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Opening of the Conference

Vincent t. Wasilewski
President: National Association of Broadcasters
Washington D. C,

Welcome to the NAB's 25th Annual Engineering Conference. For a quarter of a cen-
tury, NAB has held these engineering conferences. And for good reason: engineering
has always led the way in broadcasting. Technclogy is what makes the industry pos-
sible. In all modesty, I believe that the conference is regarded by nearly everybody
in the industry as the high point of the engineering year. It provides an opportunity to
inspect one or more pieces of gear from the vast amount displayed here. It is the
place to see the latest broadcast engineering developments, since the NAB Convention
is often chosen as the place where break-throughs in electronic equipment are un-
veiled for the first time. It is a place to learn, since the program planned by our able
Engineering Vice President, George Bartlett, and your Engineering Conference Com-
mittee is always informative and, we hope, covers the waterfront from large stations
to small. One other asset of the engineering conference is that it permits engineers
to join the management and ownership session. Many of the top people in the industry
have come up from engineering and engineering itself has broadened over the years to
include many management functions, and we believe it is important for both manage-
ment and engineering people to mingle together and see how the other half lives.

And so I hope that the total Convention—both engineering and management sessions
—and the exhibits are worthwhile and informative. I hope you learn something. I
hope you enjoy yourself. If the conference can be improved, let us know. It is your
conference—put on for your benefit—and you should be satisfied. We hope you will
be.



NAB Engineering Advisory Committee Report

Altert H. Chismark

Chairman, NAB Eng. Adv. Com.
Broadcasting Div. /Meredith Corp.
Syracuse, N.Y.

Once again, it is my pleasure to present the traditional Engineering Advisory Com-
mittee report. It seems only yesterday that we were assembled to hear a similar re-
port on the status of our past activities. Unfortunately, with our ever-increasing need
to do more and more, faster and faster, these 12-month intervals seem shorter and
shorter. Nevertheless, as chairman of the Engineering Advisory Committee, I am
indeed pleased to bring you this status report on the Committee's activities during the
past year. My remarks, as usual, will be brief and will just touch on the highlights
of the more important aspects of our work and accomplishments since we last met.

First, I would like to express my appreciation for the assistance which has been
given me by members of the Committee, a group of dedicated engineers working
quietly and efficiently behind the scenes, acting as your liaison to the NAB, the in-
dustry, the FCC and other governmental agencies. Those serving on the committee
this year are: Bob Flanders, Station WFBM; Gene Hill, Kaiser Broadcasting Cor-
poration; Bill Honeycutt, station KDFW-TV; Les Learned, Mutual Broadcasting
System; Jim Parker, CBS Television Network; Verne Pointer, American Broadcast-
ing Company; Keith Townsdin, station KLFY-TV; Bill Trevarthen, National Broad-
casting Company; Ben Wolfe, Post-Newsweek Stations; and Bob Leach, formerly of
U.S. Communications.

The past year has been another very busy period for the Committee, complete with
the ever-present frustrations, an occasional sweet smell of success, the ever-present
failures and, in some instances, a feeling of true accomplishment and contribution.
Our activities have covered the proverbial waterfront and have ranged from micro-
phone to antenna, camera to receiver, seminars to allocations. Solutions to some
problems have not been easy, but we have attempted to lead the way in developing
solutions to many of our thorny problems which confront the operational aspect of our
industry.

Let's start off with the good news: After a seven year struggle, uphill and down, of
field tests and experiments, of arguments and counter-arguments, I am happy to
announce that the Commission has finally amended its rules to permit the remote con-
trol of VHF-TV transmitters. This has been a monumental accomplishment which in-
volved thousands of man hours, literally hundreds of technical reports and untold
numbers of field trips to substantiate the feasibility and reliability of such a technique.
To afford you ample opportunity to fully explore the new rules, we refer you to the
VHF-TV remgte control panel session. I would suggest that all those interested in
this new development read this material. It is such a milestone in our effort that I
wish I could say "champagne for everyone."

Since our last meeting, the Commission has adopted the new Rules governing the
sharing of TV Channels 14-20 with the Land Mobile Services. Although this proceed-
ing basically has been terminated, there are other fringe areas which must be strug-
gled with, such as restructuring the 947- to 952-MHz STL band and the use of 2150
MHz for aural STL service. We are still active in these allocation proceedings and
are doing our best to reflect the industry's position.

In a continuation of our operator licensing activities, during July of 1971, the Com-



mission issued a Notice of Inquiry and Notice of Proposed Rule Making looking toward
amending Part 73 of the Rules dealing with operator licensing requirements at direc-
tional AM stations. This action was based upon a petitior which was filed by the As-
sociation with the approval of the Engineering Advisory Committee. Comments in this
proceeding were due on February 23, 1971, and reply comments on March 23, 1971.
Needless to say, we have been extremely active in this area and I think our filing on
the 23rd can be considered a precedent-setting document which, hopefully, will lead
the way in solving this thorny problem.

For years, we have been talking about revising the Commission's Rules and Regu-
lations in one fell swoop; however, such a project is easier said than done. On Janu-
ary 8, 1971, we took the first step in this giant effort and submitted a very lengthy
document with the Commission proposing a complete revision of Part 74 of the Rules
dealing with radio remote pickup, studio-to-transmitter links, TV STL, remote
pickup and intercity relays. This filing was based upon the advice and counsel of over
250 station engineers and was prepared under the guidance of a special ad hoc group
of the Advisory Committee. It is the first step in a long-range project designed to
develop meaningful changes on a large-scale basis rather than through the time-con-
suming piecemeal process we have been following in the past.

I know many of you have followed with some disappointment the lack of progress
which has befallen our petition requesting a relaxation of the so-called ""two~hour" in-
spection requirement and the remote logging of phase which we filed on January 20,
1967. You will notice that the Commission's rule making notice in the operator licens-
ing proceeding makes reference to this pleading and poses questions on this subject.
Hopefully, the two-hour reading controversy will be finalized at the time the new
operator license rules are adopted.

One of the most controversial areas we have been involved in recently deals with the
coding and identification of TV commercials and program material. You will recall
that the Commission, over the strenuous opposition of the Association, adopted a new
technical criterion which permits the transmission of coded information in the masked
area of the picture. After the adoption of the new rules, it became evident that com-
mercial material supplied to the stations did not comply with the Commission's new
rules. A 90-day moratorium has now been issued during which time the technical
criterion will be reviewed by the proponent and interested parties. We will, of course,
follow this activity closely, filing whatever material we feel is in the interest of the

broadcast industry.
Another problem area centers around the visibility of the transmitter and-or remote

control unit from the normal operating position. This subject has promoted many
heated discussions over the past several months, many of which have degenerated
into some very violent sessions. It is a subject which warraunts serious study as to
its applicability in light of today's technological development and operational require-
ments. The requirement is presently under very close review by the Advisory Com-
mittee and hopefully a meaningful petition looking toward a clarification of the present
rules will be filed with the Commission within the next few days.

We are still deeply involved in two subcommittee activities dealing with automatic
transmitters and tower icing. Both of these efforts were scheduled as long-term con-
tinuing projects, but the latter (tower icing) has been accelerated by the recent storms
in Chicago, along with the falling ice from the antenna structures atop the John Han-
cock building. However, this is not something that will be solved overnight and I'm
sure we will be confronted with many similar situations before a solution is forth-
coming.

We are pleased to report that another highly successful Engineering-Management
Seminar was held during 1970 at Purdue University with approximately 40 broadcast-



ers participating from all sections of the United States and Canada. We have now
scheduled an Advanced Engineering Management Seminar to be held at Purdue during
December of 1971. Attendance will be limited to those who have completed one of the
six basic courses and will be a continuation of the overall Purdue educational pro-
gram. We strongly recommend that any of you who have completed the basic program
make every effort to attend the Advanced Seminar.

Continuing with our educational efforts, a third Technical Seminar was held in
Cleveland, Ohio, dealing with the design, operation and maintenance of directional
antenna systems. This program is under the direction of Carl Smith and Associates
and the response for this type of technical program has been so gratifying that a fourth
such seminar has been scheduled for October, 1971. In view of the directional an-
tenna questions asked by the Commission in its operator license proceeding and the
possibility of a directional antenna endorsement, I would strongly encourage all those
who have not done so to consider attending the Octobzr directional antenna technical
seminar.

Color compatibility has been a subject of discussion for the past year or so and we
have been cooperating with the SMPTE, IEEE, and EIA to effect a solution to the
problem. You will learn more on this from Mr. Blair Benson's presentation on the
proposed new Vertical Interval Reference signal which is presently being field tested.

Our Cassette standards program is now off and running and every effort is being
made to expedite the adoption of professional cassette standards to assure the inter-
changeability of program material recorded on such devices. Our timetable en-
visions a date of mid-January, 1972.

These are but a few of the more important matters the Committee has dealt with
since we last met. They have been reviewed for your information and to remind you
that the Engineering Advisory Committee is your committee. It was established not
only to advise the staff and the NAB Board of Directors in technical matters, but also
to make your thoughts known to the industry and the Commission. If you have a tech-
nical problem which may affect the industry as a whole, make it known to your En-
gineering Advisory Committee. Let us hear from you. It is only through such feed-
back that we are able to properly and adequately represent you.

Again, on behalf of myself and the other Committee members, I would like to say it
has been a privilege to serve as your spokesman and hope that our past efforts have
met with your approval.



SMPTE Standards for Television

W.T. Wintringham
Engineering Vice President, SMPTE
New York, N.Y,.

Twenty-one years ago, in 1950, the Society of Motion Picture Engineers recognized
the growing interest of its members in television by changing its name to the Society
of Motion Picture and Television Engineers. About the same time, its Engineering
Committee on Television was formed, and the scope of its Engineering Committee on
studio lighting was enlarged to include the lighting of television as well as of motion-
picture studios. The standardizing activities of these Engineering Committees were
coordinated carefully with the activities of committees in the Electronics Industries
Association (then the Radio Manufacturers Association), the Institute of Electrical
and Electronics Engineers (the Institute of Radio Engineers), and the National As-
sociation of Broadcasters (then the National Association of Radio and Television
Broadcasters), through a Joint Committee for Intersociety Coordination. As a result
of discussions and agreements in this Joint Committee, the SMPTE was given full
responsibility for the preparation of Standards and Recommended Practices covering
the production of video signals from motion-picture film and from video tape.

Today, the Society is sponsor for four American National Standards and for eight
SMPTE Recommended Practices covering details of the use cf motion-picture film in
television. It must be kept in mind that these Standards and Recommended Practices
supplement much larger numbers of related documents which cover the use of film
in both the motion-picture and the television fields. Also, SMPTE is the sponsor for
11 American National Standards and for 11 SMPTE Recommended Practices covering
details of the use of video tape in quadruplex recorders. Beyond these issued docu-
ments, there is a number of Draft American National Standards and Draft SMPTE
Recommended Practices in each of the several steps of the preparation and of the ap-
proval procedures.

In order to facilitate the application of these American National Standards and SMPTE
Recommended Practices in the adjustment and the evaluation of television film chains,
the Society has available test material in the form of 35mm and 16mm motion-picture
film in the form of 8 x 10-inch transparencies and the form of 2 x 2-inch slides.
These materials are manufactured to a high order of precision in accordance with the
Standards and the Recommended Practices in which they are specified. At the present
time, we do not have similar test material in the form of video tape. However, our
Engineering Committee on Video Tape Recording is working diligently on the specifi-
cation and the procurement of such test materials.

The principal purpose of SMPTE sponsored American National Standards and of SMP
SMPTE Recommended Practices in the television field is to ensure the interchange-
ability of program material in recorded form. That is, motion-picture films or video
tapes made in accordance with the Standards and Recommended Practices can produce
identical pictures when handled by any television station making use of the Standards
and the Recommended Practices. Toward this end, for example, our documents on
video tape cover such obvious matters as the dimensions of the raw tape, of the reels,
of splices, and of the vacuum guides in video tape machines. Other documents cover
tape speed, modulation practices for low-band monochrome and color recording, for
high-band recording, and the characteristics cf the audio record. This series will be



supplemented in the near future by an SMPTE Recommended Practice (or possibly an
American National Standard) for a code for tape editing. Still other Standards describe
the leaders for monochrome and for color tapes; and also, we have a Recommended
Practice which specifies the information that should appear on the labels of the reel

on which a tape is wound and on the can in which the reel is stored. Standards and
Recommended Practices have been issued specifying the characteristics of a number
of test tapes, but the SMPTE has not yet begun distribution of these tapes.

It is well known that the acceptability of a color picture depends on the conditions
under which it is viewed. As a first step towards insuring that different station en-
gineers see the same picture, SMPTE has issued a Recommended Practice calling
for a reference white on studio monitors corresponding to CIE Illuminant D6500. This
leads directly to the problems of standardization of color motion-picture film for use
in broadcasting. In this case, interchangeability is affected greatly by the fact that
film is produced in motion-picture rather than in television studios, and the tech-
niques which may have been proven suitable for films intended for theatrical projec-
tion may not be the most satisfactory for films intended for television broadcasting.

It is a fact that films having colors and ranges of density and of contrast that would
yield acceptable pictures when projected in a theatre may well be quite unsatisfactory
for television broadcasting. About a decade ago, the SMPTE issued a Recommended
Practice defining the density and contrast range of monochrome films that would pro-
duce acceptable pictures when viewed over a television system. At the same time, a
tutorial paper was published in the JOURNAL OF THE SMPTE disclosing the tech-
niques of studio lighting most likely to result in satisfactory films for TV use.

The appearance of the colors in a projected motion-picture film depend, as in tele-
vision, on the color of the reference-white light used for projection. It has been
traditional in the motion-picture field to print 16mm color film for projection by a
tungsten lamp (3000 - 4500 kelvins). This is, of course, much warmer (redder) than
the reference white used in television (D6500 for studio monitors), so that a print
made for tungsten projection appears far too blue (less red) when viewed through a
properly adjusted television system. To alleviate this problem, an SMPTE Recom-
mended Practice was issued last December requiring that 16mm prints for television
use be reviewed by projection with a reference white on the projection screen of 5400
kelvins, much closer to the television viewing condition. It has been found that prints
made in accordance with this Recommended Practice yield highly satisfactory tele-
vision pictures. It is my expectation that, in time, the Society will issue a Recom-
mended Practice calling for an illuminated surround in motion-picture-film review
rooms to simulate even more closely the typical TV viewing situation. Such a prac-
tice has been standardized in Canada and in Europe; and it has been demonstrated to
a number of engineers and producers by the Eastman Kodak Company.

The SMPTE Recommended Practice on Safe Action and Safe Title Areas for TV
transmission is of concern principally to motion-picture and to television producers.
Since part of the broadcast picture is hidden behind the mask on the picture tube of the
typical homé receiver, important information must be confined to the restricted areas
defined in this Recommended Practice if it is to be seen by the home viewer.

The American National Standards on the areas to be scanned from 16mm and 35mm
motion-picture film and from slides and opaques are intended for use in the alignment
of film-camera chains. These Standards define the equivalent areas on the films or
slides which should be scanned, and also the areas which should be projected opti-
cally onto the cathodes of the camera tubes. These scanned areas are realistic from
the practical point-of-view, since the heighth and the width dimensions of the scanned
areas are about 3 percent smaller than the optically projected areas, and, in addi-
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tion, are about 5 percent smaller than the images printed on the films. Test films
and slides are available from the SMPTE for use in the alignment of the scanned areas
in film-camera chains.

These SMPTE alignment test films and slides contain test patterns for checking
resolution, mid-band streaking, astigmatism, field uniformity, scanning linearity,
and interlace. We are working in our Engineering Committees at the present time on
many other test-films, slides, and transparencies which are needed in the day-to-
day operation of a television station. These test materials will be available in the
form of 8 x 10-inch transparencies for checkirg and aligning live cameras in the
studio, as well as in the forms required for use in film-camera chains.

Another test material that should be mentioned is the SMPTE Color Reference Film,

which is available in 16mm and 35mm motion-picture film and as 2 x 2-inch slides.
This test material was manufactured under carefully controlled conditions and is
representative of the applicaticn of the best techniques for the production of color
films for television use. These test materials should produce excellent color pic-
tures when used in any properly adjusted film camera chain and viewed on a properly
adjusted monitor. In addition fo its utility for overall checking of a color television
system, this Color Reference Film is a valuable reference for the evaluation of other
color films. Film laboratories make use of the Color Reference Film in this way, as
a guide for the printing and the processing of color films for television use.

In addition to its activities in stdndardizing the picture portion of material for tele-
vision on motion-picture film or on video tape, SMPTE is active in the standardiza-
tion of the sound records on these same materials. For example, the American
National Standard for the audio record on 2-inch video tape specifies that it shall pre-
cede the corresponding video record by 9.25 inches, and that the proper audio repro-
ducing characteristic shall be that specified for a magnetic-tape speed of 15 inches
per second in Section 2. 80, Standard Reproducing Characteristic, of the NAB Re-
cording and Reproducing Standards for Mechanical, Magnetic and Optical Recording
and Reproducing (1953).

None of the American National Standards sponsored by the SMPTE and covering
sound on motion-picture film is directed specifically toward television usage. How-
ever, they are applicable in the television field, since today's television practices
are identical to those in the motion-picture field. There are Standards covering the
location of the sound record, either optical or magnetic, on Super-8, 16mm, and
35mm motion-picture films. In addition, test films are available for the alignment
and testing of sound reproducing systems.

At this time, there is no American National Standard response characteristic for
recording and for reproducing sound on 35mm motion-picture film. Work is in pro-
gress in the SMPTE on standardizing the conditions under which sound is monitored in
dubbing rooms, toward the end that it be reproduced satisfactorily in a typical theatre.
This project is being enlarged to take care of the difference between the acoustical
conditions in a typical home living room and those in a typical theatre. When this
project is completed, we will be able to specify a frequency response characteristic
between the film and the ears of a sound director in a dubbing room, such that the
quality he hears is the same as the quality heard by the ultimate listener.

In this brief paper, I have been able to mention only the highlights of the SMPTE
standardization programs that might be of interest to television broadcasters. I
should mention that an index to SMPTE-sponsored American National Standards and
Recommended Practices, and a catalog and price list of SMPTE test material is
available from the Society's headquarters in New York. In addition, I should say that
I welcome your comments and your suggestions on our standardization programs.
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JCIC Color Compatibility Progress Report,
BTS/VIR Color Signal Field Test Results

K. Blair Benson Frank Davidoff
Chairman, JCIC Ad Hoc Committee CBS Television Network
New York, N.Y.

Since its formation a little over two years ago, the Ad Hoc Color Television Study
Committee has conducted investigations of the causes of variations in color tele-
vision reproduction over a broad front, covering every link in the television system
chain from picture generation to home reproduction. The enthusiasm and diligence
of the Committee members, the Subcommittees, and other standing committees
joining in the effort have been most encouraging, as are the results of the various
investigations. In this short report I will not be able to cover in detail all of the
work of the Ad Hoc Committee and the various subcommittees.

TRANSMISSION

A Transmission Subcommittee was organized in early 1969 under the Chairmanship
of Mr. W. C. Morrison of RCA. The charge to the Subcommittee was, "To examine
the television system from the output of master control to the antenna terminals of
receivers; to determine the origin of significant deviations in color in received pic-
tures; and to report the results to the Ad Hoe Committee."

Data was gathered from test signal transmission in Chicago over three transmitters
to eight antennas and tuners, two at each of four different receiving locations. The
work of the Subcommittee was reported in detail by Mr. Morrison on September 19 at
the IEEE meeting in Washington. The conclusions and recommendations are of major
importance and warrant review. They found, with few exceptions, the part of the
television system tested was operating within applicable FCC specifications. Despite
this, by Committee standards, significant deviations in hue and saturation were
measured.

There are two types of system errors which they attempted to evaluate. The first
was the system performance as seen by an observer tuned to a single channel. The
second was the performance as seen by an observer switching among several chan-
nels. In the first case, evidence of errors was found but, with one exception, proper
setting of receiver controls would have given satisfactory results. The exception was
a progressively larger error in differential gain as the signal approached white level.
How to interpret this in terms of viewer satisfaction is not clearly evident, In the
second case, there is no doubt that the variations in hue and saturation were exces-
sive. Objectionable variations are permitted within present specifications and prac-
tices, and it is to this situation that the Subcommittee's recommendations apply.

Hue. The principle cause of the excessive channel-to-channel hue variation mea-
sured was isolated to one transmitter wherein the reference burst was shifted to phase
(although within FCC specifications) with respect to color information in the picture.
The need to tighten the burst-to-chrominance phase tolerance is clear and is recom-
mended. This task has been taken up by EIA BTS.

Saturation. That saturation (chrominance-to-luminance ratio) errors were exces-
sive is not surprising. The specification on frequency response, by itself, permits
excessive station-to-station variations. In addition to this, evidence was found that
the prescribed method for measuring frequency response does not give an accurate
indication of chrominance-luminance ratio. This shortcoming is ascribed to the
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failure to detect significant changes in the luminance signal. Luminance changes re-
sult from differential gain errors and from quadrature distortion in RF amplitude de-
tectors, as well as from frequency response errors. The differential gain character-
istic, as usually stated, cannot be combined with the frequency response character-
istic to yield an actual chrominance-luminance ratio. It appears that the saturation
characteristic is not only loosely specified but that saturation variations are concealed
by the fact that the actual saturation characteristic is seldom measured.

The saturation situation is further complicated by receivers which use the burst to
sense saturation errors. Objectionable variations were found in the burst-to-chrom-
inance ratio in switching from station to station. As was the case with hue, this was
principally due to one transmitter with an error in burst amplitude.

It is clear that the specification on characteristics affecting saturation—linearity
(differential gain) and frequency response-—need to be unified to prevent tolerance
build-up. This is recommended. Furthermore, if color burst is to continue as a
chrominance amplitude reference for receivers, it is evident that a joint effort with
receiver designers is needed to determine the additional tolerances that may be re-
quired. This, too, is recommended. In view of the changes measured between the
output of the transmitters and the output of our receiving monitors, it is evident that
some comprehensive checks of receivers are needed.

Burst Position. The variations in burst position were found to be marginally ac-
ceptable. The recommendation in this area concerns the mechanics of the specifica-
tions. Compliance with specifications would be more easily ascertained and main-
tained if the blanking interval specification utilized a burst with the finite rise time
which must, in fact, be present.

The findings of the Transmission Committee have been turned over to EIA and IEEE
for determination of specifically what is required in the way of tighter tolerances and
improved testing procedures. The subsequent work of the EIA in regard to some of
the Transmission Committee's findings is reported in the paper by Mr. Davidoff, on
behalf of the BTS Committee.

CABLE TELEVISION TRANSMISSION

As a fallout from the Transmission Subcommittee field tests, an examination of
CATV systems was conducted by another subcommittee under Mr. Normal Penwell.
Mr. Penwell, as you know, is Engineering Director of the NCTA. That Subcom-
mittee's report is complete and presently being reviewed by the Ad Hoc Committee.
They have found specific areas of equipment design and in measuring techniques that
contribute to color variability. Recommendations are being made for specific action
by appropriate EIA and NCTA committees. Some of the highlights of their investiga-
tion may be summarized as follows:

First, the wideband portion of a properly designed, installed and operated cable
system apparently is not a significant contributor to color nonuniformity. However,
if, for example, cutoff filters of the system introduce phase or amplitude errors,
color errors can occur on channels at the bandpass limits.

The most likely source of distortion of color signal parameters in a cable system
has been identified by the Subcommittee as the single-channel section. Consequently,
further laboratory investigations are planned which will cover, among others, the
effects of tuning, IF alignment, input signal level changes, AGC operation, and
mixer signal injection level variations.

Another apparent problem encountered was that in an alarming number of cases,
color performance of receivers connected to a cable system can be improved by over-
riding the automatic fine tuning circuit by means of the manual tuning control. Sub-
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sequent investigation indicated that this was a result of improper maintenance or ad-
justment of the receiver by service technicians and could be corrected by proper
alignment.

Lastly, a major problem found in measuring system color performance is the in-
adequacy of the RF baseband conversion equipment. This subject, along with the
questions of quadrature distortion and chrominance-luminance distortion, is taken up
by a subcommittee chaired by Mr. Rhodes of Tektronix in his paper and warrants
further investigation.

VIDEO SIGNAL PROCESSING

Mr. R. L. Pointer's Committee of the NAB, studying video signal processing amp-
lifiers, has found this equipment, through improper adjustment, can introduce signifi-
cant variations in color and, more importantly, improper operation of video tape
equipment. This Committee has compiled a very complete and impressive report on
their findings which will be turned over to EIA and IEEE for appropriate action, and
to equipment manufacturers as a guide for direction in design improvements.

COLORIMETRY STUDY

First, the Colorimetry Subcommittee, under the Chairmanship of Mr. E. P.
Bertero of NBC, completed a study of the effect upon picture reproduction by varia-
tions in colorimetry component characteristics. Using a relatively complex mathe-
matical model, a computer analysis was conducted of color television system per-
formance, and the resultant degree of reproduction fidelity under varying conditions
of scene lighting color temperature, camera signal matrixing, receiver phosphors,
and receiver adjustment.

The work of this subcommittee was completed earlier last year and was reported in
the April SMPTE Journal by Messrs. DeMarsh and Pinney of Eastman Kodak. The
calculations provide data which permit the effect of variations in these component
characteristics upon the television picture to be stated in terms of "'just noticeable
differences'; or in other words, in degree of viewer awareness. The subcommittee
has been reconstituted under the SMPTE Television Committee to carry on the work
toward development of means for designers and broadcasters to evaluate camera per-
formance. The scope of activity includes a simple and straightforward procedure for
operating personnel to assure the day-to-day uniformity of color rendition.

Most recently, the recommendations of the EBU Ad Hoc Committee on Color Tele-
vision Primaries has been under study by the Subcommittee. The EBU is proposing
that the CCIR standardize on new primary characteristics to compensate for present-
day receiver phosphor characteristics. Because of the broad implications of the
proposal, it has been agreed that the problem should be assigned to a committee
representing both broadcasters and receiver manufacturers, and that two steps should
be taken, viz: a) Advise U.S. CCIR Preparatory Group 10 as to what position to take
in regard to choice of primaries, and b) recommend the characteristics of an ideal
reference receiver which can be used as a benchmark of performance for receiver
designers and broadcasters. In other words, this will not dictate receiver design; if
departures from reference are made, the effect on performance can be evaluated
quantitatively.
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COLOR MONITOR SET-UP

A subcommittee of the SMPTE Television Committee on Color Monitor Set-Up is de-
veloping standard procedures for uniform adjustment of this very important part of
the video system. Mr. Grayson Jones is chairing this subcommittee.

OPTIMUM RECEIVER BALANCE

Mr. D. Zwick of Eastman Kodak is conducting an investigation of the effect on
viewer satisfaction of different values of white balance for the home receiver. The
present practice of the home receiver being balanced to 9000K or higher is not com-
patible with studio practice and may be a significant factor in accentuating variations
in color.

CONCLUSION

In closing, I would like to commend the members of the Ad Hoc Committee, as well
as those of the other committees assisting in the study, for their valuable and enthusi-
astic participation. Their efforts have prompted the initiation of a variety of in-depth
studies, covering the full gamut of television system elements; and of equal import-
ance, it has created an increased awareness of the problems by the industry and an
impetus toward undertaking appropriate corrective actions. In short, concerted ef-
forts promise to bring about a significant improvement in color quality for the home
viewer.

As part of the current industry effort to improve the uniformity of color television
program signals, the Broadcast Television Systems Committee of the EIA, under the
chairmanship of Mr. Bernard D. Loughlin, is investigating the use of a color ref-
erence signal. This vertical interval reference signal (called VIR) is to be combined
with the program signal and is a reference for the amplitude and phase characteristics
of that program signal. It is planned to insert this signal on line 20 of the vertical
blanking interval on one or both fields.

The signal contains a luma reference at 50 IRE units, a black reference at 7.5 IRE
units, and a chroma reference of 40 IRE units peak-to-peak superimposed on a
pedestal of 70 IRE units. The fundamental reference parameter is the luma refer-
ence. The black and chroma reference levels and the sync and burst levels of the
program are to be adjusted with respect to the basic luma reference. The structure
of the signal is such that the bottom of the chroma reference is at the same level
as the luma reference, thus permitting a quick check of relative level. The phase
of the chroma reference is adjusted to be the same as that cf the burst of the program
signal. Subsequent phase differences between chroma reference and burst may be
easily observed. The VIR signal may be added to the program at a point where a
skilled operator subjectively adjusts his equipment controls to obtain a satisfactory
picture. At any further transmission or processing point, the subjectively adjusted
picture may be obtained by reestablishing the proper levels and phase in accordance
with the color reference signal.

To demonstrate the utility of the proposed vertical interval reference signal, we
have prepared a film that illustrates some typical applications of this signal. The first
scene shows a typical closeup of a young lady. As we all know, in order to present a
pleasing picture on the home receiver, it is very important to maintain flesh tones at
the proper hue and saturation. It is normal practice at an appropriate point in the
television plant for a skilled operator to adjust equipment to obtain proper luma and
chroma levels and burst-to-chroma phase. At this '"point cf certification,' as it is
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called, an excellent picture will be obtained. If this picture, as adjusted by a skilled
operator, could be maintained or reestablished at any point in the television system,
the goal of consistent and quality television pictures would be brought much closer.

An insert added to the picture shows the waveform of the VIR signal. This signal,
when added to the program at the point of certification, will serve as a reference for
proper levels and phase. When the VIR characteristics are reestablished, the as-
sociated program characteristics will also be reestablished. The next insert shows
a phase display of the VIR on a vectorscope. Only line 20 is shown. Since the
phases and amplitudes of the chroma reference and the color burst are equal, the two
vectors are superimposed. If an error in amplitude or phase should develop, the
vectors will quickly separate. The insert now shows the introduction of a phase er-
ror. The phase error is removed and the vectors are again superimposed. When the
operator observes this superposition on the vectorscope, he knows that the chroma
amplitude and phase are correct.

Scene II shows a typical television transmission problem where the picture has low
chroma level. The picture looks weak and unsatisfactory, and the operator recognizes
that a problem exists. However, he has no way of knowing what the proper correction
should be. If the subjective judgments of individual operators are relied upon, the
resultant pictures will show great variation. Another difficulty which hinders opera-
tors is the lack of standardization in the adjustment of their color monitors. If these
two factors are taken into account, we can be fairly certain that the "corrected"
program will be appreciably different than when it was certified. An insert in the pic-
ture shows the VIR signal waveform associated with the program. The chroma ref-
erence level is about 6 db lower than normal. The station operator receiving this
signal has a precise indication of what the proper correction should be. No subjective
judgment is required, and the correction is independent of the status of his color
monitor.

If we gradually increase the chroma gain of an amplifier using the VIR as our guide,
the chroma reference is restored to the proper level, and at the same time the pic-
ture chroma has also been restored. It must be emphasized that by using the VIR as
a reference, the program has been restored to the original chroma level without any
subjective interpretation by the operator.

Scene III demonstrates the problem that exists when a program signal has the im-
proper color burst phase. This is a situation which can occur frequently in normal
operation. It may be the result of an incorrect phase adjustment of the reinserted
burst in a stabilizing amplifier. It may occur during playback of a video tape where
the reinserted burst phase in the processing amplifier is incorrect. This error, of
course, is highly objectionable to the home viewer, since flesh tones become dis-
torted and unpleasant. An operator will immediately recognize that the picture is
improper. If he subjectively adjusts the burst phase to improve the picture, he will
be relying on both his own judgment and the condition of his color monitor.

The vectorscope shows the chroma reference and the color burst separated by about
20 degrees. This is consistent with the distorted flesh tones. As the burst phase
is gradually corrected, the hues of the picture follow the correction of the burst
phase. When the chroma reference and burst vector are superimposed, the proper
flesh tones have been reestablished. Since the operator has used the VIR as a ref-
erence to restore the proper burst phase, no subjective interpretation had to be
made.

Following is a report by Mr. Eric Leyton, Chairman of the VIR/BTS Field Test
Subcommittee, on the progress of the field tests in the VIR signal to date.
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MR. LEYTON (RCA, Princeton, New Jersey): We have been testing the VIR sys-
tem now for a period of some months. We have had the signal operating over the
three networks, and I think we have found no substantial difficulties with it and no
reason to believe that it is going to cause any problems. We have a lot of objective
data, and the data are at present being analyzed. I am not prepared to talk about that
particular part of the data at this time.

However, about two weeks ago in Portland we organized a subjective test of the
VIR signal because we thought that in addition to objective measurements we should
have some subjective measurements to really find out if it does any good. Let me
quickly tell you the arrangement of the test. We originally had five transmitters in-
volved in the test. The VIR signal is a very powerful signal. The night before we did
the test, the 1,000-foot tower at one of the stations fell down. Therefore, we used
only four stations.

The arrangement of the test was that one station, KOIN, generated pictures which
went then on a joyride through the circuits for roughly 1,000 miles and back to the
four transmitters. At the receiving unit, located five or six miles from the trans-
mitters, we had four commercial TV receivers ranged side by side and back to back.
With those we had four video monitors. The video monitors were driven from
stabilizing amplifiers.

Initially, tthe receivers and monitors were adjusted as nearly as we could make them
identical. They were then tuned to the four stations, and we asked the people there to
make two Kkinds of judgments: One was an absolute rating of the picture on each moni-
tor or receiver, and one a comparative rating of A against B, B against C, and C
against D. We asked them to rate them as follows: Rating No. 1 was no detectable
error, or in the case of the rating between them, no detectable difference. Rating
No. 2 was error difficult to detect, or difference. No 3, error easily detectable but
not objectionable. No. 4, error or difference on the threshold of objectionability.
No. 5, definitely objectionable.

It happened that various things went wrong in the test. It was not rehearsed. Also,
everybody knew we were coming, and in the initial stages the pictures were really
very good indeed, and I think if all the pictures were as good as those, we wouldn't
be fooling around with the signal. Of course, you cannot improve on perfection.
However, we do have a set of results. Unfortunately, I didn't have time to get slides
made for these results. They came out of the computer only last Thursday. I will
try to describe it to you.

We sorted these slides on the basis of the rating before any VIR signal was used. I
should say we made three tests of ten slides each. First, we went through ten slides
and asked people to do the rating I described, in the normal operating mode of the
transmitters. Then we inserted the VIR signal and asked the transmitter operators
to adjust it on the first slide and make the applicable transmitter correct according
to the VIR signal. We went through the ten-cycle gap. Third, we repeated the ten
slides, making adjustments for each slide which we think would simulate automatic
equipment.

Altogether we had something over 10,000 ratings to compare, and twenty-five people
making judgments. Obviously, the results on the basis that we have them analyzed at
the moment are as follows: If the initial rating was 1, which was substantially perfect,
the ratings after the readjustment according to the VIR were also 1. With the ratings
initially 2, the average after the improvement was 1/2. So, the rating was 1 1/2.
With an initial rating of 3, the improvement was 1 1/4, and with an initial rating of 4,
the improvement was about 2 1/4. It is interesting to rote that the curves for the re-
ceivers and the monitors and for both tests lie very closely on top of each other,
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which leads me to believe that the tests had some validity. I wish to point out that
these are very preliminary results, and I am not really sure we have done the proper
statistical analysis as yet, but we will do that in the very near future.
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MODERATOR WELLS: I think maybe I can get your attention for a little opener by just
saying to you, ''"This is a test.” Members of our panel are:

Peter S. Willett, General Manager, Broadcast Services, United Press International,
New York.

Gerald B. Trapp, General Broadcast News Editor, Associated Press, New York,
New York.

Howard Schoeffler, Sales Manager - Facilities, American Telephone & Telegraph
Company, New York, New York.

Lieutenant Commander Max O. Stephenson, The White House Communications
Agency, Washington, D.C.

Thomas H. Phelan, Director of TV Technical Facilities, NBC Television Network,
New York, New York.

Arthur Peck, Director of Broadcast Operations, CBS Radio Network, New York,
New York.

Thomas A. O'Brien, Vice President and Director of Radio News, American Broad-
casting Company, New York, New York.

Joseph F. Keating, Executive Producer, Radio Special Events, ABC News, New
York, New York.

Colonel Harland E. Priddle, U.S. Air Force, The White House Communications
Agency, Washington, D.C.

I would like to read a telegram addressed to George Bartlett, Vice President for
Engineering of NAB:

"Dear Mr. Bartlett:

"As you were aware, Colonel Redman and I had planned to personally attend your
EBS Panel meetings on March 29. The effective operation of the EBS has always been
a matter of personal concern to me. Unfortunately, travel commitments in support
of the President will not permit myself or Colonel Redman to attend the EBS Panel
meetings. I have selected Lt. Col. Harland E. Priddle and Lt. Cmdr. Max O,
Stephenson of The White House Communications Agency to act as my representatives
at your meetings. I have asked, in addition to their normal participation, that
specific information regarding the interrelationship of the Office of Telecommunica-
tions Policy and my Office be summarily presented. Please extend my regrets to
all concerned for being unable to personally attend. With best regards, s/ James
D. Hughes, B/Gen, USAF Military Assistant to the President, The White House,
Washington, D.C."

So, Jim Hughes and Albert Redman can't be with us, but these gentlemen are just
as familiar, probably more so, with the day-to-day operations.

Before we get into the guts of the EBS situation as far as the false alert is con-
cerned, we have a report on a crisis of a different sort, and for that report we have
Harfield Weedin, of CBS Radio, Los Angeles.
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REMARKS BY HARFIE LD WEEDIN
NAB CONVENTION-CHICA GO
MARCH 31, 1971

At 57 seconds past six o'clock on the morning of February 9th, everybody in Los
Angeles woke up at the same time-whether they wanted to or not. KNX, the CBS
station in Hollywood, abruptly interrupted its all-news format and went rock and
roll—literally. At KGIL in the San Fernando Valley, the night man was going off
duty and the morning man was coming on. They met in the sound lock just as the
building began to shake violently. It was so difficult to stand that both lay down on
the sound lock floor. The KGIL newsman was about to enter the building. He tried
to continue walking but couldn't move; he had the feeling of trying to stand on the
deck of a heavy-rolling ship.

My home is in the San Fernando Valley also. I had the same feeling as that KGIL
newsman, except I had it in bed—with my wife. We actively shook, rattled and
rolled for about fifteen seconds. My first reaction was the same as that of everyone
I've talked to since. I reached over and turned on my transistor radio to affirm that
what had just happened to me was an earthquake. It must have been, butI wasn't
able to find out. Every station I tuned to had been knocked off the air. So I tuned the
dial back to KNX and left the radio on. I knew we had emergency power and that we
would be back on the air shortly.

In checking with them later, I found that KFI, KABC, KFWB and most of the other
major stations had only a few seconds interruption as they switched to emergency
power without incident. KMPC's transmitter is in the San Fernando Valley, so it
took them 11 minutes to reactivate the station. KGIL's power did not come back on
for 31 minutes. KNX's studios are at Columbia Square in the heart of Hollywood. The
building is rigid concrete, built in 1937, and it suffered a lot of damage. All lights
were knocked out for approximately 20 seconds until the emergency generators
started, turning on key lights. The 50-kilowatt transmitter, located over 25 miles
from the studios in Torrance, is automated, aand although the transmitter emergency
generator started operating, the studio engineer in Hollywood couldn't get it back on
the air, so he shifted to the 10-kilowatt auxiliary transmitter and got it operating at
6:07:30 AM; programming resumed at 6:07:55, and back to full power at 7:15.

Master Control for the CBS Radio Network is on the ground floor at Columbia
Square and the engineer in charge, Hal Owen, turned out to be one of the news stars
of the day. Within one minute after the quake hit, Hal was on the tie-line to New
York talking to CBS News. He told them he had lived in Los Angeles all his life and
had never experienced anything like the earthquake he had just gone through. Before
the CBS News ended at 6:06, the news that Los Angeles had suffered a major earth-
quake was broadcast to the nation—but not in Los Angeles. KNX was still off the air.
But engineer Hal Owen had scored a newsbeat.

At KABC, it wouldn't have made any difference whether ABC had it on their news or
not. As soon as the morning newsman collected his senses, he bailed out of the ABC
newscast that was on the air and took over, rather shakily, himself. About that time,
one of their reporters called in from police headquarters and the big newsday began,
as it did for every other radio and television station in Southern California.

It was almost as though all stations had been alerted to stand by for a big story.
Morning traffic is thoroughly covered in Los Angeles, so KMPC's Airwatch Helicop-
ter was on the ground just before taking off, as was KABC's., KFI has a fixed wing
plane whose pilot is Bruce Wayne and so does KGIL whose pilot is Bruce Payne.
Nearly all the stations have mobile units and they were ready to go, or going.
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KMPC's Paul Pierce had a mobile unit cruising in the area of the Olive View Hospital.
When he arrived and saw the devastation, he immediately jumped out of the mobile
unit and started pulling people out of the wreckage. Then he remembered he was a
newsman and started phoning in reports.

Television Station KNBC studios are located in not quite downtown Burbank in the
Valley and had just started their automated early morning broadcasts when all power
went off. One newsman, Dave Horowitz and one copy boy were on duty at the time.
Quick-thinking Dave got an engineer and the copy boy and went out to the KNBC mobile
unit which had its own self-contained power unit. They were able to go back on the air
from the mobile unit with Dave on camera and the copy boy listening to transistor
radios tuned to KNX and KFWB, the two all-news stations. As soon as they would
report something, the copy boy would write it out and hand it to Dave who broadcast
it and duly credited KNX and KFWB as his sources.

KTLA, the Golden West-Gene Autry television station, wasn't due on the air until
9:00 AM, but when the quake hit they went into action and signed on at 7:45. KTLA
owns and operates a 120,000 dollar helicopter that is equipped with a quarter of a
million dollars worth of electronic equipment. It was developed by chief engineer
John Silva and is the only permanently-equipped helicopter in the world capable of
transmitting live color pictures. Called a Telecopter, its two-man crew, pilot-
reporter 'Larry Scheer and cameraman-engineer Harold Morby were in the air by
7:30 and on the air by 7:55.

By this time, other helicopters were in the air over the stricken area. Los
Angeles City Police have 16 helicopters, and the county and city fire departments
also operate a helicopter fleet. The disaster was first discovered and reported by a
city fire helicopter. Until that time, no one had realized how tragic the quake was
and had thought the damage slight. The KTLA Telecopter stationed itself principally
above the Van Norman Dam when they discovered that two-thirds of the concrete
apron of the reservoir had collapsed, leaving only an earthen fill to hold back 3 1/2
billion gallons of water. Over 79,000 people in a 12 square mile area were threatened
by these billions of gallons of water. The tension mounted as the day went on and
those 79,000 people had to be evacuated from their homes. Through it all, KTLA's
Telecopter hovered over the dam broadcasting a perfect picture seen by millions of
people. Golden West Broadcasters made the picture available to all television sta-
tions and to the three networks. At one time, six of the seven Los Angeles TV sta-
tions had the same Telecopter picture and sound on the air at the same time. It was
a great service.

The really great service, however, was the job done by radio and television re-
porters in dispensing the information necessary to control a major disaster without
panic. There was a minimum of hysteria and a maximum of cooperation between all
stations and the police and fire departments.

No area is as prepared to broadcast emergencies as Los Angeles. We've had
practice for years with our annual fires, torrential rains, floods, mudslides and
the onslaughts of the Pacific Ocean. All served as dress rehearsal for the earthquake
which directly affected 400,000 people and was felt by millions. And the broadcast
industry came through with flying colors. I think all of us can be proud of the way Los
Angeles broadcasting handled the emergency.

Well, the after-quakes went on for weeks, but now, over a month and a half later,
most of us have settled down. I saw a sign in our Columbia Square parking lot a few
days ago that sort of expresses all our feelings. It was a bumper sticker, and it
read, "California I Love You—W:ith All Your Faults."
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MODERATOR WELLS: Thank you. It seems for one little earthquake in California

we had more stations off the air than we did for the national EBS.
This panel discussion was put on the convention schedule long before February 23.

We had already had meetings in my office with industry people about the subject for
this discussion. One of our concerns before that date was that not many of you would
find time to come here and talk to us. Now, we all know that broadcasters are pro-
motion-minded. I would like to make one thing clear: Even though I was plugging for
random tests, it is not true that we arranged for a false alarm to promote our session
here today.

In a serious vein, though, the fact that this session was in the works shows that all
of us who work with the EBS felt that we needed to take a look at it—and that the NAB
Convention provides the only opportunity for us to get together with so many of you for
the purpose of shedding a little light on what the EBS is, what you expect of it, and
what it expects of you.

Before we get to the questions, I would like to put one thing on the record. Speaking
for my fellow Commissioners (and I am sure I speak for the other agencies of govern-
ment, too), I want to say this: We know that participation in the EBS is voluntary,
and that in this activity, as in many others in which broadcasters are participating,
you have contributed substantial time, money and effort in this voluntary project.
This applies to all levels—the networks, the stations, the common carriers, the
wire services, all deserve this recognition. We know that you have given freely of
your help and your facilities, and you should be commended for it. Your facilities
and your know-how are truly a national resource, and all the EBS is all about is to
make a plan for using this resource under conditions we all hope will never happen.

We don't have an Emergency Broadcast System—we have a PLAN for an Emergency
Broadcast System. In the event of an emergency, the plan gives us the way to bring
the system into being—to put it all together. We have the hardware, we all know
that. The problems we have are the old bugaboo people problems.

We had one letter that came to the office suggesting what we should do if stations
did not sign off the air, and that was to forcibly sign them off for thirty days. That
would leave, out of 8,000, 400 on the air. It would solve the noise pollution level,
but I don't know what else.

Here is what I said in a letter to many congressmen: "We do not intend to punish
those stations that did not respond properly to the emergency action notification. This
would include the vast majority of stations in this country. I would point out the suc-
cess of the EBS, the primary purpose of which is to permit the President to speak to
the people on very short notice in time of emergency, depends upon the voluntary co-
operation of all stations. Not all stations are required by the Commission rules to go
off the air when EBS is received. Approximately 3,000 of 8,200 stations are author-
ized by the Commission to stay on the air to broadcast emergency information. Pun-
ishment, I think, is not warranted, but a thorough review of the EBS plan and pro-
cedures is warranted and is under way.' That, maybe, will clear up my feelings on
the way it stands.

For an analysis of the survey that we sent to you, may I thank you. We will arrive,
I expect, at somewhere close to an 80 per cent return. I truly appreciate your being
a big help to us. Joe Keating will give us an analysis of that.

MR. KEATING: This report was released by the Defense Commissioner's Office on
March 18. It is the result of an ad hoc group appointed from the National Institute
Advisory Committee:

"An Ad Hoc Working Group of the National Industry Advisory Committee (NIAC) was
formed by the Defense Commissioner, Federal Communications Commission, on
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February 25, 1971 for the purpose of analyzing the responses and reactions of the
broadcast industry concerning the Emergency Action Notification (EAN) transmitted

in error on February 20, 1971 and its effect on the Emergency Broadcast System plans
and procedures.

"The analysis of questionnaires by stations in response to the Defense Commis-
sioner's February 22, 1971 request reveals a pattern of reactions which, taken to-
gether, prevented the spurious teletype message from triggering the complete nation-
wide system at all levels.

"All 6,249 respondents were asked if they knew what they were supposed to do; only
233 stations—3.7 per cent of the total—stated they did not know what to do on receipt
of the Emergency Action Notification.

""Stations cited a number of reasons for taking no action. In reply to the question:
""What action did you take ? If you took no action, give your reasons, ' the following
were the most commonly cited reasons (totals exceeded 100% due to multiple answers):

1. Received no confirmation of EAN through monitoring of assigned Key Station
(36. 8%).

2. Received message on AP or UPI Radio Wire advising that EAN was sent in error
(30. 8%).

3. Doubted validity of EAN message (28.0%).

4, Coincided with time of regularly scheduled test message (20. 8%).

5. AP-UPI message not seen until after cancellation (14.0%).

6. Network affiliates monitored National Programming channels, heard normal
programming since Network EBS not activated (13.0%).

"815 stations reported that the EAN was not received; 604 of these could not have
received the message because they do not have AP or UPI Radio Wires.

"In the questionnaires many stations included remarks or recommendations which
have been turned over to the NIAC Working Group currently studying the EBS Plan
and procedures. The final recommendations of the industry group will be submitted
to the FCC for transmittal to the White House and other interested parties."

MODERATOR WELLS: In the telegram read from General Hughes, there was a
statement, ''In addition to their normal participation, specific information regarding
the interrelationship of the Office of Telecommunications Policy and my Office be sum-
marily presented.' For that and for any other remarks, I would like to introduce
Colonel Priddle.

COLONEL PRIDDLE: I would like to add, in addition to the comments read to you
in the telegram, General Hughes' personal thanks based upon the voluntary participa-
tion and gracious help which you all as industry people have been giving us in the past.

I would like to discuss, for just a few moments, the role of the military assistant
to the President and how he feels regarding his position in EBS. As EBS is used, it
obviously becomes presidential communications. Looking to that end, we must de-
cide ahead, not after the fact, what our basic EBS requirements are.

We have undertaken a review of the requirements as they used to exist, and we
passed these to Bureau chiefs in Washington on March 16 of this year. The Bureau
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chiefs are collecting comments from their respective networks today with the dead-
line for that input. We will then get together with the Bureau chiefs again and discuss
if we, the White House, are basically on the right track as far as requirements in
the EBS area. We feel this is extremely important, since this is the starting point

if we are to have a basic system which will be responsive and which will be effective
in the case it requires that. The Office of Telecommunications for the President will
manage details and work with the FCC, and so on, in making sure that all the little
nuts and bolts are pulled together.

Basically, our job in the Military Assistance Office and acting for the White House
will be to reflect basic requirements. To this end we also will deal as we have in
the past directly with the Bureau chiefs such as Small, Lindsey and Jordan, in mak-
ing sure that there is an understanding of these requirements.

In closing, I might add that there is a little philosophical thing we might state. Al-
though we don't like to do it sometimes, it goes like this: ""Sometimes lessons well
learned by mistake are lessons well learned.’

MODERATOR WELLS: Lest you begin to think EBS is a governmental project, I
would like to say that I truly accept the recommendations of the industry people. The
working relationship between our Office and the men in the White House is very good,
but basically EBS is part of the broadcast system, and what we do or don't do is partly
yours; so I think it is up to you, as they have been doing, to help us out with your ef-
forts. Joe Keating has consented to take over on this now.

MR. KEATING: 1 think we would like to open up the questions from the floor., We
will try to answer them, assuming we are going to get some.

VOICE: Our station happens to be the only 24-hour station in the State of Vermont.
It is a primary station but we don't have emergency facilities provided by the govern-
ment. Anyway, we received the warning, but the announcers on duty did not notice
it until after the bulletin had come through. I feel badly that we didn't do our part,
even though it turned out to be not so bad.

Fifteen or nineteen minutes went by with that sitting on the wire. To me that is
about the normal span, unless you have a fully manned news staff that would be look-
ing at the wire services. We have a CBS Net Alert which we probably would depend
on even more because that is instantaneous throughout the program.

What I would like to see is a piece of equipment the station would buy for bulletin
information, such as the CBS Net Alert and the other. It hasn't anything to do with
the actual teletype itself.

MR. KEATING: The question, in general, if I can summarize the key point, is
whether it is possible to have your wire service message on EAN trigger some kind
of external alarm.

MR. TRAPP: No. When stations subscribe to UPI we have tried to encourage them
to buy the contact points. There are contact points available to attach to the teletype
machine on which you can rig up your own alarm system—Ilight, bell, whatever you
want—and they are available from both AP and UPI. The contacts cost $25, I be-
lieve. It is a one-time charge. If you want the whole system it runs about $75.

MR. KEATING: Does AP or UPI manufacture this device itself, or do they have
to get it elsewhere ?

MR. TRAPP: We do not manufacture it.

MR. WILLETT: We don't either, but there is one firm, B & I Electronics, lo-
cated in Greenville, South Carolina, Post Office Box 8653, Station A. The zip code
is 29604. There is one manufacturer who produces a bulletin trip system. What
this is, is that you can set it to go off on a certain number of bells on either AP or
UPI wires, and I would suggest if you are going to use it just for EAN messages you
probably set it at eight bells, giving yourself a little bit of leeway. In that way, it
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won't go off on bulletins or messages but will go off only on the EAN Alert, which is
ten bells. This unit runs $64.50, and I believe there is another manufacturer that
is making a similar unit.

MR. KEATING: To add to that, the wire services shortly will move, as an advisory,
this information on the fact that contacts can be put on the machine and that there are
outfits that will sell you such a device; or you can even build your own. Also, the
networks will provide a closed circuit to pass this situation along the lines so you can
get it more broadly disseminated.

MR. WILLETT: We also have a schematic which will be available to anyone who
wants to build their own bulletin trip.

VOICE: What precautions have been taken to prevent a repetition of Murphy's Law
here at the originating point ?

MR. PHELAN: As you probably know, atthe moment we have an interim system
which involves a relay of the message from the "mountain, " which is checked out by
the wire services and verified through the White House. This is not the ultimate
system, and the White House, together with the FCC and the industry, is studying
additional means of authentication, so this grabbing the wrong tape hopefully will be
a thing of the past.

VOICE: On February 22, two days after the false alarm, I had a visit from an FCC

Field Inspector who immediately proceeded to ask for my logs of that Saturday, which
I furnished, and he signed a receipt for them and removed them to New York. My
station did not go off the air for reasons that we had not received the verification list
at that time. It was late, and the key station had not triggered our EBS receiver. I
am still a little bit concerned. I would like to know when there will be an official
statement by the Commission as to the status of those stations that did not leave the
air.
MR. KEATING: I think Commissioner Wells did cover that point in his earlier re-
marks when he stated that the responses to the questionnaire were to be informative,
and it was not anticipated that any punitive action would be taken against stations for
what they did or didn't do.

MODERATOR WELLS: That's right.

VOICE: I would like to know if they have made any provisions for notifying foreign
language speaking people in the large metropolitan areas like New York and Chicago
of what the EBS is all about when a national alert does occur.

MR. O'BRIEN: In the actual EBS plan, which all stations should have on file, there
is a standby script which, in the case of foreign language stations, would be trans-
lated into the language of the audience that is listening to that program.

VOICE: I would like to sort of reverse the trend of the thinking here. It seems to
me that everybody is saying the broadcasters made a big mistake and that they should
be punished, and that they goofed. I feel myself there was enough doubt, having only
one source giving the messages, that the broadcasting industry really served the
country far better by doing what it did than by causing a national alert which might
have created panic in many areas.

I think the broadcasters should be applauded for using their common sense and mak-
ing sure that this was a real alert before anything was done, rather than the note that
seems to be going through the entire country, that we made a mistake. I think we did
the right thing. We found only one source was in error, and we didn't cause a panic.

MR. KEATING: I don't think any broadcasters up here will disagree with that.

MR. WILLETT: The ad hoc committee that made the analysis came to the same con-
clusion in their report.

MR. KEATING: In fact, the opening lead in our report was that there were a series
of things that prevented chaos and panic by virtue of the fact that common sense did
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prevail. On the other hand, we do have to take a serious look at the fact that things
that were supposed to happen didn't happen.

VOICE: Does the committee feel that if a future message comes along it would have
to agree 100 per cent with the sample message that we are supposed to match them
with? This was not received in its entirety in some cases. I am just wondering if in
the future we shall actually follow word for word, or does somebody interpret how
much you have to get.

MR. KEATING: You mean you did not get the entire text as shown on the yellow
card?

VOICE: The end of the ten-bell signal, and the daytime, and such.

MR. PECK: I think the point is very well taken. I think you should depend on the
entire message including the ten bells, and I think in the interim plan, where any such
message would be relayed by AP/UPI, their personnel would understand this and this
might become part of the original authentication.

VOICE: Bells are not going to solve this problem. We have the technology which
will allow us to transmit direct from the White House through our stations to home
receivers. With proper coding, those transmitters can be turned on or off and a
message broadcast at will.

MR. PHELAN: What the gentleman is talking about is not a voluntary system. He
is talking about a case system, and I am sure the technology exists not only within
the industry but within the government. As Commissioner Wells and the gentlemen
from the White House have stated, that is not the basic requirement of the system.
I think as such nobody has been working toward that end.

I believe we can do one thing to help this people problem. We are still going to have
people in it, and we hope to keep people in it because if we do there is always a
chance for all of us. We are going to try to simplify things. We found out in- reading
the messages, and so on, that came in, one thing we can say is going to happen in
July of this year, and that is that we are going to have authentication lists and in-
struction cards that at least agree in color, so people will not have to be looking for
crazy names on the list, and they can go merely by color.

Everything that is printed on the card will also be printed on the envelope, so this
is going to make it simpler in general for people at the news desk or master control

or wherever it mjght be. In line with that, we are going to continue and hopefully
some day in the not-too-far-distant future I will guess that as far as operations go,

the whole plan can be put on one or two cards.
CHAIRMAN WELLS: Half a system is better than no system at all. We can have
a complete system or none. What good is a voluntary system that doesn't work ?
COMDR. STEPHENSON: Perhaps in the original plan it is pretty specific in the
White House statement of requirements that I am not sure you are familiar with,
It says:

""The non-government communications industry will, in view of their expressed and
demonstrated willingness to assist the Federal Government in the establishment of an
Emergency Broadcast System, unreservedly make their facilities available for
emergency use.

"Existing facilities of the non-government communications industry will, if utilized
to the maximum advantage, prove adequate for emergency presidential use. Be-
cause of the substantial number of facilities available, bypass and backup arrange-
ments can be provided in such depth as to assure a high prokability of survival despite
the infliction of severe damage to the system as a whole.

"In view of the fact that appreciable costs would accrue to the Federal Government
for the construction of special radio and television stations designed for use on non-
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government frequencies, and because of problems inherent in the operation of such
stations and the limited day-to-day application of such facilities, it is desirable that
existing privately-owned facilities be utilized by the President in communicating with
the populace."

VOICE: What happened to the EBS two-tone system that was to be developed as
more foolproof and didn't rely on fading of the signals, and so on? Is the radio sys-
tem going to be absolute or is it still going to be continued ?

MR PECK: I think we have apples and oranges here. The two-tone system could
conceivably replace the third method and it could also alert receivers in the homes,
that is true; but that isn't what we are talking about. We are talking about how we
get the message to the station to go into emergency action notification mode and send
out that fourth method, that two-tone system. Really, that is the end of the line, not
the beginning of the line. We are trying to solve the problem between the mountain
and the transmitter and the operator who then would have to push the button at that
individual transmitter.

I might say that if you are talking about alerting stations by off-the-air communica-
tions from, say, a long-wave transmitter as has been suggested in many cases, you
are also running into a lack of redundancy in that people have pointed out it is much

easier to knock off one super-power station somewhere than it is to knock off some
6,000 or 8,000 AP/UPI drops.

VOICE: It appears in the instance of a false alarm, most stations like to confirm
the warning by all means available as to whether or not it is legitimate. Do you feel
it is good policy to always confirm an alert from one source or another before you
take any action?

MR. KEATING: Yes, after studying these replies and also studying the present-day
contemporary picture here, we do feel that there is a need for a kind of additional
credibility authentication, and something along that line is now being thought about
as to how we give you another way, possibly not exactly the way it is now, but some
means for your operators to be able to double-check.

COMDR. STEPHENSON: That is true. Recently we in the White House originally
forwarded to the Office of Telecommunications and we have been investigating several
different methods that might serve this function, trying to make a determination of
which is the most feasible from both an economical standpoint and from the standpoint
of being able to reach most people and to supply them with some means of authenti-
cating over and above what they have had in the past, so that they really and truly be-
lieve what they see or hear. Something to substantiate the message before them,
either that it is a test or an alert. Recently we forwarded to the Office of Telecom-
munications what we think is at least a method that warrants further investigation,
and we know they will be investigating it.

VOICE: Is it possible that this will become policy ?

COMDR. STEPHENSON: It is entirely possible. I can't say it will be, but it is pos-
sible.

VOICE: What is the purpose of an individual code word by the date? Why can't there
be one code word set up, such as SOS, or MayDay, to be used to authenticate this
thing? These lists are in something like 8,000 stations across the country. Why
couldn't the one word be set up for a description of the official alert?

What I said about a piece of equipment—sure, we have the EBS on a voluntary basis
as it has been, and have the information come over existing AP/UPI network stations,
but a piece of equipment that the station buys. I think every broadcaster would be
willing to put out a couple hundred dollars when you are talking about a plant in excess
of $75,000 or $100, 000 worth of equipment that would recognize this code word inde-
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pendent of the teletype and set off an alarm, In other words, have one code word to
initiate the EBS system.

MR. KEATING: You are talking about another approach to authentication—a word.
This is something broadcasters aren't qualified to discuss but the military people are.

COL. PRIDDLE: I think there is some degree of compromise that is easier when you
have a single word. I think you would have to accept this because of the 8,000 people
who are going to know the word. Granted that this possibly may be triggered by an
automatic device—in other words, following what you are talking about. I think, in
summary, this is just a part of the type of authentication that we are now probing
further to, maybe in some way, automatically authenticate for you. But there is
some danger in a single word, because we have trouble enough trying to keep it sealed
and everything else, and trying to change it every day. It will be spooked easier if
you have a single word.

MR. KEATING: We might add that it isn't only a matter of a one-word key. It's
also the message which follows on; and we have two messages here to tell the station
what to do, EAN 1 and EAN 2. Within the networks there is another mode of alert-
ing, and right now we have about sixty-six different origination points.

MR. PECK: I think there is a point that could be made, and maybe it is a misunder-
standing. No one in the White House Communications Agency nor the networks feels
that everything is fail-safe about this method or any other method. All we can do is
put in as many roadblocks as possible to try to eliminate the pulling of the reel of
tape off the hook where it shouldn't have been in the first place.

Many of these steps that we are taking are to make people think, to cause a definite
action and reaction to go on to the next step, and a code word is certainly not a
secret. It can be read by anyone who knows where it is sealed or hanging, but it is a
step which has to be taken with the networks and stations, and gives you a chance to
think if everything is right. Just one little piece that can be cut out.

For example, at CBS we can't send a net alert 8 or 9 on our transmitter without the
man physically pulling out the plug that is there to block the circuit. That doesn't
mean anybody can't do it if his mind is set to it, but it does mean he can't stick his
finger in dial hole 8 or 9 by accident. He has got to think and make a positive action.
Many of these things are designed with that in mind, to make a positive action to help
everybody think all along the line.

VOICE: I think the basic problem is still alerting the stations. I would like to see
a system entirely apart from the bulletins which come down the wires, possibly a
tone that activates a special relay apart from the bulletin so you will know it is
something different.

MR. PHELAN: We agree with you. We ask for a number of bells, but it gets com-
plicated with their flash bulletins and things of that sort. I krow that both AP and
UPI have been bugged in the last couple of weeks on that score, and maybe they will
be able to come up with something in this new procedure which will eliminate that
problem.

VOICE: We have pretty well discussed the problem of the human factor. What is
the status of the two-tone receiver? That was proposed at one time. Speaking from
a television station point of view, we have a lot of trouble with 15-kHz hash getting
into our receiver. We have to be careful where it is located so it works properly.
We would love to see something besides carrier break as far as off-air monitoring.
We do not use a monitor at the present time. Could we have a brief status report
on that receiver ?

MR. PHELAN: There were investigations made by the industry and by the Com-
mission, and reports have been prepared but have not, as far as I know,, been
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formally acted on by the Commission. This requires concurrence of a lot of other
agencies, and also requires some concurrence from the people who eventually
make receivers and equipment, to make certain that this will not be a device which
will cost a fortune and which will prevent it from getting into widespread public use.

I don't think there is anybody here who can give you a definite statement as to
where this stands at the moment; but we are with you, and we want to see the old
Conelrad carrier break system go. Looking over a lot of the suggestions that came
in, it might be well if you would put out a note to your news people and other people
in the station that Conelrad died a long time ago. We still get things back cancelling
the Conelrad message. If we could forget Conelrad we might have made one step
forward in the last ten or fifteen years.

MR. PECK: If we went into the two-tone method, every station that wanted to be
part of this voluntary action would then have to buy a transmitter to send those tones,
and to start out with it is a fairly expensive piece of equipment. The latest thing
that has been going on has been trying to check tolerances of cartridges as to whether
they could be used as the transmission for the two tones in a very simple manner in
any station and still have the receiver closed down enough on the receiving gate so
that false signals would not creep in. That is one of the latest problems being
considered.

MR. PHELAN: I am sure a lot of television stations have been wondering whether
they are going to get into the act. I know some of you are in the act now, acting as

relay stations or parts of the country where AM doesn't have adequate coverage. The
White House Statement of Requirements as they are being promulgated shortly re-
quests that we provide pictures along with sound, so that you might say the EBS is
now coming of age. I think the President realized that the old Chinese proverb of a
picture being better than a thousand words is correct.

MODERATOR WELLS: Just about a minute to comment on one thing about taking
our hats off to the broadcasting industry for not creating havoc that morning, and
taking credit for great thinking. I am a broadcaster, too, and I would like to say
that in all fairness I think a lot of our skill in not going off the air was done because
a great many of the stations didn't see the alert light cancelled. We can hardly take:
credit for that.

However, I would like to mention one thing. One of the men on the panel hasn't said
a word. He travels on the theory that he never learns much while he is talking. He
does listen well. May I say that one of the most learned men up here is the AT&T
representative who takes care of all the switching. Howard, I hope you enjoyed the
trip. You sure were quiet.

Again I would like to thank not only the members of this panel for the work they have
done in the past, but I don't think any of you realize how much time, effort and money
these men put in, and how much money their companies spend on a strictly voluntary
product. As a broadcaster and Commissioner I appreciate it. We go through all this
fine detail, and if we ever got a PA system to work, we could solve the EBS problem.
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Operational & Economic Considerations of the Aural STL

John A. Moseley
President, Mosely Associates Inc., Goleta, Calif.

One day, during December, 1968, the Dow Jones Industrial Average closed at 98.
It went over 1000 on an inter-trading basis but it closed at 98. However, from that
day on, to May 28th of 1970, there was a very amazing decline, down to the point
where the Dow Jones tipped to 6-31—a significant drop. This drop also included the
so-called Blue Chip Stocks, but, fortunately, all of them did not participate in this
decline.

To most people, this economic condition was surely a recession and, of course,
to certain aerospace workers, particularly in the state of Washington, it was a dis-
aster. Fortunately, however, the economy has leveled off and has regained a great
deal of strength and this morning (3/30/71), or yesterday, the Dow Jones Average
closed at 9-0-3.

However, the last 15 months has been a very interesting period for most radio
managers and owners in that it is forcing them to closely examine their operating
costs in relation to their individual stations. In some instances, new capital ex-~
penditures have been involved. Fortunately for the manufacturers, these were made
in an effort to obtain lower daily and monthly operating costs and here is where you
as broadcast engineers can help your managements, being a part of the management
team rather than being a fellow in the back room where he has a workbench at his
back. You can do this, in fact, by making recommendations which will reduce costs
without sacrificing the technical standards of your operations.

I have a copy (12 pages, from pages 89 to 112) of a portion of the FCC tariff #260
filed by AT&T on just the series #6000 telephone lines. The series #6000, as most
of you know, are those devoted to your program circuits. This is a rather lengthy
document and a very confusing document for those of you who might have read it. It
is likewise confusing to me, but, on the other hand, last September 1st this tariff
went into effect, or a similar tariff from other changes went into effect across the
country, thus bringing into sharp focus the high cost of wire facilities.

Obviously, the manager would like to reduce these monthly operating costs, so
with this as a preface, I would like to discuss the aural STL and how it can help re-
duce operating costs in your station and, at the same time, help to improve quality.

To begin with, this will not be a typically deep subject. I would like to cover this
in a broad range, quickly describing the system in a few moments that I have. I'll
begin by discussing some of the questions which are frequently asked about the STL.
Of course, they range from very simply who can use the STL as to, for example,
the area of equipment that is needed to properly maintain and operate an STL system.
This is obviously going to be limited to those people who are now using leased lines.

As a manufacturer, I would like to talk about STL as a means of going from one
room to the next, but normally it is required for people using leased lines. These
are the people who are open for STL.

Inter city relay service is another way to reduce operating costs. This is especially
true in the prairie and mountain states, where network line costs are running over
$400 to $600 per month for a rather inferior system.

TD aural stations presently use STL frequencies or STL bands. However, you
should be aware that this is a current matter before the Commission, in relation to
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which they are considering removing the television stations from the present 947-
to 950-MHz band, leaving more space available for AM and FM broadcasters. Sec-
tion 74.532 covers the licensing requirements. Here again, only the station can be-
come a licensee of STL.

Early in the game, in 1960, customers purchased and received a license in rela-
tion to installing STL for direct background music. In other words, when a customer
received his license, he in effect received notice from the Commission that they had
erred in this matter and had revoked his license because it was not for carrying pro-
gram service. Therefore, STL must be used primarily for program service.

Of course, there are ways of getting around this. If you have a requirement for
control and metering functions by establishing auxiliary studios, it still must be used
for program service. Any class of licensee must be on duty or operator must be on
duty at the place the STL is installed.

Logging is very simple—hours of operation, program frequency check and any
other pertinent data relating to the operation of the STL. These must likewise be kept
for a period of two years.

We are also often asked, '"What can I do with STL?'" Obviously, programs, both
from monaural and stereo operations are involved. In the area of saving money, the
practice of using only one STL to relay a composite stereo signal to your remote
transmitter site obviously saves the cost of an additional STL. When used in the
proper configuration, one STL can carry the whole package to the transmitter. You
can also use STL for remote control subcarriers, for wire lines and for other
operational circuits relating to your station.

In making a decision on an STL, any matter involving engineering and the station
management team, you are facing a decision of what to do withthis. Now, I have
found a process that is appealing to many engineers because it is sort of related to a
formula. It involves steps A, B and C, and as you go along, it isolates the steps
from one another and, when this happens, I feel you are in pretty good shape.

These steps are, very simply, to first define what the objectives are that you are
trying to accomplish. Then you turn your mind to other problems, other areas, one
of which, for example, is defining the problems that you are going to have in rela-
tion to meeting these objectives. Then, once you have the problems listed, then you
turn that switch off and get on your other section of the line, which tells you how to
solve these problems.

One is in dollar costs. Once you have the objectives, the problems and the costs
separated as individual items, then it is up to you to apply the formula, a very simple
formula. That is, you carry the objectives to the cost or equate those two together.
You do not equate the objectives to the problems. People who equate the objectives to
the problems are problem-oriented people. People who equate the objects to the cost
to solve the problems are object-oriented people.

I think that object-oriented people are the best ones to make a decision for manage-
ment and so you as engineers can be most helpful to management by doing a simple
procedure like that.

Now, let's summarize some of the common objectives you might want to list for the
aural STL. The first has to do with a reduction in operating costs. Of course, we
discussed that earlier. Some of the people who have talked to us have had telephone
company increases of 500 per cent., I have heard of only one station that had a de-
crease, The average is between 200 to 300 per cent, at least as of last September.

Another objective of STL would be higher reliability. Better performance would be
a third objective. The fourth objective, fortunately for me is well illustrated today
by an article on the rear page of the Wall Street Journal. Those of you staying at the
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Hilton Hotel had a copy laid outside of your doors. The article I have reference to is
on the back page. The article is entitled ""Move Over Mabel. "

Now, what is the worst telephone company in the United States? Of course, some
people will vote, especially those from California, for General Telephone. There-
fore, another objective you might consider in relation to STL is to eliminate the as-
sociation with the telephone company.

A proper STL system, in my opinion, will certainly out-perform telephone com-
pany service. It is, for example, under your complete control and the article I
previously mentioned refers to this, especially in relation to service. Therefore,
this does have some advantage. Further, it does imply responsibility for you to
maintain the operation of the STL.

Now, let's talk about some of the problems you are going to be faced with in the
decision-making process. Some of you will be specifying system configuration. This
means, do you want to transmit in mono or stereo, SCA, etc. ? Do you desire re-
mote control? What kind of remote control do you have or do you desire ?

There are many variations of these three basic areas in relation to specifying a
configuration. However, I think they can be interwoven in order to come up with a
variety of systems tailored to meet your own requirements. You also would be con-
sidering particular problems in relation to installation of an STL.

Another problem that you will want to assign cost to or figure into your plan is the
installation and training of your personnel—the operation and maintenance of the
equipment. Finally, you have the problem of testing this equipment.

All of these problems can be solved, even where you have a big mountain in front
of you blocking the path. That can be solved, for example, by a 5-loop system, in
which case, when you equate the cost to the object, it is not worth it. Perhaps here
you can go around with telephone company lines.

Now, let's consider a few of the problems in the context of this presentation. For
example, in considering a system configuration, you have a frequency selection
problem. Unfortunately, the Commission's record on frequency assignment in a
given area is rather out of date. It is computerized and should be on time. It
doesn't take into account new applications and your local RI or field office has these
on file. Infact, they are a good starting point. Nevertheless, it is a good idea to
check with your local engineers in order to find out who is on the other channels and
if there are any other applications pending.

Further, you will need some coordination in the boundaries of the United States. I
think you should, in the different areas, consult with your consulting engineer on
these types of problems, especially if there are any profile concerns which you are
interested in.

Likewise, the actual configuration of the equipment is very important. As men-
tioned earlier, there are configurations for AM and FM remocte control without the
use of any wire-line facility. The systems are basically similar; that is, the STL
can convey all program material; that is, monc or stereo and SCA program, and it
can also convey remote control tones to operate the transmitter. Further, the
metering can be returned to the studio via the recently subaudible tones operating at
the 20- to 30-Hz range, without exceeding six per cent modulation. We have a 50-
kilowatt operating station in California which uses three per cent modulation. There-
fore, it doesn't effect the program content. In the case of FM, the use of subcar-
riers for return of metering information is available. This metering system does not
conflict with the use of that subcarrier for SCA program service. Therefore, the
income-producing revenue that the SCA provides is not lost.
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In relation to the path evaluations under consideration, you will have many things
to consider, such as reflection, refraction, zone clearance (if you have any obstacles
in front of you), and then, of course, you will likewise have antenna considerations
to discuss. There is also the factor of the length of transmission lines. Here again
the consultant can be of great help, although, of course, your NAB Engineering
Manual likewise is full of ideas on this. Therefore, as an engineer, it is not difficult
for you to come up with some preliminary engineering study.

When you receive the equipment, the installation is the key. It should be neat.
Again, in my opinion, I have seen many stations, and unfortunately too many of them,
that are very difficult to service when you do have trouble.

Another important "must' in a system of this nature, in relation to operational con-
siderations, is initial back-to-back tests. In this case you want to make frequency
response (SNR) checks, but most important is that when you get this equipment it
should work. I will not say, of course, it will work. However, if you abuse the sys-
tem in relation to a program nature, if you overload it and overdrive it, for example,
see where the equipment folds up, this will, in turn, determine how much headroom
you have and then, depending upon your operation, you can operate the STL accord-
ingly. Further, the equipment should have a good maintenance schedule.

One of the things, when you do have a problem with an STL, is to understand the
signal flow in the equipment. Therefore, if you have problems, you can say the sig-
nal is good from point A to point B, but from B to C something is happening, and
these are the points that you have to follow from the beginning to the end. It is just
like in servicing a radio. Then, in relation to this information, if you are seeking
help from the manufacturer, you can advise him because he, after all, does not
have a crystal ball, though very often I think we are accused of having one.

With regard to test equipment, you certainly cannot do this with a Simpson #260.

We have many people who have asked us about this. A good audio-generator and a
distortion meter are very good. Also, you can have a power output meter, but this
I do not think is too necessary. It is very frustrating without the necessary test
equipment. Therefore, these problems do occur and you do want to evaluate the
project. You also want to find out what this is going to cost. In other words, the
test equipment which you think you should have is going to cost you X number of
dollars.

You also have the problem of installing antennas. In other words, you add all this
up and equate it to operating costs and then, in turn, can you make a presentation to
your management and indicate to them that you do or do not need the STL; that is,
you either can or cannot justify it. When you have done this, then I think that you as
engineers will have served your management best by analyzing the problem and mak-
ing a recommendation as to whether or not the aural STL should be used.
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MODERATOR WULLIMAN: In opening this panel, let me first make a couple of re-
marks as to why I am here. A number of people who saw that I was going to be on the
panel asked me if I was going to deliver a paper. I said, '"No, I am going to point
like Ed Sullivan.'" Now, I do not have the knowledge these gentlemen do, but this
situation did happen to us—in other words, we began about a year ago operating an
SCA on a station that had been running stereo from the time it was approved. A few
days after we put the signal on the air we began receiving mail asking, "What did you
do to the best stereo signal in town?"

Well, the upshot of this was that several of us began to make trips to hi-fi stores
and one of the things that happened to me the first day out as I walked into one of the
stores would give you an idea of why we felt that it might be worthwhile to discuss the
problem. After I had introduced myself to the manager, he said, '"You like to hear
that whistle on FM, don't you?'" Well, that did shake me up just a little bit.

Another comment that we received from a listener was '""Don't you care any more ?"'
Such comments will shake you up a little bit because, after all, we do care. Well,
we suggested that perhaps this whole problem should be discussed at an NAB meet-
ing. Of course, we will not define it as a problem today because it has many, many
facets.

At this point, I would like to call on Mr. Jarratt, of the Radio Corporation of
America, to give you a bit of overview on what the extreme framework of this is and
then we will hope to have time for questions a little later on.

MR. JARRATT: First of all, I would like to mention that there are going to be a few
individuals here this morning to whom we will be doing a disservice. The salesmen
in your area, for example, were probably not aware of this problem until you ac-
quainted them with it.

The basic problem that we are talking about is that of the intermodulation product
better known as the "birdies." These 'birdies' are the result of a general lack of
linearity somewhere in the total system.

The total system includes the exciter, stereo generator, transmitter, transmis-
sion line, antenna, signal propagation, receiving antenna and transmission line and
the receiving antenna itself and, of course, the transmission line on the receiving
antenna. All of these points, in fact, can introduce the 'birdies."

This reminds me of the old saying in real estate, "What determines the price of
real estate ?'" Well, there are three things that determine it and that is location, lo-
cation and location. In this case, it is linearity, linearity and linearity.

In order to reduce these birdies, you are in a situation where you have to be sure
that everything in the transmitting end is linear. Check all of the points I have men-
tioned.

For those not familiar with exactly how this is happening, let me explain that any
nonlinear circuit will produce a third harmonic of the 19-kHz pilot at 57 kHz which
will beat with the 67-kHz subcarrier and produce a 10-kHz birdie. Any 76-kHz com-
ponent will beat with the 67-kHz subcarrier and produce the same effect.

MODERATOR WULLIMAN: Next I would like to introduce Mr. Leonard Hedlund of
McMartin Industries who has, within the past few weeks, ccnducted some test re-
lating directly to this discussion.

MR. HEDLUND: In relation to this problem, a test setup was used to measure
SCA interference into the stereo channel of a stereo monitor. The equipment used
for the test included a stereo generator, an SCA generator, a TBM-4500A stereo
monitor and a TBM-2000A SCA monitor. The composite or baseband output signal
was monitored at all times with a Hewlett Packard 180A oscilloscope.

The 19-kHz pilot (with distortion of less than one per cent) was injected into the
system at a level of 10 per cent modulation verified by the stereo monitor. A ref-
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erence level of 1 centimeter was established on the oscilloscope. The right channel
was modulated 90 per cent with a 400-Hz signal and verified by the monitor. A
Hewlett Packard model 33A distortion analyzer was connected to the audio output of
the monitor and a reference level was established at zero db. The 400-Hz modula-
tion was then removed.

The FM SNR measured with the audio analyzer was 68 db below the established
reference level. The built-in peak voltmeter in the monitor measured -69 db. The
pilot was temporarily removed and the SNR remained the same, thus producing no
interference.

An unmodulated 67-kHz SCA carrier was injected at a level of 10 per cent as veri-
fied by the Hewlett Packard scope, the amplitude of which was now 2 em. The total
modulation meter reading of the stereo monitor indicated 19. 8 per cent. This slight
error (0.2 per cent) is inherent in the monitor when reading the addition of the 19-
and 67-kHz carriers. The TBM-2000A SCA monitor meter read exactly 10 per cent
SCA injection.

The sigral-to-noise now measured -65 db on the Hewlett Packard Analyzer and -66
db on the internal voltmeter of the monitor. Removing the SCA carrier dropped the
reading to the original -68 db. The output of the audio analyzer was monitored with
another scope and a carrier was barely visible in the noise, indicating a slight amount

of intermodulation of the 19-kHz components and the 67-kHz SCA carrier; however, it
increased the noise by only 3 db.

The SCA generator was modulated with the following audio frequencies and the sig-
nal-to-noise ratio of the stereo monitor indicated the amount of intermodulation oc-
curred in the right audio channel. The deviation of the SCA channel was maintained
at plus 6 kHz.

As you will notice, frequencies above 6000 Hz start producing noticeable SCA inter-
ference in the stereo channel; 7000 and 8000 Hz were objectionable. The deviation of
the SCA channel was reduced to plus 4 kHz. Frequencies up to 6000 Hz produced a
figure of 64 db and was barely inaudible.

Music program material was fed into the SCA generator at a peak level of plus or
minus 6 kHz and noticeable whistles and swishing sounds were heard in the output of
the stereo monitor. The response of the Hewlett Packard distortion meter and the
internal voltmeter of the monitor is too slow to give an accurate indication of the
actual signal-to-noise ratio or intermodulation, as the readings were averaging
around -58 db below reference level. The right and left channel readings were iden-
tical. The level of the program material was reduced to plus or minus 4 kHz devia-
tion and the SCA interference diminished greatly but was still audible.

A 5-kHz low-pass filter was inserted in the audio line feeding the SCA generator,
removing the higher harmonics and no audible SCA interference was noted in the
audio output of the stereo monitor. The audio analyzer indicated a constant SNR of
-65 db under these conditions. This test utilizing program material is more meaning-

ful than the sine-wave test which had low harmonic content. Program material is
nonsinusoidal, with a lot of harmonics and the higher harmonics above 5 kHz must be
removed.

Another test was conducted to verify the effect of distorting the transmitted 19-kHz
pilot carrier. The 19-kHz pilot was purposely distorted to 6.5 per cent and produced
predominantly third harmonic distortion (57 kHz). This was injected at 10 per cent
under the same conditions as previously described. The FM SNR measured again was
-68 db below reference level.
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An unmodulated 67-kHz SCA carrier was injected at 10 per cent. The FM SNR and
intermodulation products now read only -57 db below the reference level. The output
of the analyzer was viewed on the scope and the carrier frequency of the new signal
was amplified and measured with a frequency counter as 10 kHz.

The figures indicated that SCA interference was produced by the induced 57-kHz
harmonic. Further tests were conducted and it was noted that pilot distortion figures
of 5 per cent or less created little or no SCA interference. The intermodulation
products were definitely created in the stereo demodulator and were caused by the
higher level of the (57 kHz) harmonic and the 57-kHz carrier. The 67-kHz injection
level was increased to 15 per cent and the SCA interference increased approximately
5 db pointing out the importance of proper monitoring of the SCA injection level.

Further tests were conducted with the switching type demodulator used in the stereo
monitor. The 38-kHz switching voltage which normally is 38 volts p-p was reduced
to 20 volts p-p. This was accomplished by increasing the negative feedback pre-
serving the low distortion of the 38-kHz carrier, reducing the switching duty cycle
so that the diodes conducted for a very short period of time. The stereo perform-
ance, separation, distortion, etc., were not appreciably affected; however, the
SCA interference increased by 12 to 14 db, pointing out problems that can occur in
an improperly operating stereo demodulator. The 38-kHz switching voltage was re-
stored to the proper level.

The 38-kHz switching voltage was purposely distorted to produce harmonic distor-
tion. This produced a 9-kHz carrier or "whistle'" because of the intermodulation
products of the 76-kHz harmonic and the 67-kHz carrier. Tests proved that the inter-
modulation products produced by a switching type demodulator can be minimized to a
level of -65 db with careful design.

Other sources of SCA interference blamed on the monitor or transmitter can be
caused by RF amplifiers used at remote locations. RF amplifiers, when operated
at maximum gain at remote locations, can have a tendency toward slight regenera-
tion, narrowing the bandwidth, creating phase distortion and creating severe SCA
interference. This can be minimized by reducing gain to the lowest possible level
and by carefully tuning. This is similar to problems encountered in IF stages in
tuners and receivers.

The following tests prove that if the SCA injection level is maintained at 10 per cent
or less, the SCA deviation is held to a maximum of plus or minus 6 kHz, or pre-
ferably plus or minus 5 kHz. The SCA audio frequencies are limited to 5 kHz by a
low-pass filter and if the transmitter is functioning properly it is possible to keep the
SCA interference down to a level of at least 63 db or better and normally should not be
objectionable, except to the most discriminating ears.

MODERATOR WULLIMAN: I would now like to present Mr. Howard Ham of Moseley
Associates, Incorporated, who has provided much information for us in helping to
track down this problem as it relates to transmission.

MR. HAMk I really feel that I need not comment to any great length at all here.
Leonard's tests have quite well indicated what we have been talking about for some
time. Some of you are new to the problem and some of you have been suffering with
it for many years.

All in all, there is one fact to consider and that is no matter how well adjusted your
transmitting equipment is, even to the degree that you have an ideal receiver or
monitor system, it indicates that listening to good hi-fidelity music with good hi-
fidelity receiving equipment, even a tone or a discreet birdie of nine or ten kHz and
as low as minus 65 db and in some cases -70 db below 100 per cent modulation, is
considered objectionable by some listeners. On the other hand, others have a dif-
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ficult time hearing it. The people working at our plant, for example, cannot hear a
thing above four kHz; so they are home free.

However, the fact of the matter is that some people are far more critical than
others about it. As I said, no matter how careful you are with the adjust ment of the
transmitting equipment, you cannot prevent problems that occur at some listening
sites to some listeners. In other words, with regard to this whole matter, you are
at the mercy of a great deal of different opinions. From a technical aspect, I would
like to make one further comment. I have talked to a great number of people over the
last several years and one of the questions that often has arisen concerns the selec-
tion of this type of stereo technique or system. This has all been pretty well proven
from a transmission viewpoint, for example, that in terms of bandwidth occupied,
fidelity capability, and all of these other involvements, the system is very recep-
table. It was, in fact, selected to be compatible with standard monaural tuners but,
also, with SCA; and from a theoretical viewpoint, it is. Unfortunately, the most
objectionable feature that seems to be occurring today exists in the receiver.

I would like to repeat once more that it makes no difference how careful you are
with your maintenance and the transmitting equipment, the problem is going to exist
to some degree in certain consumer products. Therefore, if the transmission equip-
ment is dirty, if you have problems, then you certainly likewise exaggerate these
problems. You can make it very undesirable for any listener. On the other hand,
if you have good housekeeping, this goes a long way toward getting the total answer
toward the responsibility for the condition of transmitting equipment.

MODERATOR WULLIMAN: Our next panelist has demonstrated that it is possible,
certainly with careful engineering, to build a garden variety receiver that can have
the kind of signal-to-noise in terms of this problem that is down pretty close to that
of a good monitor. While we have heard demonstrations of very high-priced systems
where the whistle is audible at 50 feet, I think that is probably paying a compliment
to Carl in relation to his part in the design of equipment like this. One of the nicest
things I can admit about him is that he has certainly proven it is possible to do this
without the receiver costing $1000.

MR. EILERS: You know, I feel as though I am defending the receiving industry,
and I think your accusations are probably well-founded. I would like to go back into a
little history on this in order to indicate to you that this problem is not new insofar as
the receiver manufacturers are concerned and this has to do with those that were
around when the FCC first adopted this system in 1961,

Something like two years after that date, several people felt our laboratories should
examine receivers to see just what was going on in the industry, since we had heard
about this problem quite frequently. However, we did find out, through our investi-
gations, that many receiver manufacturers were not doing their homework; either
they did not know about the problem or, in the case of the component receiver indus-
try, they considered this not a hi-fidelity service and, therefore, not something
they should even consider talking about.

The components that we have found, by and large, were intermodulation components
between the 67-kHz SCA subcarrier and the 19-kHz pilot. That is, you did not have
to have a third harmonic of necessity in order to generate the problem. In fact, if
you adhered strictly to the FCC rules in regard to the cross-talk from the SCA chan-
nel into the total baseband for the exterior signal, you can show that with just the
SCA signal present there will be no cross-talk, but yet, when you insert the pilot,
there will be intermodulation that exists in some form or another. This usually is
true in all transmitters and receivers, even to the extent that you will generate a
component in the vicinity of 48 kHz for ohna component and there, by and large, is the
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greatest offender. The 48-kHz, when demodulated in the stereo demodulator, will
produce a 10-kHz note, such as we have been hearing about.

There is also another one which produces a 9-kHz audio beat but this one is not the
greatest offender. It is the 10-kHz beat note that we found back in 1963 which was
the greatest offender.

Accordingly, as a result of these tests, we presented a paper at the Audio Engineer-
ing Society in October of 1963, which was published in 1964, so that there would be
available some knowledge to people who might want to design FM receivers for stereo
reception simultaneously with an SCA channel broadcast.

What has happened in the meantime ? Well, we have had many, many radio re-
ceivers coming to us from overseas. We have receivers designed in the Orient. We
have them designed in Europe and in fairness to them, while they have adopted the
system that we have in this country, they have not adopted the SCA principle. There-
fore, in connection with many of them, I am sure, they were ignorant of this par-
ticular problem. It may be, therefore, that a little missionary work with those
people would help out the problem.

The tests that were performed back in those days indicated that the figure, whether
9 kHz or 10 kHz should be down at least 55 for the average listener. Now, here I am
talking about those people who do not really know that it is there. Preferably, it
ought to be at least 60. This includes the misadjustments, if you will, of tone con-
trols in the receiver. Therefore, the measurement is made at the speaker and not
at the output of the stereo detector. Therefore, you have the benefit of any boosting
or detrimental action of any boosting at the end.

If you can have the beat note down to 60 db at the speaker relative to 400 cycles,
then we find that the critical listener will just barely hear and it will not be objection-
able. This isn't really something that is contrary to what we have heard before. I
believe what we have heard about before was aggravated by the tone controls. What
can we do about this problem ?

I think the problem exists artificially in the transmitter and to a large extent in the
receiver, The intermodulation between the stereo pilot and the SCA subcarrier can
be generated in the RF circuits of the transmitter or in the tuner and I have a dis-
criminator circuit of the receiver in the zero demodulation and these two, generally
speaking, will be noncorrelated. They will tend to add as power rather than as volt-
age. Therefore, if you have 63 db, let us say, of interfering component, inter-
modulation component and transmitter measurement and then a similar measurement
at the receiver up to the stereo detector, the overall will be 3 db worse—that is,

60 db.

You must remember that if the overall system should provide 60 db of rejection of
these components, that all components in the system must be better than that in-
cluding, of course, the receiver.

Well, we have, in our own shop, recognized this problem right from the very start,
especially since we were one of the proponents of a system, and we found out that the
SCA subcarrier could be injected, providing you took extra pains in keeping control
of the distortion components.

Our receivers to date typically measure 75 to 77 db down on the 10-kHz component
and 90 db in the case of the 9-kHz dropoff. This would be fine, especially if you
recognize that there are some things that will generate distortion that are not under
your control, such as the multi-path distortion that could exist between transmitter
and receiver. This will cause a phase shift in the IF system, consequently causing
the intermodulation and, therefore, we felt that in our own receivers you must have
an SCA trap to protect the stereo demodulator.
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Now, what have some of the other people done? Here I would like to separate the
receiver manufacturers into two groups, as has already been done by Mr. Wulliman
for us, the component receiver type and those that are in our end of the business,
the so-called packaged goods type of receiver manufacturers.

By and large, we have in our section of the industry been aware of the problem and
have done something about it, although, in the early days, this was not completely
true. The component people, on the other hand, who advertised their wares in the
audio field type magazines, at least among other places, will completely ignore this
problem. At least this is my impression. Further, one proof of this point is that the
various testing laboratories and consultants that will test the receivers that you will
see the results of in these magazines completely ignore the presence of this problem.
In other words, they say nothing about the SCA problem.

There is, for example, a well-known testing laboratory that tests for one of the
magazines published in the midwest. I will not mention any names. I think many of
you will know who I am speaking about. However, they have nothing to say about this
problem. They will measure sensitivity to the receiver, separation, signal-to-
noise, a lot of things of that nature, but they are completely silent about the SCA
problem.

There is another testing laboratory which, by the way, has a booth downstairs in
the Conrad Hilton Hotel, selling broadcast equipment, which likewise does not say
anything about this problem in their testing. There is another well-known kit manu-
facturer who, in fairness to them, does say what it does and how it performs. For
example, 55 db is mentioned in one case, 50 db in another and they are silent about
some of the other products. This, of course, is completely unsatisfactory.

Therefore, I believe that the way to get at the problem is to get at the people that do
the testing for this type of receiver, whether the receiver comes from the Orient,
Europe or is domestically manufactured.

I think one further point is perhaps to emphasize to the receiver manufacturer the
extent of this problem and the continuing need for SCA service among the broadcas-
ters. A high percentage of broadcasters rely on this type of service, which might
emphasize to those people who have design responsibility that this must be accounted
for.

MR. WULLIMAN: I think the last couple of remarks that Carl made reminded me of
the possibility of 4-channel stereo which might perhaps be put on a subcarrier similar
in frequency to the SCA. Certainly, some stations who may not wish to transmit
background music service, might, in turn, wish to transmit 4-channel stereo in the
future. Therefore, if this problem is not recognized, we will suddenly find our-
selves in a big trap insofar as the total 4-channel stereo transmission system is con-
cerned.

I believe that some of the panel members have some thoughts along this line but I
don't want to get into numbers. Harold, I believe you said that you were here to
field questions, but before we go into that, do you have any remarks you would like
to make about the history of this situation or anything?

MR. KASSENS: Well, there isn't much I can say that you have not already heard
from the experts, except I would like to emphasize just a couple of things. Carl, for
example, was talking in terms of numbers. For your information, the numbers are
these.

There are over 600 SCA authorizations out and over 600 stereo stations that have
reported to us and as to how many of the SCAs are stereo or vice versa, I cannot tell
you since we don't require this information. However, I am sure the number is well
over 300. Therefore, this indicates the prevalence of the problem.
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1 have to admit that both Jim and I have been talking about this and he was going to
reply first so that I could hear what it really was because I have never heard it. How-
ever, I will not argue that it does not exist. In fact, I would expect that it does exist
and that is why I am going to emphasize a few little points.

One of these has to do with the question of injection levels which was mentioned.
Unfortunately, I am afraid some stations do not realize how very important this is.
To get off the subject a little bit, I think it is fairly well established at this stage of
the game that improper injection level is a cause of the signal dropouts. A lot of
people have complained, when they went into stereo, that they got a picket fence.
However, I now think we all recognize that the problem has to do with improper in-
jection levels,

I have a field note here from an antenna manufacturer that points up this problem
and advises their clients to the effect that it is very important to have the proper in-
jection levels to cure signal drop-outs. I think we are talking about the same sort of
thing here. I have been getting wind of the fact that some of the operators did not be-
lieve we really knew what we were talking about when we said ten per cent SCA and
they have been raising the level of the SCA and, of course, they were not happy with
having to cut it down to ten per cent when they went into stereo. As a result, you had
a few unsatisfied customers. Of course, the easy answer is to try to go up. Some
people get a little concerned that all the stereo lights are not coming on so they jack
up the level a little bit.

I think this is a part of the problem and the answer is a very obvious one—namely,
that the receiver manufacturer believes he can rely on our rules. If you start fooling
around with those levels, then you have created problems for him. Therefore, I do
think that the injection level is very important.

Another thing is that if you stop and analyze the stereo demodulator, you have to
recognize that in this demodulation you have a substantial level of 19 kHz and in the
doubler, a substantial amount of 38 kHz. Now, if the receiver is also picking up 67,
the level in the stereo demodulator is going to be rather high unless you have an SCA
trap—not only to have one but to make sure it is peaked at the subcarrier frequency.
Some subcarriers are in 65 and some at 67. I think here, at least to me, one of the
factors is to make sure that the SCA trap is there and that is is properly peaked.

Some of the information we have received indicates the fact that they are present,
but they are a long way from 67 and this is a part of the problem. Also, Carl men-
tioned the fact that some of the manufacturers did not realize what SCA was and a
goodly number of receivers have shown up in this country without the trap. This is
especially true of foreign manufacturers.

There is one other point thta I would like to make and that is in relation to the nature
of the program on the stereo channel. This has not been mentioned specifically, but
when Jim first called me when this problem showed up and they were having trouble
finding an answer, there was an indication that in his particular case he had been
playing good music type of programs and with a rather tremendous dynamic range.

I think the answer here is obvious to you. If the spurious products are there and you
hit low passages, obviously you are going to hear them. Therefore, I think this is,
likewise, a factor to be considered here.

MR. WULLIMAN: That is a good point, Harold, because I did mean to mention that
in my initial remarks. Noéw, in discussing this whole situation with a number of dif-
ferent station engineers who have stereo, I have said I doubt that we would have a
problem insofar as the listener is concerned if we had the two signals from the begin-
ning. It is a fact that we had a so-called "good' music or "middle of the road" music
main channel operation over a reasonably wide dynamic range and that to this we added
the SCA so that they could hear the difference that gave us our results. If we had,
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from the early days of stereo, an SCA operation and had gone through all the problems
that I have discussed with other people who were in it before and then tried to evaluate
and decide whether or not to go into it, we would have a far different outcome.

Incidentally, with regard to this matter, we do not find the transmitter to be a
problem. It is pretty stable. It hasn't been a problem anywhere along the line. How-
ever, the people really would not have known what we were doing to them because it
is my opinion now that the very least that we are doing to pecple in connection with
their receivers is reducing signal-to-noise.

This is the case whether or not they recognize what is happening to them because
while they may not write us a letter or call, it is causing a reduction in signal-to-
noise that we might say is a fatigue factor, depending on the listening conditions.

As far as the audibility is concerned and whether it was objectionable or not, none of
us at the station were aware of it until we began to get listener complaints.

It did not, however, exist to the extent that we heard in the couple of weeks before
beginning to get some response and, therefore, we were looking for some sort of
problem because we did hear some existed.

Now I would like to open the session to questions from our audience. Do you have
any questions?

FROM THE FLOOR: I wonder about the second and third audible subcarrier fre-
quency. We have one stereo plus an educational subcarrier and we thought about add-
ing two more subcarriers for various reasons. I wonder, whether, in regard to
this, any investigation has been done on what kind of system should be used?

MR. KASSENS: Well, my first reaction to your question is that if you are going
stereo and you are adding two more subcarriers, you are going to drive Leonard
nuts when he tries to design the receiver because the cross-talk, I would expect,

would be tremendous.
MODERATOR WULLIMAN: Under the rules, is there any way that they could put

more than one subcarrier in when they have stereo?

MR. KASSENS: Strictly speaking, the spectrum space is there. You have all the
way from 53 kHz up to 75 kHz to put as many subcarriers in as you want, but the only
problem that you run into has to do with the cross-talk into the stereo subchannel,
which is a fabulous one.

MODERATOR WULLIMAN: Therefore, if they were narrow enough, you could have
several ?

MR. KASSENS: Right.

FROM THE FLOOR: I wonder how close we are to a discreet transmission for
discreet signals insofar as 4-channel stereo is concerned, particularly if it involves
the matter of using 100 kHz instead of the 75 which is now available. I believe that
was one of the systems that was suggested. I have also further heard it stated that
it will be possible to run stereo in discreet fashion and also SCA signal-to-noise if
you are now broadcasting stereo and SCA. I am wondering if this is something that
is in the near future ?

MR. KASSENS: In answer to your question, I do not have the slighest idea because
I think there are a tremendous number of problems involved. However, I would like
to pick up on something that you said in relation to what Jim said about the problem
that we are talking about. I suspect there would be a problem, of course, because
you have to remember that if you are switching at 76 kHz and you have 15 kHz side-
bands, I suspect they will be at 67 as well and we do have a rather substantial
problem. Therefore, I do not conceive that you can use SCA at 67 while you are
switching at 76.

MODERATOR WULLIMAN: Howard, you are shaking your head, do you have a
comment.



MR. HAM: My only comment to that is if you have 4-channel stereo pertaining to
the system that you define here, you consider the use of SCA and, like Harold says,
where are you going to put it—there isn't any room for it.

MR. EILERS: I would like to comment on that. Even if there were room for it, in

order to be compatible with the receivers already on the market, there is no place
other than the 67-kHz spot that the receiver is blind to. We are trying to achieve at

least 60 db and hopefully a lot better than that. In relation to the group of birdies that
may exist, we must use a configuration that has been collected by accident and is now
in common use. I don't think there is any other spot for SCA.

MODERATOR WULLIMAN: I would like to say that we tried, with Harold's blessing,
an experiment that did not last a whole day, in trying to move the SCA frequency up.
As I recall, we were around 72 because we\found, on an experimental basis, that we
seemed to get rid of the birdie or at least it got to around 12 kHz or something like
that. I seemed not to be a problem.

Also, the bandpass of the music receiver was such that you could not tell we had
moved it. However, the only trouble is that we did exactly what Carl is talking about;
we made a quick telephone survey and found that it was audible in the experimental
receiver. We also slid right out of our tuning traps on others. We quit at noon, as
I recall, and came back to 67 where we belonged.

I am afraid that we are now going to have to close. Perhaps, if you have further
questions, you can contact these gentlemen after the session and get them answered.



A Discussion of Automobile Radio Reception

Edward H. Herlihy
Kaiser Broadcasting Corp., Boston, Mass.

H.G. Riggs
Delco Electronics Division, General Motors Corp. Kokomo, Ind.

This is a brief history and introduction to the main part of this speech by Mr. H. G.
Riggs of the Delco Radio Division of General Motors.

In the Fall of 1969, our FM station in Boston, WJIB, received several com-
plaints of poor FM car radio reception in the Providence, R.1. area. Each of these
complaints was traced to 1970 General Motors cars using windshield antennas. The
Kaiser Broadcasting Engineering department was asked to further investigate this
problem. In the course of our early efforts, NAB Engineering was contacted and the
problem discussed. The result was a joint Kaiser/NAB engineering study begun in
February 1970. Tests were made on directivity, impedance and resonance of the

windshield antenna. Sound recordings were also made to point out the aural dis-
turbances caused by operation of the windshielé wipers, especially with FM recep-

tion. Our tests showed some directivity and a swishing sound in the background when
the wipers were operated. These tests and recordings were presented to a meeting
with Delco representatives at NAB headquarters in July of 1970. Many points were
brought up which Mr. Riggs will discuss in a moment. It was agreed to have a
second meeting in the Fall. This was held at CBS headquarters in New York. A
progress report was given by Delco at that time and another meeting was scheduled
for January 1971.

At the CBS meeting it was decided by the NAB Group to sponsor an independent en-
gineering study for presentation to Delco in Jaruary. This study was received from
Carl Smith Associates of Cleveland, Ohio in time for our January meeting. It showed
about the same findings as the Kaiser/NAB study.

The study was presented to Delco and a progress report was made by the Delco
Engineering department. It was suggested at the meeting to have Delco give a progress
report on the windshield antennz at this meeting. This has been further expanded to
discuss automobile radio reception in general.

It has been the purpose and intent of these joint industry meetings to point out
problems caused by the windshield antenna and seek action to solve these problems.
We on the radio transmission side of the group feel that Delco is making progress
towards solving the problems. Mr. Riggs will now bring you up to date on the wind-
shield antenna and car radio developments in general.

Although I have been in manufacturing all my life, we actuzlly are members of the
same team in that we supply the ""hardware" through which you reach audiences. You
gentlemen supply the "software, " if you will, which encourages potential buyers to
order a radio—hopefully Am and FM—for their new car.

Therefore, we in the auto radio industry are just as concerned about offering the
motorist—who is our customer and your listener —the best radio system possible at
a price he can afford and is willing to pay.

As our population has become larger and more mobile, the number of people listen-
ing to the radios in their automobiles has grown steadily. Net only are more people
listening to more auto radios but the amount of time they listen per day has steadily
increased. Suburban living has created new traffic patterns. The flexibility of the
automobile permits the motorist to live in residential areas farther from his work,
thereby increasing his time-in-car per day.
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The superhighway network has increased vacation travel by automobile. We are
hearing more and more about more leisure time for the working man. .. the four day
work-week seems to be getting more attention.

You gentlemen, of course, are intensely interested in reaching this traveling
audience, in providing motorists with the most entertaining and informative pro-
gramming possible. Delco Electronics also is vitally interested in these motorists.
We are dedicated to providing them with the finest system available, the final link
in that electronic hook-up between your radio stations and your listening audience.

Since 1936, our division—which was known as Delco Radio Division of General
Motors until our operations and those of AC Delectronics Division in Milwaukee
were consolidated last September—has been an industry leader, we think, in de-
signing and building reliable automotive radio systems.

We also feel we have been innovative. The signal-seeking radio for quick and auto-
matic selection of desired program material on any listenable station, including
stereo-only signal seekers, as one example. Also, the all-transistor radio with its
instant-on feature and elimination of the former well-known vibrator power supply
is another. FM and FM stereo with their 4-speaker systems is another.

Delco was conducting extensive tests of FM reception in the late 1940s when a few
relatively low-power stations were getting on the air, using the old 50-MHz band.
Our work, of course, has continued since that time.

I don't have to tell you gentlemen about the substantial increase in FM broadcasting
during the past 10 years. I am sure your association has very complete statistics.
But I thought you might be interested in some of our figures which indicate the
growth in popularity of FM in the auto industry.

We began building AM and FM receivers in mid-1962 for introduction in Chevrolets
in the 1963 model year. Our initial production was a rather modest 98,000. How-
ever, since 1963, Delco has manufactured well over three million radios capable of
receiving FM broadcasts, in addition to AM frequencies. Well over one million—
one-third—of these three million are FM stereo receivers (Fig. 1).

Assuming that most of the GM automobiles built since 1963 and equipped with FM
radios are still in service, the chart in Fig. 1 gives you an indication of the size of
your automobile FM listening audience in GM cars. The industry total, of course,
is much higher.

So, with this background, I think you can see why we, as members of the auto
industry whose major marketable product is the auto radio, are so vitally interested
in the products and systems which provide the motorist-listener with the best pos-
sible radio reception.

As you recognize, I'm sure, the automobile presents a totally different physical,
acoustic and electromagnetic environment compared with the home. However, in
some ways, the listening conditions are very good. For example, the audience is
in a fixed, seated location in the car and, therefore, the tone quality, speaker
positioning and stereo effect can be precisely tailored to the automobile interior.

To exploit this advantage, as many as four speakers are being installed in the
automobile for cross-fire reproduction of stereo programs (Fig. 2). They present
excellent ""center-orchestra' type listening. Large speakers and high acoustic out-
put, several times that of the usual home radio, are provided to give good tone and
to overcome wind and traffic noises. But, along with the advantages, FM reception
in the automobile presents some difficulties. I want to elaborate on the challenges
we have faced—and are facing—to solve these problems.

Between 1960 and 1970, the number of stations broadcasting FM signals increased
from 688 to 2,196, at our last count (Fig. 3). Although not specifically relevant
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to this discussion the number of AM stations also has grown substantially, from
3,326 to 4,256 in this same period.

Such growth requires the design and building of better, more sensitive and more re-
liable auto radios which tune in one and only one station, as more and more geo-
graphical areas of interference are generated. In addition, the vehicle's location,
relative to the transmitting station, is continually changing. The listener experi-
ences a wide variety of reception conditions, ranging from those while immediately
adjacent to the transmitter site to the far fringes of reception areas.

Our experience indicates that the range of the usual Class B FM station is 30 to
50 miles and is limited, not so much by the pick-up characteristics of the auto an-
tenna system or by the power of the transmitters, but by the listener's tolerance to
receiving noise bursts in rapid succession as he moves along the roadway, and by
his desire to hear specific programming.

The noise bursts to which I refer are due to a major automotive FM reception
characteristic and problem—multipath distortion. This multipath distortion is the
partial or complete cancellation of an FM signal caused by the addition and subtrac-
tion of several signals from the same station arriving at the vehicle's receiving an-
tenna from different directions or angles.

Fig. 4 is an example of multipath distortion. The car's radio receives the direct
signal from the transmitter, plus signals reflected from metal surfaces such as tall
building, bridges, power lines, water tanks—even other vehicles moving or standing
still. All types of vehicle antennas recognize multipath distcrtion.

For example, in a metropolitan area where typically received signals may average
several millivolts—a very strong signal, incidentally—multipath effects can, and do,
reduce the signal a thousandfold (by a factor of a thousand) to below the sensitivity
threshold of the receiver for a short distance, every few feet (Fig. 5). Depending
upon the severity of this multipath "null" and the speed of the automobile, the listener
may hear a slight tick, a hiss, a sputter, or a growl. We have worked very hard to
minimize multipath effects by providing the best sensitivity possible, and by mini-
mizing the harshness of multipath effects when they do occur.

You gentlemen have spent many thousands of dollars to provide sufficient transmitted
power, partially vertically polarized radiation, and unobstructed antenna sites to as-
sure the best reception for the greatest number of listeners. The steady, rapid growth
of the automotive FM audience attests to the fact that we both have been successful.

But we still have work to do.

In addition to the multipath problem limiting maximum range, broadcast engineers
interested in the service areas covered by FM broadcast stations must not overlook
another important difference between their mobile listening audience, which is on the
move, and those listeners sitting at home. Many motorists drive past transmitter
antenna sites where multiple transmitting antennas create very high-intensity electro-
magnetic fields, often on several closely spaced frequencies.

The auto radio audience in these situations may be well within the service area of
another station several miles away (Fig. 6). They may prefer to listen to this distant
station, but find that their reception is being interrupted by the transmitters nearby.
This interference comes in short bursts. These staccato bursts always seem to oc-
cur when the closing prices on the stock market or some other vital piece of infor-
mation is being broadcast. Such transmitting areas with heavily traveled roadways
nearby are not difficult to find. Typical areas are found adjacent to the Empire State
Building, Exit Number 86 along Route 25 around Boston, the Chicago Loop and the
waterfront area near Cobo Hall in Detroit, just to name a few.
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In these areas, the automotive receiver/antenna system must be designed to do a
better-than-average job of station-sorting if the listener is to receive his favorite pro-
gram without interference. Unfortunately, this design is not usually the one which
gives maximum range of pick up.

As more and more high-powered transmitters are put into service, this sorting
ability must be made better and better. To do this, we have improved the radio and
the automobile antenna and, most importantly, the electrical match between these two

elements.
Improvements to the auto radio during the past few years include greater intermedi-

ate frequency selectivity. This permits the separation of the many high-powered FM
transmitters operating only 800 kHz apart, and often using antennas physically sepa-
rated by only a few hundred feet. Our tuning system is designed to be immune to
temperature variations and to normal excursions in the car's battery voltage. Also,
a characteristic known to engineers as "front-end' selectivity has been improved in
order to avoid, as much as possible, two stations coming in together.

Now, about the automobile antenna: The limitations of the whip antenna, which has
been standard for the automobile for about 30 years, are well known. While the per-
formance of a new whip antenna is quite acceptable, its receptivity deteriorates quite
rapidly because of age, exposure to weather, and other factors. Therefore, after a
year or so, there is a high probability that its performance will be substantially de-
graded. Also, the whip antenna is an attractive target for vandals. It can be broken
off in car washes and by low-hanging tree branches, especially when it is mounted on
the right-hand side of the vehicle (Fig. 7). The telescoping sections sometimes
loosen and cause noises in radio reception.

For several years we have been experimenting, attempting to find the optimum auto-
mobile antenna which is mechanically and electrically very sturdy and, at the same
time, inconspicuous and inaccessible. Insulated bumpers and insulated trunk lids
tend to give very adequate—but mildly directional—pick-up on AM. But they are
quite unacceptable on the FM band.

Fig. 8 shows one proposal tested: a rod insulated from, and mounted adjacent to,
the rear bumper. Electrical defroster grids (Fig. 9) in rear windows give good
pick-up on both AM and FM, but they are quite expensive and are not installed on a
very high percentage of automobiles.

We developed a good antenna which insulated the entire top of the car at the four
corners (Fig.. 10). The problem here, however, was to build the automobile with
sufficient strength and structural integrity to withstand rollover tests. This problem
has not been solved. At one time, loops in the windows or windshields (Fig. 11)
of the car were reported by the inventor to be very effective. But our tests indi-
cated high directivity and low pick-up on both AM and FM broadcast bands.

The decision to use windshield antennas was based on the results of extensive field
testing programs which indicated that its pick-up was adequate; it was mechani-
cally sturdy; it was inconspicuous. In 1969 we first used the windshield antenna
on all Pontiac Grand Prix models. The favorable experience during 1969 led to its
installation on practically all GM cars beginning with the 1970 model year. The
field failure rate on antennas was greatly reduced in 1970 with the new antenna.

The antenna consists of two wires, five-thousandths of an inch in diameter, run-
ning vertically up the center of the windshield and then extending horizoutally for
16 inches each side of center (Fig. 12). Although it appears to be a dipole, it
definitely is not. The two vertical wires are connected together at the bottom and
give the windshield antenna substantially vertical polarization just like its predeces-
sor, the whip antenna. This antenna can be coupled to the radio with optimum
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circuitry and can be expected to perform well over a long period of time, without
mechanical damage or deterioration.

Early experience with the windshield antenna revealed some tendency of the wind-
shield wipers to cause noisy radio reception, particularly when the radio was tuned
to a weaker station. However, many 1971 cars have newly designed windshields
which locate the antenna wires above and substantially out of reach of the sweep of
the wiper blade so this effect, if any, is negligible. Additional design changes and
modifications are being considered for those windshields which still show some
wiper-swish effect.

For example, development work is continuing with flexible plastic windshield wiper
blades as shown in Fig. 13. These insulating blades, of course, have no effect on
radio reception as they pass back and forth across the windshield in the vicinity of
the antenna. These wiper blades, however, will not be approved until tests, which
currently are underway, have eliminated the possibility of the deterioration of the
plastic by certain types of windshield washer fluids currently available to the
motorist.

As we have gained added experience with windshield antennas in all parts of the
United States, we have continued to make up-grading changes in the antenna-radio
system. For example, we have adjusted the amount of signal that is fed into the first
stage to provide adequate sensitivity and to prevent overload of the receiver. We
have linearized the first RF amplifier to minimize detection in this transistor on
strong signals. We have designed the IF amplifier and detector so the optimum tun-
ing point does not vary over a wide range of signal inputs. We carefully control the
length of the shielded antenna lead-in cable to more closely match the length for
optimum FM reception.

There are, of course, other modifications to the antenna-radio system and we
are continuing to make improvements in problem areas whenever they show up, and
we are making these improvements just as rapidly as the state-of-the-art permits.
In conclusion, may I again emphasize, that Delco Electronics is dedicated to manu-
facturing automotive radio systems which reproduce your broadcasts as faithfully
as is technologically possible. The usual problems of handling rapid variations in
FM signals under all conditions of the vehicle's location and speed require receivers
of the highest quality, and we feel these problems are being solved. We are pleased,
but not content with our progress. We will continue our programs to improve on our
best efforts.
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Design & Construction of a Recording Console
for Broadcast Production Facilities

Charles T. Morgan
WARM Radio, Wilkes-Barre/Scranton, Pa,

Most Susquehanna stations are equipped with three combination studio/control
rooms; one of these is used for "on air" programming while the other two are
used for recording of commercials, station promotions, agency work, etc. Al-
though these recording or production studios can be used for "on air" operation,
their primary function is that of a production studio. Traditionally, a broadcast
console similar to that used in an 'on air" studio is used for production; but,
when building a new production studio for WARM, I decided to look to the recording
industry for a console designed specifically for this purpose.

It appears as if the recording industry is years ahead of the broadcast industry
as far as audio equipment is concerned. The use of ICs and operational amplifiers
is widespread, and the quality and reliability are excellent. Most manufacturers use
the module or building block approach, and one of these modules is shown in Fig. 1.
This input module, 1 1/2 inches wide and 14 inches high, contains a microphcne
amplifier, a no-loss equalizer capable of giving complete control over both high and
low frequencies, two line amplifiers, a rotary control for feeding the echo bus and a
vertical slide-wire attenuator for controlling the overall gain of the module.

Stock consoles are available, but the smallest of these have four separate program
outputs for feeding multiple track recorders. My next consideration was a custom

Fig. 1
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console built to my specifications, but the engineering cost kept it above the price
range that would make it practical for a radio station. The only remaining choice
was to buy the modules and build my own console. At first this may appear to be a
very tedious and time consuming task, but I will try to show how the module con-
struction and high-level mixing reduce the time, effort and frustration involved in
this type of project.

My input requirements were reasonably simple, two microphones, two turntables,
two cartridge machines and two tape recorders. Additional inputs of a secondary
nature were needed for recording from other studios, an "off air'" feed, remote
lines and regular telephone lines. Since this is a production console, equalization
and reverberation should be incorporated in the console in such a manner that it can
be applied to any of the inputs, but not necessarily to all inputs at the same time.

This console is to be operated by announcers, not engineers. My experience in-
dicates these people can be excellent board operators only when the operation can be
reduced to purely mechanical action; only then can they react mechanically and con-
centrate on the creative portion of their work. With this in mind, there should be
no patching, no cross connection or preselection of mixing channels. For example,
if Turntable 1 is connected to Mixer 3, it should always be on Mixer 3, and no
switching should be incorporated that could connect any other program source to this
input. This same philosophy applies to all portions of the console, and whenever any
of the special features are activated, an indicator light is illuminated to alert the
operator.

The most important factor in the design of this console is that it has the capability
of expanding or undergoing major changes to keep in step with the ever-changing re-
quirements of a broadcast station. This capability goes a long way when trying to
justify the cost for any piece of equipment.
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Most manufacturers offer similar modules, but Electrodyne was chosen because
they offered a wider variety of modules, the simplest of which is a straight-forward
high-level input without a microphone amplifier or equalizer. This module is, of
course, lower priced, but it contains everything necessary to meet the requirements
for the high-level inputs of this console.

INPUT MODULES

The microphone input module is shown schematically in Fig. 2. The microphone
preamplifier has a gain of 45 db, and a switch is provided to bypass this amplifier if
it is desired to use it as a high-level input. Other positions of this switch are used
to reduce the preamplifier gain by as much as 30 db in order to accommodate higher
microphone output levels. The output of this preamplifier is connected to the vertical
or straight-line attenuator. This is an Altex slide wire "T'" network with an audio
taper and adjustable in steps of .1 db. The attenuator is followed by a line amplifier
with a gain of 26 db, which is sufficient to make up for the loss in the attenuator
when it is in a normal operating position. A second amplifier is used to feed what is
generally referred to as the ECHO bus. A rotary gain control and a coaxially
mounted switch connects this amplifier to various points within the module. In the
PRE-position the two attenuators function separately, each controlling the gain of its
respective amplifier. In the POST 1 or POST 2 position, the pickoff point for the
echo amplifier is either before or after equalization, with the vertical attenuator
controlling the gain of both amplifiers.

The high-level inputs are quite similar to the low-level inputs as shown in Fig. 3.
The only difference is that preamplification and equalization are not provided, and
a cue position is added to the vertical attenuators. An important feature of these
modules is that no gain or loss is involved; whatever level is present at the input
appears at both outputs when the attenuator is ir the normal operating position.

The maximum output level of these modules is plus 18 dbm.

CUE

EFFEOCTS
INPUT MODULE —I0Odbm

HIGH LEVEL
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The ECHO BUS, or what I choose to call the EFFECTS BUS, is used in normal
recording consoles to route a portion of the audio from an input module through an
echo or reverberation system and then recombine it with the normal or straight-
through audio. By this means the proper amount of reverberant sound may be added
and adjusted at will during a recording session. In my console I have expanded this
slightly to add to the console's versatility and produce other special effects, thus
the term "effects bus.' Each module has two separate output amplifiers which,
through the switching system, feed the program and effects mixing channels.

ACTIVE COMBINING NETWORKS (ACN)

The mixing system uses Active Combining Networks (ACN) that combine up to 21
inputs without loss. This combining network, shown in Fig. 4, utilizes an IC
operational amplifier connected in the inverting mode. One of the characteristics
of this configuration is a very low driving point impedance; and, when coupled with
any two of the 10K input resistors, form a "T" pad which provides over 70 db of
isolation between these inputs. These input resistors act as high-impedance bridge
circuits and may be connected to the low impedance output of the modules without af-
fecting either the module or the mixing bus. Since this is a bridging circuit, no
back loading or make-before-break switches @re required.

The gain of the amplifier is adjustable from unity to plus 10 or plus 20 db by strap-
ping the proper resistor at the socket of the ACN. The bridging resistors are lo-
cated inside the ACN housing; therefore, all wiring associated with the mixing cir-
cuit will be at line level.

EQUALIZATION

Three separate equalizers are used in this console. Two are built into the micro-

phone input modules, and the third is controlled by an external switch that connects
it to either the program of effects channel.
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Three separate equalizers are used in this console. Two are built into the micro-
phone input modules, and the third is controlled by an external switch that connects
it to either the program or effects channel. This equalizer utilizes the same IC
amplifier used in the other modules and, like the other modules, has no insertion
loss. Low-frequency boost is selectable at 40, 100, or 300 Hz, and is switchable
in steps of 2, 4, 6, 9 and 12 db. Low-frequency attenuation is also available in
these same steps.

Fig. 5 shows the low-frequency attenuation curves when the selector switch is set
at the 100-Hz position, and a separate curve is drawn for each setting of the low-
frequency control. These curves are typical of the family of curves representing
either attenuation or boost at the various positions of the low-frequency equalization
selector.

EQUALIZER
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Fig. 7
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Fig. 6 shows the high frequency peaking at mirus 5 kHz, and again a separate curve
is shown for each step of the rotary switch, in this case, the high frequency control.
Center frequencies of 1.5, 3, 5 and 10 kHz are selectable with the degree of boost
and attenuation adjustable by the rotary step control.

Fig. 7 shows this equalizer and the switch used to place it in the circuit. The light
associated with the lever switch is illuminated when the equalizer is connected in
either the Program of the Effects channel. The lower control governs the low fre-
quencies; attenuation is accomplished by turning counterclockwise and boost by
turning clockwise. The frequency selector switch is coaxially mounted on the rotary
control. The upper control handles the high frequencies in the same manner, offer-
ing independent control of both ends of the spectrum at the same time. All controls
are completely silent and may be adjusted during a recording. Identical equalizers
are used in the microphone modules.

THE PROGRAM CHANNEL

A block diagram of the entire console is shown in Fig. 8. A total of 8 input modules
(two microphones and 6 high-level) are used and the output of the program and effects
amplifier in each are connected to the appropriate ACN through key switches. When