RCA EXHIBIT AT WORLD'S FAIR

TO FEATURE COLOR TV STUDIO




The Mark of
‘the Newest in
TV Tape Recorders

In the TR-22, RCA presents a ‘'New Generation'' of
TV Tape Recorders...fully transistorized! It gives
you new ease of operation, new space-saving econ-
omy and new reliability. The TR-22's are already
in operation in the USA, Canada, and Europe...
assuring superior picture quality.

The Most Trusted Name
. in Television




118 l October,

1963

BROADCAST NEWS

published by

RADIO CORPORATION OF AMERICA
BROADCAST & COMMUNICATIONS PRODUCTS DIVISION, CAMDEN, N. J.

issued quarterly

m US.A. - - - - - - 84.00 for 4 issues

PRICE

CONTENTS

outside U.S.A. - - - $5.00 for } issues

Page
COLOR SEMINAR PAPERS 8
PART I, INTRODUCTION TO COLOR TV TRANSMISSION . . . . . . 9
PART I, NETWORK COLOR TRANSMISSION . . . . . . . . 14
HIGH-BAND 25 KW TV TRANSMITTER . . . . . . . . . . 22
RCA EXHIBIT AT WORLD’S FAIR 26
WSBT-TV’s 5-MEGAWATT UHF PYLON . . . . . . . . . . 38
KRAV PROGRAMS FM STEREO 42
NEW 16-MM TV FILM PROJECTOR . . . . . . . . . . 44
BC-7 STEREO/DUAL CHANNEL AUDIO CONSOLETTE . . . . . . 50

As We Were
Saying

WORLD’S FAIR FEVER is beginning to mount. The
RCA Exhibit building shown on the cover and
previewed in the article on Page 26 is nearing
completion. By the time this issue reaches you,
the installation of equipment will have begun. As
you can see from the pictures, the RCA Exhibit
is going to be “a thing of beauty” and a place
of great interest for broadcasters as well as the
public. In essence it is a modernistic color studio
"in-the-round”—totally enclosed in glass. No sta-

Copyright 1963

tion engineer is going to rush home and build
one just like it. But none is likely to pass it by.
Too interesting!

The background of our “preview” article is a
story in itself. It all began when Dick Edmondson,
engineering manager for the exhibit, had a scale
model of the operating areas built to check his
planning. He furnished it with scaled models of
the equipment units—and peopled it with figures,
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As We Were
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The RCA World’'s Fair Exhibition building during construction. Photo,
made several months ago shows the unique circular design. {see pg. 25)

also to scale. Before long all concerned—even the
architects—were using it to check their planning.
And we were eyeing it for a story! Then it turned
out that Jim Toney, formerly V-P of our Radio &
TV Receiver Division and now Director of RCA
Fair activities, was a photography bug. Jim carted
the model home, deposited it in the middle of
his living room floor, climbed a ladder to get
elevation, and shot the color pictures of the model
we have used with the article. Final break came
when we learned that the Fair Corporation had a
large scale model of the fair grounds. To give
us an “establishing shot” Jim and a photographer
friend shot the pictures of the Fair reproduced
on Pages 26 and 28. Added to the technical infor-
mation furnished by Dick, and the notes on the
general operation furnished by Jim, we had the
makings of one of the best preview stories we
have been able to do.

THIS IS RCA could well have been the title for
our World’s Fair story. That RCA should devote
the major part of its FAIR operation to Color Tele-
vision probably will not seem very surprising to
those in the broadcasting industry. But it was not
an easy decision for RCA management to make.
Color TV represents something less than one-fifth
of RCA's business. RCA is one of the world’s
leading communications companies . . . is one
of the top suppliers of defense electronics equip-
ment . is among the top manufacturers of
electronic data processing equipment . . . is a
leading recording company . . . the largest maker
of tubes. Thus any one, or all, of these activities
could have formed the basis for the RCA Exhibit.
But there are other big communications com-
panies, other large defense suppliers, other manu-
facturers of EDP equipment, other makers of
tubes and records. They will be at the Fair, too—

and shouting for attention. At best, we'd be one
of the mob. How to get out of the noise level—
that was the nub. The suggestions went round
and round—and came out simple. For in color
television only RCA is big. In color we could
say “this is RCA” and the message would be
loud and clear.

So it was finally decided — and now comes
our unique studio building with all that lovely,
lovely equipment. We are pleased and we think
broadcasters will be, too—for it shows where
our heart is.

SPEAKING OF EQUIPMENT it is interesting to
note that Dick Edmondson, who is doing the engi-
neering for the RCA World’s Fair Exhibit, was the
instigator of the TS-100 Switching System which
we showed at the 1962 NAB. The TS-100—like
the Chrysler "Airflow” of 1936—was a bit ahead
of its time. But it was one of the best “conversa-
tion pieces” we have ever shown, and this column
continues to believe that some day we will pro-
duce it as a standard equipment.

Noteworthy in the TS-100 was the styling of
the control console—which departed from old
broadcast concepts to follow the new, clean lines
of modern data processing equipment. And in
doing so became so attractive that one knowl-
edgeable competitor almost wept when he
described it as the best-designed piece of broad-
cast equipment he had ever seen.

It was no accident—for Stew Pike, the manager
of our Functional Design (Styling) Group, had
been given a free hand to come up with some-
thing new and fresh—something attuned to the
age of transistors, and plug-in modules, and sim-

“"As We Were Saying' is continued on Page 58
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TWO KEY POSTS FILLED

The appointments of two key executives
in the RCA Broadcast and Communica-
tions Products Division were announced
in October by C. H. Colledge, Division
Vice President and General Manager.
Adron M. Miller was named Manager,
Broadcast Merchandising and West Coast
pperations, and Wendell C. Morrison was
appointed Chief Engineer.

Mr. Miller has been Manager of the
Division’s Film Recording and West Coast
Operations facility in Burbank, California,
for the past three years. He continues this
tesponsibility in moving to the Camden,
N. J. headquarters to take up the new
assignment. In addition, he will direct the
merchandising of radio and television

broadcast equipment, scientific instruments
and industrial TV systems.

T EBL diza e |
In 1946 Mr. Morrison appeared on a Broadcast News
cover with Dr. G. H, Brown and the RCA Antennalyzer.
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VIEWFINDER

Adron M. Miller

Before joining RCA in 1951 as a sales-
man of mobile radio and microwave com-
munications equipment, Mr. Miller had
been station director and chief engineer of
WVLN, Olney, Illinois, and chief engineer
of WMIX and WMIX-FM in Mount
Vernon, Tl

Mr. Miller became a broadcast equip-
ment field representative and in 1956 was
appointed Manager of Radio Broadcast
Field Sales. Four years later he became
Manager, Southern Field Sales, Broadcast
and Television Equipment, the post he held
at the time of his transfer to the Burbank
facility.

Mr. Morrison will direct the overall
engineering activities for the Broadcast and
Communications Products Division and its
product line, including radio-TV broadcast
equipment, microwave systems, scientific
instruments, two-way mobile radio, Radio-

PAY YOUR MONEY AND GET COUNTED, FREE

b2l

Vehicles passing through “exact change
toll lanes on the Garden State Parkway
are counted automatically by RCA elec-
tronic detection equipment recently in-
stalled by the New Jersey Highway
Authority. The 42 “Ve-Det” units replaced
pressure-pad treadles which previously
performed the counting job.

The new detection systems are unseen
by the motorist since they operate from a

wire loop embedded in the toll lane pave-
ment. A vehicle passing over the wire loop
causes circuit changes, sending a signal to
a transistorized detector unit which in turn
actuates paper tape recording equipment.
In addition to making the vehicle count
which serves to verify toll transactions,
signals from Ve-Det units are used to re-set
traffic signal lights to “red” after vehicles
have passed through the toll collection
points.

IN RCA BROADCAST EQUIPMENT ACTIVITY

Wendell C. Morrison

marine equipment and audio visual prod-
ucts. He has been Assistant to the Chief
Defense Engineer, RCA Defense Electronic
Products, for the past two years.

Mr. Morrison joined the company in
Camden, N. J. in 1940 after receiving
bachelor’s and master’s degrees in electrical
engineering from the University of Towa.
Two years later he became a research engi-
neer at the RCA Laboratories in Princeton,
N. J., where he was engaged in develop-
ment work in such fields as UHF television
transmitters, antenna pattern calculators,
and color TV terminal and test equipment.

In 1957 Mr. Morrison returned to Cam-
den as a staff engineer in the commercial
product area. He became Manager, Engi-
neering Plans and Services, of the former
Communications and Controls Division in
1959 and held that post at the time of his
transfer to the defense activity.

The RCA equipment was ordered after
a six-month test, at the Raritan toll plaza,
of its practicability. One factor in the
Authority’s decision was the relatively low
cost of installation which was less than the
annual cost of maintaining treadle-type
equipment. The Ve-Det loop is inserted in
a shallow slot which is sawed in the pave-
ment by conventional highway mainte-
nance machines. The slot is backfilled with
grout or epoxy, and the buried circuit can-
not be affected by snow, wear, resurfacing
or other factors.
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BURST CHART AN AID

TO BROADCASTERS

IN

IN

MEASURING CAMERA FREQUENCY RESPONSE

A burst chart has been developed as an
aid to broadcasters in measuring accurately
the frequency response of TV cameras
throughout their entire optical and elec-
tronic systems. Copies are available at
nominal cost from the Studio Equipment
Merchandising Department, located in
Building 15-7, RCA, Camden, N. J

The chart is reproduced on heavy, non-

SMPTE GOLD MEDAL TO
KOZANOWSKI FOR WORK
IN TV EQUIPMENTS

Meet the 1963 winner of the David
Sarnoff Gold Medal of the Society of Mo-
tion Picture and Television Engineers for
meritorious achievement in television engi-
neering: Dr. Henry N. Kozanowski, the
doughty RCA scientist whom broadcasters
long have associated with many of the most
important advances in television cameras.

One of the true pioneers of television, Dr.
Kozanowski is held in the highest respect
by the industry and by his co-workers, yet
he responds with no loss of dignity to the
sobriquet “Hank.” At the RCA Broadcast
and Communications Products Division
headquarters in Camden, N. J., he serves as
Manager, TV Product Advance Develop-
ment. This is a post calling for a rather
uncommon posture. The head must be

reflecting plastic stock and consists of
groups of vertical lines which correspond
to the various signal frequencies from .5 to
4 megacycles. When the camera is focused
on the chart, the overall frequency response
may be observed directly on a TV wave-
form monitor. Since it eliminates subjective
evaluation, the burst chart method is re-
garded as superior to the use of a resolu-
tion chart.

poked well above the clouds, viewing a
technological future that hopefully is
bright, while the feet remain firmly planted
on the bedrock of today’s practicalities.

While not a tall man, Dr. Kozanowski
carries off this “two-way stretch” with a
certain aplomb, and with good humor. He
is, perforce, divided Gaul-like, one part
being seer, one part business man and one
part coach. As coach he runs an engineer-
ing team that morning until night is out
on the field advancing a ball called “state
of the art.” To all of these tasks Hank
brings the drive and infectious energy that
mark him as a do-er and a leader seeing a
tough job through.

Broadcasters visiting RCA’s exhibit at
an NAB convention have seen the stocky
Kozanowski figure hovering over a batch
of new studio equipments on display for
the first time. And they could hear him
pour forth the merits of these creations by

Dr. Kozanowski {right) shows experimental four-tube color camera to Charles H. Colledge, Division Vice Presi-
dent and General Manager. RCA:developed "M’ channel concept was first shown at 1962 NAB convention.
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the hour. In such a setting, Dr. Kozanowski
can, if challenged, lay down a withering
fire of technological savvy, causing an an-
tagonist to reel back in confusion.

Dr. Kozanowski won his doctorate in
physics at the University of Michigan in
1930 and that year was employed by
Westinghouse. Five years later he joined
RCA in Camden and shortly thereafter
participated in the development of TV cam-
eras and an airborne television transmitter.

During the war years of 1941-45 he
played a major role in the development of
airborne TV cameras which, with airborne
transmitters, were used for experiments in
surveillance and missile guidance. Dr.
Kozanowski has been in the advanced de-
velopment activity since 1946, and has been
Manager since 1951.

His most significant engineering ac-
complishments are in the field of practi-
cal, high-performance television equipment.
Many of the camera refinements Dr. Koza-
nowski introduced permitted optimum use
of the iconoscope tube, widely employed
for TV film pickup in the early davs of
commercial television.

Color TV too felt the fine Kozanowski
hand. He proposed the use of a 3-vidicon
camera for color film pickup at a time when
the tide of professional opinion ran almost
overwhelmingly in favor of a Aying-spot-
scanner approach. Three-vidicon cameras
incorporating his developments are now in
use in most stations originating color.

Dr. Kozanowski’s biographer could list
many other achievements, awards, writings,
patents and special honors. But the main
thrust of his RCA career is perhaps best
summarized in the words of the citation
which accompanied the David Sarnoff Gold
Medal: “For sustained drive to improve
the quality and practical operation of tele-
vision studio and film camera equipment.”
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ABC-TV NET BUYS 83
AUDIO RECORDERS

Existing audio tape recording equipment
in the American Broadcasting Company’s
radio and TV stations is being replaced by
RCA type RT-21B audio tape recorders.
The network has ordered 83 units which
will become standard throughout ABC
facilities, according to Frank Marx, Presi-
dent, ABC Engineers.

The tape recording equipment was built
at the RCA Camden, N. J,, plant and is
being shipped to ABC’s five television sta-
tions: WABC, New York; WBKB, Chi-
cago: WXYZ, Detroit; XABC, Los
Angeles, and KGO, San Francisco, and its
Pittsburgh radio station, KQV.

The RT-21B incorporates a number of
electrical and mechanical improvements
over the “A” model. These include a plug-
in record equalizer, master bias oscillator
system and a new brake hub arrangement
which provides a larger braking surface for
smoother braking action.

ABC-TV has standardized on the RCA RT-21 audio
tape recorder, shown here in console mounting.

RUSH

SHIPMENT OF AM TRANSMITTER HELPS

FIRE-STRICKEN STATION GET BACK ON AIR

e R

PUNTA GoRpa

In a 40-hour through run from Camden,
N.J., an RCA truck delivered a 1 KW AM
transmitter to WCCF last May to help
the Punta Gorda, Florida, station get back
on the air promptly after a fire gutted its
transmitter building and silenced its signal.

The transmitter order was received and
loaded the same day, and in less than 72
hours after the equipment left the RCA
plant, the station was ready to resume
broadcasting.

Top photo shows the RCA van at the
Punta Gorda railroad station which was

used as a transfer point because of its
shipping dock height. In the lower view,
Bill Setliffe (right), Chief Engineer for
WCCF, receives keys to a temporary trans-
mitter building from representative of the
General Development Corporation, Florida
builders, which loaned the structure during
the emergency period. Charred remains of
the burned building can be seen in the
background. Since these photographs were
taken, the transmitter building has been
completely remodeled and WCCEF opera-
tions again are normal.



SIX TV FILM RECORDERS
JAPAN-BOUND TO COVER
NEXT YEAR'S OLYMPICS

The first production unit of RCA’s new
television film recording system (TFR-1)
for the high-quality transfer of TV images
to 16mm. film was shipped in August to
NHK, Japan’s largest TV network. It was
assembled at the Film Recording and West
Coast Operations facility in Burbank, Cali-
fornia, and is one of six systems ordered
by the Japanese network for producing
syndicated film from TV coverage of the
1964 Olympic games.

The first TFR-1 for domestic use was
delivered in mid-Fall to the Cathedral of
Tomorrow, a non-denominational church in
Akron, Ohio. The Cathedral distributes
religious programs to Ohio area TV stations
on both a “live” and film basis and will
use the system for transferring TV studio
monitor pictures directly to film.

Additional orders for TFR-1 systems
have been received from the Navy Photo-
graphic Laboratory and the United States
Information Agency, both in Washington,
D.C.

The RCA equipment was introduced last
year as a means of accomplishing the TV-
to-film transfer with improved resolution
and consistently higher quality results than
are possible with current kinescope units.
A newly-designed camera used in the sys-
tem eliminates the ‘“shutter bar” effect
sometimes observed in kine recordings, and
a new display tube presents the TV picture

WNDT, NEW YORK, IS FIRST
ETV-ER TO USE THE TR-22
TV TAPE RECORDER

RCA’s TR-22 television tape recorders
are seeing yeoman service at WNDT,
Channel 13 in New York, the first educa-
tional station in the nation to install the
transistorized machines. Shown with the
equipment are (left) John Lentz, Manager
of Technical Operations, and G. Edward
Hamilton, Vice President-Engineering and
Assistant General Manager for the station.
WNDT also uses a type TRT-1B machine
and broadcasts about half its program day
from tape, with the remaining air time
divided about evenly between live and film
programming. The TR-22 recorders are
equipped for operation at either 15 or 71%
inches of tape per second.

6

RCA’s Adron M. Miller (right) shows TFR-1 to Y. Tanabe, General Managing Director for NHK.

on a fat sub-screen behind the heavy
glass face of the tube. This latter technique
avoids distortion and light dispersion and
improves picture clarity and detail.
Accurate exposure control, for picture
brightness and contrast, is performed auto-
matically by comparing the display tube’s

light output photo-electrically with an
established standard. In addition to self-
compensating circuits, the TFR-1 includes
a signal source which automatically pro-
duces a 10-step variable density film strip
for each production run as a guide to the
film processing laboratory.

wmmn
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PRIVATE MICROWAVE OPERATORS ORDER
RCA'S TOTAL SOLID STATE EQUIPMENT

Two leaders in their separate indus-
tries—the Atchinson, Topeka and Santa
Fe Railway Company and the American
Electrlc Power System — have ordered
RCA s type CW-60 completely solid state
mlcrowave equipment for expansions of
t|he1r private microwave networks.

The Sante Fe will use CW-60 gear for
a new 600-mile section of its microwave
siystem that ultimately will connect Los
Angeles with its Chicago headquarters.
The new section will carry message traffic
between Amarillo, Texas, and Winslow,
Arizona, and involves building and equip-
ping 21 repeater and terminal stations.

Existing microwave facilities operated
by the Santa Fe now connect Topeka with
Amarillo, and Winslow with Los Angeles.
The new 600-mile section will thus com-
plete the communications link between
Topeka and Los Angeles. The railway’s
microwave system is used primarily for ad-
ministrative messages and dispatch service
\;ria voice and teletype channels and has
been designed for the future handling of

hlgh -speed data.

WJIXT'S SLEEK MOBILE
UNIT CARRIES TR-22

W]JXT, Jacksonville, Florida, has put
into service a TV mobile unit custom de-
signed to carry the RCA TR-22 television
tape recorder. This gives the station “de-
luxe broadcast equipment on wheels” and
the ability to capture studio-like picture
quality in tapes made anywhere the truck
can roll.

When the TR-22 does a recording job,
the tape is ready for immediate on-the-air
playback on any other quadraplex re-
corder, and with no degradation in picture
quality. Not every TV tape recorder can
make this claim!

In the WJXT unit, the TR-22 is posi-
tioned behind the driver’s seat, its console
facing the rear, in a load area that is 16
feet long, 90 inches wide and 82 inches
high. The TR-22 is but 55 inches wide;
thus easy access to the cab is provided.

The custom unit also carries two air con-

Further east, American Electric Power
will use the new CW-60 equipment in 26
repeater and terminal stations in new legs
of its microwave system that will connect
the headquarters of two operating divisions
with a new AEP computer-information cen-
ter at Canton, Ohio. The divisions are the
Indiana & Michigan Electric Company at
Fort Wayne, Ind., and the Appalachian
Power Company at Roanoke, Va.

At Canton, which also is headquarters of
the Ohio Power Company, another AEP
operating division, computers will provide
centralized customer billing and account-
ing as well as automatic load dispatching
and other control of the AEP System.

The CW-60 equipment is the microwave
industry’s first to eliminate all tubes, in-
cluding klystrons which are replaced by
varactor cavities. It is compact—occupying
about one-fourth the space required by
tube-type equipment of comparable capac-
ity—and provides greater frequency sta-
bility and ease of maintenance. Direct
power supply is a 48-volt battery.

The new RCA equipment operates in the

ditioners, power regulation and distribution
equipment, a rack for test equipment, work
counters and storage cabinets for tools and
supplies. TV cameras may be carried in the
five-foot open area at the rear.

The special body is mounted on a Ford
V-8 truck chassis. It features a distinctive
step-roof design, a wiring trench system
under the floor, three underside storage
cabinets, a tape storage area, three reels
for camera cables and a cable entrance
panel with weather flap.
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No mistaking the point in this CW-60 introductory
ad; with tubes out it was solid state all the way.

6 kmc band and has a capacity of 300 voice
channels. It is designed to conform with
CCIR impedance and level standards, thus
permitting the user a wide choice of multi-
plex equipment.

| With a deluxe TR-22 TV tape
recorder aboard, the new mo-
bile unit will bring back studio-
like picture quality in tapes
made at the remotest remote.
| Interior view shows how re-
corder’s compactness leaves
[ plenty of extra space for cam-
eras and other gear.
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COLOR SEMINAR PAPERS
TO BE PRINTED

First Two Papers On Following Pages —

Others to Follow In Succeeding Issues

More than 600 television station engi-
neers and other technical personnel at-
tended Color TV Transmission Seminars
which RCA engineers conducted in five
cities during June. The purpose of these
seminars was to bring station engineers up
to date on color transmission technology
and to provide them with detailed infor-
mation on how to get—and keep—a good
color signal on the air.

The idea for these seminars came from
the receiver people. What happened is that
as color receiver sales became increasingly
important to dealers, there were more and
more complaints from these dealers about
the quality and/or consistency of color
transmission in some areas. Usually the
stations involved attached the blame to the
network, to the telephone lines, or to
“tape.” However, further investigation
often located the fault in the local loop, in
the station’s microwave or terminal equip-
ment and: sometimes in the transmitter
itself. And, of course, more often than not
the trouble was a successive quality loss
from step to step in the long chain from
network studio to home receiver.

RCA and NBC engineers have investi-
gated most of the reports of poor color
that have been received during the past
year. Some of the troubles proved to be

due to sloppy operating or lack of proper. ..

maintenance. But—Somewhat surprisingly
—it was concluded that much of the
trouble, particularly the pyramiding kind,
resulted from a widespread lack of knowl-
edge as to how to properly monitor color
pictures, what kind of quality to expect
from the network, and how to handle the
color signal through the station.

The color seminars in June were planned
as a first-step answer to this situation.
They began with a brief review of the basic
concepts of color transmission. Next came
a discussion of what the network puts on
the line—especially the test signals—and
how these signals can be used. Following

8

this were three papers on the handling of
the color signal in the station: first in the
terminal equipment, second in the micro-
wave link, and third in the transmitter.

Because the subject of color telecasting
is so broad this first seminar was limited
to color framsmission considerations. In
the near future we plan to hold a similar
seminar on color origination.

We are under no illusion that these
seminars will, in themselves, solve all of
the problems. Nor even that they provide
all the needed information. We do hope

they will spur station engineers into mak-
ing themselves more expert in this area.

The material in the papers presented at
the seminars was very detailed, with
numerous slides to illustrate the narratives.
Many engineers attending the seminars
asked for reprints. We promised them this.
And, since we think most station engineers
will be interested, we plan to print all of
the papers in BROADCAST NEWS. The
first two papers will be found on following
pages. The other three will appear in suc-
ceeding issues.

equipment

2. NETWORK COLOR TRANSMISSION

PAPERS PRESENTED AT
RCA SEMINAR ON COLOR TV TRANSMISSION

1. INTRODUCTION TO COLOR TV TRANSMISSIONS .

A brief review of the basic concepts in the generation of color
TV signals with an introduction to test signals used for checking

J. W. Wentworth

. H. C. Gronberg

. HANDLING THE COLOR TV SIGNAL

. MICROWAVE RELAYING OF COLOR TV SIGNALS

. GETTING THE COLOR TV SIGNAL ON THE AIR .

Test Signals used by the networks, possible signal impairment,
how to monitor network signals, checking equipment, allowable
distortion, where to look for trouble, etc.

J. W. Wentworth
Requirements for terminal equipment, switchers, stabilizing ampli-
fiers, distribution systems—checking, monitoring, test equipment

J. B. Bullock
Requirements, possible troubles, checking, test equipment, etc.

. R. B. Marye

Transmitter specifications, requirements, for transmission lines
and antennas, test equipment and how to use it, what to look
for on the scope, where troubles may occur, checks at various
points in the transmitter, routine maintenance, efc.




RCA COLOR SEMINAR

Part

I: Introduction to Color TV Transmission

A Review of Basic Concepts and Test Signals

by JOHN W. WENTWORTH
Manager, Educational Electronics
RCA Broadcast and Communications Products Division

,il_:) “set the stage” for the specific discussions of practical prob-
lems in handling color television signals, I have been asked to
present a brief review of the basic concepts involved in the genera-
tion of color television signals and to provide a short introduction
to each of the most popular test signals used for checking trans-
mission equipment.
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Figure 1 provides a “visual summary” of the technical concepts
involved in putting the signal together. Study of this diagram can
help us to clarify our understanding as to why certain character-
istics of the signal are exceedingly important. A color television
signal must always provide three kinds of information. A color
signal leaves the camera in the form of red, green, and blue video
signals, conveying primary-color information about the scene to
be transmitted. In a matrix network, we cross-mix the red, green,
and blue signals to develop another set of three signals that we
frequently call M, I, and Q. M stands for Monochrome, a par-
ticular mixture of red, green, and blue which is a very close
approximation to the output of a monochrome camera chain. The
M signal conveys brightness or luminance information. The I and
Q signals we designate chrominance signals. They, too, are mix-
tures of red, green and blue and determine how the color to be
reproduced in each area of the image differs from the neutral or
gray condition along a pair of axes on the color diagram. The
I and Q signals together give us all the chrominance information
we need to establish the hue and saturation of each image area.

We then pass these signals through a group of filters which
adjust the bandwidth of each signal component to match the re-
quirement of the human eye. The monochrome signal we handle
in exactly the same fashion that we handle standard monochrome
signals. Somewhere in the broadcast system before the signal
reaches the home receiver, there is inevitably a practical limitation
in bandwidth, imposed by a transmitter, a tape recorder, or
network transmission lines. As a practical matter, we have
nominally 4 megacycles to work with as far as monochrome in-
formation is concerned. The I and Q signals are deliberately
shaped by filters in the color encoding equipment. The nominal
bandwidths are 1.5 mc for I, and a mere ¥, megacycle for Q.
Very narrow band, low resolution chrominance information is all
that is required to reconstruct a very satisfactory color image.

The band-shaped chrominance signals are then modulated on
subcarriers of 3.579545 megacycles. If you’ve ever studied the
principles of color television, you’re aware that this very precise
subcarrier frequency must be harmonically related to the line and
field scanning frequencies. By making the subcarrier frequency
an odd multiple of 14 the line frequency, we obtain a frequency-
interlaced condition which lets us get away with a simple addition
of the subcarrier signal to the monochrome signal. The I and Q
signals are modulated in balanced fashion upon two carriers with
a phase separation of 90 degrees, producing a subcarrier signal
which varies in both phase and amplitude. The effect of the
crosstalk which you might expect from the simple addition of the
subcarrier to the monochrome signal turns out to be almost neg-
ligible as far as the final viewer is concerned, thanks to the fre-
quency interlace effect. In parallel with the modulators, we also
operate a burst keyer which puts out a sample of the subcarrier
frequency. This keyer is controlled by burst flag pulses which
cause the burst to occur in the back porch period right after every
horizontal synchronizing pulse. We then add together a total of
5 signal components including the usual deflection sync pulses
to form the complete color signal ready for transmission over the
air. Of course, in a studio plant you’d normally have a complex
system with more than one color camera chain, but this simplified
diagram illustrates the basic principles that are involved.

Figure 2 shows the manner in which the 6 mc television trans-
mission channel is used for both monochrome and color. It’s well
known by now that in compatible color television, we manage
to get extra mileage out of the same spectrum space that in the
past we’ve used only for monochrome, but the price we pay for
such spectrum conservation is the necessity of handling three
independent signals in the upper part of the channel. Mere in-
spection of this diagram is enough to give a serious minded engi-
neer pause about the difficulty of the task we face in handling
a color signal compared to what is involved in handling a mono-
chrome signal. We have filled up the spectrum more completely,
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and now have three signals which must remain independent if
we are to reconstruct a proper color picture at the receiving end
of the system. So we must be considerably more careful about
how we handle the signal. You're aware, of course, that the I and
Q signals are kept independent of each other by the two phase
modulation technique, and the entire group of sidebands sur-
rounding the color subcarrier are kept independent of the mono-
chrome signal by virtue of so-called frequency interlace tech-
nique. It is still very important, however, that we pay close atten-
tion to what happens in the upper part of the frequency band,
especially in comparison to the relatively lenient approach we
can afford to take in the handling of a monochrome signal, since
the very important chrominance information is confined to the
upper part of the channel.

Table 1

BASIC TRANSMISSION REQUIREMENTS
1. Uniform Frequency Response
2. Uniform Time Delay (Linear Phase)

3. Minimum Differential Gain and Phase

Table I summarizes the several basic transmission require-
ments. From mere inspection of the channel diagrams, you can
quickly understand why it is that we must have very uniform
frequency response. We must provide essentially the same re-
sponse through the system for all parts of the color signal includ-
ing that part transmitted in the upper portion of the video band.
We must also be very much concerned about uniform time delay,
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lor linear phase, over the entire video passhand. The color signal
iis very complex, and in order to preserve its wave shape faithfully,
iwe must make sure that all signal components arrive at the re-
‘ceiving end of the system with the same relative timing. This
can only be done if the phase versus frequency characteristic is
ﬂinear or if there’s uniform time delay through the system for
each and every frequency component.

We’re also concerned about minimum differential gain and
phase. We seldom talked about differential gain or phase in the
;early days of monochrome television, but they’re very important
in color for reasons that I think can best be made clear by con-
!sidering Figures 3 and 4. Figure 3 is a vector diagram illustrating
important characteristics of the subcarrier part of a color signal.
[As we noted earlier, the color subcarrier signal is formed by
amplitude modulating, in suppressed carrier fashion, two carriers
that are 90° apart in phase; the net result is the generation
of a signal whose amplitude and phase are both subject to varia-
tion. It’s common knowledge by now that the hue of a reproduced
picture is determined directly by the phase of the subcarrier part
of the signal. The saturation of each reproduced color is deter-
;rnined by the amplitude of the subcarrier signal. When anything
happens to reduce the relative amplitude of the subcarrier part
of the signal, the saturation will be decreased.

Keeping in mind that the subcarrier signal has a critical phase
as well as a significant amplitude, let us consider Fig. 4, which
$hows the waveform sketch for a monochrome signal, the sub-
';carrier part of the signal to be added to it, and the sum of both
signals. Although the sketch happens to show a signal generated
t:)y a color bar generator, it illustrates the general principle with
}l?vhich we are concerned. Note that the monochrome signal is
always somewhere bztween black level and reference white or
unity. The signal levels represent various shades of gray up and

TELEVISION SIGNAL ANALYSIS is a very
useful handbook compiled under the di-
rection of a Joint Committee of Television
Network Broadcasters and the Bell Tele-
phone System. it is published by the Long
Lines Department of the American Tele-
phone and Telegraph Company.

 Television Signal Angyy.;.
, © Analysjg

down the gray scale. The subcarrier signal shown at (B) in the
diagram is modulated in both amplitude and phase. While it’s
not possible to show phase modulation realistically on a wave-
form sketch of this sort, you must recognize that each color
interval is transmitted with a different phase position. The sketch
also shows the color synchronizing burst required for control of
the receiver oscillators which regenerate the carriers that are
needed to demodulate the chrominance information from the
complex modulated wave. It’s very significant that when the
subcarrier signal is added to the monochrome signal, the various
components which make up the modulated wave may be trans-
mitted in entirely different parts of the amplitude range. Some
of the color information, particularly that associated with the
bright colors such as yellow and cyan, is transmitted relatively
close to the white level, while some of the information is trans-
mitted relatively close to the black level. We must be sure that
the chrominance information is not distorted as a function of the
position it happens to occupy in the black-to-white amplitude
range. We want the same transmission conditions for the very
important subcarrier signal up near the white level as we find
down near the black level. If we find differences in amplification
or in phase shift, we have what can be called differential gain or
differential phase. Either effect can cause serious distortions to
the color signal.

Turning now to the subject of test signals, we are pleased to
recommend very highly the booklet entitled Television Signal
Analvysis, which we understand has been sent out by the Bell
Telephone System to virtually all chief engineers of television
stations throughout the country. This very useful handbook on
television signal analysis shows the most popular test signals
used by broadcasters and the networks for checking the perform-
ance characteristics of equipment that handles both monochrome
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FIG. 5.

and color signals. The manual is well illustrated with both kine-
scope photographs and waveform photographs which show both
normal signals and a wide variety of distorted signals resulting
from typical malfunctions or defects. Each of the signals I shall
comment upon in this talk, and which will be used by all speakers
in this program to illustrate their topics, is discussed in con-
siderable detail in Television Signal Analysis.

Figure 5 shows the so-called multi-burst signal, a waveform
which permits you to make a very rapid spot check of the fre-
quency response of any piece of television equipment. It’s enough
like a true television signal, with the usual sync and blanking
pulses provided, that it will pass through all standard TV trans-
mission gear with no modification of clamps or other special cir-
cuits. The signal is fairly straightforward. It begins with a white
pulse which gives you an opportunity to check the basic level or
response at the very low frequencies (effectively at line frequency
and the first several harmonics thereof). The signal then provides
a series of bursts or samples of various frequencies; these are
normally set at 0.5, 1.5, 2, 3, 3.6 and 4.2 megacycles. We under-
stand that some telephone company circuits are checked with a
slightly different group of frequencies, but those cited are used
by the networks and most local broadcasters. The equipment that
generates the multi-burst signal is usually adjustable within rea-
sonable limits, but there is obvious advantage in conforming to
a recognized standard for most routine tests. The multi-burst
signal is widely accepted as a useful test signal for spot checks
of frequency response.

Figure 6 shows the kinescope appearance of the so-called
“window” signal, which provides a patch of white on a black
background. Modern signal generators that provide this signal
also provide a secondary line off to the right in the kinescope
display; this is the kinescope display of a sine-squared pulse. The
sine-squared pulse is actually more useful on a waveform monitor
than on a kinescope screen, but there is no particular problem
in combining it with the window and making one signal do double
duty. The combined signal is extremely useful for checking
transient response at both low and high frequencies. A transient
response test is actually a slightly indirect way of measuring
time delay or a phase-versus-frequency characteristic. A transient
response test permits you to examine an effect rather than a
cause, but direct phase measurements are normally so difficult
that transient tests are usually recognized as one of the easiest
ways to accomplish the objective,
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The window display on the picture tube is very useful for
detecting cases of streaking or certain other gross defects that
|are quite apparent when you look at the display and fail to see
la clear white window on a black background. The signal is also
useful on a waveform monitor, where it can be examined on
iseveral different time scales. For example, Fig. 7 shows the verti-
ical-rate display for the window signal. What you see is essentially
:a 60 cycle square wave, nicely fitted up with sync and blanking
ipulses so that it will go through all standard television facilities.
This signal provides a very sensitive test for tilt at the very low
frequencies; in other words, it provides a good test of the low
frequency response of a TV system. On the horizontal time scale,
tas shown in Fig. 8, you can get a good view of the effects of
disturbances in the vicinity of the line frequency or the mid-band
region; such disturbances cause tilt, rounding, or other distortions
in the wide pulse corresponding to the window. To the right of
the broad pulse, you see a narrow spike corresponding to the sine-
square pulse. One point that usually is of some significance is the
absolute height of this pulse. If the frequency response of a cir-
cuit under test has rolled off significantly, chances are this spike
no longer reaches the same level as the window. Still more useful
information can be gleaned from the sine-squared pulse by
expanding it horizontally on the waveform monitor to yield the
type of display shown in Fig. 9. Mr. Gronberg will give you a
little more information about the derivation of the sine-squared
pulse, but we should note here that it is essentially a transient-
test signal with a predetermined energy spectrum. The pulse most
commonly used is 0.125 microsecond wide at the 6 db points, and
has an energy spectrum that closely matches that of typical tele-
vision picture signals. This sine-squared pulse should pass through
most studio systems with no apparent distortion, although you
should expect some distortion in network lines and other band-

FIG. 10

FIG. 11

limited devices or circuits. The sine-squared pulse permits you to
detect both frequency response problems and, more importantly,
phase response problems at the high end of the video band. Any
time you get pronounced ringing effects or asymetrical transients
of any sort as in the bottom view of Fig. 9, you have clear
evidence of a phase or envelope delay problem in your system.
Some of these effects will be discussed in later sections as we get
into the program.

Figure 10 shows the so-called “stair-step” signal, which gives
you a means of checking the linearity of a transmission system.
Simple stair-step signals have been used for quite a number of
years as a means of checking compression in amplifiers; distor-
tion can be detected by noting whether or not the steps are
squeezed at either the white or the black end of the scale. A more
advanced signal for checking color transmission facilities can be
formed, as shown in Fig. 11, by superimposing a subcarrier signal
on top of the staircase. In the receiving equipment used for dif-
ferential gain and phase tests employing this signal, arrangements
are made for filtering off the subcarrier component only, so that
it can be examined for any possible disturbance resulting from
the fact that the subcarrier was transmitted at various levels all
the way up through the gray scale. If you have no distortion, you
should see a clean envelope for the subcarrier signal. If you have
a case of white compression, for example, you would expect the
level of this signal to drop off toward the end of each horizontal
interval. The receiving equipment used with this signal also per-
mits you to make phase measurements of each individual section
of this subcarrier signal to measure differential phase.

I hope that this preliminary review helps to clarify in your
mind the basic problems involved in the transmission of color
television signals, and the objectives of the several test signals
commonly used for testing practical facilities.
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Part Il:

Network Color Transmission

How to Monitor and Use the Test Signals

by HOWARD C. GRONBERG
Manager, TV Network Transmission
National Broadcasting Company, New York

All of us have a common goal-—namely, to see that TV shows,
particularly those in color, reach the home viewers in the best
possible condition. I am going to talk specifically about network
transmission and, in general terms, about what we can do to
maintain quality from the time the video signal leaves the TV
Master Control Room until it has been radiated from the TV
transmitter.

There are three general areas of responsibility for seeing that
on-the-air color is good. First, the origination point; second, net-
work transmission; and third, the local stations airing the pro-
gram. No matter how good the program is originated, color can
be harmed or even ruined by either the network facilities or the
local TV station.

In the past, most complaints have blamed either the Telephone
Company or the video tape machines. The Telephone Company
has slowly but surely improved its network transmission. The
networks have greatly improved the average quality of the video
tapes.

Recent experiences indicate that many stations have not kept
their TV plants up-to-date and are in need of newer equipment,
more test equipment, and better routine maintenance.

It is very fortunate that many types of signal distortions do
not always add. In many instances, on both network facilities and
in broadcasters equipment, there is considerable cancellation.
Otherwise, the handling of color signals by the Bell System and
the TV stations would be much more difficult.

A few stations watch the network test signals and send in
waveform photos on a regular basis. Other stations observe the
signals on a hit-or-miss basis, while the remaining stations don’t
bother to look at the test signals. These latter stations are prone
to complain of bad off-the-air pictures when they don’t know
whether the trouble is at the pickup, in network transmission, or
in their station. They seem surprised when we ask them how the
network test signals look.

To keep color degradation to a minimum, it is a must that
video test signals be used on a regular basis. We cannot emphasize
too strongly that stations must—

1. Monitor the weekly network tests and take waveform photos
when trouble is noted.

2. Check the keyed-in test signals at least once a day. Preferably,
this should be done at the output of the TV transmitter, as
well as at the control rooms.

3. Make regular routine checks of their TV plants.

Network Test Signals

The three test signals most commonly used by the networks
and the TV stations for local testing are the well known multi-
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burst, stairstep, and window signals. There are a number of
varieties of each signal to meet specific applications. As an ex-
ample, the keyed-in test signals do not have vertical components
as they occupy only one or two lines per field. The window signal
may or may not be accompanied by a sine-squared pulse.

The only signal which may warrant a brief discussion is the
sine-squared signal (Slide No. 1).

It consists of a standard white
window and a pulse, both of which have sine-squared edges. The
white window is primarily used for streaking tests and the pulse
for ringing tests.

The window portion of the signal has a much slower rise-
time than the pulse and usually contains no information beyond
4.0 mc. Therefore, it is an easy signal to transmit from a
ringing standpoint.

The sine-squared pulse may be thought of as a single sine wave
with the base line moved to the bottom. The next two slides

illustrate this quite graphically. (Slide No. 2) A single cycle is
indicated by the heavier trace.

DOTS=0.125 S
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(Slide No. 3) This slide shows
the same cycle with the base line moved to the bottom.

0.125 1S

L

Although a sine-squared pulse could be produced this way, it is
not practical from a design standpoint. Actually, it is produced by
‘using a very narrow pulse which is widened and shaped by filters.
‘Thus, one pulse and three sets of filters provide the ¥4, 18, /1
microsecond pulses.

The energy contained in the 4 microsecond pulse is 6.0 db
|down at 4.0 mc and doesn’t reach zero until 8.0 mc. Due to the
jenergy between 5.0 and 8.0 mc, some distortion to the pulse will
|be experienced on all network circuits and is to be expected. In
;other words, the network stations should expect to see some
lirregularity before or after the pulse.

The fourth signal which is becoming increasingly important is
the color bar signal. This signal is quite helpful since it can be
viewed on a color monitor or displayed on a vectorscope. As more
and more stations originate color and therefore obtain vector-
scopes, this signal will allow them to quickly check the hues and
saturation of the incoming color bar signal from the network.

Test Signal Impairments

The multiburst signal leaves New York looking like this (Slide
No. 4) and should not be overpeaked arriving at your control
rooms. However, if it is rolled off not more than 10 IRE units,
it is within commonly accepted limits. By 10 IRE units, I mean
the 4.0 mc burst should not be less than 80 IRE units when the
0.5 mc burst is 90 units and the white bar is 100 units. (Slide
No. 5)

A condition which is not acceptable is shown by slide (No. 6).
Although the high-frequency response as shown here is relatively
flat, the level of the white bar indicates that there is a mismatch
between the low frequencies and high frequencies. Another un-
acceptable condition is shown by this slide (No. 7) which illus-
trates an hour-glass response. There are two main objections to
this type of response: (1) it accentuates ringing, and (2) it
“softens” the monochrome rendition of color receivers.
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The stairstep signal leaves New York looking like this during
the regular test periods (Slide No. 8)

and like this when it is
keyed in during vertical blanking (Slide No. 9).

The actual
stairs start late in this signal so the 3.5 mc sinewaves can start
at the blanking level and still not interfere with the backporch
burst during color shows (Slide No. 10).
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Taking waveform photos of the keyed-in test signals is no
problem when using a CRO with a line selector, although it does
take a little practice. However, photographing the keyed-in
stairstep signal after it has gone through a high pass filter is
another matter. One method which works fairly well is to use the
sync output from a TA-9 stab amp and drive the CRO externally.

The stairstep signal has two important purposes: (1) to show
differential gain which actually is nothing but a measurement
of high-frequency gain measured in small increments between
the blanking level and white level, and (2) the measurement of dif-
ferential phase which actually is a measurement of hue shift in
small increments between blanking level and white level.

Differential gain can be measured several different ways. The
easiest way is to feed the received signals through a high pass
filter and view it on a CRO. This slide (No. 11) shows the signal
as it leaves New York as viewed through a high pass filter.

Ten per cent differential gain is shown by the next slide (No.
12). That is, 5 per cent at top, plus 5 per cent at bottom.

We attempt to keep the 2,300-mile video round robin at less
than ten per cent. However, where a station on a leg receives
network service over several circuit sections, a more practical
limitation is fifteen per cent.



Differential phase is very important and must be kept to a low
value if color is to be handled satisfactorily. We believe acceptable
limits for network transmission are 4.0 degrees for stations oun
the video round robin and not more than 5.0 degrees for the
remaining stations. Properly maintained, local video circuits will
normally have less than 1.0 degree. These tolerances are for
measurement made at the output of the Telco equipment.

Two manufacturers have recently introduced small transistor-
ized units to measure differential phase. They are the Riker In-
dustries (Model 970) and Telemets (Telechrome Model 3701-
Al). It is probable that both units are transistorized versions of
t}he original Telechrome 1004-B test receiver which has been a

very good unit.

The sine-squared signal leaves New York as shown by the
next slide (No. 13). Please note that the corners of window look
fairly square.

However, when the left side of the window is blown up, it ap-
pears slightly rounded and looks like a sine-wave (Slide No. 14).

Thus, overshoots do not normally leave the control room. Since
there is no energy in the edges of the window signal above 4.0 mc,
any appreciable ringing occurring at the top left corner means
there is in-band trouble and should be reported.

The next slide (No. 15) shows a blow-up of the sine-square
pulse. It has little if any overshoots.

As viewed in your control rooms, the top of the window should
be flat and not have excessively rounded corners. The sine-square
pulse should not have excessive undershoots or overshoots.

This slide (No. 16) shows the video round robin under aver-
age circumstances. The streaking as shown by the rounding of the
corners can be more easily seen and photographed if the CRO is
set on the IRE roll-off position. Note that the top left corner
of the window is almost square but that there is some rounding
of the bottom right corner. This is considered to be the present
state of the art.
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This slide (No. 17) shows moderate streaking.

while this slide (No. 18) shows heavy streaking.

Both of these
are excessive and indicate trouble. The slides we have just shown
represent positive streaking (excessive lows). The next two slides
are just the reverse of the last two slides and show negative
streaking. (Slide Nos. 19 and 20.)
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Don’t forget your incoming local video loop. If you have long
streaking or amy length negative streaking, the chances are it is
due to your local video loop.

Tolerances for ringing can be more easily defined than streak-
ing. With the advent of the sine-squared pulse with its known
rise time, we have been given a signal which gives reproducible
results. The left side of the next slide (No. 21) shows the pulse
as it leaves New York, and the right side shows the same pulse as
it returns to New York after a trip arond the video round robin.

The easiest way to measure the pulse distortion is to adjust
the CRO vertical gain and centering until the pulse is between
zero and 100 on the IRE scale (Slide No. 22). Then adjust
vertical centering until the most negative excursion is at zero
and measure the top of the most positive excursion. The measure-
ment will then be in per cent. (Slide No. 23). Photos taken for
submission to Telco or your network representative should be
centered as in Slide No. 22.

For this method of measurement, a tentative value of 20 per
cent was adopted by NBC on April 1, 1961, and has proved to
be a stiff tolerance for even stations fed from the backbone
circuits. However, it can be met! Due to work under way by the
Bell System, it is expected