted in the television zoom lens
coming of age. One of the important
links in the video chain, it is prob
ably the least understood. When
properly used, this lens can become
a valuable production tool.

A zoom, or variable focal length
lens, consists of a marriage of fine
optics with good mechanical de
sign. Each element is equally im
portant to the correct operation
of the lens.

Zoom Lens Basics
The optics includes five basic

groupings of lenses. (Figure I)
Starting from the front, the first
group of elements is used for ob
jective focusing. These elements
compensate for the distance from
the front of the lens to the subject
to be focused upon and perform
the objective focusing. Generally,
they are mounted so they move in
or out with relationship to the rest
of the lens elements. The closer the
subject is to the lens, the further
out the focusing elements will be
·rele-Cine Corp.
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from the rest of the lens.
The focus elements are normally

controlled by the cameraman's fo
cus control and represent the oper
ational focus on a color camera.
Directly behind the focusing ele
ments are a set of condensing op
tics that essentially colluminate the
light, making the light rays perfectly
parallel. Thus, an image is pre
sented to the moving zoom ele
ments that is always in focus, no
matter what the position of the
zooming elements.
The third and fourth groupings of

elements are the main working parts
of the lens. The third are the zoom
ing elements and the fourth the

back focus compensation group.
These two lens groups must move
in definite relationship to each
other so that the lens will track
focus throughout the zoom range.
The zooming elements act, in es
sence, as a magnifying glass. As the
lens is moved away from the objec
tive focal point, this point is magni
fied. For example, the closer a
reading or magnifying glass is held
to the page of a book, the smaller
the print appears. Move the lens
away from the page and the print
appears larger or closer to the
viewer.
You will note that as you move

the reading glass away from the
paper you must also change the
distance from your eye to the read
ing glass in order to maintain focus.
1n the same way the fourth group
of lenses, the back focus compen
sation elements, work in relation
ship with the zooming elements.
This relationship is controlled by
a cam mechanism and it is this
mechanical cam that is the heart of
the successful lens operation. (See
Figure 2.) This, more than any
other single element, determines
how well the total optical system
will perform.
The fifth and last general group

ing of optical elements is known as
the rear element and it determines
the back focal length and image
format size. This is an adjustment
for the distance from the rear of
the lens to the image plane of the
tube or film.

Range Extenders
Range extenders, when used, act

Objective
Focusing

Condensing
Lenses

BROADCAST ENGINEERING

Optical Layout

zoom
Lenses

Back
Focus
Lenses Figure 1

Rear
Element
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as a magnifying glass increasing
the rear format size of the lens.
Since the format size with a range
extender becomes larger while the
useable format remains constant,
the end result appears the same as
increasing the focal length, i.e.
the picture appears to become
closer to the viewer. The disad
vantage of range extenders is that
each time the magnification is dou
bled. the light is halved. For ex
ample, 18 to 200mm f2. I lens with
a 2.0x range extender becomes a
36 to 400mm f4.2. In general, ap
plication light loss becomes so
severe in magnifications greater
than 2.Sx that their practical use
with color TY cameras is limited.

Figure 2
Zoom lens are designed to focus

track from minimum working dis
tance (28". 4.0', 6.0', etc.) to infinity.
This generally means that anything
further from the specified minimum
working distance of the lens will
be capable of being in focus through
the zoom range.

Lenses with long minimum focal
length will sometimes resort to a
racking focusing movement or slid
ing the entire lens away from the
image plane in order to focus on an
object closer than the rated mini
mum working distance. This works;
however, the lens will be in focus
at only one point on the zoom range
and cannot be zoomed. A zoom
lens used in this way becomes a
fixed focal length lens.

Reducing Minimum
focusing Distance

One method of reducing the min-

December, 1971

Photos of Radio Comerciales S.A.. Guadalajara, Jal., Me>ico

How to get your share
of the Latin American
broadcast market.
Right now, there are close to 6,000 radio and television stations in Spanish
speaking areas of the world. Competition among stations is keen. To remain
competitive - and keep pace with Latin America's rapidly growing economy
their equipment must be kept in top condition. Clearly, a substantial market
exists for all kinds of broadcast equipment and components. New and used.

One publication - RADIO y TELEVISION- serves this vast purchasing
potential. It provides saturation coverage among buyers and those who
influence purchasing at broadcast facilities throughout Latin America and
Spain. Owners, managers, engineers and technicians at commercial and
educational radio and TV stations, recording studios, electronic equipment
manufacturers and related businesses.

As the Spanish-language counterpart of Broadcast Engineering, RADIO y
TELEVISION delivers technically-oriented editorial aimed at helping readers
to select, operate and maintain equipment and components for maximum
signal quality. This unique content provides the precise environment that
induces buyer receptivity. It enables advertisers to "sell the broadcaster
when his mind is on signal quality."

There's a lot more to the story. And we'd be happy to give you more infor
mation about this unique medium and the dynamic market it serves. Just
circle the Reader Service number or write directly to:

Radio y Televisión·
The technical journal of the Latin American
broadcasting industry.

1014 WYANDOTTE STREET • KANSAS CITY, MISSOURI 64105
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He left the company. For good.
Like 25,000 other valuable employees
who lost their lives last year in auto
accidents.

Which has prompted a lot of
businesses to set up the National
Safety Council's Defensive Driving
Course. A course that utilizes tested
concepts and techniques of defensive
driving that can dramatically reduce
traffic accidents among your employees.

Western Electric has already trained
hundreds of its employees how to drive
and survive. So have other employee
conscious businesses Iike National Cash
Register. Oklahoma Gas and Electric.
And the Hartford Insurance Group.

You, too, will find it very profit
able to set up your own Defensive
Driving Course for your employees.

Because the best way to keep
your workers working is to keep your
workers alive.

Send for the survival course.

-·------------------- ---------------------------------.
: Special Projects-Public Information :t\~..'I\.¡ ~2a5ti~na~~a~~ty~uncil ~' ~
I . • IC_ rgan ve.. aovert.s.og ccrunoctec¡ Chicago. lttincis60611 lor thepublicgood.

¡ Please mail me full details on the Defensive Driving Program.

':Name----------------~

Title-----------------

Firm Name _

Address _

City _

State Zip. _

-----------------------------------------------------
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Figure 3

imum focusing distance is by the
use of a close up adaptor. (Figure
3) This is an additional front lens
element that is attached to the front
of the zoom lens to reduce the min
imum focusing distance. Three
things happen when a close up
adaptor is used. The minimum
focusing distance is reduced by
some factor (0.5x). The zoom lens
loses infinity focus, and you lose
some light transmission. If a lens
has a normal minimum close fo
cusing of 28" to infinity, when a
0.5x close up adaptor is used, the
working distance now becomes 14"
to 28" so you note that a close up
adaptor is not used beyond its nor
mal close working distance.

Manual Control
It is normal practice to control

the lens from the operator position

•

at the rear of the color camera.
This is accomplished by intercon
necting the camera controls and the
lens by means of a flexible shaft
similar to a speedometer cable.
Normally, manual control gives the

Figure 4

operator adequate flexibility with a
minimum of effort. There are, how
ever, limitations. Mechanical link
age, friction and operator physical
limitations show up when extremely
slow or fast zoom movements are
attempted. The only practical way
of overcoming these problems is by
motorizing or servoing the lens.

Servo lenses have, in the past,
been large and cumbersome and
the inability to have a manual
backup meant that servo down time
forced the loss of the camera. When
the plug-in servo module concept
applied, a new era in servo lens
use appeared. Now lenses could
be converted from manual to servo
and back in the field. (See Figure
4.) Newly designed DC servo sys
tems give operational zoom speeds
from one second to 12 minutes end

•

Figure 5
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to end; and coupled with a shot box
which allows precise pre-setting of
shot framing and zoom speeds as
well as focus in some cases, any
operator can easily perform move
ments that would be impossible
with a manually controlled lens.

Business and Finance

In the next article, we will dis
cuss technical setup procedures,
maintenance and operating tech
niques that will give you the maxi
mu111 performance from your lens
and color camera.

Commission Adds CATV Forms
Final versions of two report

forms that must be filed by CATV
operators, FCC Form 325 (gen
eral information. CATV services
and ownership information) and
FCC For111 326 (financial informa
tion). have been adopted by the
Commission (Docket 18397). Form
325 will be due March I, 1972 and
Form 326 will be due April I, 1972.
The action amends Parts O and 74
of the rules.

The Commission issued a rule
making notice and a notice of in
quiry on December 13, 1968 pro
posing that CATV operators file
annual reports providing current
information on such matters as
location of the CATV systems:
number of subscribers: channel
capacity: broadcast signals carried:
extent and nature of program orig
inations: any other operations con
ducted on the system: financial
data: ownership and interests in
other CATV systems: broadcast
media and other businesses.

The Commission said that it was
issuing its present order so the
annual reporting requirement could
be implemented as quickly as pos
sible, even though the forms them
selves will not be ready for several
weeks. Copies will be mailed to all
known CATV operators early in
November. so they may study well
in advance of the filing deadlines,
the Commission stated.

For both forms, the first report
ing period will be calendar year
1971. F or111 325 must be filed on
or before March I of each year, for
the preceding calendar year, and
Form 326 must be filed on or be
fore April I of each year, for the
preceding calendar year. A CATV
system that begins operation be
fore December I, 1971 may report
financial information on a fiscal
year basis and must file annually
not more than 90 days after the

December, 1971

close of the system's fiscal year.
If a CATV operator is using a
fiscal year basis for Form 326,
his first report should cover the
fiscal year that began on or after
January I, 1971.

Form 325

In the case of Form 325, only
non-operating CATV systems will
be exempt from filing an annual
report. Program origination ques
tions have been incorporated into
the CATV services section so that
a separate program origination
form is no longer necessary. In
stead of requiring a separate Form
325 for each CATV system. com
posite reports may be filed when
CATV systems are under common
ownership and all the services and
ownership information requested
by the form is identical.

The CATV services section of
Form 325 asks about program
sources (local, automated or video
tape), types of programming and
number of hours of each during
the "specified week" for report
ing. The specified week is defined
as the seven-day period beginning
at 12:01 a.m. on December I, 1971
and ending at midnight on Decem
ber 7, 1971.

If it is impossible for CATV
systems to use the specified week,
they may use any seven consecu
tive days of the 60-day period im
mediately before the date of filing
of Form 325, as long as they ex
plain the reasons for not using the
specified week and indicate the
dates that are 'being used instead.
A proposed rule requiring CATV
systems to maintain program logs
will permit future reporting to be
based on a composite week, the
Commission stated.

Adoption of Forms 325 and 326
became effective November 22,
1971.

Number 86 in a series of discussions
by Electro-Voice engineers

A major problem of microphone design in this
era of the hand-held directional microphone is
the reduction of noise transmitted to the dia
phrag m through the microphone case. The dif
ficulty is most acute with the so-called
"Sing]c-D" cardioid models.

While the conventional approach is to isolate
the entire microphone element from the case,
difficulties arise in choosing suspension para
meters and materials that will be equally ef
fective at all frequencies. Thus, coupling of the
element to the case may vary with frequency.
And because the mass of the entire element
differs from the mass of the diaphragm as
sembly alone, any axial motion of the element
will cause the diaphragm to move relative to
the element (and voice coil gap) thus convert
ing the motion into electrical energy and audi
ble noise.

A novel suspension system has been developed
by Electro-Voice that uses the noise energy
itself to reduce shock noise. Using an ex
tremely compliant ring suspension, the element
is isolated from the case, but relatively free to
move axially. Behind the element, an air vol
ume is connected by an inductive passage to
the air space behind the diaphragm. This air
volume is contained in a compliant "píston"
that attaches element to case to act as a form
of shock absorber controlling axial element
motion.

As the element moves with respect to the case
(inward, for example) the trapped air is com
pressed by the piston, exerting pressure on the
back of the diaphragm. This forces the dia
phragm to move with the rest of the element.
In this manner, element motion and diaphragm
motion are kept in step, and there is vastly
reduced electr-ical output from shock noise.

Testing indicates a reduction of shock noise by
an order of 20 dB compared to conventional
shock mounting. And the concept seems espe
cially effective at frequencies around 130 Hz
where shock noise energies are high. Because
the system need not affect response or direc
tional characteristics, greater design freedom is
assured for optimum performance. The system
is now in use in the Model 670 Sinale-D Car
dioid microphone and will be included in 2
new microphone designs, the DS30 and DS3fi
soon to reach the professional microphone
market.
For reprints of other discussions in this series,
or technicaldala on any E·Vproduct, write:

ELECTRO-VOICE,INC., Dept. 1213V
638 Cecil St., Buchanan,Michigan 49107

19

www.americanradiohistory.com

www.americanradiohistory.com


The New Remote Control VIT Signal

This new ruling will still require a First Class Operator
for the remote monitor. If properly used,
this method could improve the TV signal quality.
By Bruce Longfellow I Rules and Standards Div., FCC.

Commission experience in au
thorizing the remote control of tele
vision transmitters-extending from
the first actual UHF remote con
trol operation in 1963 through ex
tensive VHF testing by NAB and
others-has emphasized the press
ing need for improved control over
the quality of the transmitted pic
ture.

The almost complete conversion
to color since remote control was
first authorized has added an en
tirely new dimension to the prob
lems of transmitter operation and
maintenance, while the separation
of the operator on duty from his
transmitter and control console has
made it plain that more, not less,
attention to the quality of the
transmitted picture is needed.

The Commission has concluded
that, in order to best achieve this
rededication to highest possible
technical quality, appropriate
means must be provided for the
station's engineering staff to be kept
fully aware of transmitted signal
characteristics at all times. Conse
quently, in authorizing VHF trans
mitter remote control operation, the
Commission determined that suit
able locally-generated test signals in
the vertical blanking interval would
be required for all transmitters
UHF as well as VHF-when oper
ated by remote control. After re
ceiving comments from all segments
of the industry as to the nature of
the test signals, the Commission in
its Second Report and Order in
Docket # 18425 adopted the new
test signal requirements. This

20

article will describe the new test
signal, discuss the basis for its
choice and explain what the Com
mission does and does not expect
of television licensees who employ
it.

The adjustment of a television
transmitter for proper operation re
quires the employment of test sig
nals of controlled characteristics.
These signals normally are utilized
only during maintenance periods,
and are transmitted over the full
picture raster. However, the ability
to transmit test signals along with
picture information has a recog
nized value for detecting and iden
tifying performance deficiencies oc
curring during regular operation.

Such signals may be generated
locally and transmitted in the ver
tical blanking interval during regu
lar programs under an FCC rule on
its books for a number of years.'
Generally, however, the only test
signals radiated in the vertical in
terval have been those generated by
the networks, used in the mainte
nance of long network lines, and
intended for observation at the line
terminals. Under the rule, these sig
nals need not be erased before
transmission, and in the usual case,
the television station radiates the
network test signals along with the
picture. Although these test signals
may be observed at the transmitter
output to assess transmitter perfor
mance, the degradation they suffer
in traversing the network lines
makes them of limited value in
transmitter testing. Moreover, the
relative and absolute levels of the

signals are not in all cases the best
choices for transmitter surveillance.

New Requirements
The new remote control rules re

quire the transmission of test sig
nals of specified characteristics in
the vertical interval during all pe
riods of regular programming. With
one exception discussed below,
these test signals are to be inserted
in the vertical interval at the re
mote control point, and, after ra
diation, to be received and observed
there, with the results of observa
tions logged at half-hour intervals.
At the remote control point, the
transmitter operator has control
over these signals, and may when
ever desired compare the input test
signal with the output signal as re
ceived over the air.

If the remote control point is not
at the studio, this requirement
poses obvious problems, since the
STL input ordinarily would not be
accessible at the remote control
point. Since a single location for
performing all of these functions is
desirable, the remote control loca
tion should be chosen with due re
gard for this problem. Remote con
trol applications specifying a re
mote control location other than the
main studio (Question 5(c) of FCC
Form 301-A) require an explana
tion of the choice of location. If
the test signal is inserted at such a
location, a waiver of the Commis
sion's rules is required. Any such
proposals should include full justi
fication, including the provision of
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NOTES:
1. A breezeway, as shown between

bursts, is recommended. Each
burst= 60 IRE units peak to peak.

2. To·= Nominal start of active por
tion of line 18, field l.

3. Rise and fall of white bar shall
have risetime of not less than
0.2 (JS.

~irr i. '
~·:ii

'>r

,._.o. ll·.

NOTES:
1. Phases and amplitudes of the

colored bars are in accordance
with the FCC Rules and Regula
tions for 100% saturated colors
of 75% amplitude.

2. White flag (bar) at reference
white precedes the colored bars.

3. A black bar at setup level follows
the colored bars.

4. Each bar6µsminimum duration.
5. To= Nominal start of active por
tion of line 18, field II.

NOTES:
1. Sub-carrier of staircase in phase

with burst.
2. Rise and decay of all luminance

signals not less than 0.2 usec.
Rise and decay of envelope of
sub-carrier component of stair
step signal shall be approx. sin2

shaped and risetime .375 J.ISec.
3. To= Nominal start of active por

tion of line 19.

"half amplitude duration
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Fig. 4 Vectorscope display of color bar test signal on line 18,field No. 2, showing color bars in
proper amplitude and phase.

complete system surveillance from
the remote control point.

Signal Insertion
The test signals are to be inserted

on lines 18 and 19 in the vertical
interval and will occupy line 18 in
both fields and line 19 in field No.
1. The signals to be employed and
their characteristics are those pro
posed by EIA in the rule-making
proceeding.

In summary, these signals are:
Field No. 1, line 18. Multiburst,
preceded by white flag (See Fig
ure 1).
Field No. 2, line 18. Color bars,
preceded by white flag (See Fig
ure 2).
Field No. 1, line 19. A com
posite signal, consisting of the
sequential transmission of a five
riser staircase, each tread added
to color subcarrier phased locked
to the color burst, with a peak
to-peak amplitude of 40 IRE
units, a 2T sine-squared pulse, a
12.ST pulse modulating color
subcarrier, and a white flag of
100 IRE units in amplitude and
18 µ.S in duration. (See Figure
3).
Normally, the line 19 composite

test signal would also be inserted
on field No. 2 at the remote con
trol point, but it may be inserted at
the transmitter input if a station
licensee desires to make a separate
determination of the effect of his
transmitter and studio-transmitter
link on system performance. Alter
natively, the licensee is permitted

22

to insert test signals of his
own choosing on line 19 of field
No. 2 either at the remote-control
point or at the transmitter, pro
vided that the insertion levels and
other characteristics of the signals
result in no interference with the
observation of the required signals
or with the transmitted picture.

The levels are standardized as
shown in Figures 1, 2, and 3. The
average picture levels (APL) of the
signals have been balanced for each
field, and the components are so
arranged as to reduce the possibil
ity of interference between test sig
nals. For monochrome transmis
sion, the chrominance component
of the color bars is removed.

Lines 18 and 19 were selected
for the locally-generated test sig
nal transmissions to protect tenta
tive commitments for the use of
other lines which are available un
der existing rules. Line 17 is being
considered for the transmission of
test signals accompanying programs
intended for international distribu
tion, and line 20 may be occupied
in the future by a vertical interval
reference (VIR) signal which is
being developed by an industry
committee (See January, 1971
BROADCAST ENGINEERING).
The VIR signal would accompany
a color program from its source,
and would be used to detect distor
tion introduced at any point in the
transmission path which might ad
versely affect color quality.

Television engineers are generally
familiar with all of the test signals
described, and employ some or all

in the testing and adjustment of
transmitter during maintenance pe
riods. The primary uses of these
signals are well-known: the multi
burs t for transmitted video
amplitude vs. frequency response
measurements, color bars for ascer
taining the ability of the system to
transmit color components in the
correct relative amplitudes and
phases, the staircase for the mea
surement of dynamic gain, and dif
ferential gain and phase, the 2T
pulse for the observation of transi
ent response, and the white bar for
low frequency phase characteris
tics.

The 12.5T pulse is used for
chrominance/luminance delay mea
surements in lieu of the more fa
miliar 20T signal, since the fre
quency spectrum of the 12.5T pulse
more closely approaches that of the
NTSC 525-line color signal than
does the 20T pulse. The signal for
each field includes a white bar at
100 IRE units, which may be used
as a reference level.

Employing Test Signals
The rules do not specify the way

in which particular test signals are
to be employed, and each licensee
is expected to develop his own pro
cedures. For example, the multi
burst signal may be employed to
observe the video amplitude vs.
frequency response while for color
transmission the color bar test sig
nal may be displayed on the vector
scope (Figure 4).

Likewise, appropriate use may
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WHEN USED WITH AMPEREX MATED CAVITIES

TUBE T'l'l'E CHANNEL 2-6 I CHANNEL 7-13
SYNC LOAD POWER (KW) SYNC LOAD POWER (KW)

8814 1.5 1.5

8812 6.25 8.75

8813 17.512.5

8915 ~ 17.5 25.0

·Rc1¡1!;IC'rcd1radcrnark of NV Philips al Holland

Cirde Number 21 on Reader Reply Cord

December, 1971

FromAmperex ...
who gave you the
Plumbicon* TVcamera tube
that revolutionized
color broadcasting
all over the world ...

... a line af power tubes
far your new transmitters
that will free yau at last
f ram worry auer reliability4

Amperex cavity-matched and mated VHF-TV power tetrodes,
provide the high reliability that is an absolute necessity for
television broadcast stations. Available in sync-level power
ratings from 1.5to 25 'r<:>N and for operation in channels 2
through 13,these air-cooled tubes are designed and rated
specifically for television broadcast service.
They feature ··K"grid material for long and stable life;

mesh filaments and grids for high power gain. efficiency
and mechanical strength and rugged coaxial metal-ceramic
construction that lends itself readily to cavity operation.
Optimally matched cavities for each type are available for

both low- and high-band service and for both video
and sound transmission.
Amperex precision design and manufacture of the tube

and matching cavity is your best assurance of reliable, trouble
free performance. When you think of TV broadcast equipment
... think of it from the Plumbicon tubes in your cameras
through the power tubes in your transmitter.
For additional information on the complete line of Amperex

cavity-matched VHF-TV power tetrodes, write:
Amperex Electronic Corporation, Product Manager,
PowerTubes, Hicksville, NewYork 11802.

Arnpere:.
TOMORROW"S THINKING IN TODAY"S PRODUCTS
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be made of the other elements of
the test signals to determine a wide
variety of transmitting system para
meters. Examples of typical inser
tion and test equipment, together
with oscilloscope displays are
shown in Figures 4 through 6.

Test signal observations are re
quired to be made immediately after
commencement of operation, and
during operation at intervals not
exceeding one-half hour. More fre
quent observations are to be made
if necessary to insure proper perfor
mance of the transmitter and asso
ciated equipment. The date and
time of each observation of the test
signals must be entered in the op
erating log, together with notations
as to the results of these observa
tions.

Test Signal Distortion
The received test signals may be

distorted to some extent because of
limitations in the monitoring sys
tem itself, and not necessarily as a
result of transmitting system defi
ciencies. Concern was expressed by
some persons commenting in the
rule-making proceeding that the
FCC might use test signal observa
tions as a basis for issuing notices
of violation although observations
based on the test signals might not
necessarily accurately reflect the
performance of the transmitting
system. This was cited by some of
the parties as a reason that specific
test signal requirements should not
be set by rule prior to extensive
testing.

The FCC recognizes that such
distortions may occur, but does not

24

Fig. 5 Waveform
display of compos
ite signal on line 19.
The 12.ST pulse
shows correct am
plitude response at
3.58MHz,with neg-
1 ig ible envelope
delay.

believe that this substantially les
sens the utility of the test signals
for surveillance of the transmission
system. This does require, however,
that the monitoring system be care
fully designed and installed, and
the rules require that the waveform
monitor at the remote control point
be periodically calibrated against a
monitor maintained at the transmit
ter.

Multipath propagation of the sig
nal between the transmitter and the
remote control point is an obvious
source of distortion. At the remote
control point, its effects may be
minimized by the proper selection,
sitting, and orientation of the re
ceiving antenna. On the other hand,
this would not always be possible
when the monitoring of test signals
is undertaken with a mobile unit.
Thus the FCC would not rely solely
on off-the-air observations of test
signals in detecting deficiencies in
television station operation, but
would follow up apparent devia
tions with observations at the trans
mitter.

In any event, the test signal re
quirement is not being adopted as
an enforcement tool, but to give the
television station licensee a more
effective and meaningful method
for monitoring the daily operation
of his transmission facilities.
The other major source of dis

tortion may be in the demodulator
which feeds the waveform monitor
or vectorscope for test signal obser
vations. Quadrature distortion is
produced in an envelope detector
when the portion of the television
signal which is transmitted in the

single sideband region (this includes
the color subcarrier) is demodu
lated to baseband, and is more
severe the higher the level of the
signal component relative to the
carrier at the demodulator input.
It is manifested, among other things,
in inaccurate indications of differ
ential gain and phase at the color
subcarrier and distortion of the
chrominance/luminance relation
ship.

The effects of quadrature distor
tion on a test signal may be min
imized by reduction of the ampli
tude at which the test signal is
transmitted. The specified multi
burst signal is limited to a peak
level of 70 IRE units primarily for
this reason. The reduced amplitude
of this signal also lessens the possi
bility that intercarrier buzz may re
sult from its transmission.

How serious a problem this kind
of distortion will present depends
largely on the demodulator charac
teristics. A number of demodula
tors of recent design incorporate
features intended to limit quadra
ture distortion. A "state of the art"
demodulator, which the FCC rules
require be installed at the remote
control point, should include such
features as a minimum. Likewise,
where a signal frequency amplifier
must be used to raise the level of
the off-the-air signal delivered to
the demodulator, it must be of such
quality as not to limit monitoring
system performance.

Residual distortions normally
would be identified and accounted
for by appropriate calibration pro
cedures. While the rules do not re
quire it, this procedure may be sim
plified if the waveform monitor at
the transmitter output against which
the remote monitor is calibrated is
fed by a demodulator of character
istics identical to those of the de
modulator at the remote control
point. This is particularly true,
since both demodulators should
have the same degree of quadrature
distortion, and for regular opera
tion must be operated with the
sound notch in, which will modify
the indicated response from that of
the visual transmitter itself.

In some cases there may be
significant differences in the per-
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formance of a transmitter when
handling vertical interval informa
tion as compared to program ma
terial. These differences should be
identified by full field/vertical in
terval test signal comparisons in the
calibration procedure.

Since lines 18 and 19 may be
occupied by network signals, and
excess noise may be present, eras
ing facilities must be employed be
fore the locally-generated test sig
nals are inserted at the input to the
studio-transmitter link.

New Equipment Coming
To permit station licensees to ob

tain the necessary signal generating
equipment, the FCC has postponed
the implementation of the test sig
nal requirement until April I,
1972.
The FCC expects that well be

fore the effective date of the test
signal rules, signal generators cap
able of providing all of the required
test signals will be available. Such
generators will incorporate facilities
for erasing incoming signals and
noise from lines 18 and 19, and for
inserting the test signals directly on
these lines. While these generators
would seem to offer the simplest
and perhaps most economical
method for providing the required
test signal input, the television li
censee is not precluded by the rules
from employing any combination of
separate signal generators and aux-

iliary equipment which will produce
test signals of the specified char
acteristics.

Off-the-air test signal observa
tions are not expected to provide
an absolute measure of transmitter
performance, but rather are relied
on to indicate departures from nor
mal transmitter performance deter
mined at the time the off-the-air
monitor is calibrated. Thus, the
broadcaster is not expected to make
a detailed evaluation of the char
acteristics of the test signals when
they are observed and logged each
half hour-only significant devia
tions from normal transmission
need be specifically noted and ana
lyzed.

The FCC has no immediate in
tention of establishing standards for
type approval of vertical interval
test signal generators, or for other
items of equipment, such as de
modulators, whose performance
characteristics may affect test signal
transmission and observation. The
development of standards, and par
ticularly the subsequent testing of
various manufactured units for
compliance with these standards,
can be extremely time-consuming
and would unduly delay the imple
mentation of the test signal rules.

The broadcaster can best assure
that the apparatus he acquires is of
satisfactory quality by a careful
study of detailed specifications,
which any reputable manufacturer
will supply, of any piece of equip-

( ) PROGRAM CONTROL

Fig. 6 Typical instruments for generating and inserting the vertical interval test signals.

ment he has under consideration,
with due regard to the require
ments of the rules.

In adopting rules requiring the
regular transmission and observa
tion of vertical interval test signals
by television stations operating by
remote control, the FCC is pro
viding a new, and it believes, more
effective means for the continuing
supervision of television transmis
sion systems. As the broadcaster
gains operating experience under
these rules, the need or desirability
for their modification may become
apparent. The FCC would appreci
ate suggestions from the broad
caster, or reports in problems en
countered.

If, as is hoped, this method of
transmitter supervision becomes
firmly established and accepted for
use by television broadcast stations
operating by remote control, con
sideration may be given to the ex
tension of the requirement to all
television broadcast stations. At
that time, it may be appropriate to
consider the relaxation of rules
which require the half-hourly log
ging of the traditional operating
parameters. A

Footnotes
173.682(a) (21): "The interval be
ginning with the last 12 microsec
onds of line 17 and continuing
through line 20 of the vertical
blanking interval may be used for
the transmission of test signals ... "

POWU

i

\.'

l
J

··.-~.~..•

J

December, 1971 25

www.americanradiohistory.com

www.americanradiohistory.com


Multiplying, mixing
and modulating with /C's
Part 2 of a two-part series ay wait Jung

Last month we talked of the bal
anced modulator in IC form as
exemplified by Motorola's MC-
1596/1496 chips. The balanced
modulator by itself is certainly an
important enough IC development,
but it is more than that. It also
forms the basis for a completely
linear four quadrant multiplier, a
circuit which performs circuit func
tions previously impossible or eco
nomically unfeasible.

The four quadrant multiplier op
erates with two linear voltage in
puts (X and Y) in the range of
-+-10 Volts and generates an output
signal which is the product of these
two inputs times a scale factor, "K".
Therefore the output is of the form
Eo=K Ex Ey where K is the scale
factor and Ex and Ey are the X and
Y inputs. As in the balanced modu
lator, the device is termed four

OUTPUT
KXY

21 14

Ii ••

quadrant, because the output will
always possess the correct algebraic
sign with any combination of Ex
and Ey polarities.

This month we'll look inside this
type of IC to see how it works and
also explore a few applications use
ful to the broadcast engineer.
Among the applications of the four
quadrant multiplier are: modula
tion and demodulation, phase detec
tion, frequency multiplication, elec
tronic gain control, audio or video
switching, voltage tunable filters,
and power computation.

Heart of the Four
Quadrant Multiplier

Last month we described how a
monolithic balanced modulator per
forms the process of multiplying
two inputs. This is accomplished by
the two inputs to the device, termed

DI

-V
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Fig. 1The MC1595/1495,a linear four quadrant rnultiplier ,

the "signal port" and the "carrier
port" on the MC1596/1496. In
Figure 1 you will note a very close
similarity to the MC1596/1496
contained in the left hand portion
of the circuit. This circuit is of
course a balanced modulator also,
the only difference being the addi
tion of Darlington connected driv
ers to Q5 and Q6. The biasing net
work of Q7-Q9 is identical to the
MC1596/1496, and the collector
currents of Q5 and Q6 feed a quad
set of current mode switches, OI
Q4, just as in the MC1596/1496.
But note the base drive for Q 1-Q4
-not from the external world, but
from another circuit (the right hand
portion).

The reason for this additional cir
cuit is the difference in concept be
tween the basic balanced modulator
(as typified by the MC1596/1496)
and a fully linear four quadrant
multiplier such as the MC1595/
1495 (which is what the schematic
of Figure 1 shows).

Last month we discussed the sig
nal handling capability of the MC-
1596/ 1496 carrier input or the
quad transistor set of Ql-Q4. These
transistors only exhibit a linear
voltage input/current output trans
fer for small signal levels; 50mv or
less. For signals much beyond, li
nearity suffers, and compression of
the transfer characteristic begins to
occur. Further increases cause more
signal compression, until beyond a
certain input signal level, full limit
ing occurs.

The distinction we are making
here is that the basic balanced
modulator (MC1596/1496) is best
suited as a switching mode type of
multiplier because of this natural
limiting characteristic of the carrier
input transistors Ql-Q4. To realize
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DI

Fig. 2 Illustration of linear current con
trol through non-linear processing.

a completely linear transfer char
acteristic through this port, some
additional monolithic matching
tricks are brought into play.

Linear Current
Transfer Through

Non-Linear Processing
If we consider a pair of identical

transistors (such as those readily
available through monolithic match
ing) we will note some very basic
properties which can be brought
into play in a highly useful manner.
In Figure 2, Dl and Q2 are a
matched pair of transistors with Dl
diode connected and in shunt with
the base of Q2. It is a well known
property of a semiconductor diode
that its forward voltage drop is
logarithmically related to the cur
rent flowing through the junction.
In Figure 2, Dl is such a diode
and will exhibit a drop (which is
also its Vbc) which is logarithmic
ally related to Il. Note that for
linear current changes in Tl, the
Vbc of Dl will vary in quite a non
linear fashion, since it is logarith
mically related.

But now consider the effect of
Q2. The collector current of a tran
sistor is exponentially related to its
base voltage. This also is non-linear;
the voltage changes required in Q2's
Vbe for linear collector current
changes are very small and not re
lated in a linear fashion.

Now relate these two phenomena
to the original assumption of iden
tical transistors for D 1 and Q2. For
a given le the Vbe's of the two
transistors will be identical. Stated
another way, if a current 11 is fed
into Dl it will naturally develop a
Vbc across Dl which is logarith
mically related to this current. But
since Q2 receives this same base
voltage, its collector current will be

December, 1971

an exponential function of it. Since
the two are ideally matched, I2 will
be equal to 11!

It also follows that equal changes
in Tl, will result in corresponding
equal changes in I2. So we can see
how two non-linear transistor prop
erties can be utilized to realize
linear current transfer through the
use of matched transistor properties
which cancel the non-linearieties in
complementary fashion.

Now we can relate this property
to Figure 1 in a couple of steps
and see how a complete lineariza
tion of the Y channel signal input
takes place. First, refer to Figure
3, which is a simplified model of
the multiplier with the non-linear
processing. Diodes Dl and D2 rep
resent the logarithmic elements sim
ilar to Dl to Figure 2. These two
diodes receive the equal and out of
phase currents from the Y channel
input differential pair. These two
signals are shown as -j-Ly and -Iy.
So far this stage operates just as the
signal port we discussed last month
for the MCl 596/ 1496, with the ex
ception that loads for this stage
are the diodes Dl and D2.

+V

RL~ RL
+K Ex Ey l I -K Ex Ey

Now you will also note that Dl
and D2 are in parallel with the
upper port quad transistors (Ql
Q4) of the balanced modulator.
And just as we talked of matched
transistors for the development of
Figure 2, here we will consider all
of the Ql-Q4 set and Dl-D2 iden
tical. It is quickly apparent what
happens now. The differential loga
rithmic voltages across Dl and D2
exactly complement the drive re
quirements for non-linear voltage
control of Ql-Q4. As a result the
currents -l-Iy and -Iy control the
relative conduction of the Ql-Q4
set in a linear manner, although the
means of control is decidely non
linear.

Let's review what has been ac
complished in this process. We have
two linear input signals, Ex and
Ey which are converted into cor
responding currents proportional to
Rx and Ry. These currents appear
differentially as -+-Ix and ±Iy.
±Iy is processed logarithmically
and used to control one input of a
balanced modulator (Ql-Q4). The
other input to the modulator is
±Ix. These two inputs are multi-

DI Y 02

+ ...•~~~--#--~~~~~~~ .......•
~ Ey

-V

I ,. +

-V

Fig. 3 Basic model of a four quadrant multiplier.
Circle Number 22 on Reader Reply Cord -II
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Welcome to a world of error-free tele
vision. Or, rather, television with errors
corrected so fast that the eye cannot
follow nor the mind register. Television
that is the world of the incredible AVR-1
... a VTR designed to meet your record
and playback requirements as you have
expressed them.

AVR-1, the third generation
recorder that moves far ahead of all
previous VTRs. The miracle of electronic
advancement that cleans up your log
with "hands-off," automatic ease and
precision. Human and machine generated
errors disappear as video automation,
pioneered and developed by Ampex,
produces profit by creating make-good
free programming. Programming that
looks good on the screen and equally
good on the profit and loss sheets.

To prove our point, Ampex engi
neers have prepared the "World's Worst
Videotape Recording." It took our best
engineers to make a recording this bad.
A tape containing eight recording faults in
an exaggerated degree. We're sure
these errors are never made in your
operation, but other people make them
and you have to play them. And you
can with an AVR-1; with less operator
time, too!

It's unlikely you'll ever be faced with
any tape containing all these faults, but
you have been, are now, and will be
faced with each of them individually.

As shown by the accompanying
frames excerpted from the tape, and as
witnessed by television executives across
the nation, all eight errors are corrected
automatically by the AVR-1 ... even when
operated by an unskilled person.

Join us in our world of profit
producing picture perfection with the
AVR-1.
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Get more fron

Improved monitoring and test facilities
In addition to the standard pulse-cross
video monitor, the AVR-1 is provided
with dual waveform monitors for display
of both signal and system waveforms.
Audio monitoring includes a new high
quality acoustic-suspension speaker and
amplifier with audio and cue level
controls. A dynamic microphone is
provided, as are selector push-buttons
and two true VU meters.

New tape timing accuracy
Dependable, repeatable accuracy in
tape timing is provided by the new Ampex
Electronic Tape Timer. Counting either
elapsed or remaining time in hours,
minutes, seconds and frames, this timer
can freeze a reading to locate a
position on tape and is.accurate to the
frame. Displays are large and easy to read.
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he AVR-1

Functionally separated controls
Logical AVR-1 control groupings
provide for the ultimate in operating
flexibility. Primary transport controls
can be remoled to production areas.
The secondary controls are divided into
three sections: set-up panel, standards
control panel and maintenance panel.
Set-up and standards control panel can
also be remoled.

New Mark XX video head assembly
Changing a video head assembly on the
AVR-1 is push-button easy. A single
precision lock permits the operator to
push the button and lift the Mark XX
Video Head from its preamp subbase.
The vacuum guide automatically with
draws from the head for tape threading
and for easy cleaning.

Improved tape handling
Six features of the AVR-1 provide
for improved tape handling: Vacuum
columns, air guides, vacuum capstan,
glass transport cover, retracting vacuum
guide block and tape shuttle control.
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... and profit £ron

More from the incredible AVR-1

Instant video
The AVR-1 achieves stable operation in less than 200
milliseconds after startup. When picture break-up oc
curs, the AVR-1 fades to black, stays in black during
disturbance, then comes up on a stable picture when
the disturbance is over.

00 00 00 00 00 01.0

A fully-framed video output occurs in less than 6 frames; 6 frames easily
cued by means of the AVR-1 timer display and a convenient knurled
capstan grip.

Fully synchronous
operation

Reference sync, blanking and color burst from station
composite sync are added to the AVR-1's signal-its
output can be switched and mixed like that of a camera.

Stability
The AVR-1 computer-type circuitry offers something
new: once you set them, control adjustments stay put.
Optimum conditions are set to occur at a zero volts DC
level; to set up, simply zero the knobs on the secondary
control panels.

There it is. And there's nothing else in the world like
it. The incredible AVR-1. The Third Generation VTR
that every television station and production facility
needs.

No more lost profits from someone else's record
ing errors. No more screams from the sales department
over make-goods. No more channel-hopping viewers
because of sloppy continuity. Nothing but perfect pic
tures with fewer man hours on the incredible Third
Generation AVR-1.
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he experience

Rapid loading

Tape reels mount con
veniently at waist height.
Threading is a simple,
sweeping motion. And a
high-speed, continu
ously-variable shuttle
control speeds work at
the machine.

Vacuum columns
Vacuum columns, combined with outstanding servo
systems and the wide range time-base correction, give
the AVR-1 its 200-millisecond lockup. And help clean
and preserve tape, by eliminating mechanical tension
ers. The oxide surface of the tape touches only the
heads.

Wide range time-base correction
The AVR-1 takes a new approach to the problem with
an extended range of ±32 microseconds. Servo sys
tems control tape speed, tape tension, and head-wheel
positioning to bring the error within this correctable
range.

Check the full story with your Ampex Sales Rep
resentative, or write: National Sales Manager, Video
Products Division, Ampex Corporation, 401 Broadway,
Redwood City, CA 94063. Ask too, about the many
AVR-1 accessories including automatic tracking con
trol, velocity compensator, electronic editor and the
new auto-chroma. We can also tell you about the com
panion of the AVR-1. The automatic cassette recorder
which includes all these automatic features. The Ampex
ACR-25. You'll profit from the experience.
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plied within the modulator and ap
pear at the output resistors as
+KExEy. Just as in the basic bal
anced modulator, these output sig
nals are four quadrant, always pos
sessing the correct sign for all in
put polarities. The scale factor "K"
is set by the resistances Rx and
Ry in relation to RL and the ratio
of Y channel current to X channel
current. Both signal inputs are dif
ferential and can handle DC as well

l OUH'UT
·JN I I I " OHSCT

1·1B'·l><¡¡
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.--~lle_ ,,,e
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Fig. 4 Test circuit for the MC1595/1495.

Fig. 4a Scope pattern for the MC1595
balanced modulator.

Fig. 4b Scope pattern for the MC1595
as a modulator.
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as AC signals.
If we tum back to Figure 1 we

see how this all goes together in a
single chip as Motorola's MC1595/
1495. This chip is in a 14 pin dual
inline package and contains all the
circuitry shown in Figure 1 (with
the exception of the Rx and Ry
scaling resistors). As was true for
the MC1596/1496, you will note
there is little internal commitment
of signal leads; rather, all pertinent
points are brought out to the user
for flexibility.

Biasing of the X and Y differen
tial input channels is identical to
that of the MC 1596/ 1496: selec
tion of a single external resistor
sets the current in the differenital
amp. The X and Y biasing taps are
separate, however. This facilitates
scaling of the relative bias ratios
between the two channels. The bias
connection for Dl and D2 (Vern)
is brought out for external connec
tion.

Setting up the
MC1595/1495
for Operation

Now that we have dissected the
gadget and exposed its inner work
ings we'll want to put it to work
in a few applications. We'll begin by
talking of a few parameters impor
tant in applying the device and then
progress into some useful circuits.

The first step in setting up an
MC1595/1495 is the DC biasing
required to properly operate the de
vice within its linear range. Let's
look at a typical operating condi
tion and see what this means circuit
wise. Figure 4 illustrates a typical
multiplier circuit set up for an X
and Y input range of ±10 Volts
and an output swing of +10 Volts.
Under these conditions K is equal
to 1/10. X and Y channel bias cur
rents are set to 1 ma by R3 and
R13, with R3 made variable (more
on this in moment).

For good linearity, the dynamic
current in Rx and Ry is not rec
ommended to be more than 213 the
bias current at pin 3 and 13. This
makes Ix and Iy .67 ma max, and
with Ex and Ey 10 Volts max, Rx
and Ry then become 15 K.

The value of the load resistor
RL is determined by the scale fac
tor K, Rx, Ry, and I3 according to

the relation K=2RL
13Rx Ry.

Since all of these factors are
known, we can easily solve for RL
and it is found to be l l .25K. And
since the scale factor is also depen
dent upon I3, trimming this current
allows a precise value of K to be
set. So we can use an 1lK resistor
for Rl and set K to exactly 1/10
by trimming R3 with the SK pot.

The remaining resistor, Rem, is
selected to drop the difference be
tween the supply voltage (here 32
Volts to allow a 10 Volt swing at
each RL) and a voltage high enough
to insure non-saturated operation of
the Y channel input transistors.
Since these transistors must swing+ lOV max, 3 Volts is added for
safety. Then this plus the .7 Volts
of Dl-D2 places pin 1 at i3.7
Volts. Then Rem= 32-13.7 =

2 ma
9.15K or, since this voltage is not
critical, the nearest standard value
of 9.lK is used.

These conditions set up the basic
operational conditions of the circuit
"ball park" so to speak. But for
precise operation, the conditions
will need to be trimmed more closely
to optimize things. This is similar
to the carrier balance technique used
with the MC1596/1496, but in this
case there are more adjustments.
There is a definite procedure recom
mended, which goes as follows:(l)
With Ex and Ey=O, adjust output
offset (Pl) to zero. (2) With Ex=
5v, Ey=O adjust Ey offset (P3)
until output is zero. (3) With Ey=
5v, Ex=O, adjust Ex offset (P2)
until output is zero. (4) With Ex
and Ey=O, adjust offset (Pl) to
zero. (5) With Ex=Ey=5v, adjust
scale factor (P4) until output is 2.5v.
(6) With Ex=Ey=-5v, insure that
output is correct at 2.5v. If out of
tolerance, repeat steps 1-5.

Having properly set the multi
plier up for correct operation, it
will now operate according to spec
ification. The MC1595 has 'a maxi
mum output linearity error (in per
cent of full scale) of 1 percent for
the X input, a 2 percent for the
Y input. The MC1495 has maxi
mum allowable errors of twice these
figures for the same conditions.
These tests are at 25ºC and using
the circuit of Figure 4, which is in
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All-digital circuitry.
All-digital genlock.

Programmable pulse widths.
Mono and color lock ..

Bar/dot and black burst.
Front-panel test points.
Best time-base stability.
Two rates of genlock.

Fullmaintenance access
during operation.

Built to network specs .
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Anything less isn't
the world's most advanced

color sync generator.
Write today for complete technical and price

information on the TeleMation TSG-3000.

P.O. Box 15068,Salt Lake City, Utah 84115
Phone: 801-487-5399
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Fig. 5. Squaring circuit or frequency doubler.

Fig. 6. MC1595 frequency doubler wave
forms indicating less than 1% distortion
with no filtering.

fact Motorola's test circuit for the
device.

The circuit of Figure 4, although
it is a test circuit, can be useful also
as a working circuit. For use with
AC signals, the output can be
taken from pin 2 or 14 through a
DC blocking capacitor (or capaci
tors). This circuit can be useful
just as is for a linear balanced mod
ulator (Figure 4A) or AM modula
tor (Figure 48) (with appropriate
carrier insertion offsetting the car
rier balance). Frequency response is
3 dB down at 3 MHz typically with
this circuit, making it useful well
into the lower video region as well
as at audio frequencies.
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As in the MC1596/1496, this
one also can be used for demodula
tion by multiplying a modulated
carrier times a local synchronous
carrier and low pass filtering the
output to recover the modulation
products. Hence the name "product
detector".

Again, as was true with the MC-
1596/1496, the MC1595/1495
will double an input frequency
without tuned circuits and with
minimum distortion. The MC1595/
1495 also has the big advantage of
a much wider dynamic range. Fig
ure 5 is a squaring circuit (which
doubles a single input frequency or
squares a spectrum) optimized for
this particular use. Note that off
set adjustments are still used to in
sure accuracy. In this circuit the X
and Y offset adjustments are made
initially with the X and Y inputs
separated (steps 2 and 3). There is
no output offset adjustment for
this circuit. Then connect X and
Y and apply an AC input and you
will get a waveform like Figure 6.

DC Applications
For DC applications the output

of the multiplier must be directly
coupled. A differential DC signal is

available between pins 2 and 14 of
Figure 4. However this signal rides
on a 21 Volt DC quiescent level,
and in many applications it may be
desired that a DC output be cen
tered around ground. Figure 7 is
another general purpose multiplier,
but in this case it can be com
pletely DC coupled with an output
which rides around ground quies
cently. Note also that it operates
from + 15 Volt supplies.

This circuit uses a multiplier
block with a scale factor of 1/75
and an op-amp level converter with
a gain of 7.5 to give a net scale
factor of 1/10. The op-amp ampli
fies the differential signal from the
multiplier and shifts the DC level
down to zero at its output. The out
put offset control allows adjustment
of the output DC level to null both
the offset of the multiplier and the
op-amp. Setup procedure for this
circuit is the same as that described
for Figure 4.

Viewed As A System
So far we've discussed a few cir

cuits and how they work on two
voltages. But a better appreciation
of the device can be had if it is
viewed on a system basis. To do
this let's now visualize applying the
circuit blocks we've discussed in
some systems.

Figure 8 is a good example of
what can be accomplished with the
versatility of the MC1595/1495
multipliers. Here a pair of multi
pliers are connected as complemen
tary gain controlled stages with a
gain control voltage applied to the
Y channels. The X channels are fed
two signals which are to be con
trolled, A and B. The control volt
age is a O to + 10 DC signal. Op
eration is as follows.

The A channel multiplier oper
ates as a voltage controlled ampli
fier. Its range of gain extends from
zero with Vc=OVDC to maximum
with Ve=+ lOVDC. The B chan
nel multiplier operates as the exact
complement of this; its range of gain
extends from maximum with Ve=
OVDC to minimum with Ve=+
IOVDC. With this arrangement the
single control voltage controls the
degree of gain of both channels
from minimum to maximum or
anything in between. The outputs
of the two multipliers arc combined
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in an op-amp summing circuit
which also buffers it to a low
source impedance.

Versatility Of A
Voltage Controlled Stage

There are many things you can
do with a voltage controlled stage
such as this. If signals A and B
are two audio inputs, a pot supply
ing the O to 10 Volts DC control
will serve as a remote fader control.
In fact if suitable attention is paid
to optimizing the bandwidth of the
multiplier circuit and the summing
amplifier, this circuit can be useful
at video frequencies as well as
audio.

This provides a tremendous ad
vantage to switcher/fader design as
a single control voltage provides
complementary control of two video
channels, allowing smooth transi
tions from one to the other without
clumsy attempts to make two dif
ferent ganged fader pots track, a
situation which although theoretic
ally realizable is a near impossibil
ity in practice.

By going a step further you can
automate the control by using a
ramp generator as shown. With in
dividual control of ramp times you
can make programmed fades from
one channel to the other. Although
the schematic shows push-button
switches to initiate the fades, this
could also be done by control logic
and thus be completely automated.
The fades you will get with a cir
cuit like this will always be smooth,
linear and perfect, and with the se
lection of ramp times, easily adjust
able to create the desired effect.

You can carry the idea of the
ramp control a step further and
apply it to special effects video
processing and come up with some
very unique results. This is illus
trated in Figure 9, which shows
waveforms corresponding to the
circuit of Figure 8. Here two video
inputs A and B are switched by a
trapezoidal control signal, shown
here in approximately the middle
third of a single TV line.

Note that as A is fading to zero,
B is rising to maximum. On the
trailing edge of the switching wave
form the reverse is true. During the
period or the switching transistion
portions or hoth video waveforms

December, 1971

will appear on the screen, giving a
"soft" transistion between the two,
a "movie-like" effect not hertofore
possible with TV techniques. Con
trol of the switch transistion times
and the shape of its slope (linear,
"S-shaped") will give creative con
trol over the resultant image.

Another version of a voltage con
trolled attenuator with wide useful
ness is an AGC system. By rectify
ing a portion of the AC output sig
nal from a multiplier and applying
it back as a voltage control, auto-

matic level control can be imple
mented.

Summing Up
The listing of linear multiplier

applications could go on and on
indefinitely, for the potential appli
cations of a device such as this go
as far as there are requirements for
solving for the product of two var
iables. Just as is true with the op
erational amplifier, imagination is
the only real limitation to the use
of the 4 quadrant multiplier.
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Fig. 7. Direct coupled general purpose multiplier with buffered output.
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In these two articles we've tried
to lay down the groundwork of the
circuit concepts behind the mono
lithic balanced modulator and the
four quadrant multiplier. You may
want to learn more of this fascinat
ing class of devices, so we are in
cluding a list of application notes
and data sheets which are con
cerned with the multiplier concept.
You may write to Motorola on your
company letterhead at the address
listed to obtain further information .

•••Application Notes-
AN 531: MCl 596 Balanced

Modulator.
AN489: Analysis & Basic Opera

tion of the MC1595.
AN490: Using the MC1595

Multiplier in Arithmetic Opera
tions.

AN491: Gated Video Amplifier
Applications The MC1545.

AN475: Using th e MC1545-
A Monolithic Gated Video Ampli
fier.

AN432B: A Monolithic Inte
grated FM Stereo Decoder System.

SWITCH
TRANSITION
---i f4-

SWITCH
¡TRANSITION

SPECIAL EFFECTS - _, r-
CONTROLSIGNAL I ~• • +lOV

~ I I-I - - - - - - - - - - - ov
I I
I

A
MULTIPLIER
OUTPUT

B
MULTIPLIER-------,

OUTPUT

SUM OF
A&B

WITH "SOFT"
SWITCHING

Fig. 9. Special effects "soft" switch.

Data Sheets-
MC 1596 MC1496
MC1595 MC1495
MC1594 MC1494
MC1545 MC1445
MC1304, MC1305, MC1307
MC1326, MC1328, MC1330
MFC6040

ov

ov

ov

Address Information requests to:
Edmund Tynan
Supervisor - Technical Informa

tion Center
Motorola Semiconductor Products

Inc.
P.O. Box 20924
Phoenix, Arizona 85036

ERASE
RECORD
:e&P:etJZ>U(j&

MONO - STEREO
Professional Direct Replacement Heads with
completewritten and pictorial instructions

Our factory will clean, rebuild.cdjust and test your
head ASSEMBLY... install new MM I heads...
replace minor hardware and modify your gate
to accept our 11 NON - POPPING 11 springs

·.:.

36 HOUR SERVICE - LOANERS AVAILABLE

/JI! (612) 884-7393

I MINNEAPOLIS l@i@UttiMI
8125 PLEASANTAVE. SO., MINNEAPOLIS,MINN. 55420

Circle Number 24 on Reader Reply Card
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Handle up to 600 feet of
1/211 O.O. cable on this

low-cost reel on wheels.
Solid steel construction for

years of service. Easy
crank rewinding. Adjustable

drag and brake control.
Steel disc wheels with

rubber tires.

Send for complete catalog of
standard and custom-built

reels to handle cable for
broadcast equipment.

CLIFFORD B. HANNAY & SON, INC., WESTERLO, NEW YORK 12193

Circle Number 25 on Reader Reply Card
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HELIAX
COAXIAL CABLE ...

the ultimate
in high power
performance

antaqes
for transmissionof i;igh po~er ,BP,: Pne piecetonne~ts

§.¡ lg§ ~ .g~--- ~' %<

transmitter to antenna. EIJm~ates!,h.~numerous flanges
and bullets of rigid°"S¡st9mi.HELIAX is easiest

to plan. Easiestto install. Most reliable.
Corrugatedconductors eliminate the d.fferen1i:ll

expansion problems. Cable can be clamped directly to
tower, buried directly in earth.

Standard types and sizesup to 8".
Communicatewith Andrew.

ANDREW CORPORATION, 10500 W. 153RD STREET, ORLAND PARK, ILLINOIS 60462, PHONE (312) 349-3300

Circle Number 26 on Reader Reply Card
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Solid State Rectifier Stacks
By Guffy P. Wilkinson

How much did one hour and 39
minutes of "Off Air" time cost
your station last year?

How much money did your sta
tion spend for obsolete and expen
sive mercury vapor rectifier tubes?

How much did the money cost,
which was tied up in spare rectifier
tubes?

How much money was spent on
uncomfortable engineering time to
replace bad rectifier tubes at 6 a.m.

Fig. 1. This 20 kV, 6 Ampere
stack replaces the 67:3.
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How much money was wasted
on power consumption for the recti
fier filaments and for heaters and
cooling devices for 6,370 hours?

Add up all this money and multi
ply it by the number of years of
your transmitter life. That's a lot
of money!

In the old days, mercury vapor
and zenon gas filled diode rectifier
tubes were the most efficient known
for high power use. Mass-produced
at relatively low cost, having little
internal voltage drop and high cur
rent capability, they were the only
answer for rectifiers in large power
supplies for transmitters; neverthe
less, they have many disadvantages.

The mercury vapor tube must be
operated within a limited tempera
ture range, and the condensed mer
cury within it must be maintained
between 20º and 60º C. If the
ambient temperature is too cold,
arc starvation occurs and the tube
will not fire, thus, some form of
heating is required. If the ambient
temperature is too hot, arc backs
will occur and external cooling is
necessary. Spare tubes must be pre
heated for 30 minutes and main
tained in a vertical position on the
shelf. Thirty seconds of warm-up
time is required to bring the tube
up to temperature and this time is
lost if failure occurs.

Expensive filament transformers
are necessary because of the high
voltage insulation required. Fila
ments bum out and spent emission
requires tube replacement and
causes lost air time. Filament power
consumption is costly and produces
unneeded heat. Since no new equip
ment incorporates mercury vapor
tubes, fewer units are being manu
factured, and they are becoming
more expensive and less reliable
due to extended shelf life. In many
localities, they are very scarce and
additional spares must be bought
in order to guarantee availability.
Today, the broadcast station still

operating equipment using mercury
tubes is practicing a false economy,
for new solid state rectifiers will
pay their own way in a very short
time.
1t is now easy and economical

to directly replace mercury vapor
tubes with highly reliable controlled
avalanche silicon rectifier stacks.
These units plug directly into the
tube socket; no re-wiring is neces
sary and the conversion takes only
minutes. Such devices now have a
service history in excess of ten
years in power supplies of every
conceivable configuration.

Properly selected and protected,
they will last virtually forever.
They will operate in the temper
ature range of -65º to +100º C.
They operate instantaneously and
do not require warm-up time. Fila
ment transformers are unnecessary
and emission will not fade. They
do not consume filament power
and produce no heat.

How It Stacks Up
The modern silicon stack is

composed of several individual con
trolled avalanche diodes stacked in
series in order to obtain the peak
reverse voltage characteristic de
sired. This reverse voltage is that
which the stack must withstand
when it is not conducting. A reason
able peak reverse voltage rating for
a single junction diode is 1 kV.
Thus, a stack rated at 18 kV PRV
at 3 ampheres will incorporate 18
I kV diodes in series, each having
an average current rating of 3 am
peres.

Of prime importance in this
series circuit is the requirement
that reverse voltage be divided
equally across all the junctions in
the stack. For this reason, the best
practice is to match all the diodes
in the stack for reverse current
leakage, and then shunt each diode
with a voltage dividing resistor and
.a capacitor.

Nearly all individual diode fail
ures result in a junction short,
which reduces the PRV rating of
the stack by the voltage rating of
the diode. Because of this, a well
designed stack will continue to
operate until its PRV rating is low
ered below the PRV present, at
which time all the rest of the diodes
will fail. To avoid this occurrence,
silicon stacks should not be encap
sulated so that individual diodes
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Right on! Power tubes have come a ~ongway since
the nostalgic days of EIMAC's first triode, the 150T. All the
way up to the giant X-2159 developmental tetrode having
a plate dissipation of one and one-quarter megawatts.

The amazing X-2159 powerhouse can develop two
megawatts of CW power up to 30 MHz or so with up to
17 decibels stage gain. It can also be used as a 60 kilovolt,
1,000 ampere switch tube, or as an extremely hi.gh
power pulse modulator.

Two EIMAC X-2159s can be us sd in a 2.5 rnsqawatt, 100%
plate modulated medium or shortw we trarsmit~er. At VLF,
morever, two X-2159s can develop .+megawatts of CW power.

The X-2159 is a thought prove} ing example of EIMAC's
capability to produce tomorrow's tcbe today.

For full specifica
tions on EIMAC's new

You've comealong way
baby.

super power tetrode
and other outstanding
products write: EIMAC
Division of Varian,
301 Industrial Way,
San Carlos, California
94070. Or contact any
of the more than 30
Varian/EIMAC Electron
Tube and Device Group
Sales Offices th rough
out the world.

division
varian
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Sl1IGl.E PHASE FULL WAVElllR10GE
PAV 141.4'II. OF DC OUT PER RECTIFIER
CURRENT 50'!1. Of DC! P£R Rs::TIFIER

SINGLE PHASE FULL WAVECENTER TAP
PRV 314'!1. Of DC OUT PER RECTIFIER
CURRENT SO'!I. OC! P£R RECTIFIER

3 PHASE HALFWAVEWYE
PRV 2~'11. Of DC OUT PER RECTIFIER
CURRENT 33.3 'II. OF OC! PER RECTIFIER

can be tested periodically and re
placed if necessary.

This testing can be eliminated
by the installation of a neon lamp
across each individual diode. The
reverse voltage on the diode lights
the lamp and indicates that the
diode is normal. If the diode shorts,
or its reverse leakage exceeds the
norm, insufficient reverse voltage is
developed and the neon lamp is
extinguished, automatically indicat
ing a failure.

A voltage dropping resistor must
be placed in series with the lamp
not only to achieve the proper
voltage for it, but to determine the
amount of permissible reverse leak
age possible before the lamp is ex
tinguished. This self-testing feature
saves many hours of maintenance
time and because of their light,
serve as an added reminder that
high voltage is present.

When excessive reverse voltage
is applied to a silicon junction, re
verse current will start to avalanche
through the junction at the most
vulnerable point on the junction
surface. If the point passing the
reverse current cannot dissipate the
power generated, the junction will
be punctured, thereby destroying
the diode. A controlled avalanche
device, however, controls the re
verse current flow equally through
the whole surface of the junction;
therefore, more power can be dis
sipated before the junction is de
stroyed. This provides added pro
tection for the diode and is a very
necessary feature in a silicon stack
to combat high voltage transients.

The only disadvantage that a sili
con stack exhibits' in comparison to
the mercury vapor or zenon gas
filled tube is its destruction due to
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3 PHASE FULL ~ BRIDGE
PRV P£R RECTIFIER IOS 'II.OF DCPER RECTIFIER
CUllRENT 33.3 'II. Of OC1 PER RB:TlflER

excessive voltages caused by tran
sients or lightning. However, if
adequate safety factors and good
engineering practices are observed,
this condition will rarely occur.

Most overvoltage is caused by
high voltage transients or lightning
on AC power lines. Line Surge
Protectors, however, are now avail
able to control lightning and such
high voltage transients. For light
ning protection, these devices are
placed on the load side of the input
breaker between the AC line and
ground. This is done since light
ning generally strikes all phases at
the same time, and, therefore, the
voltage differential is developed be
tween line to ground rather than
from phase to phase. When tran
sients occur from other sources that
are developed between phases, then
it is practical to install an additional
Line Surge Protector across each
phase.

The most practical Line Surge
Protectors incorporate thyrite va
ristors which are voltage sensitive
variable resistors. The varistor has
a given resistance at its rated
voltage; and at its rated voltage,
very little power is dissipated. The
unique characteristic of the varistor
is that when voltage increases, the
resistance of the varistor decreases
at a much greater rate than that
of the voltage increase. Thus, the
varistor acts as an instant load to
any overvoltage and is an auto
matic, instantaneous regulator for
such overvoltage.

High voltage transients are also
produced by the collapsing field of
the filter reactor in a power sup
ply. The filter reactor produces a
magnetic field around itself having
a force equivaíent to the power

being generated at any given in
stant. When the equipment is
turned off, the field collapses, gen
erating a voltage transient many
times that of the normal peak re
verse voltage. When mercury vapor
tubes are used, this voltage causes
an arc back in the tube which is
not seen because the tube is not
operating, but such a transient
would destroy a silicon rectifier. It
is very simple to filter out this
spike with the installation of an
RC filter network from the recti
fier side of the filter reactor to
ground. The formula for determin
ing the value of the resistor and
capacitor is:

R=EDC
1DC

C = LI 2 de X 1Oº
4 E2 de

Where resistance is ohms, C is
in microfarads, Ide is the total
DC current drawn, and L is the
total inductance in the circuit.
The voltage rating of the capac
itor should be DC voltage divid
ed by .7 (approx.) and a 50 Watt
resistor is normally sufficient.
A well-designed silicon stack

should have a reverse voltage rat
ing of at least 200 percent of that
to which it is normally subjected.
The current rating should be at
least 300 percent of average cur
rent. This will assure an adequate
safety margin under nearly all cir
cumstances.

Proper Stack Selection
To select the proper silicon

stack replacement for a given tube,
the circuit should be analyzed to
provide the proper safety margin.

Figure 1 shows the four most
commonly used rectifier circuits,
the percentage of peak reverse volt
age present for each stack within
that type of circuit, as well as per
centage of total current that each
stack will supply. For example, in
a single phase full wave center tap
circuit, the peak inverse voltage is
314 percent of the rated DC volt
age; and each stack will supply 50
percent of the current. Therefore,
if two mercury vapor tubes were
used in a 2800V, 1 ampere supply,
each stack would be subjected to a
normal peak reverse voltage of
8,792V, and each stack would sup
ply 500 mills. In this instance, the
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Turnover Would Create Chaos

Evans Outlines Renewal Tasks
Mark Evans, chairman of the National Association

of Broadcasters' Task Force on License Renewals,
warned broadcast executives that they must band
together and fight unjust attempts to deprive them of
their licenses or face the possibility of losing them to
those who "promise to produce programs more satis
factory to the Commission's taste."

He said the effort of the NAB Task Force never
will succeed unless each broadcaster maximizes
"every ounce of power and influence this industry
possesses to achieve a fair and reasonable license
renewal policy."

Evans, vice president and director of public affairs.
Metromedia. Washington, emphasized at NAB's
Chicago Fall Conference that broadcasters are not
attempting to escape their responsibilities, nor "seek
ing to avoid our commitment to operate in the public
irterest by one iota," but are seeking "a balanced
recognition of everybody's rights and not the myopic
pursuit of one group's rights."

He noted that NAB's Board of Directors feels the
final solution to the license renewal matter will be a
federal law spelling out a permanent national policy
binding on the Federal Communications Commission
and the courts.

Broadcasters. Evans said. are up against a "Coor-

dinated inter-locking national movement to displace
current licenses." This movement, he stated, is
financed by a war chest of over a half-million dollars.

He said that while broadcasters are united against
the unjustified harassment by radical groups seeking
their licenses, they also must be united behind what
ever bill is drawn up for Congressional action.
The fight can be won, Evans said, because "right is

on our side. The wholesale turnover of radio and tele
vision licenses to challengers would create chaos and
public resentment that would make it very uncom
fortable for those who support it."
To combat the campaign by radical groups, Evans

urged broadcasters to:
- Master the facts and be articulate on the argu
ments.

- Sell their position to everybody: employees,
family, clients, advertising agencies, service
clubs and public service organizations.

- Establish "eyeball contact" with their Congress
men. "Letter writing is not enough."

- Fight the label "racist." He said "the only thing
racist about our efforts is the people who are
making it so in their criticism."

-A void the wheel-spinning of futile legislative
efforts.

-Stand by for an all-out battle on the issue.

Voice Identification Still Applies To Land Mobile
In response to requests by the Associated Public

Safety Communications Officers, Inc. (APCO), and
RY DAX. lnc., for reconsideration of rules governing
operation of non-voice radio systems on voice chan
nels in the land mobile services below 950 MHz
(Docket 19086), the Commission has retained a
requirement for identification of land mobile radio
stations by voice, but has deleted a requirement for
automatic sensing of channel occupancy.

In an order adopted August 18, 1971, the Commis
sion amended Parts 89, 91 and 93 of the rules to permit
regular and expanded operation of non-voice opera
tion in the land mobile services.

APCO had asked for an exception to the require
ment for station identification by voice to allow station
identification by Morse Code and RY DAX had asked
for deletion of the requirement that non-voice systems
ennploy automatic sensing or monitoring equipment
that can prevent transmission on an occupied channel.
The Commission said, in denying the APCO

request, that use of Morse Code would not afford
significant advantages and noted that the additional

December, 1971

transmitting time required could increase potential
interference.

In granting the RYDAX request, the Commission
stated that it had originally required automatic sensing
of channel occupancy to protect voice communica
tions from interference by non-voice transmissions
and to assure that non-voice operations would be
secondary to voice operations.
The FCC observed, however, that RYDAX, as

well as General Electric Company and RCA Corpora
tion, had raised "significant questions" as to the
effectiveness and adaptability of automatic sensing
devices and said that while it would permit use of
these devices, it would not impose a mandatory
requirement for their utilization at this time.

Try Our Classified Ads
For Better Results

Broadcast Engineering
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OK.
3001hours on our

headwheel at KENI-TV is a
bit exceptional.

But ...
1-leadwheel life of 500

hours is not at all unusual.
In fact, it's the average life
usersof the new RCA head
wheel are enjoying.

And over 40 usersare
members of our 1000hour
club.With some still running.

Long headwheel life is
just one feature of RCAVTRs.

The new headwheel
comes with all of them -and
comes twice with the world's
first Cartridge Video Machine,
ourTCR-100.

It'sonly one of the
performance and cost saving
features of our line. Check
with one of our representatives
and find out the rest.

RCA is in business to
help you get your job done
more easily,and more
profi tabIy.

Our new headwheel is
doing it-and that's more
than a Ii ttle exceptional.

RCJI
December, 1971
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POSITIVE PROOF

GET THE WORLD'S BEST FM STEREO
WITH THE WORLD'S BEST EQUIPMENT
THE WORLD'S BEST SOLID STATE STEREO GENERATOR

WILKINSON ELECTRONICS FMElO

Wíl~~íl~~@~
ELECTRONICS, INC.

:~.
·I t...-- o

.,.. ~'!}Cl: WI.KINSON EL.ECmOl«:S ~C
" ¡' fo•'· SG-IEs.. ..,,. .r-e,

WILKINSONELECTRONICS SGlE

* 60 db separation . . . . . . . . . . . . . . 50 Hz-7500 Hz
* 55 db separation 7500 Hz-10000 Hz
* 50 db separation . . . . . . . . . . . . . . 10 KHz 15 KHz
*FM Noise - 75 db CrossTalk - 60 db

COMES COMPLETE WITH POWER SUPPLY - REQUIRES ONLY 3Y2..RACK SPACE.
ONLY ONE FRONT PANEL ADJUSTMENT. REMOTE STEREO ON/OFF FUNCTION.

PRECISION BUILT BY INSTRUMENT MAKERS - TRULY BUILT TO LAST FOREVER.

THE WORLD'S BEST SOLID STATE FM EXCITER
POSITIVE PROOF

*Frequency response t Y4 DB 15Hz-350KHz.
*FM Noise Level - 75 DBbelow 100%Mod.
* Harmonic Distortion - O. 3%.
*Type Modulation - Direct FM.

* Power Output - Adjustable to 18 watts.
* Modulation capability - 200%.
*Stability 1 part in 100000
* Requires no oven and is not susceptable to rumble

and microphonics.

FCC TYPE ACCEPTED - POWER SUPPLY INCLUDED - REQUIRES 7" VERT. SPACE
IMMEDIATELY USABLE IN ANY TRANSMITTER - DRAWER CONSTRUCTION FOR ACCESS:

SHIELDED BY BOTH STEEL AND ALUMINUM. COMPLETELY METERED. ADJUSTMENT FREE.

NO ONE IN THE WORLD CAN MATCH THIS COMBINATION
1937 W. MacDADE BLVD.

WOODLYN, PA. 19094

TELEPHONE (215) 874-5236/874-5237
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stack should be rated at 18 kV, 1.5
amperes.
It is very important that silicon

stacks essentially developed to re
place a given tube should be rated
well in excess of the tube in order
to avoid failure. Several 1 kW AM
transmitters use two 8008 or 872
tubes in a full wave center tap
circuit providing 2800 Volts DC at
1 amp. These tubes are rated for a
maximum PRV of 10 kV when
operating between 20º and 40° c
and in this instance, very little
margin of safety exists. If a silicon
stack with a PRV of only 10 kV
is used, then it would be destroyed
immediately by a 1O percent line
voltage variation or a no-load con
dition which increases the high
voltage.

When silicon stacks having 300
percent safety factor are used, lit
tle or no heat is generated. If heat
ers of blowers were used to keep
the tubes at the correct tempera
ture, they may be removed.

Some broadcast equipment has
been designed incorporating parallel
rectifiers for greater current ca
pability. Such parallel operation

D-1500
TV CHARACTER
GENERATOR

The 0-1500 portable character'
generator is completely contained
within its keyboard package.Meets
highest broadcast standards for
studio use. Also ideal for remotes,
tape editing, transmitter standbys,
and for preparation and display of
election returns.
• Store and readback page after
page of display on your standard
audio cartridge tape recorder
with Audiotape Interface Option
D-1500-3.

• Standard computer system com
patability anclflexibility.

• Rapid access of subtitles from
internal memory for news,sports,
and interview programs.

• Automatic crawl without external
reader.

• Full keyboard control features:
line insert. line delete, and flash,
amongothers.

For demonstration or further infor
mation, call or write:

DATAVISION, INC.
2351 Shady Grove Road

Rockville, Maryland 20850
1301) 948-0460

Circle Number 48 on Reader Reply Cord
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with silicon rectifiers must be
avoided and is unnecessary since a
single silicon stack can be provided
with any current capability desired.

The voltage drop across a silicon
stack is approximately the same as
that of the mercury vapor tube;
therefore, the rectified voltage will
be the same. This is not the case
where high vacuum rectifiers are
replaced. When replacing 5U4's
and 5R4's, the silicon unit will pro
duce up to 15 percent more voltage
and this should be taken into con
sideration.

Several station engineers have
attempted to build medium current
silicon stacks in an effort to reduce
the cost of conversion to solid state
rectification. It is very rare that
reduced cost was achieved and in
many instances, complete failure
resulted. Failure most often oc
curred because low cost, poor qual
ity diodes were purchased.

Unless adequate means were
available to properly test these de
vices, the engineer had no way of
knowing actually what he pur
chased or why they failed. Experi
ence with several sample purchases

For

More

Information

on Products

advertised

or

described

in this

issue
use Free
Reader
Service
Card.

Be Sure
to include

your name
and

address.

of so called 1 kV, 6 ampere devices
from several processing jobbers
proved that less than 20 percent
of the diodes could withstand a
DC voltage of 1 kV, and the re
verse leakage of these varied from
10 MA to 500 MA. Placed in a
stack, every one of them failed.

Acceptable diodes such as the
IR 6F100A on the Syntron D-140-
AS, 1 kV, 6 ampere unmatched
devices are priced at around $11
each in quantities of 1 to 99. The
reverse leakage on these units can
vary up to 10 MA but should be
selected not to exceed 5 micro
amperes at rated PRV. A stack of
20 of these rectifiers would cer
tainly cost the station trying to
build it far more than $200, for
in addition to the diodes, heat
sinks, resistors and capacitors must
be acquired and a mechanical
means of support must be obtained.

The Diode As A
Transient Suppressor

See Engineers Exchange

Increase Head Life with ISOLAIR
New Clean Air Unit by LIBERTY

This unit provides a laminar down
flow of the cleanest possible air
at the critical video head area.
Excessive wear and damage by
airborne contaminants are virtu
ally eliminated, extending head
life by 100% or more and in
suring better overall VTRperform
ance, as well as saving time and
money. The unit is suspended
from the ceiling thus requiring no
additional floor space. It is easily
installed and maintained and
meets Federal Standard 209a,
Class100.

An additional positive effect is the
cumulative result of the constant
filtering of air from the entire
room, so that during an extended
period of use, the level of contam
inants in the surrounding envi
ronment is progressively reduced.

~-LIBERTY
~

LIBERTY INDUSTRIES, INC.
598 Deming Road,Berlin, Conn. 06037

Telephone (203) 828-6361

Liberty Industries has the capa
bility for providing complete clean
air environments for any size or
type of operation. Our sales en
gineers are ready to help you.

Call or write.

Circle Number 29 on Reader Reply Card
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Digital logic basics
part 3 of a four-part series

By E. S. Busby, Jr.*

• Ordinary two-state logic con
cerns itself with one wire at a time
and is fine for yielding the answers
to yes/no, true/false, on/off,
whether or not, etc. An array of
wires can be used to define "how
many" and "how much". Two
wires, each of which has two pos
sible states, have 2 X 2, or 4 possi
ble arrangements. Add one more
wire and there are twice again as
many possibilities. If there are N
wires there are 2N different ar
rangements of ons and offs among
them.

If the wires and their states are
named in a way everyone under
stands then the states of a number
of wires can define "how many".

Imagine a wire that can have ten
different states (ten voltages, per
haps). Each state has a name,
called a numeral, running from
zero through. nine. Each wire has a
name, called its "weight", there are
units (1Oº), tens (101), hundreds
(1O'), thousands (1O"), and so on.
Thus, as we are all taught, when
8092 is written we know that there
are:

2 many units-s-Z X 1
9 many tens=9 X 10
no hundreds-e-O X 100

and 8 many thousands-e S X 1000
This scheme (the decimal sys

tem) for counting things is used by
people with 1O fingers, gears with
10 teeth, and stepping relays with
10 contacts. They all work slowly.
Wires with 1O states are more trou
ble than they are worth. Wires
with two states we have. So, to
make use of two state wires, there
came to be a "binary" numbering
system. At the risk of creating
some confusion, two well-known
numerals were borrowed to name
the two states. They are zero (O)
and one (1). To add to the confu
sion the names of the wires (the
*Engineer, Ampex corporation,
Redwood City, Calif.
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weights) were also borrowed from
the decimal system. These names
are units, twos, fours, eights, six
teens, etc., the mutiples of two.

One And One Are 1O
The binary system (as well as

some others) are taught to the kids
in school these days. To them
111101 means:
A unit
no two
A four
An eight
A sixteen
A thirty-two

1
o
4
8

16
32

TOTAL = 61

You think in decimals. Much of
today's equipment operates in bi
nary. To do the translation be
tween systems in your head, it is
advisable to commit to memory the
first 12 multiples of two:

1 = 2º 128 = 27

2 = 21 256 = 2"
4 = 22 512 = 2º
8 = 2ª 1024 = 21º

16 = 2'' 2048 = 211
32 = 2· 4096 = 212

64 = 2º
To convert from binary to deci

mal, for example 100111, first ex
amine the right-most "place" or
"bit". If it is a 1, then there is a
ONE involved, so add it in. If the
next to the left is a 1, then a TWO

INPiJL

ATMSIU'l'.., ..... l
Afl0ntf:l5Tt0Uf1l

•••. I
*···· linc ...l
)TH. .•..•... l
•...... l
I .I... ········"t ..... H.
"IIu.
"u.,..

Fig. 1 Four-bit binary counter.
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I
2'1·).
••l·S•o?·•
•·1•1•1.
l•l·t
•·1·»
l•l•l•I\
1•4·1?
l•••l·U
•·••1·1•
1q•1•1·1s

_IL
INPUT

COUNTS O OO O TO 1001 ININD IN Bl NARY MANNER
AT 1010 ITENl GATE''G'' REACTS, RESETTING B & O
INVERTERS "I" PROVJOEDELAY TO INSURE RESETTING
RESET DURATION CAN BE INCREASED BY CAPACITORS

NOTE:AS TEXT EXPLAINS, THIS ANO FOLLOWING CIRCUITS
WIUHAVf INPUT ON LEFT. WHILE NUMBERS IN CAPTIONS
ANO TEXT wtu, HAVE SMALLEST BIT RIGHT-MOST.

Fig. 2 Example of partial decoding, including reset.
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is involved, so add it in. If the next
to the left is a 1, add in a FOUR,
etc. In the example shown there is
a ONE, a TWO, a FOUR, and
a THIRTY-TWO represented, for
a total of 39.

To convert from decimal to bi
nary, for example 525, ask your
self: "Which is the largest multiple
of two which isn't larger than 525?"
512 fits, so write a "1" in the 512
column. 525 minus 512 leaves 13
unaccounted for. The largest multi
ple not larger than 13 is 8, so a
"l" goes in the 8 column. This
leaves 5 unaccounted for, so a "1"
goes into the 4 column, leaving a
"1" in the 1 column. Write zeroes
in all other columns. Result:

1 o o o o o l 1 o 1 ~ 525

Figure 1 shows how the outputs
of cascaded flip-flops directly re
veal the (binary) number of input
edges received. In the example
shown, the sixteenth input edge re
turned the counter to its starting
position. The counter exceeded its
capacity or "overflowed" at sixteen.
Counters which overflow at an ex
act multiple of two are known as
"pure binary". Counters can be ar
ranged by feedback from later
stages to earlier ones so that they
count in a binary fashion, but re
turn to zero prematurely.

One popular compromise be
tween the decimal world with its
1O-fingered people and the binary
devices with their two states is the
binary counter which returns to
zero on the 10th count. Six of the
possible 16 states are not used. A
4-bit binary "word" which never
exceeds the range 0000 through
1001 (O through 9) is called BCD,
or "Binary Coded Decimal".

This scheme for representing
decimal numerals is used a great
deal where people enter numbers
into a system (with a keyboard for
example) or where decimal numer
als must be displayed or printed. It
is not so much used in computa
tion. There are BCD counters, BCD
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decoders and BCD/binary and bi
nary /BCD converters. Most demi
mal numeric displays use a BCD
input. Besides the popular 8-4-2-1
binary weighting there is a large
number of other weighting schemes
using 4 bits to describe the set of
1O decimal numerals. (More about
these next month.)

Look at Figure 1 again. The
schematic is odd in that the input
is at the right instead of the left, as
is usual. This was done to avoid a
popular source of confusion. In
counters, the units output is the one
nearest the input, and in left-to
right circuit diagrams the units or
"least significant" output is the left
most. When writing numbers, it is
customary to place the least sig
nificant bit right-most. You should
learn to visualize binary numbers
arranged either right-to-left or left-

to-right. To force you to do this, in
this and the next article, circuit dia
grams will be arranged with inputs
on the left, and numbers will be
arranged with the units column
right-most.

Pick A Number
To know when a counter con

tains some particular number, it is
necessary to "examine" all the
stages of the counter to see if that
number's unique arrangement of
highs and lows exists. Convert the
desired number into binary form.
Keeping in mind that the unit col
umn is the one nearest the count
ing input, figure which stages
should have high (1) outputs and
which should have low (0) outputs.
Connect an input of an "AND''
gate to the regular output of each
stage which should be "ONE" and

.n.
INPUT

Fig. 3 Down-counter (binary).

~!Atl
AITUISICOUlll'......

""'™.
'I
'.
u

""..
"..

J1
WHEN"CP" IS HIGH: STAGEA IS PERMtnEDTO'10CGL("

STAGEBIS PERMITTEDTO '10GGU" AFTERODDNUMBERS
STAGE C IS PERMITTED TO '10GGLE" AFTER OOll ITHRW, 0111 tSCVENl, 1011 IELEVEM ANO 1111 IFIFTEENl
STAGE O IS PERM ITIED TO ''TOGGLE" AFTER Dill tSEVENI ANO ill Ill FIFTEEN

ANY COUNTERWITH CLOCK INPUTS All COMMON IS SYNCHRONOUS

Fig. 4 Synchronous binary counter.

49

www.americanradiohistory.com

www.americanradiohistory.com


INPUT NO. "A"

8

8
INPUT NO. "B"

NOTEl.

OUTPUTOF EXCLUSIVE OR
GATE IS LOW IF INPUTS ARE
THE SAME (H-H OR L-Ll AND
HIGH WHEN INPUTS ARE
DIFFERENT

NOTE2. DO - IT - YOURSELFEXCLUSIVE OR GATE

Fig. 5 Simple four-bit comparator.

to the inverted output of each stage
which should be "ZERO." This
way all the inputs to the AND gate
will be high when the desired num
ber has been counted. No other
count can produce this result. This
process is called "decoding" a
count. As many decoding gates may
be attached as there are different
numbers to be decoded.

Partial Decoding
Often a counter is reset to zero

as soon as some desired count is
reached. In this case it is perrnis
sable to examine only the stages
which should be active (1) at the
desired count. To decode 525, for
example, requires only the four-in
put gate attached to the 512, 8, 4,
and 1 stages. If the counter were
permitted to count beyond 525,
false outputs would appear at 541,

50

557, 573, etc., but if resetting oc
curs right after 525 there is no
problem.

Sometimes It Pays
To Wait

Using the output of a decoding
gate directly to reset a counter can
cause what is called a "race" con
dition. This effect is often encoun
tered in logic circuits where the de
tection of something is used to un
do the very thing that was detected.
In a counter the danger is that one
stage will reset faster than another
and thereby negate the resetting sig
nal before all stages get reset.

Adding delay between the gate
and the resetting terminals, as in
Figure 2, will usually assure reset
ting. Adding capacitors will further
lengthen the reset period, maybe
even to the point that it's long

enough to see on a scope.
Figure 2 happens to be a BCD

counter. It counts from 0000 (zero)
through 1001 (nine) in a binary
manner. On the tenth count (1010).
the partial decoding gate reacts and
quickly resets the second and fourth
stages to zero.

Cape Kennedy Connection
Most counters "increment" (get

one bigger) for each input count.
Figure 3 shows how a counter can
be arranged to "count down" or
decrement one for each input edge.
The difference is that a counting
edge is passed to the next stage
when the output changes from O to
1 instead of the other way around.

In the counters discussed so far,
the stages were connected in cas
cade. Such counters are called "rip
ple counters" and suffer from two
limitations. The fastest speed at
which recognizable counting can
occur is limited by the total delay
time through all the stages. Try to
go any faster, and the first stage is
reacting to an input before the pre
vious count has rippled all the way
to the output.

Even when counting slowly, rip
ple counters are prone to producing
"decoding spikes" at decoding gate
outputs. You might think that the
reception of the eighth count might
look like this: FROM: 0111

TO. 1000
It doesn't. It looks like this: 0111

THEN: 0110
THEN: 0100
THEN: 0000
THEN: 1000

with the "rippling" going from right
to left in the example. A decoding
gate set for zero, four or six would
produce a short, but troublesome
output during the transition.

Figure 4 illustrates a synchro
nous counter. The counting inputs
of all flip-flops are fed from a com
mon source. The steering inputs,
which determine whether or not the
flip-flop will flip at clock edge time,
are connected, using gates, to the
previous stages. Outputs can only
change at clock edge time, and
when several stages are changing at
once, they all do it together.
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Thirty million
people behind

the iron curtain
rely on Radio
Free Europe ...
and Radio Free
Europe relies on
MAG NE CORD

PPODUCTS OF SOUND RESEARCH

COMMUNICATIONS DIVISION

9600 Aldrich Avenue South
11/inneapolis, Minnesota 55420

RFE is the leading free radio station
broadcasting to East Europe.
These Magnecords are a key part
of RFE's master control system, the heart
of their broadcasting operation.

RFE designed and built the master control
system and had to meet unique engineering
requirements with the best possible equip
ment. That's why they chose Magnecord.

Magnecords are used to program
simultaneously in five languages, beamed
to five separate countries. Each language
has a bank of rugged, reliable Magnecords
for consistently high performance under
the most demanding conditions.

Magnecord die-cast mainplate assures
permanent mechanical alignment. Program
timing accuracy is held constant by the
hysteresis synchronous capstan drive.
And, each reel has its own heavy duty
permanent split capacitor motor.

IRFEcan't afford to take any chances with its
equipment. When field proven dependa
bility and professional quality are available,
why settle for anything less? Select
Magnecord. Made in the U.S. by Telex.

CANADA: DOUBLE OIAl~ONO ELECTRONICS. LTD .. 34 Progress Ave .• Scarborough 4. Ontario
EXPORT: ROYAL S()UNn COMPANY. INC .• 409 North Main Street, Freeport. New York 11520
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Speed is limited by the delay of
one flip-flop and the gate delays.
Decoding spikes are drastically re
duced if not eliminated.

When not counting at high fre
quencies and when using partial de
coding and resetting, a ripple coun
ter is as good as any. Otherwise,
synchronous counters are prefer
able.

Following, stated somewhat
tersely, are some approaches using
counters to answer questions and
solve problems:
l. HOW MANY?

Start the counter at zero.
Make edges out of the events to
be counted. When you get curi
ous, examine the counter out
puts. Convert these output states
from binary (or perhaps BCD) to
decimal and there's the answer.
2. HOW FAST?

Start the counter at zero and
count input events. Allow the
counter to proceed for exactly
some known length of time, like
one second. (This may take yet
another counter.) The number in
the counter is then events per
second.

4
A

Fig. 6 Full comparator.
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3. HOW LONG?
Start the counter at zero.

Make edges at some known fre
quency, like 1 megacycle. Start
the counter when one input event
is received, and stop it when the
next arrives. The number of
counts is the period of or "time
between" the events.
4. IS "A" EQUAL TO "B"?

See Figure 5, which shows
the simplest of comparators. It is
essentially an adjustable decod
ing gate.

Figure 6 shows a more com
plex comparator. It has three
outputs, one of which is always
active. It reveals whether the
counter number is less than,
equal to, or greater than the
comparator's other input.
5. IS "A" FASTER THAN

"B"?
If an "A" arrives, count up

one. If a "B" arrives, count
down one. If both arrive at
once, do nothing. If the counter
reaches its maximum value, stop
counting "A''s. If it reaches its
minimum value (zero) stop
counting "B"s.

If the counter hangs up at the
maximum value, A is faster than
B. If it hangs up at zero, B is
faster than A.

This up/down counter ap
proach is often used as a fre
quency /phase comparator. When
used to phase-lock a local oscil
lator to some reference input, the
filtered output of the counter's
most significant stage is used to
control the local oscillator's fre
quency. Phase-lock is indicated
by the most significant stage
turning on about half the time.
An exact 50 percent duty cycle
indicates that the two inputs are
exactly 90° apart.

Words Of Warning
When measuring time and fre

quency you cannot usually predict
whether you started and stopped
the counter just before a count or
just after one, leaving an inherent
uncertainty of + 1 count.

When measuring that which lies
between events, like the length of
tape between N frame pulses, or the
length of wire between N telephone
poles, don't forget that the first

NOTE:
>MEANS "GREATERTHAN"

IF 8A IS UNLIKE 8B, ALL FOLLOWING
STAGESARE INHIBITED.

IF 8A IS LIKE 8B, THEN 4A + 4B
GETTOCONTROLTHE OUTPUT.
IF 8A = 8B AND 4A = 4B, THEN
2A & 2B GETTODO IT •. AND SOON
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phone pole counts one before any
wire goes by. For these and similar
problems, remember to subtract one
from the total count.

Put it this way: If you walk four
blocks .. you touch five comers. The
counter counts corners.

When starting and stopping
counters, it is best to avoid gating
the input signal on and off. Instead,
manipulate the first stage's steering
inputs. If the input happened to be
active when you shut off the input
gate, an extra count would result at
shut-off. If you must gate the input,
it is best to make narrow pulses
out of the events to be counted.

Counters and the circuits which
are often hung onto them were
among the first to undergo medium
scale integration (MSI). MSI de
vices generally cost about the same,
maybe a little less, use a little less
power and occupy much less real
estate than the equivalent made out
of separate flip-flops and gates.
There are MSI synchronous and
ripple counters in BCD, decimal,
and 12 count. Some count up and
down. Almost all have four stages.

MSI decoders typically have one
output for each possible input pat
tern, with only one output active at
a time. Some can withstand the ig
nition voltage of gas-discharge nu
meric display tubes. Others can en
ergize more than one output at a
time and can switch the currents
used by the incandescent lamps of
seven-segment numeric displays.
Several 5-bit comparators are avail
able. These have three outputs avail
able: A greater than B, B greater
than A, and A equals B. Four-bit
binary adders and subtractors are
available (more about this next
month). Most MSI devices are
TTL.

New MSI devices appear on the
market at a frightening pace. Read
the ads and don't rely on out-of
date catalogs.

How Much?
Some of the variables of life are

already "quantitized". Your pay
check, when and if it changes, must
change by at least one cent, the
smallest increment, or some whole
number times one cent. Money is
expressed as a number anyway, so
HOW MUCH MONEY really
means HOW MANY CENTS.

December, 1971

8V

L• 7TO 8
R

L•6T08

>5
R

I
_g

~ R~ r~ >4
H· 4 TO 8

J J JI ' 4
INPUT

W MAX

~>3
R

R

>1 L• 1 TO 2
R

R

A~ • VOLTAGECOMPARATOR

B~A IS MORE POSITIVE THAN B.
THE OUTPUT IS HIGH

Fig. 7a A three-bit (8 level) A/D converter. No counting is involved.

_íl_
CLOCK

ANALOG INPUT

+MEANS INPUT IS GREATER
THAN O/A'S DC

DIGITAL TO ANALOG
CONVERTER

:lO~gUT

1 J~--4l~l'----c:~ WORD

GO.rr-
1----e---o

CONTROL

BI NARY COUNTER
RESET PERMIT

Fig. 7b Counter-type AID conversion.
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The words in the dictionary dif
fer by at least one whole letter.
There is no such thing as half-way
between "card" and "care". Most
goods have some minimum quant
ity, a division of which does not
exist or is not important. So there
is a stick of gum, a jigger of whis
key, a page, a word, a grain of
sand, and "one each" soldier. The
quantity of these usually consists in
finding how MANY.

Other variables, such as tempera
ture, pressure, brightness, weight,
etc. may be measured in terms of
some standardized unit like sec
onds, degrees, grams, centimeters,
etc. HOW MUCH TIME then be
comes HOW MANY SECONDS
(or milli-seconds, or microseconds.)
It is up to you to decide what is
the smallest increment of interest.
Even if you are fussy, there is no
point in being interested in an in-

+12V

+4.4

8.75K

+4.4 .8mA +4.4

OUTPUT

RL O.lmA
PER
INCREMENT

8

BINARY-WEIGHTED CURRENT SOURCES
DIFFERENT CURRENT LEVELS MAKE EXACT
CURRENTS DIFFICULT TO GET

+12V

8.75K 8.75K 8. 75K

+4.4 +4.4

8.75K

+4.4 +4.4

R R OUTPUT

<(
E-e-R

.4mA .2mA .lmA

<(

2R<: ~ 2R~ ~
<(

R ~ §

.lmA PER
INCREMENT

4 8

EQUAL CURRENT SOURCES WITH LADDER ATIENUATOR.
CURRENTS SHOWN FOROOOl. AT EACH RESISTOR JUNCTION
BETWEEN SOURCE AND OUTAJ T; CURRENT SPLITS EQUALLY
TWO WAYS. ONE WAY GOES TOWARD OUTPUT, THE OTHER
DOESN'T.SMALLER SPAN OF CURRENTS AND RESISTOR
VALUES AIDS ACCURACY.

Fig. 8 DI A converters. In the examples shown, current is taken from the emitter via
the diode when the bit is inactive (low).
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crement smaller than the accuracy
of the measuring device, nor in an
increment so small it is obscured by
noise.

Whereas sticks of gum are
counted, temperature and pressure
are measured. It is often handy to
convert one of these continuously
variable quantities into a voltage.
For this there are numerous trans
ducers like microphones, photoelec
tric cells, strain gauges, etc. It is
sometimes even handier to convert
or quantitize the variable voltage
into an electrical number. In this
form, the variable may be displayed
(as a number instead of a meter
deflection) or massaged by a com
puter.

Converting a variable voltage
into a numeric quantity is the job of
an Analog-to-Digital (A/D) con
verter. The size of the number that
must be used depends on the small
est increment of interest and the
maximum range of the variable.
The unit "bit" must represent a
quantity not larger than the small
est increment, and the number of
"bit" must be enough to allow for
the maximum variable value.

Thus, to qauntitize the outdoor
temperature from -40ºC to +60°
c to the nearest tenth degree, you
must accommodate l 000 different
temperatures. 10 binary "bits" have
1024 combinations, so a 1O-bit bi
nary number is adequate.
There are more methods of A/D

conversion than there is room to
describe, but generally they take
two forms:

l. Using a massive resistive volt
tage divider "ladder", with a
voltage comparator at each rung
of the ladder, find out which
rung's voltage is equalled or just
exceeded by the input variable
voltage. Convert this "rank" into
a binary number. This method
has the advantage of speed in
that the output number is deter
mined in one go. It requires lots
of hardware, however.

2. The outputs of a counter are
connected to a D/ A (Digital-to
Analog) converter, whose output
is then compared (in a single
comparator) to the input variable

BROADCAST ENGINEERING
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voltage. Any time an A/D con
version is desired, start the coun
ter from zero and let it count
until the D/ A output just ex
ceeds the input variable, then
stop. The number in the counter
is the desired conversion.

It takes time to do the count
ing, and this is a disadvantage
of this approach. It tends to use
less hardware, however, and be
sides the D/ A part can often be
used to advantage elsewhere in
the system.
Figure 7 shows, in very simple

form, two D/ A approaches. Figure
8 shows two popular DI A ap
proches. Remember that a D/ A
output is not truly an analog out
put. It cannot vary continuously,
but: only in steps. It is therefore
a "dedigitized" voltage.

Both DI A and A/D converters
should have an accuracy of at least
lh a basic increment. Thus when a
digital number makes that one-step
change from 011111111 to 10000-
0000, the output voltage really does
go up by at least lh a notch, and
no more than 11h notches.

Once a quantity is made into an
electrical number, whether by
counting, keyboard entry, thumb
wheel switches, or A/D conversion,
there are some digital techniques
that make the whole process worth
the effort. That's the subject for
next month's article. .&
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Transient Suppression
A recent contributor to "Letters

to the Editor", taking issue with
an article on "Automatic Assis
tance Circuits" in a previous issue
of Broadcast Engineering, raised
a question that may remain unset
tled in the minds of many readers.
Perhaps we can settle it here.
The original article touched upon

transient suppression in DC con
trol circuits. It suggested a reverse
connected diode across a relay coil,
as shown in Figure I, to shunt out
the inductive "kickback", or tran
sient, that occurs when switch S
is opened.

Arguing with this line of reason
ing, the" Letters" contributor coun
tered with, "Actually, the transient
voltage is of the same polarity as
the applied DC and it is the Zener

breakdown characteristic of the
diode that limits the voltage of the
transient." Is this true?

My off-the-top-of-my-head reac
tion was one of consternation. I
had just wired a 24-volt relay
switching control center for a large
industrial sound installation. For
transient suppression on its 20-odd
relays, I had used inexpensive
diodes with a PI V rating of 1000
volts. Clearly, their Zener action
would not come into play at reason
able voltages' Transients spiking
at 1000 volts are guaranteed to be
heard in adjacent audio circuits.
Had I been laboring under a false
premise?
With doubts thus raised, I went

back to review a few fundamentals.
If you, too, are so far removed

Cartridge Tape Splice Finder
At WIOD we built a simple,

inexpensive and easily built splice
finder. It uses a photo electric cell
and is installed on an elderly Car
tritape 2 playback machine, used
primarily for cueing cartridges just
beyond the splice. It can be built
aboard your regular recorder, but
there's more flexibility in having it
on another machine because you
can splice cue cartridges while
doing production work on your
regular makeup machine.

Loads are so slight that it can
be readily powered from within
the unit it is installed on. Of course
some component values would
have to be changed if the unit is
other than a Cartritape 2.

The electronics (not including
the PE cell and exciter lamp) are
aboard a small angle plate attached
to the tape deck with two self
tappers that could be black boxed
completely external to the machine.
The PE cell, with the lamp taped

one half to three quarters of an
inch behind the eye, will probably
scan the passing tape from a dis
tance of ~ to \/,¡ inch. Its small
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mounting bracket could be fixed
to the deck with contact cement if
drilling is undesirable.

It's possible to adjust the sen
sitivity of the PE cell to see the
actual splice, but a bright foil is a
much better idea for it is more
positive and allows exact adjust-

"CRAINOFWHEAr'AVAllABU
/ INltOBBYSTOR!

EXCITHt~
lAMP

TOMINUS }6DC
WITHIN MACHIN{

___e=~~~£RIES
/L__SJOPCKT
' N. 0.

TOPlUS.J6DCUNJUCUlAUD
HKW, C\06 WITHINCARTllHAP(

.s

~10«1VACFROMl/2ANJRANSFORMER
WITHINCARTRllAPEMACHINE

ment of sensitivity. Put a half inch
slug of bright foil atop the splice
for the PE cell to see. 3M # 51
pressure sensitive 7132 sensing tape
is one type that works well. This
is a conductive foil but its conduc
tivity is not the requisite- bright
ness is the only requirement.

Gene Rider, CE
WIOD AM/FM
Miami, Fla.

from your exposure to the basics
as to be a little uncertain about
inductive "kickback", maybe you
can profit from my research.

First, it is important to agree that
we are dealing with an inductive
phenomenon. The many turns of
wire in a relay coil, surrounding an
iron core, possess appreciable
sc(f-inductance. The distributed ca
pacitance of these turns is relatively
small, being inconsequential when
working with DC and low fre
quency AC. Resistance of the wire
may be appreciable but- being by
definition nonreactive- it cannot
contribute to the generation of
transient voltages and currents.
Thus the principal factor at work is
the coil's inductance.

s

Figure 1

~o +
e¡

Figure 2

When the excitation voltage is
removed from a relay coil, the re
sulting collapse of the magnetic
field in its core induces a voltage,
or counter-electromotive force
(cerní) that tries to maintain the
current in the coil. This follows
from the fundamental characteristic
of an inductance: self-inductance
is that property of an electric cir
cuit that opposes any change in
the current in that circuit.

Expressed mathematically for an
inductance,

dicemf= -L dt '
where cemf= instantaneous volt

age generated by the
coil,

i =instantaneous cur
rent in the coil,
(Continued on page 58)
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Engineer's Exchange
(Continued from page 56)

t =time
di . fcrt= instantaneous rate o

current change
and L =value of inductance:

a constant for a par
ticular coil.

This means that the polarity of
voltage that appears across the
terminals of a relay coil is deter
mined by the direction of the cur
rent through it. This voltage may
undergo any change necessary to
maintain the current. To examine
this relationship a practical step
at a time, first consider Figure 2.
With switch S initially open, in
stantaneous voltage e across the
coil is zero, as is the circuit's in
stantaneous current i. Since there
is no current. there is no drop
across resistor R and the voltage
at A (referred to ground)=the volt
age at B=zero.

Now we close S. At this very
instant, i remains at zero (an induc
tance opposes any change in cur
rent). This means that the voltage
at A still equals the voltage at 8,

WE HAVE
ALL THE RIGHT
CONNECTIONS.

A "simple" microphone extension
cable isn't so simple. Not if it's
going to match today's phase ac
curacy and continuity requirements!

At Gotham, we start with double
RF shielded, 3-conductor cables
made to Neumann's tight specifica
tions. And we attach Switchcraft
"Q-G" (XLR compatible) connectors
with a special technique, so the
connector shell is grounded.

Our price? Practically what you'd
pay for cable and plugs alone. Ten
feet, $7. 50. Twenty-five feet,
$10.50. Fifty feet, $16. One hun
dred feet, $27.

Order through your Neumann
Microphone Dealer. Or from Gotham
directly.

C3c:::>-Y-t--t ~ ~
AUDIO CORPORATION

2 West 46th Street, New York, N Y 10036
(212) 265-4111

1710 N. LaBrea Ave., Hollywood, CA 90046
(213) 874-4444
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because there is no iR drop across
R. However, A now clearly stands
at voltage E above ground, which
means that point B must also. In
other words, the coil's cemf e is
of magnitude E and of the same
polarity, as indicated in Figure 2.

Having thus established that the
induced voltage is of the same
polarity as the applied voltage at
turn-on, we'll pursue its nature at
turn-off. For this, refer to Figure 3.

Assume that switch S2 has been
closed for some time, so that a
steady current I is flowing. (If L
were theoretically perfect, with
zero resistance, the steady-state
current with S2 closed would be
limited only by the battery's resis
tance. Rb is included here to permit
a finite current.) Suppose

Rb= I ohm, and
E= IO volts. Then
I= 10 amperes.

The nature of inductance dictates
that, at the instant S2 is opened, I
must momentarily remain at 10
amperes. This is true regardless of
the value of R. Then if R is 100
ohms, there must be an instanta
neous voltage developed across it of

IR= IOOOvolts.

Here in one compact and informative
24 page booklet is all the data you·
need to select a Precision Audio and
RFAttenuator for your application.
Reference Charts, Circuit Diagrams,
Types and Uses, Current and Voltage
Ratio Tables, Ratings, Etc., make this a
handy and invaluable reference.
SEND FOR YOUR FREE COPY TODAY.

TECH LABS, INC.
Drawer "B"
Palisades Park, N. J. 07650
Tel.: (201) 944-2221
TWX: (201) 947-0825
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Since the direction of current
remains unchanged (the inductance
generates a voltage that opposes
current change), this IR drop must
be positive at A with respect to B.
But A is 9 volts positive with re
spect to ground (E-1 Rb), so the
coil's cemf e is 991 volts negative
with respect to ground. This is the
polarity indicated in Figure 3.

+

Figure 3

This shows that a diode con
nected across the coil as in Figure 1
will indeed conduct in its forward
direction when the relay is de
energized, limiting turn-off tran
sient voltages to very low values.
The Zener breakdown voltage is
not a consideration in its operation.

Compressor -Limiter
Amplifier

(The Great Leveler)
Youcanstop riding gainnow,evenwhen
a shouter and whisperer are on the
sametalk show.The ModelCLA20/40
Compressor-LimiterAmplifier does it
automatically.. _ instantaneously...
for bothAMandFM.Switchablecontrols
permit symmetrical (FM)or asymmetri
cal (AM)peak limiting; pre-emphasized
or flat response;compress/limit, com
pressonly, or compress/limit off. Auto
matic gain control range is 40 dB dy
namic, and the compressionratio is
better than 10:1.All solid state, plug-in
modular construction assures trouble
free reliability. Write for complete de
tails.

BROADCAST ELECTRONICS, INC.
8810 Brookville Rd., Silver Spring, Md. 20910
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A possible source of confusion
in dealing with polarities lies in
the source of voltage. When the
coil's current is supplied by an ex
ternal battery and a steady state
is reached, current flows through
the coil from positive to negative
just as it would in a resistor. How
ever, when the external circuit is
opened, the coil becomes a gen
crator. and the int crnal current in
any generator supplying energy to
a circuit flows from negative to
positive (note the direction of I
through the battery in Figure 3).

Diode suppression is a conve
nient way to obtain noise-free relay
operation in DC control circuits.
However, there is a trade-off to
keep in mind: The result of limiting
transient voltage rise is a prolong
ing of the decay of current in the
relay coil. This effectively delays
the opening of the relay by a sub
stantial interval. Fortunately, in
most control circuits it isn't im
portant whether a relay opens in
three milliseconds or in 75. On
the other hand. such delayed re
lease is intentionally incorporated
into some telephone switch-gear
circuits to time the sequence of
relay operation.

And to conclude with a paren
t het ica 1 observation, the diode
suppressed relay control circuit
that I built has since proven to be
free of audio transients.

R. H. Coddington
Richmond, Va.

For further lnform•llon. circle d•h
Identification number on reader service card.

100. ANACONDA WIRE AND
CABLE CO.-Voice frequency
subscriber loop design principles
are described in detail in a new
engineering bulletin. The 68-page
bulletin en t i tled, "Principles of

Voice Frequency Subscriber Loop
Design", is used in conjunction with
two subscriber line calculators
showing the most economical com
bination of gauges, for a given

(Continued on page 60)
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Substituting The 684
The nearly extinct 6B4 (VJ 1)

tube in the fine old 1181-A fre
quency monitor can easily be re
placed with the relatively modern
6W6GT. Simply leave the present
leads connected to Vl 1 socket and
jumper from pin 2 to 8, also from
pin 3 to 4. After this modification
either a 6B4 or a 6W6GT tube
may be used in Vl 1 socket. No
other changes are necessary, just
check B+ regulated bus and read
just R68 if need be. One other
point, never substitute anything else
for the F5 fusible link in the oven;
not even fine copper, lead or wire
solder. F5 is a heat sensitive fuse,
not an electrical fuse. It is the main
oven protection from burnout.

Eidson Electronic Co.
Temple, Texas

December, 1971
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FREE CATALOG
HARD·TO·FIND PRECISIONTOOLS

Lists over 1700 hard-to-find
tools used by electronic tech
nicians, instrumentmechanics,
engineers, and scientists. In
cluded are manytypes of pliers,
tweezers, wrenches, soldering I /:'":'\.
irons, wire strippers 1 relay \(),J
tools, watchmakers tools, drills, ::-'
precision grinders, files, optical (,.º.·~
equipment, lighting, vacuum ~ .../
systems, tool cases, and tool ji
kits. Included also are a solder G
section and four pagesof useful , ...;
"Tool Tips" with valuable data _,.Í._~¡
on fasteners, color coding, drill <:....s
and metal gauges, insulation
facts, and tool selection. Write
today for your free copy!
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GET
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POWER TUBES

. at about 50% of
original cost!

Emission life of a thoriated tungsten
filament depends on carbon evapor
ation. When the carbon is depleted,
emission drops. Until now, you were
in for an expensive replacement!

Now Freeland Products offers expert
reprocessing of certain types of
thoriated filament tubes. Our service
is backed by a warranty and over
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Send today for descriptive brochure
and price list. Freeland reprocessing
assures FULL AVERAGE EMISSION
LIFE of new tubes-yet you'll save
up to 50% of original cost!

Scores of Satisfied
Customers

KHOF KPQ
KHOM WPLO
KHOU KXXK
WHAL WQAM
WHAS WQMV
WHB WRUF
WIRK WSMB
WJCW WTAE
WJDX WTIX
WJLS KVAL
WKIZ KVOL
KLCN KWHI
KLIV WWST
WMRI WYES-TV
KOKE WPRS
KOMA WVHI

WAOK
KBCL
KBHS
WBKH
KCIJ
KCIM
wcco
WCMI
WDAE
WDAK
KELI
WEEB
KFDA
WFOR
KGBC
KGUD
WGNY

And Many Morel

Freeland Products Co.
3233 Conti St. • NewOrleans,La. 70119

504/822·9223
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(Continued from page 59)
distance, that meets all current
transmission, pulsing and ringing re
quirements. One calculator, for the
H-88 loading system, shows com
binations of 22 and 24 gauge cables,
and 24 and 26 gauge cables, for
buried or aerial plant applications
with central office limits of 1500,
2200 and 3000 ohms. The other
calculator, for D-66 loop design,
shows combinations of 22 and 24
gauge cables for buried plant use
with 170~ 2000, 3000, 3500, 3800
and 4300 ohm central office limits.
In addition to providing complete
instructions for calculator use, the
bulletin also describes design con
siderations of loaded and repeatered
loaded loops, expected performance
of repeatered loops, one-man tests
for loaded loops, other loading sys
tems, E-6 and other repeaters suit
able for loop applications, and
tabulated attenuation, resistance and
miscellaneous loss data.

101. ANIXTER-PRUZAN
Two new catalogs prepared by
Anixter-Pruzan show a full-line of
the most up-to-date developments
in both drop materials and ground
ing materials. Items in the 6-page

• TP-18
Tape Cartridge

Winder

This rugged and de
pendable tape winder fills a need in every
station using cartridge equipment. No
longer is it necessary to restrict your
cartridge operation to stock sizes, or to
tie up your conventional tape equipment
loading cartridges. The TP-18 handles all
reel sizes (up to 3600' of 1 mil tape),
winds new or old cartridges in any length.
Available with or without Spotmaster tape
timer, providing precise minute and sec
ond calibration for creating exact-length
tapes. TP-18 is $124.50, with Tape Timer
$149.50. Lubricated tape and empty car
tridges are also available.

BROADCAST ELECTRONICS, INC.
----A Fllmw•Y•Company-----

8810 Brookville Rd., Silver Spring, Md. 20910

"Drop Material Catalog" include a
variety of house drop cables, drop
attachment hardware, house at
tachment hardware and passive de
vices. The four-page "Grounding
Materials" brochure lists ground
rods and clamps, pipe grounding
clamps and straps, ground wire,
and ground wire moulding and
staples.
102. COHU ELECTRONICS,

INC.-Two low light level TV
cameras present a usable picture
with only 0.003 footcandles of il
lumination on the faceplate of the
vidicon, and they can be aimed
directly at the sun without damage.
Details on these self-contained cam
eras are described in technical data
sheet 6-579. One camera is en
closed for outdoor use, the indoor
camera has rear panel controls.
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North American Philips 57
Nortronics Company Inc 12

Potomac Instruments, Inc 55

RCACorp. CESDiv 46B, 46C

Sansui Electronics Corp. . . . . . . . . . . . . . . 7
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FM And Land Mobile

FCC Proposals
Amendment of Section 73.261(a) of the rules to

provide for licensing all FM Broadcast stations for
unlimited time operation and to require them to main
tain a minimum operating schedule of at least eight
hours between 6 a.m. and 6 p.m., local time, and at
least four hours between 6 p.m. and midnight. local
time, each day of the week except Sunday, has been
proposed in a rulemaking notice by the FCC.

At present FM stations are required to provide a
minimum of 36 hours per week during the hours 6 a.rn.
to midnight, consisting of not less than five hours in
any one day, except Sunday.

In proposing the change, the Commission pointed
out that even though FM has become "economically
more viable" a number of stations are operating at or
near the minimum level permitted under the rule. The
Commission said that when there are needs for more
aural service in many places, "this appears hardly
consistent with the public interest." To the extent that
FM and unlimited AM are alike, the Commission
said, "it would appear that the same standard should
apply in both instances."

In response to requests by the Associated Public
Safety Communications Officers, Inc. (APCO), and
RY DAX, Ine.. for reconsideration of rules governing
operation of non-voice radio systems on voice chan
nels in the land mobile services below 950 MHz
(Docket 19086), the Commission has retained a
requirement for identification of land mobile radio
stations by voice, but has deleted a requirement for
automatic sensing of channel occupancy.

In an order adopted August 18, 1971, the Commis
sion amended Parts 89, 91 and 93 of the rules to permit
regular and expanded operation of non-voice opera
tion in the land mobile services.

A PCO had asked for an exception to the require
ment for station identification by voice to allow station
identification by Morse Code and RY DAX had asked
for deletion of the requirement that non-voice systems
employ automatic sensing or monitoring equipment
that can prevent transmission on an occupied channel.
The Commission said, in denying the APCO

request, that use of Morse Code would not afford
significant advantages and noted that the additional
transmitting time required could increase potential
interference.

In granting the RYDAX request, the Commission
stated that it had originally required automatic sensing
of channel occupancy to protect voice communica
tions from interference by non-voice transmissions
and to assure that non-voice operations would ·be
secondary to voice operations.

The FCC observed, however, that RY DAX, as
well as General Electric Company and RCA Corpora
tion, had raised "significant questions" as to the
effectiveness and adaptability of automatic sensing
devices and said that while it would permit use of
these devices, it would not impose a mandatory
requirement for their utilization at this time.

December, 1971

"Want a Good Job
in Broadcasting?

¡.

l ''~\
You'll Need a

First Class FCC License?'
Matt Stuczynski knows. He's the Senior Transmitter Operator of
Radio Station WBOE. His story is typical of hundreds of men who
have used Cleveland Institute Training as a springboard to success
in Broadcasting. Here's what Matt says about Cleveland Institute:
"I giveCleveland Institute credit for my First Class FCC License.
Even though I had only 6 weeks of high school algebra, CIE's
AUTO-PROGRAMMEDT" lessons really made electronics
theory and fundamentals easy. After completing the CIE course,
I took and passed the First Class Exam. I now have a good job
in studio operation, transmitting, proof of performance, equip
ment servicing. Believe me, a Commercial FCC License is a
'must' for a career in Broadcasting."

If you want rapid advancement in broadcasting, the first step is a
First Class FCC ticket with your name on it. And Cleveland Insti
tute Home Study is a fast, economical way to get one. What's more,
CIE backs their licensingprograms with this money-back warranty:
"A CIE License Course will quickly prepare you for a First
Class FCC License. If you complete the course but fail to pass
the exam 011 your first attempt, CIE will refund all tuition."

With Cleveland Institute you get your First Class FCC License or
your money back! Send coupon today for FREE book or write to
Cleveland Institute of Electronics, 1776 E. 17th St., Dept. BE-73
Cleveland, Ohio 44114.

ENROLL UNDER NEW G.I. BILL
All CIE courses are available under the new G.I. Bill.
If you served on active duty since January 31. 1955, or
are in service now, check box in coupon for G.I. Bill
information.

' MAIL COUPON TODAY FOR FREE BOOK
@eIE Cleveland Institute

of Electronics
1776 East 17th Street, Cleveland, Ohio 44114
Pleasesendme your FREE book, "How
To Get A Commercial FCC License."

Address-----------------------
City State. ip _

Occupation ge _

D Veterans check here for GIBill information
Accredited Member National Home Study Council
A Leader in Electronics Training ... Since 1934 BE-73J··~-----------------------------------Circle Number 42 on Reader Reply Cord
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PROFESSIONAL ~~OOWíl~~~

VIR JAMES
CONSULTING RADIO ENGINEERS
Applications and Field Engineering

345 Colorado Blvd.
Phone: (Area Code 3031 333-5562

DENVER, COLORADO 80206
Member AFCCE

TWX 910-931-0514

WALTER F. KEAN
CONSULTING RADIO ENGINEERS

P.O. Box 4201
Santa Fe. New Mexico 87501

Phone: 505-983·5175

Member AFCCE

CAMBRIDGE CRYSTALS
PRECISION FREQUENCY
MEASURING SERVICE

SPECIALISTS FOR AM-FM-TV
445 Concord Ave. Phone 876-2810

Cambridge, Mass. 02138

COURTRIGHT
ENGINEERING

MORRIS COURTRIGHT, Jr., P.E.
Automation . Applications Field Engineering

ELECTRICAL AND BROADCASTING
Route No. l. Box 854A, Flagstaff. Ariz. 86001

Phone (602) 774-8206

RALPH E. EVANS ASSOCIATES
Consulting Radio Engineers
AM • FM. TV - CATV - ITFS
3500 North Sherman Blvd.

MILWAUKEE, WISCONSIN 53216
Phone: 414-442-4210

TODD ASSOCIATES

CONSULTING RADIO ENGINEERS
Alva C. Todd, Ph.D., P.E., Principal

827 S. Summit Avenue, Ph: (312) 832-4104
VILLA PARK, ILLINOIS 60181

SESCO, Inc.
47 NICHOLS AVENUE

P. O. BOX 518

(206) 378-2137

FRIDAY HARBOR,
WASHINGTON, 98250

Equipment for Sale
"New & Used Towers, Buy, Sell or Trade.
Erect. Ground wire 85¢ lb. Bill Angle.
919-752-3040, Box 55, Greenville, N.C.
27834." 2-71-tf
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Equipment for Sale (Cont.)
HELIAX-STYROFLEX. Large stocks -
bargain price - tested and certified.
Write/call for price and stock list. Sier
ra-Western Electric. Box 23872, Oakland,
Calif. 94623. Tele: (415) 832-3527. 1-71-tf
ONE STOP for all your professional audio
requirements. Bottom line oriented.
F. T. C. Brewer Company, P. O. Box
8057, Pensacola, Florida 32505. 7-71-tf
CARTRIDGE TAPE EQUIPMENT-Co~
pletely rebuilt and reconditioned. Tape
caster and Spotmaster Record/Playbacks
$375.00. Playbacks $250. 30-day money
back guarantee. AUTODYNE, P. O. Box
1004, Rockville, Maryland 20850 (301/
762-7626). 11-71-tf
USED EQUIPMENT-Pay Cash for FM/
AM transmitters, antennas. consoles. etc.
Contact: Electrónica Fernández, Box 415,
Hato Rey, Puerto Rico 00919, Tel.: 767-
3500. 11-71-4t
Sale-50% off on all factory new RS
Coils, Contact ors, Chokes, Switches,
Sampling Transformers. Loops, etc. Stock
items. Quick delivery, Geleco Electron
ics, Ltd., 2 Thorncliffe Park Drive, Unit
28. Toronto 17, Ontario. Phone (416) 421-
5631. ll-71-2t
CIRCA 1947Western Electric 506-B-2 ten
kilowatt transmitter plus spare parts in
ventory; just retired from daily use. Best
offer over $500. Can be bought complete
with RCA BTE-10-B stereo exciter (not
available separately) at best offer over
$1,1250. (Blind box reply). Dept. 257
Broadcast Engineering, 1014 Wyandotte,
K. C., Mo. 64105. 12-71-lt
The University of California offers for
sale to the highest bidder 2 only Ampex
VR 1100 Videotape Recorders. With Mark
Ten heads, one playback only. Acces
sories: Electronic Editor. Vertical LOC
Boards, Processing Amplifier, Mincom
Dropout Compensator. Smith Tape Splicer.
Minimum acceptable bid for lot $20,000.
Sealed bids must be submitted to Univer
sity of California, Purchasing Department.
Santa Barbara, Calif. 93106 no later than
2:30 P.M., December 17, 1971. For bid
forms. please contact above address or
call A/C 805 961-2588. 12-71-lt
FOR SALE: Two Dage B/W solid state
Model 520 cameras with cable and CCU's.
Two Quickset Gibraltar tripods with
cradle head and Hercules dolly. One
Dage/Miratel Dual 8" rack mount moni
tor (tube). One Dage 585 solid state digital
sync generator with Genlock (RS-170
Spec.), All in like new condition. Will
sell in part or make package. Best offer.
R. Stern, 15W631Patricia Lane, Elmhurst,
Ill. 60126. Tel. 312-279-8482. 12-71-lt
VSI-2200 Film Multiplexer and Spindler
& Sauppe Model 332 Slide Projector with
Lens and Base for Sale. $2.250.00. SMU,
TVSystem. (214)363-5611ext. 811.12-71-lt
KTR-1000 COLOR TV MICROWAVE
LINKS-NTSC Color TV plus program
audio microwave links for studio-xmtr,
CATV,etc. Rack mounted. Mfr. Raytheon.
25 sets in stock, as new condition. Radio
Research Instrument Co.. Inc., 3 Quincy
Street, Norwalk, Conn. Tel. 203-853-2600.

12-71-4t
FOR SALE: l. AMPEX VR-660 Video
Tape Recorder. 2. 3M Monochrome Drop
out Compensator. 3. AMPEX -05 Intersync
Units 4. AMPEX Mark-111 Video Head.
All excellent condition. KOREX. P.O. Box
65725.Los Angeles. Calif. 90065 12-71-lt
FOR SALE- 2 IVC 800 Series l" Color
VTR's. Excellent condition-Priced to sell
-Call (402) 477-0533or write T-V Trans
mission Inc., P.O. Box #81304. Lincoln,
Nebr. 68510. 12-71-2t
"AMPEX" 354, lowtime heads. bridging
transformers, factory console. first $1100
takes. Box 44, New Bloomfield. Mo. 65063.

12-71-lt

Services
REGISTEREDElectrical Engineer special
izing in broacast automation and monitor
ing field will work with your engineer on
planning, maintenance. and design prob
lems. Have facilities for custom equip
ment manufacture. Carroll W. Swain,
27272 12th Place South, Kent. Wash.
98031. Phone 206-839-5556. 12-71-lt
CRYSTAL & MONITOR SERVICE, Fre
quency change, repair or replacement of
oven type broadcast crystals. Also fre
quency change and recalibration or repair
of AM frequency monitors. and H-P FM
monitors. Fast service at reasonable
prices. 30 years experience! Call or write:
Eidson Electronic Co. Box 96, Temple,
Tx. 76501. Pho. 817 773-3901. 9-70-tf

Services (Cont.)
ADVISORY & INSPECTION SERVICE
for the CONSTRUCTION & MAINTE
NANCE of TALL TOWERS. Dept. 257,
1014 Wyandotte St., Kansas City, Mo.
64105. ll-71-2t

Help Wanted
Field Service and Transmitter Testing:
CCA Electronics has immediate open
ings for experienced AM and FM trans
mitter engineers, preferably Chief En
gineers. who are familiar with the tech
nical phase of a broadcast station opera
tion. CCA is expanding its total service
to the broadcast industry and requires
competent technical people in our ser
vice growth. Supply resumes together
with salary requirements to: Bernard
Wise. President, CCA Electronics. 716
Jersey Avenue, Gloucester City, N.J.
08030. 11-71-2t
Job Headquarters for all Radio and Tele
vision Engineers. Immediate openings ex
ist in 9 western states and elsewhere for
qualified engineer and technical person
nel. All categories from trainees to ex
perienced transmitter maintenance. chief.
assistant chief. live color video mainte
nance and technical operations. Send us
your complete resume now. The AMPS
Agency, 11661 San Vicente Blvd., Suite
300, Los Angeles. Calif. 90049.Telephone:
213-820-2678. By Broadcasters - For
Broadcasters. 11-68-tf
MICROWAVE ENGINEER. Microwave
maintenance engineer wanted to maintain
450 miles of Lenkurt 76 TV in Nevada.
Must be familiar with video baseband
equipment, and audio sub-carriers. Com
pany car and benefits. Salary open. Send
resume to Personnel Department. Donrey
Media Group, P.O. Box 1359, Fort Smith,
Arkansas 72901. 12-71-2t

Training
To advance in electronics. knowledge and
ability are required. Grantham offers
correspondence and resident instruction.
in depth, leading to the degree of Asso
ciate in Science in Electronics Engineer
ing. G. I. Bill approved. Credit for pre
vious training and experience allowed.
Free Catalog. Write: Dept. E-2. Grantham
School of Electronics. 1505 N. Western
Ave.. Hollywood. California 90027. 6-67-tf
First phone through tape recorded lessons
at home plus one week personal instruc
tion in Washington, DC. Atlanta. Boston.
Detroit. New Orleans. Minneapolis. Se
attle, Denver. Portia n d , Los Angeles.
Proven results. Our 17th year teaching
FCC license courses. Bob Johnson Radio
License Preparation. 1060DDuncan, Man
hattan Beach. Calif. 80:l66. Phone 213-
379-4461 1-69-tf
IMMEDIATEOPENINGS: Qualify for any
of the following positions: RCA CCTV
Equipment, monochrome or color. Sales
men - TV Systems Engineers - Project
Engineers - Supervisors - Managers -
Maintenance Technicians - Video Engi
neers - to work either New York. Penn
sylvania. New Jersey or California area.
Write: RCA Rep., P. O Box 268, New
Hyde Park. New York 11040. 4-70-tf

Radio Station For Sale
5,000 WATT AM RADIO DAYTIMER.
$150,000-29% down-$45,000 real estate
optional. Box 880. Willcox, Arizona.

7-71-5t
TV STATION FOR SALE-Complete tele
vision station available for package price
of $12,000. f.o.b. KETC-TV transmitter
room at Boatmen's Bank Building, St.
Louis, Mo. Equipment in package in
cludes: 320-foot Bio-Knox self-supporting
tower. 320 feet of 3% inch transmission
line, RCA TT5 transmitter driver with GE
20 kw TF-4 amplifier. two Ampex VR-
1000 videotape machines (one complete
with Allen mod. demod & switcher) with
Amtec. one Eastman 275 film projector,
one GE 4-TV-86-C-l multiplexer, one
Spindler 35mm slide projector. and one
GE 4-PC-13-A-l vidicon film camera with
GE 4-TC-58-A-l controls. This equipment
is now in daily use but will be retired
from service with opening of new KETC
TV Broadcast Center November l. This
is first and last time this equipment is
being offered and it won't last long at
this package price. Station prefers to sell
as a package, but would accept offers on
individual items. For more ínforrnatíon
write: Director of Engineering, KETC-TV.
6996Millbrook Blvd., St. Louis, Mo. 63130
(or phone 863-0998). 12-71-lt
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Shoppíne for lenses?
Compare Canon!

Draw up a checklist that includes
price, specifications and image bril
liance, then start comparing cata
logues. You'll probably come up with
the Canon answer, like so many major
camera producers-for broadcast 1"
or 1 1/4" PLUMBICON® or CCTV 1",
2/3" vidicon.

Stack these two Canon popularity
favorites against anything else on the
market and see what we mean.
The Canon TV Zoom Lens
P17X30B2 has an impressive
1:2.5 relative aperture at
focal length range (440-
500mm), in spite of its
17X zoom ratio. At 30-
440mm it's a remarkable
1:2.2, offering the same per
formance as our P10X20B,
specially designed for maximum ver
satility with three different range
extenders.

Both are ideal for a variety of situa
tion, including dim lighting and open
areas like field events.

Here are some other examples of
the wide Canon line:

Manual
Name Range of Focal Length Zoom Ratio Maximum Relative Aperture

n~"PLUM81coN ¡P11 x 3082 30-500mm 1 : 17 F 2.2
PlO X 20 20-200mm 1 10 F 2.2

l" PLUM81CON IPV17x248 24-40Cmm 1: 17 F 1.8
PVlO X 16 16-160mm 1: 10 F 1.6
PVlO x 158 15-150rnm 1: 10 F 2.0

l" Vidicon IV10xl5 15-150rnm 1: 10 F 2.8
V6 x 16 16.9- 9Smm 1 : 6 F 2.0
V5 x 20 20-lOOmm 1: 5 F 2.5
V4 X 25 25-lOOmm 1: 4 F 1.8

%" Vidicon IJ!Oxl3 13-130·11m 1: 10 F 2.8
J 6 X 13 13- 76mm 1: 6 F 1.9
J 5 X 15 15- 75mm 1: 5 F 2.1
J 4 X 12 12.5- 50mm 1: 4 F 1.8

Servorized/Motorized
Name Rangeof Focal Length Zoom Ratio Maximum Relative Aperture

1Yi"PLUM81CON I Pl OX 2084 20-200mm 1: 10 F 2.2
l" Vidicon I VlO X 15R (OCJ 15-150mm 1: 10 F 2.8

V6 X 16R (AC/DC) 16.9-95mm 1 : 6 F 2.0
IV4 X 25R(AC/DC,EE) 25-lOOrnm 1 : 4 F 2.5

® N.V Philips of Holland

• CANONU.S.A., INC.: 10 Nevada Orive, Lake Success, Long Island, New York 11040.U.S.A. (Phone) 516-488-6700• CANON
U.S.A., INC.: 457 Fullerton Ave.. Elmhurst. Illinois 60126, U.S.A. (Phone) 312-833-3070 • CANON OPTJCS& BUSINESS
MACHINES CO., INC.: 3113 Wilshire Blvd .. Los Angeles. California 90005, U.S.A. • CANON AMSTERDAMN.V.: Gebouw 70,
Schiphol Oos t. Holland • CANON LATIN AMERICA, INC.: Apartado 7022, Panama 5, Panama • CANON !NC.: 9-9, Ginza
Ii-cnorne. Cbuo-ku. Tokyo 104, Japan Canon
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A production conrole*for $312 !

Eureka! A complete remote and studio production console for a fraction
of what you'd expect to pay for a console with comparable features and
perfonnance! Simply purchase a new Shure M675 Broadcast Master and
the extremely popular Shure M67Professional MiicrophoneMixer. By com
bining these two units*, you get inputs to handle microphones, turntables,
phone lines and tape machines- with cuing provision on line and mag
netic phono inputs. Result? A versatile low-noise, low-distortion broadcast
production console for in-studio, remote, and standby assignments; a
complete CATV console; a studio production console. All for $312! For
complete technical data, write:

ShureBrothers Inc., p
222HartreyAve.,Evanston,Ill. 60204. ~
*Each model is also available separately: M67 - $162 net; M675- $150 net.

Circle Numb~r 3 on Reader Reply Card

www.americanradiohistory.com

www.americanradiohistory.com

