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When you're in command of a Riker switcher; 
you've got the video right where you want it. 

Under control. You can select or mix your 
video sources with new ease and flexibility. 

A button. A dial. A lever. And video things 
happen. Like additive/nonadditive mixing. 
Special effects by the score. Film control/tape 
start -stop. Automatic double re-entry. 
And lots more. 

High performance in differential phase, gain 
and frequency response ensure excellent picture 
quality. Switching speeds in the nanosecond 
range during the vertical interval result in 

smooth, invisible transitions. 

If you're interested in building the switching 
and quality control capabilities of your station, 
write or call Riker-the one company in the -V 
broadcast industry offering a complete line of 
all solid-state instrumentation for video 
analysis, simulation and control. 

no other 
switcher lets 
you do so much 
with your video 

1tfl :_11 r 

PRODUCTS FOR VIDEO ANALYSIS, SIMULATION & CONTROL 

RIKER VIDEO INDUSTRIES, INC. 100 Parkway Drive South, Hauppauge, Long Island, N.Y. 11787 (516) 483-5200 
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AUTO 
ON 

OFF CHROMA DETECTOR 

DROPOUT 
ON SENS TIME COLOR 

What KTTV, Los Angeles, says about Cohu's 
new chroma detector ..."The Cohu chroma 
detector enables us to run the highest quality 
monochrome film on a color chain, eliminating 
the need for duplicate equipment. This means 
color and monochrome film can be interspliced 
without concern." 

COLOR -FREE B/W TRANSMISSION AUTOMATICALLY 
The 2610/2620 Series chroma detector 
detects the transition between color and 
monochrome information and automatic- 
ally removes all discernible chrominance 
from the encoder output. Modular, solid - 

For more information, contact 
your nearest Cohu engineering 
representative, or call Bob 
Boulio direct at 714-277-6700 
in San Diego. 

state, plug-in, this new accessory operates 
with the 9800 Series color video encoder. 
Available only from Cohu. 

ELECTRONICS.INC 
SAN DIEGO DIVISION 
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Look what 
your cameras 
can do with 
display units like this 
CBS Laboratories' Digital Display Units are part of 
a low cost, compact system that works daily wonders in any size TV studio! 

NOMINEE 

NOMINEE 

30,127 
26,480 5 3% 

ELECTIONS-No contest. 
These modular units were designed specifically for TV use to 
give optimum clarity up to 70 feet - from any camera angle 
up to 145 degrees. 

TEMP 

72° 
WIND 

NE 15 

FORECAST 

FAIR 
WEATHER-Cool operation. 
Only 2.7 watts required per unit, with no power between post- 
ings. Glare -free even under the strongest lighting conditions. 

And all operated by one Controller that can handle 
192 units as many as 12 groups of 16 units each. 
This means up to 12 two -candidate election races; 
or runs, hits and errors for all major league teams; 
or 40 local stock issues plus volume and Dow Jones 
closing. A one-time investment for the professional 
way to take care of all your daily display needs. 

Our engineers will even design your system for you. 
Don't take our word for it. Write or call us collect 
(203) 327-2000, and let us show you. 

DOW JONES 

VOLUME 

866.47 
9,564,500 

STOCK REPORTS-Excellent for the long pull. 
Rugged electro -mechanical operation is fool -proof and built to 
last. No bulb burn -out or the other problems of rear -illuminated 
displays. 

METS 

CUBS 

10 
4 

CLEVE 

TWINS 

6 

12 
SPORTS-An easy set-up. 
Just stack these units in a flat to suit any requirement. Custom 
designed matrix wiring also available for complete flexibility. 

PROFESSIONAL 

^f PRODUCTS 

N 
LABORATORIES 

" Stamford, Connecticut. A Division of 
Columbia Broadcasting System, Inc. 
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Multiple choice - 
every one 
a right answer! 
Bauer's line of 
audio consoles 
There's a compact Bauer console that's 
right for any audio operation, simple or 
complex. Each console is self-contained 
and highly versatile, for speed and ac- 
curacy in cueing, monitoring, mixing and 
programming. Each is of typical Bauer 
high quality and reasonably priced. 
Model 915-for the remote TV truck; 
8 -microphone versatility with multiple in- 
puts for turntables, tape units, projectors. 
Model 912S - for 5 -channel stereo in 
studio production and control rooms. 
Handles tape prerecording, remote inter- 
views, panel shows, commercial ETs, ID 
spots, etc. As on -the -air console, gives 
fast, precise control over 13 inputs. 
Model 912 -a 5 -mixer model for produc- 
tion preprogramming in studio or on re- 
mote location; excellent primary, on -the - 
air unit for smaller stations. 
Model 9105 -8 -mixer stereo console with 
all the inputs and controls needed by any 
station, AM or FM, large or small. 
Model 910D - dual unit, easily handles 
two programs simultaneously; 8 mixing 
channels and more useful features than 
most consoles twice its size 

Let a Bauer add new dimensions to your 
audio capabilities: modern, high-speed 
control, versatility, simplicity, and con- 
venience. Write to us for full technical in- 
forma tion 

Bauer 
ELECTRONICS CORPORATION 
1601 California Ave. 
Palo Alto, California 94304 

COMPANY 

ENGINEERS' 

EXCHANGE ---- - --- 
Aid to Optical Alignment 
Recently, we installed a color film 

chain which employed one color 
camera, one monochrome camera, 
one slide projector, two 16 -mm film 
projectors, and a universal multi- 
plexer to mix the various units. The 
problem we encountered was de- 
termining what to use as a reference 
for positioning all the optical ele- 
ments on the same plane. Installa- 
tion instructions specify measure- 
ment from the floor, but our floor 
wasn't level. Even if the floor is 
level, how does one measure to the 
center of the optical elements? 

To solve this problem, we devised 
a simple alignment method. The 
equipment needed is a container 
(quart jar or equivalent) and some 
clear tubing (transparent enough to 
see a water level through) long 
enough to reach all of the optical 
elements to be aligned. The pro- 
cedure is as follows. First, establish 
a reference point; one of the optical 
elements is fine (we chose the mir- 
rors in the multiplexer). The con- 
tainer should be positioned so that 
its center is on approximately the 
same level as the reference point. 
Place one end of the tubing in the 
container, and tape it so the end 
is near the bottom of the container. 
Add water to the jar, and start a 

siphon in the tubing to clear it of 
air. Once the siphon has started, 
raise the free end of the tubing so 
that no more water runs out. The 
water level should now be stationary 
at some point in the tubing. Hold 
the free end of the tubing next to 
the reference point and add or re- 
move water from the container un- 
til the liquid level is the same as the 
level of the reference point. To level 
the remaining elements, move the 
free end of the tubing from one to 
another, setting the element to the 
water level. The only precaution is 
not to spill any water while moving 
the tubing from one position to 
another. This system can be used 
any time you need to level some- 
thing of unusual shape or dimension. 

-1) Khalil Jones 

REFERENCE POINT 

CONTAINER 

About 

Broadcast Engineering 
reehnI.al: 

.o!ethe brooJco , 

the Cover 

Beginning with the U. S. Open Golf 
Tournament over ABC-TV, the blimp 
views in major network sports and 
news events are being televised with 
this GE live color camera, purchased 
by The Goodyear Tire & Rubber Co. 
for use in both its blimps, "Columbia" 
and "Mayflower." Previously, cameras 
were supplied by the networks. The 
entire system, including camera head. 
rack equipment, converter, and micro- 
wave gear, weighs approximately 500 
pounds; the only nonstandard item is 

a special rack made of aluminum in- 
stead of steel. The camera system can 
be installed or removed in about one 
hour, and it travels by truck between 
assignments. 

Circle Item 4 on Tech Data Card 
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PROGRAM 

SOLID 
-ST 

SWTERTICqL 
INTERVAL 

CHERS 

G 
AUTOMATIC SENSING FOR COMP/NON-COMP, SYNCHRONOUS/NON-SYNCHRONOUS 

OPERATIONS INTEGRATED CIRCUITS, WITH INDEPENDENT POWER AND TRIGGER 

PULSE SUPPLY FOR EACH BUSS EIGHT STANDARD MODELS OR CUSTOM DESIGNS 

ENGINEERED FOR STUDIO PRODUCTION, OR AUTOMATIC PROGRAMMING SHORT 

TERM DELIVERY MOST COMPACT SWITCHERS AVAILABLE 

WARD ELECTRONIC INDUSTRIES 
142 CENTRAL AVE., CLARK, NEW JERSEY 07066 (201) 382-3700 
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Disney's 
Magic World of Sound... 

from Altec. 

The magic that is Disney is not just a pat formula. It is a 

form of perfectionism that pervades everything which 
carries the Disney name. Certainly, there's a Disney 

look, But just as certainly there's a Disney sound. And 
that's where we come in. 

For example, the new control console at the Disney 

Studio's orchestra stage is made up of 29 Altec slide - 
wire attenuators, 7 rotaries, and one 4 -gang master. 

The works are powered by rack -mounted banks of 

Altec amplifiers. Monitoring in the control room is 

done in a big way-with three giant Altec A4 "Voice 
of the Theatre® systems butted together in a single 
plane of the most powerful, pure sound you can get. 

The stage itself uses three more A4's for monitoring, 
re-recording, and playback. (That's one good way to 
keep the musicians happy.) Eight caster -mounted A7 

"Voice of the Theatre® systems are mobile, may be 

moved where and as needed. 

And that's not all. On the back lot Altec PA equip- 
ment provides the paging. Dialog stages at the Studios 

also use A4's, with Altec's space -saving 844A Monitor 
Speaker Systems in the compact transfer room. The 
list could go on, but the point is made. 

So who listens when Altec Lansing sounds off at 
Disney? Everybody, that's who. And if you understand 

the remarkable expertise of Disney sound engineers, 

perhaps you should listen too. Let's hear from you. 

ALTEC LANSING, A Division of 

L,Yzr \ Ling Altec, Inc., Anaheim, I 

California 92803 J 
ALTEC 
LANSING, 

Circle Item 6 on Tech Data Card 
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Vital News in 

Switching! 
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Vital Industries, Inc. has taken the custom cost and complications out of custom switching. 

A unique combination of mechanical and electrical packaging has yielded exceptionally high 

performance and specifications in the VIX-108 vertical interval switching system. 

FEATURES: 

All solid state with integrated circuits including crosspoints 
and control circuits. 

Complete basic package 18 in by 6 out system complete with 
power supply control circuitry, in 51/4" rack space. UHF 
Connectors. 

Production or routing switcher. Any size. 

Vertical interval or random switch in less than 0.1 micro- 
second. 

Auto sync add for comp/non comp operation. Auto inhibit 
ron synchronous mix. 

Custom built with any kind of control buttons or panels. All 
state of the art accessories also furnished by Vital Indus- 
tries, Inc. 

GOOD ENGINEERING IS VITAL 

SPECIFICATIONS for one typical 18 in 6 out system: 

Exceptional isolation between crosspoints ... 65 DB down 
at 4 Mhz. 

Differential phase through the system . . . Less than 0.1 
degree at 1 volt output. 

Differential gain ... less than 0.1 percent at 1 volt output. 

Frequency response . Flat within 0.1 db from 10 Hz to 
10 Mhz under all conditions. 

Tilt ... Less than 0.5% over 1 field. 

K factor less than 1%. 

Selecting the right switcher is Vital 

Write for complete information and specifications. 

VITAL INDUSTRIES, INC. 

December, 1967 

3 6 1 4 SOUTHWEST ARCHER ROAD 
GAINESVILLE. FLORIDA 32601 - PHONE 19041 378-1581 

Circle Item 7 on Tech Data Card 

9 



Harvey's is selling stuf 
you may not know emsts. 

There's an information gap in the broadcast and recording 
fields today. Sometimes we find ourselves distributing an exciting 
new product that many professionals don't even know exists. 

For example, did you know that there's a new 
boom headset with built-in microphone 
that's so light you can actually forget you're wearing it? 
It can pick up two different signals at once. It's 
interchangeable with any standard boom headset. And if 
you want one now, Harvey's is the only place you can get it. 

Also, there's now a complete console mike 
channel so small, you can hold it in your hand. Yet it 
includes a fader, program equalizer, line -mike switch 
with input pad, reverb-send channel and pre- and post - 
echo switch. With a few of them you can put together a 
complete console in a couple of days instead of months. 
It's revolutionary-yet, just about the only people who know of it 
are Harvey customers. Because just about the only place you can 
get it is Harvey's. 

There's much more that's new. We have several new 
low-cost microphones that sound just as good as the most 
expensive mikes of a few years ago. 

And so on. And so on. 
Harvey's is in the habit of finding new equipment and 

distributing it before anyone else does. Often before anyone 
else knows about it, in fact. That's why almost every major 
sound studio and radio station already deals with Harvey's. 

Help us close the information gap in the broadcast and 
recording fields. Call or write Harvey's regularly. 

Open an account, if you want, and we'll start sending 
you our newsletter. 

You don't necessarily have to buy anything. 
We'll just feel a lot better if you, at least, know what exists. 

HarveyRadio Co., Inc. 
Professional A/VDivision, 2 West 45th St., New York, N.Y. 10036 (212) JU 2-1500 

Circle Item 8 on Tech Data Card 
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There's 
a change 

in our 
name... 

SUPERIOR CABLE CORPORATION 
is now 

SUPERIO 
1 N A 

ONE ENE 

I/Telephone 

t RPORATION 
Wire and Cable 

TV Systems Cables and Connectors 

Signal and Control Cable 

Cable Pressurization Equipment 
Panel Phone Pay Stations 

Buried Plant Housings 
Electronic Distribution Systems 

Station Apparatus, Loading Coils, Accessories 

Recording Traffic Analyzers 

Pre -pay Pay Station Adapters 
Cable Locators 

To serve you better and faster direct all inquiries and 

orders for services and manufactured products to 

SUPERIOR SALES and SERVICE DIVISION 

P. 0. Box 2327 Hickory, North Carolina 28601 
Phone 704/328-2171 

SUPERIOR 
CONTINENTAL 

CORPORATION 

Marketing Division: Superior Sales and Service Division, Hickory, N. C. 

Manufacturing Divisions: Superior Cable Division, Hickory, N. C. 

Systems Equipment Division, Hickory, N. C. 

Electronics Division, Euless, Texas 

Communications Apparatus Co., Melrose Park, Ill. 
Universal Controls Co., Dallas, Texas 

Research and Development: Engineering and Research Center, Hickory, N. C. 

Continental Telephone Laboratory, St. Louis, Mo. 

December, 1967 
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COLOR -TV BASICS 

-MAKE-UP OF THE 

COLOR PICTURE SIGNAL 

As has been shown in the first two parts of this 
series, the color picture signal consists of a luminance 
signal and a chrominance signal. The make-up of 
these two signals at the transmitter will be discussed 
in this, the concluding part of the series. 

Shown in Fig. l is a simplified drawing of the 
basic components of a tricolor camera which employs 
three camera tubes and two dichroic mirrors for the 
separation of light. One of the camera tubes receives 
only the light frequencies corresponding to the color 
red and is called the red camera tube. Similarly, the 
other two tubes are designated the blue and green 
camera tubes. 

To illustrate the operation, assume the color camera 
is focused on a scene. All the light frequencies pass 
through the objective lens, which is mounted on the 
turret, and through a pair of relay lenses to the dichroic 
mirrors. Each of these mirrors permits all the light 
frequencies of the spectrum to pass except those of the 
primary color which it is designed to reflect. By this 
means, light received from the scene can be separated 
into the three primary colors. 

Through correct placement, only two dichroic mir- 
rors are needed in the color camera. The blue dichroic 
mirror is positioned at a point indicated by A on the 
diagram. When light arrives at this point, all the light 
frequencies except those representing the color blue 
are passed through the mirror; the frequencies repre- 
senting the blue portion of the spectrum are reflected. 
The tilt angle of the mirror at point A is such that the 
blue light is reflected to a front -surface mirror at 
point C, and then onto the face of the blue camera tube. 

The light that was passed by the dichroic mirror at 
point A goes on to the red dichroic mirror at point 

ON E LENS 

ON FRONT -SURFACE MIRROR TURRET 

RELAY LENSES 

D 

A 

rDICHROIC 
MIRRORS 

C 

FRONT-SURFACE MIRROR 

CAMERA TUBES 

CAMERA TUBES 

Fig. 1. Dichroic mirrors separate red, green, and blue. 

The color signals must be combined in specified 
proportions to produce the transmitted signal 
required by the color system. Conclusion 
of a three-part series. 

B. This mirror is designed to pass all the light fre- 
quencies except those which represent red. The red 
light is reflected to a front -surface mirror at point D 
and then to the face of the red camera tube. 

Both the blue and the red portions of the incoming 
light have been removed, and only the green portion 
remains. This is allowed to fall directly on the face of 
the green camera tube. 

At the output of the color camera, there are three 
voltages which are representative of the three colors. 
These voltages are designated as E,t, EG, and E for 
red, green, and blue, respectively. From these voltages, 
the luminance and chrominance signals may be formed. 

Luminance Signal 

The luminance signal is the portion of the color 
picture signal utilized by monochrome receivers. For 
this reason, the luminance signal must represent the 
scene only according to its brightness. It is very similar 
to the video signal specified for standard monochrome 
transmission. 

There are two types of color cameras in general use 
for broadcasting. In some models, a fourth pickup tube 
is used to generate the luminance signal. Other manu- 
facturers have elected to use only three tubes, and to 
produce the luminance signal from a combination of 
the red, green, and blue signals. However, this mixing 
must be done in the proper proportions. 

The luminosity responses of the eye to the three 
primary colors were considered when the specifications 
for the luminance signal were made. When red, green, 
and blue lights of equal intensity are superimposed, 
white light will be produced. When they are separated, 
the green light will appear to the average observer al- 
most twice as bright as the red and from five to six 
times as bright as the blue. The red light will appear 
from two to three times as bright as the blue light. Thus 
the eye is most sensitive to green, less sensitive to red, 
and least sensitive to blue. (This effect was described 
in the first part of this series [October 1967 BROADCAST 

ENGINEERING], On colorimetry.) 
The specifications for the luminance signal take into 

consideration the foregoing response characteristics of 
the eye. Definite proportions of each of the color sig- 
nals from the camera are used to form the luminance 
signal. These proportions are: 59 per cent of the green 
signal, 30 per cent of the red signal, and 11 per cent 
of the blue signal. 

12 BROADCAST ENGINEERING 



The luminance signal is frequently called the Y sig- 
nal, and its voltage is designated as E. . From the dis- 
cussion above, it can be seen that the equation for E, - 
may be expressed as: 

E, = .30ER + .59E0 + .11E. (1) 

where, 

ER = the voltage of the red signal, 
EG = the voltage of the green signal, and 
ER = the voltage of the blue signal. 

The drawing in Fig. 2A illustrates the manner in 

which the luminance signal is formed. The scene to be 
televised consists of a card which has four vertical bars. 
The camera is adjusted so that each of the three color 
signals is one volt when the white bar is being scanned. 
In accordance with equation 1, the luminance signal 
will also be one volt at this time; consequently, a bright 
white bar would be produced on the screen of a mono- 
chrome receiver tuned to this signal. 

When the red bar is being scanned, the blue and 
green color signals go to zero and the red signal remains 
at one volt. According to the equation, the luminance 
signal drops to .30 volt. A gray bar would appear on 
the screen of the monochrome receiver when this red 
bar is scanned. The green signal will be one volt and 
the blue and red signals will be zero when the green 
bar is scanned. The luminance signal will have a value 
of .59 volt and will produce a light gray bar on the 
screen of the monochrome receiver. Scanning of the 
blue bar will cause the blue signal to equal one volt 
and the voltages of the red and green signals to equal 
zero. The luminance signal will be .11 volt, and a dark 
gray bar will appear on the screen of the monochrome 
receiver. 

Chrominance Signal 

The chrominance signal must represent only the 
colors of a scene; therefore the luminance voltage is 

subtracted from each of the three output voltages of 
the color camera. As shown in Fig. 2B, this can be 

done by inverting the polarity of the luminance signal 
and then combining the resultant signal with each of 
the three camera signals. This results in three color - 
difference signals, ER - E,, EG - E,, and E -E. 
If the expression for E, given in equation 1 is sub- 
stituted for E,, an expression for each color -difference 
signal can be obtained in terms of the signals for the 
three primary colors. As an example, consider voltage 

ER -E. 
Since 

E, = .30 ER + .59EG + .11E13, 

ER - E,- = E,t - (.30ER + .59E0 + .11EB) 

= E,¿ - .30E - .59E0 - .1 1 E,3 

E,t - E, = .70ER - .59E0 - .11E3. (2) 

Similarly, 

EG - E, = .41 EG - .30ER - .1 1 EB, (3) 

December, 1967 

CAMERA TUBES 

A 

LUMINANCE SIGNAL 

WHITE 

\R`EGREEN U 1 BLUE 

BOR - .2Bf, - .321 

TO 

MODULATORS 

Q. 21R-.520*31B 

Q..48 02-11..4118-Y1 

B -Y MATRIX 

Fig. 2. Signals must be combined in specific proportions. 

and 

E - E,, = .89E,, - .59EG - .30ER. (4) 

The equations for each of the color -difference sig- 
nals may also be obtained graphically. Refer to Fig. 2, 

and note that when the red bar is scanned, one volt of 
red signal is applied to the R -Y matrix. The lumi- 
nance signal at the same time is .30 volt. Since this volt- 
age is applied to the R -Y matrix through a polarity 
inverter, the value of the minus Y signal is - .30 volt. 
The combination of voltages fed to the R -Y matrix 
forms the R -Y signal, and during the scanning time 
of the red bar, the R - Y signal amplitude is 1.0 

minus .30 (or .70 volt). Note that this value conforms 
with the coefficient of E,¿ in equation 2. 

When the green bar is scanned, the voltage of the 
red signal is zero, and the luminance signal becomes 
.59 volt. The output of the R -Y matrix at the same 
time would be a combination of zero and - .59 (or 
- .59 volt) . Note that this value agrees with the coeffi- 
cient for EG shown in equation 2. 

When the blue bar is scanned, the voltage of the red 
signal is zero, and the minus Y signal is -.11 volt. 
These voltages are combined in the R - Y matrix, 
and the output voltage is -.11 volt. This is the coef- 
ficient of E in equation 2. The coefficients for the 
voltages of the color signals in equations 3 and 4 may 
be obtained in a similar manner. 

It is interesting to note that when the white bar is 

scanned, the voltages of the color -difference signals are 
equal to zero (because for white ER = EG = E). It 
may be recalled from the discussion on divided -carrier 
modulation in Part 2 that, when both of the two modu- 
lating signals have zero voltage, the outputs of the 
balanced modulators also become zero. Thus, during 
the time that the color camera scans the white portions 
of a scene, no chrominance signal is developed, and 
these portions are represented only by the luminance 
signal. 

The same condition is true for any value of gray. 
Consider that the brightness of the white bar has been 
reduced by 50 percent. The voltage of each of the three 
signals at the output of the color camera would equal 
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You can do it easily...with a 

TREISE COLOR PROCESSOR 

Now that big tf-ings are happening in network 
cobr, the logica next step for your station is tc 
-iln your local news in color. You'll gain added 
interest from your community ... enhance your 
value to advertisers ... and brighten your profit 
picture. Treise makes it possible by offering you 
a fully automatic, professional quality processor 
that will have your local news "on the air" in 

color within minutes after the exposed film is 
loaded in the processor. This compact, self- 
contained unit can be operated in a 17' x 9' area, 
requires only simple plumbing and electric plug- 
in, and is so foolproof, anyone can run it! 

Check these features: Warms up in only 20 minutes 
(instead of the usual 2 to 3 hours) stays on tem- 
perature automatically only processor in its price 
range that meets or exceeds all Kodak color require- 
ments even provides 50% additional first - 
developer time to permit full utilization of new EF 

Ektachrome film operates up to 40 fpm (the ideal 
speed for most TV station needs). Want more data? 

Write for free catalogs on Model MTV -.30 r illusl and Model MT -20 (up to 
70 fpni I plus our full line of color and P&U' processors and accessories. 

REISE ENGINEERING, INC. 
1941 First Street San Fernando, California Phone (213) 365-3124 
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.5 volt. The voltage of the luminance signal would be 
the sum of .15, .295, and .055 (or .5 volt), and the 
voltages of the color -difference signals would still be 
zero. The bar would be entirely represented by the 
luminance signal, but its amplitude would be only 50 
per cent of the amplitude produced when the camera 
scans reference white. A monochrome receiver tuned 
to this signal would reproduce a value of gray which 
would be halfway between white and black. 

It has been stated that only two signals are used to 
modulate the color subcarrier. These two signals must 
represent the colors denoted by the three color -differ- 
ence signals. It was found that a signal equivalent to 
EG - E, could be reproduced in the color receiver by 
combining specific proportions of ER - E,. and ER - 
E,.; therefore, EG - E, is not actually transmitted as 
such. The combination of -.51 (ER - E,) and - .19 
(E - E,-) will produce a signal equivalent to EG - Ey. 
(The negative coefficients for these two quantities des- 
ignate specific amplitudes of signals having negative 
polarities.) Thus: 

EG - E, _ -.51 (ER - E,) - .19 (E13 - Er). 

The mathematical proof for this equation is as fol- 
lows: From equations 2 and 4, 

E,3 - E, = .70ER - .59EG - .11E., 

and 

E. - Ey = .89EB - .59EG - .30ER. 

Substituting these quantities in the equation being 
proved gives 

EG - Ey = -.51 (.70ER - .59E0 - .11E13) 
-.19 (.89EB - .59EG - .30ER) 

= .41EG - .30ER - .11E13. 

The value .41EG also can be expressed as EG - .59EG. 
Therefore, 

EG - E, = EG - .59E0 - .30ER - .11 ER 

= EG - (.30ER + .59EG + .11E0) 

=EG-E,. 
The two signals used to modulate the color subcarrier 

are called the I and Q signals. As shown in Fig. 2B, 
these two signals are formed by combining specific 
proportions of ER - Ey and E. - E. This is done 
because a more faithful reproduction of colors can be 
obtained. 

Shown in Fig. 3 are the chromaticity diagram and 
the NTSC triangle. The axes for the color -difference 
signals and the I and Q signals can be seen. Although 
it is not apparent in the two-dimensional drawing in 
Fig. 3, if these axes were observed on a three-dimen- 
sional representation, they would have a right-angle 
relationship. That is, the R -Y and B -Y axes are 
actually prependicular to each other, as are the I and 
Q axes. Along the axes of the color -difference signals 
are the colors that are represented by these signals. 
Colors from red to bluish -green are depicted along the 
R - Y axis, and colors from blue to greenish -yellow 
are depicted along the B -Y axis. 

Colors from orange to cyan are depicted along the I 
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Fig. 3. R -Y, B -Y, I, and Q axes shown on color triangle. 

axis, and those from magenta to yellow -green appear 
along the Q axis. Better reproduction of color is 
achieved along the I and Q axes than along the R - 
Y and B -Y axes. This is particularly true in the re- 
production of flesh tones, since they lie along the I 

axis. It was also found that for small areas of color 
which are well centered in the field of vision, the chro- 
maticity diagram degenerates to a single line. This line 
is the I axis; only two fully saturated colors, orange and 
cyan, are needed to reproduce colors under these condi- 
tions. (This phenomenon was described in Part 1 on 
colorimetry.) 

The equations for I and Q are 

E, = .74 (ER -E,) - .27 (E0 - Er), (5) 

and 

EQ = .48 (ER - E,) + .41 (E0 - E,). (6) 

If the expression given in equation 1 is substituted for 
E, in equations 5 and 6, equations for E, and EQ can 
be obtained in terms of the three color signals, as 
follows: 

E, _ .60ER - .28E0 - .32E0, (7) 

and 

EQ = .21 ER - .52E0 + .31 EB. (8) 

The mixing of the three color voltages to form the 
luminance signal and the color -difference signals is per- 
formed generally as shown in Fig. 4. The output of the 
matrix consists of the luminance signal and the I and 
Q signals. It should be pointed out that signals from 
the color camera are gamma corrected by passing them 
through gamma amplifiers. This correction is to com- 
pensate for the nonlinear operation of the picture tube. 
Since gamma correction is also provided in mono- 
chrome transmission, no block for this operation is 
shown in Fig. 4. 

From the matrix, the luminance signal is fed through 
a bandpass filter to the adder section. The I and Q sig- 
nals are fed through bandpass filters to the modulator 
sections. The phase angles between the two subcarriers 
and between them and the color burst are shown in the 
diagram of Fig. 4; the phase reference, 02t, is the phase 
of the color burst plus 180 degrees. Note that the phase 
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Maybe our microwave STL system can put you in 

clover. Its color performance exceeds FCC, EIA. and 
CCIR. Its reliability can't be beat, and maintenance is 

negligible. The reason ... our all -solid-state design. No 

tubes, no mechanical relays. no klystron. 
Whether you're upgrading an existing STL capability, 
moving to new quarters, or changing transmitter sites, 
it'll pay to check out our STL systems , single or dual. 
Units are typewriter size and available for 2, 7 or 13 

GHz bands, with optional manual or automatic switch - 
over. Single or multiple audio multiplex too. 

Join 200 other green thumbs. Ask for Catalog SF -9501. 

Is the grass 
always greener 

on the other 
channel? 

MICROWAVE ASSOCIATES 
Burlington, Massachusetts 

Offices: Northwest Industrial Park, Burlington, Mau. )1803: 
3605 Long Beach Blvd., Long Beach, Cal. 90807' 
International Sales: Microwave Associates Inte-iatiorrl 
Northwest Industrial Park, Burlington, Mass. 01803 

Circle Item l' on Tech Data Card 



30 -'Day 
'WondetL. 

....A 4iftw s r 
aasataa+saa ¡ .! .,. ...,... Fr--. - y -- Jf S © ti , 

t11i1111,Vl0A 

New Faìrchìld Integra II 
Remote Control Custom Audio Console! 

A major TV network selected FAIRCHILD 
RECORDING EQUIPMENT CORPORATION, from 
among several of the largest broadcast equipment 
manufacturers in this country, to design and con- 
struct a 42 -input audio mixer console. Not only did 
FAIRCHILD deliver a remote control mixing console 
in substantially less than the required time, but the 
network's audio engineers were so deeply impressed 
with the INTEGRA lI console's performance and 
compactness that additional consoles were ordered 
... the next INTEGRA II console was constructed 
and delivered in thirty days. These consoles were 
installed and in operation within a matter of days 
after delivery. 

NO AUDIO IN THE CONSOLE 
There is actually no audio in the INTEGRA II 

console, with the exception of the audio lines 
assigned to peripheral effects equipment such as 
effects equalizers, VU meters etc. The INTEGRA II 

audio system, by removing the audio from the con- 
sole area, eliminates the need for audio equipment to 
be located adjacent to the control area, thereby pro- 
viding far greater design latitude. 

THE SECRET OF FAIRCHILD's 
INTEGRA II CONCEPT 

The secret of the speed in which FAIRCHILD 
INTEGRA II consoles are constructed is inherent in 
the advanced modularized solid state design. By 
combining several audio functions - amplification, 
attenuation and switching - in a complete system 
of plug-in cards, the construction of simple or com- 
plex consoles is implemented in short periods of 
time. In addition, a considerable savings in space 
and cost is also achieved. 

The FAIRCHILD INTEGRA II remote control 
audio consoles and components are more compact, 
easier to install and maintain; are far superior in 
performance and reliability. 

IF YOU ARE A PROGRESSIVE BROADCAST OR RECORDING STUDIO, with an eye to the future, look 
to FAIRCHILD for INTEGRA II consoles or components today. Write for complete details and brochure. 

er ---D RECORDING EQUIPMENT CORP. H 1 10-40 45TH AVENUE LONG ISLAND CITY. NEW YORK 11101 
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HOW HOW KAPPA GETS VIDEO CABLE 

PERFORMANCE . a .WITHOUT CABLE! 
We replace it! ... with Kappa Super -1l Delay Lines..As a result we can 

help you avoid large coils of video cable, storage compartments, and 
separate equalizers. Kappa Super -11 Delay Lines outperform conventional 
(m -derived) lines because they are more efficient ... they yield inherently 
greater delay -bandwidth from fewer components. The performance of Kappa 
Super -1l more nearly approaches constant delay at all transmitted frequencies 
... an essential characteristic of the ideal low pass, dispersionless delay line. 

Unit -to -unit uniformity and excellent temperature stability are also 
marked features of Kappa Super -ri Video Delay Lines. 

Where you need equalized cable performance without physical length 
in your video systems, do the job efficiently and economically ... use Kappa 
Super -1-j Delay Lines! 

Model No. 

Length of 
Cable 

Simulated' 
(In feet) 

Package 
Length 
(x'/8" 

square) 

Approx. 
Delay 
Range 
(nsec.) 

Max. 
Insertion 

Loss 
(db) Price" 

ACTUAL 
SIZE 

10A50 

10A100 

10A150 

10A200 

10A250 

50 

100 

150 

200 

250 

5" 

8" 
11" 

14" 

16" 

78 

157 

235 
314 

392 

0.5 

1.0 

1.5 

2.0 

2.5 

$52.75 

$69.50 

$86.25 

$103.00 

$119.75 

± ft. -or'210, whicheveris 9í'eatet: '. ."YCi7ö9titfN9'hR}rs'eCi7nt rders- 

SPECIFICATIONS OF KAPPA SERIES 10A SUPER -n DELAY LINES 
Impedance: 75 ohms ± 20/o Size: 7/e" square x length required 
1Lfacter. less than T1.95/n fnr sins T P, i Cws material: El s 

L 

For prompt engineering assistance call us collect at (201) 541-4226 

ARPA NCTWORKC, INC. 
Delay Line Specialists Manufacturing Engineers 

165 ROOSEVELT AVENUE CARTERET, NEW JERSEY 07008 TEL (201) 541-4226 

World's largest manufacturer of broadcast quality delay lines. 
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Fig. 4. Simplified diagram shows how the composite color signal can be developed from the color and other signals. 

of the subcarrier modulated by the I signal is leading 
by 90 degrees the phase of the subcarrier modulated 
by the Q signal and is lagging the phase of the color 
burst by 57 degrees. These phase relationships must be 
maintained within a very close tolerance. 

The outputs of the modulators are combined to form 
the chrominance signal. This signal is fed to an adder 
section where it is combined with the luminance signal. 
The output of this adder section is the color picture 
signal, which is specified by the NTSC standards as 
follows 

EM = EY + [EQ sin (wt + 33°) + EI cos (wt + 33°)]. 

(9) 

The sync, blanking, and color -burst signals are added 
to the color picture signal; then the composite color 
signal is ready for transmission. 

Bandwidths of Luminance 
and Chrominance Signals 

The band limitations of the luminance and chromi- 
nance signals will now be considered. It has been stated 
before that the luminance signal in color transmission 
must retain the same specifications (within tolerance) 
that the video signal has in monochrome transmission, 
in order to meet compatibility requirements. Since the 
upper sidebands of the chrominance subcarrier extend 
to 4.2 MHz above the picture carrier, the sidebands 
representing the luminance signal can also extend to 
4.2 MHz. This limit is approximately 0.2 MHz greater 
than the limit of the sidebands in monochrome trans- 
mission; consequently, a slight increase in fine detail 
is available with color transmission in comparison to 
monochrome transmission. 

Before learning the band limitations of the chromi- 
nance portion of the color picture signal, it is necessary 
to examine the factors that led to the specific limita- 

tions placed upon the chrominance signal. These factors 
pertain to the characteristics of the human eye. 

From the results of colorimetry experiments per- 
formed prior to the advent of color television, it was 
known that fine detail in color cannot always be seen 
by the average observer. Tests were made in which 
colored objects were reduced in size and viewed at 
various distances. When this was done, a number of 
things were found to be true. First, blues become more 
and more indistinguishable from grays of equivalent 
brightness as distance increases or size decreases. Sec- 
ond, yellows become indistinguishable from grays. 
Within the same size range, browns become confused 
with crimsons and blues with greens, but reds remain 
clearly distinct from blue -greens. Colors with pro- 
nounced blue lose blueness; whereas colors lacking in 
blue gain blueness. Third, with a further decrease in 
size, reds merge with grays that have equivalent bright- 
ness, and blue -greens become indistinguishable from 
grays. Finally, when viewing extremely small colored 
objects, the ability to identify color is lost entirely and 
only a response to brightness remains. (See Part 1 of 
this series.) 

From the foregoing data and from tests made with 
color receivers, the following choices of bandwidths 
were made: 
1. Full -band transmission of the luminance (Y) signal 

for maximum detail. 
2. Moderately wide -band, partly single-sideband trans- 

mission of a single color -mixture signal (I signal) 
which represents colors of orange and cyan. 

3. Narrow -band, double-sideband transmission of an 
additional color -mixture signal (Q signal). This 
signal represents yellow -green and magenta. 
Note how these choices of bandwidths correspond 

to the information about human vision. Since the eye 
can interpret only brightness variations in the fine - 
detailed areas of an image, these areas are represented 
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Fig. 5. Bandwidths of color -picture signal components. 

only by the luminance signal. On the screen of a 21 - 

inch color picture tube, the fine -detailed areas are those 
smaller than about 1/8 -inch square. 

The areas containing medium-sized detail are rep- 
resented by both the luminance and I signals. On a 
21 -inch screen, picture elements which occupy a space 
at least 1/2 -inch square but less than 3/8 -inch square 
represent medium-sized detail. To the human eye, 
colors in this size range appear as hues of orange and 
cyan; therefore, only a two-color system is used to re- 
produce color in areas of this size. 

The coarse -detailed and large areas of the image 
are represented by the two color -difference signals and 
the luminance signal and are therefore reproduced in 
full color. These areas would be 3/8 -inch square and 
larger on a 21 -inch screen. The eye can readily discern 
differences in color in this size range; consequently, 
full -color reproduction is provided. 

Shown in Fig. 5 is the passband of the color picture 
signal. The Q signal is limited to .5 MHz, and both 

sidebands are transmitted. Both sidebands of the I 
signal are transmitted for frequencies up to .5 MHz, 
and only the lower sideband is transmitted for fre- 
quencies from .5 to 1.5 MHz. 

When frequencies of 0 to .5 MHz are present, Y, I, 
and Q are being transmitted. A three -color system 
would therefore be in effect. For frequencies of .5 to 
1.5 MHz, only the I signal and the luminance signal 
are being transmitted. A two-color (orange -cyan) sys- 
tem is in effect at these frequencies. For frequencies 
above 1.5 MHz, only the Y channel is transmitted. The 
Y signal conveys the fine detail of the picture in terms 
of brightness variations. 

Color -Bar Pattern 

The make-up of the color picture signal can be 
illustrated by a color -bar chart like the one in Fig. 6. 
Through the use of such a chart, the relative level of 
each component of the color picture signal can be 
shown. The colors in the chart are considered to be 
fully saturated, which means that they are completely 
free of white light. When these color bars are scanned 
by the color camera, a color signal is produced. The 
development of the color signal can be illustrated by 
showing the waveforms that are formed during the 
process. 

The waveforms which are representative of each of 
the color signals are directly below the test bars in 
column I of Fig. 6. From these signals the color pic- 
ture signal is formed. 

In column II, the waveform for the luminance signal 
is shown; it is developed in accordance with equation 
I. During the scanning of the red bar, Ey reaches a 
level of .30 volt; for the green bar, it reaches .59 volt; 
and for the blue bar, it reaches .11 volt. 

The next signals to be formulated are the three color - 
difference signals shown in column III. The expressions 
ER - Ey, EG - Ey, and ER - Ey for these color- 
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Fig. 6. Development of the waveforms resulting when a color -bar chart consisting of red, green, and blue is scanned. 
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difference signals signify that the voltage value of the 
luminance signal is subtracted from the voltage values 
of the color signals. Subtraction of the instantaneous 
value of the luminance signal from the instantaneous 
value of ER will give the instantaneous voltage value 
for ER - E. Subtraction of .30 volt from 1.00 volt 
leaves a value of .70 volt for the ER - E, signal during 
the scanning of the red bar. During the scanning of 
the green and blue bars, ER - E, will be negative 
because there is no voltage from the red output in the 
camera. It will be - .59 volt during the scanning of 
the green bar and -.11 volt during the scanning of 
the blue bar. The same method is followed for obtain- 
ing the values of EG - E, and ER - E,. Note that 
the values which appear on the waveforms are the 
same as those which appear in equations 2, 3, and 4. 

It has been stated that the color -difference signal 
EG - E, is not transmitted, but is obtained in the 
receiver by combining - .51 (ER - E,) and - .19 
(EB - ,-) . The manner in which EG - E, is obtained 
can be shown graphically by using the waveforms of 
the color -difference signals. If the numerical values of 
the ER - E, waveform shown in Fig. 6 are multiplied 
by the factor - .51, waveform A of Fig. 7 can be 
obtained. Waveform B in the same figure is the result 
of multiplying the numerical values of the waveform 
for E. - E, in Fig. 6 by the factor - .19. The addi- 
tion of waveform A and waveform B in Fig. 7 results 
in waveform C. This is the same waveform that is 

shown in Fig. 6 for EG - E. By an example, it has 
been shown again that the color -difference signal which 
represents green can be recovered by proportionately 
mixing the other two color -difference signals. 

In column IV of Fig. 6, waveforms for the I and Q 
signals are presented. The I waveform is obtained by 
adding .74 of the E14 - E, signal and - .27 of the 
E - E, signal. The Q waveform is formed by com- 
bining .48 of the ER - E, signal and .41 of the E. - 
E, signal. The numerical values shown in Fig. 6 for 
the I and Q signals correspond to those previously 
given in equations 7 and 8. 

The last waveform in Fig. 6 represents the color pic- 
ture signal, E,1, that is transmitted. The numerical 
values shown with the E waveform specify the levels 
of the maximum excursions of the chrominance signal. 
To determine these levels, the values of I and Q are 
added together vectorially (they combine at a phase 
angle of 90°) ; then the results are added to and sub- 
tracted from the luminance levels. Fig. 8 shows how 
the red portion of the signal is formed by this vectorial 
method. The resultant vector which represents the red 
portion is found by marking off the values of I and Q 
on their respective axes. As shown on the waveforms 
for I and Q, the I value for red is .60 and the Q value 
for red is .21. The resultant vector is drawn from the 
origin of the vectors to the opposite corner of the 
parallelogram. The magnitude of the resultant vector 
is found by taking the square root of the sum of the 
squares: 

V I=+ Q. 
Then substituting the values for I and Q and solving 
gives 

-.51 (ER-EYI 

o 

-.19 (EB-EYI 

0 

EG- EY 

o 

.30 

L.05 

-.35 

(A) 

.05 
.11 

-.16 

(B) 

41 

-.30 

A,B=C=EG- EY 

Fig. 7. Formation of EG-EQ is shown by these waveforms. 

Y/ (.60)2 + (.21)2 = .63. 

The same procedure has been followed for determining 
the magnitude of the chrominance signal when it rep- 
resents fully saturated colors of green and blue. When 
a fully saturated green is transmitted, the chrominance 
signal has a relative amplitude of .59; and when a fully 
saturated blue is transmitted, the chrominance signal 
has a relative amplitude of .45. These numbers rep- 
resent the peak values of the alternating voltage rep- 
resented by the bracketed term in equation 9. 

Now consider the waveforms produced when scan- 
ning a color -bar chart which includes not only the 
three primary colors but also their complementary 
colors. Such a color -bar chart and the associated wave- 
forms are shown in Fig. 9. The colors represented are 
green, yellow, red, magenta, blue, and cyan. These 
colors are assumed to be fully saturated. 

The waveforms of first concern are those of the 
three color voltages. During scanning of the green bar, 
only a green signal is produced. When yellow is scan- 
ned, both red and green signals are present; this is to 
be expected because yellow contains both red and 
green light. 

While the red bar is scanned, only a red signal is 

present. Magenta is a combination of red and blue; 
therefore, both red and blue signals are present while 
the magenta bar is being scanned. Similarly, during 
the scanning of the third primary color, blue, there is 

Ei 

.60 
.63 

EQ 

1l 
21 

Fig. 8. I and Q vectors determine chrominance amplitude. 
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Fig. 9. Development of waveforms resulting when chart 

only a blue signal. There is an output at both the green 
and blue camera tubes while the cyan bar is being 
scanned. 

The next waveform shown in Fig. 9 is the luminance 
signal. The levels of this signal for red, green, and blue 
are the same as those shown in Fig. 6. Yellow, how- 
ever, produces a luminance value of .89, which is made 
up of 59 per cent of green plus 30 per cent of red. 
Magenta has a luminance level of .41, or 30 per cent 
of red plus 11 per cent of blue. Cyan contains blue 
and green; therefore, the luminance level for cyan con- 
sists of 11 per cent of blue plus 59 per cent of green 
and has a value of .70. Yellow has the highest lumi- 
nance level, and blue has the lowest luminance level. 

The color -difference waveforms are formed in the 
same manner as before by subtracting the luminance 
signal from each of the three color signals. If this is 
done with the waveforms shown in Fig. 9, the resultant 
waveforms will be as shown in column II for ER - E,, 
Ea - E,, and EB - Ey. 

The waveforms for I and Q are obtained by propor- 
tionately mixing color -difference signals ER - E, and 
ER - Ey, in accordance with equations 5 and 6. 
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consisting of three primaries and their complements is scanned. 

The chrominance signal combined with the lumi- 
nance signal is shown as the last waveform of Fig. 9. 
The chrominance values of this waveform were deter- 
mined by vector addition of the I and Q signals, and 
the resultant values were added to and subtracted from 
the luminance values, as previously described. 

The relative saturation of a color is conveyed by the 
ratio between the amplitudes of the chrominance and 
the luminance signals. The more highly saturated the 
color, the higher the ratio becomes. Moreover, the ratio 
remains fixed for a color with a given saturation regard- 
less of the brightness of the color. 

Shown in Fig. 10 is a color -bar pattern together with 
the various signals which are produced at the color 
transmitter as the camera scans the pattern. The pattern 
consists of three bars which are all red and which have 
specific saturation and brightness levels. Red No. 1 is 
a fully saturated red with a brightness that is equivalent 
to 30 per cent of white. Red No. 2 has the same bright- 
ness as the bar on the left, but it has a saturation of 
only 50 per cent. Red No. 3 is a red with a saturation 
of 50 per cent, but it has a brightness level of 65 per 
cent of white. 

In column II of this figure, the value of the brightness 
or luminance signal, E,, for each bar is shown to be as 
specified. Waveforms of the three color signals are 
pictured in column I. During the scanning of fully sat- 
urated red No. 1, the amplitude of the red signal is 
unity and the blue and green signals are at zero. For 
each of the bars with a saturation of 50 per cent, the 
green and blue signals are shown to have equal ampli- 
tudes, and the red signal is shown to have twice the 
amplitude of either of the other two. 

This result may be explained as follows. Any color 
which is less than fully saturated contains white light. 
Since white light is produced by a combination of equal 
values of the three primaries, a desaturated color may 
be defined as a mixture of a pure color and its com- 
plementary color. A color that has a saturation of 50 
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per cent is produced when one half of the total light is 
contributed by the primary color and the other half is 
contributed by the complementary color. Since the 
complement of red is produced when blue and green 
are combined in equal amounts, it can be established 
that for a red having a saturation of 50 per cent: 

2R 
= EG = EB. 

The brightness value of red No. 2 in Fig. 10 is .30; 
therefore, the value of ER can be determined by sub- 

stituting 
2R 

for EG and EB in equation 1. Thus: 

E, = .30ER + .59EG + .11E. 

.30 = .30ER + .59E,,+ .11ER 
2 2 

.30 = .65ER 

ER = .46 

EG and EB are both equal to 
ZR 

; consequently, the 

value of each of these signals during the scanning of 
red No. 2 is .23. The values of ER, EG, and ER during 
the scanning of red No. 3 (when Ey = .65) may be 
determined through the use of the same equation. These 
values are shown in column I to be 1.0, .5, and .5, 
respectively. 

The values shown in column I can be substituted 
in equations 7 and 8 to obtain the values of EI and 
EQ shown in column II for each bar. Adding EI and 
EQ vectorially gives the peak values of the color sub - 
carrier, and then the color picture signal, EM, is formed 
when the color subcarrier is superimposed on the lumi- 
nance signal, E5.. See column III. 

The chrominance -signal amplitude during the scan- 
ning of a color is not necessarily a measure of the sat- 
uration of that color. Instead, the saturation is depend- 
ent upon the ratio of the chrominance amplitude to the 
luminance amplitude. In going from red No. 3 to red 
No. 1, for example, the chrominance amplitude in- 
creases and the luminance amplitude decreases. This 
definitely indicates an increase in saturation. (The ratio 
of chrominance to luminance increases.) In going from 
red No. 2 to red No. 3, however, the chrominance and 
luminance amplitudes both increase. Without con- 
sidering the ratio of the chrominance amplitude to the 
luminance amplitude, the observer cannot assume that 
the saturation has increased. Actually, these two colors 
have the same saturation because this condition has 
been established. 

In the foregoing example, only the color red has 
been considered. The ratio of chrominance to lumi- 
nance for a fully saturated red is: 

.635 = 2.1 
.3 1 

As the hue varies, the ratio will also vary. Table 
1 is a list of the chrominance and luminance values 
and the ratios for the three primary colors and their 
complements under fully saturated conditions. 

Table 1. Chrominance -to -Luminance Ratios 
For Fully Saturated Colors 
Chromi- 

nance Luminance 

Color Value Value Ratio 

Red .63 .30 2.10 to 1 

Yellow .45 .89 .50 to 1 

Green .59 .59 1.00 to 1 

Cyan .63 .70 .90 to 1 

Blue 45 .11 4.05 to 1 

Magenta .59 .41 1.44 to 1 

Vector Relationship of Color Signals 

A change in hue causes a corresponding change in 
the phase difference between the chrominance signal 
and the color burst. Fig. 11 contains vector diagrams 
showing the phase displacement of chrominance signals 
as they are related to the reference burst. It can be 
seen that each signal is associated with a particular 
phase angle. A change in phase of the chrominance 
signal is the only way a change in hue can be conveyed. 

Each vector shown in Fig. 11 specifies a position of 
the chrominance signal at a certain instant during the 
scanning of a scene. Actually, the chrominance vector 
and the reference vector are constantly rotating during 
the time that color is being transmitted. The chromi- 
nance vector changes in phase whenever there is a 
change in hue, and it changes in length in accordance 
with changes in brightness or saturation. 

Assume a color -bar pattern such as the one in Fig. 
6 is being scanned. The vectors will have the following 
phase relationships. While the red bar is being scanned, 
the phase relationship between the chrominance signal 

Please turn to page 62 

Fig. 11. Vector diagrams show phases for primary colors. 
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elevision. Show Business. ö"`'` c elden it's all 
a world of wire. Belden plays a leading role in 

many complex systems of sight and sound communication. 
By delving into design, processing, packaging and a host of 
factors, Belden's team of wire specialists have helped many 
people wring out hidden costs. Success takes a supplier that 
is really perceptive - one who makes all kinds of wire for 
all kinds of systems. Want to join us in wringing out values 
and costs? Just call us in...Belden Corporation 
P.O. Box 5070-A, Chicago, Illinois 60680. 
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K -FACTOR 

TESTING 

To test completely the electrical 
characteristics of a video system, it 
usually is necessary to employ sev- 
eral instruments. Bandpass and fre- 
quency response can be determined 
by using a sweep generator. Tran- 
sient response usually is tested with 
some form of step -function signal, 
such as square waves. Differential 
gain and phase require specialized 
equipment with appropriate display 
devices. The process is time con- 
suming and complex, and it requires 
costly equipment for both genera- 
tion and interpretation of the test 
signals. In most cases, if the equip- 
ment under test is in good condition, 
nothing but the fact that no defect 
exists is proven. 

To simplify video -systems testing 
and reduce the time involved, a 
method using a single signal (with 
a proper interpreting device), the 
sin" pulse and bar method, has been 
developed. A special graticule at - 

Ampex Corporation 
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+8- 
0- 

-40 

by Joseph Roizen* -Analysis of waveforms 
provides an indication of video system performance. 

tached to an oscilloscope allows in- 
terpretation of the signal on a per- 
centage -performance basis, provid- 
ing a direct readout method that 
can be assessed easily. 

Basically, the sin' pulse and bar 
consists of a test signal that is gen- 
erated as a narrow pulse and a step - 
function square wave (Fig. 1 ). The 
signal is then passed through the 
proper gaussian-response filter with 
linear phase and smooth rolloff. The 
output of the filter consists of a 
pulse and bar with characteristics as 
shown in Figs. 2 and 3. For a half - 
amplitude duration (h.a.d.) of 0.125 
microsecond, an upper -frequency 
component of 8 MHz will be present 
to form the corners óf the wave- 
form. A 2T pulse, which is more 
commonly used in normal American 
standard television systems, has a 
half -amplitude duration of 0.250 
microsecond, and its corner frequen- 
cy is 4.0 MHz. Foreign standards, 
such as the 625/50 TV system, 
would use a half -amplitude duration 
of 0.2 microsecond, and a corner 

T -PULSE 

---5 
µsec 

15µ sec 

frequency of 5 MHz. The rise time 
of the bar is very nearly the half - 
amplitude duration of the pulse, and 
therefore this rise has essentially the 
same slope (Fig. 3) . The low - 
frequency bar has been included in 
this test signal since the sin- pulse 
alone would not be adequate for 
the complete check. This particular 
signal is especially suitable for meas- 
uring video tape -recorder systems 
because it has energy only in the 
bandpass area of the recorder. 

It is difficult to test a video re- 
corder with square waves because a 
pulse with very short rise time will 
encounter what may be described 
as the "brick -wall response" of the 
filters, and the limitations of the 
modulator in the recorder. In this 
case, the output of the recorder will 
contain severe overshoots and ring- 
ing (Fig. 4) , which will give no 
indication of system performance at 
the desired frequencies. If, however, 
the applied test signal is within the 
bandpass characteristics of the re- 
corder, and a properly calibrated 

63.áµ sec 

T BAR 

25µsec 8 
µ sec 

Fig. 1. Waveform, with times and amplitudes indicated, of a typical T -pulse and bar signal used in K -factor testing. 
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=1(0.125 µsec) 
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Fig. 2. T -pulse signal in which t is 0.125 microsecond. Fig. 3. Characteristics of leading edge of T -bar signal. 

graticule is applied to the scope, it 
is simple to determine a K rating 
factor which gives the overall per- 
formance of the machine through 
analysis of the pulse shape, the bar 
shape, and the pulse -to -bar ratio. 

In transverse video tape record- 
ers especially, where four channels 
are being considered, the compari- 
son of the pulse and bar signal from 
each of the four head channels al- 
lows the operator to optimize the 
channels to each other. The test 
signal is first adjusted so that the 
half -amplitude points on the scope 
match those required by the grati - 
cule. Modern waveform -monitoring 
oscilloscopes have proper sweep 

Fig. 4 "Brick -wall" filter response 
causes ringing of sharp waveforms. 

Fig. 5. Special graticule aids in the 
evaluation; 0.75°ó K factor is shown. 

rates which produce the correct half - 
amplitude duration on the graticule 
supplied with the scope. Once the 
pulse and bar have been adjusted 
to the correct amplitude and width, 
the output of the recorder may be 
utilized to determine how accurately 
the machine is reproducing the sig- 
nal. The K factor is then determined 
by where the pattern for the repro- 
duced signal falls with respect to 
the various calibrated lines on the 
graticule (Fig. 5 ) . A 2% K factor 
would be considered very excellent 
and 4% reasonably adequate for 
video -bandwidth systems. Anything 
falling beyond these limits should 
be considered suspect, and other 

maintenance checks must be applied 
to determine where the defect exists. 

K -factor testing, therefore, is 

mainly a very rapid means of evalu- 
ating the performance of a system 
without requiring a great number 
of complex and time-consuming 
operations. It is important that the 
input signal be of the proper shape 
and amplitude and not have any 
ringing built into it, since this would 
greatly affect the ability to read out 
accurately the performance of the 
system under test. For testing color 
television systems, new K -factor sig- 
nals including subcarrier mixed in 
with the test pulses are being devel- 
oped. 
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TWO GREAT ,LISTENING DEVICES.. 

The human ear is one of the great achievements of nature. But the MD 421 
dynamic cardiwid studio microphone comes very close to and in many respects can 

out -perform it. Its wide frequency range, its directional pattern and ability to 
suppress undesirable noise, and its remarkable reliability make the MI) 421 

unique in the world of sound recording. 

SENNHEISER, manufacturers of the world's most complete line of microphones 

and accessories. For full information write or call: 

SENNHEISER ELECTRONIC CORPORATION (N.Y) 
500 Fifth Avenue, New York, N. Y.10036 (212) LO 4-0433 

Plant: Bissendorf/Hannover, West Germany 
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SELECTING COAXIAL LINE 
by Richard E. Fiore 

The electrical characteristics of coaxial line 

must be weighed to make a proper selection. 

In order to select the proper size of coaxial line to 

meet specific design requirements, consideration should 
be given to all of the electrical parameters associated 
with coaxial line. These parameters in order of impor- 
tance are: 
(a) Power -handling capabilities, 
(b) attenuation per unit length, 
(c) cutoff frequency limit for higher -order modes, and 
(d) figure of merit, Q. 

Perhaps one's first comment after reviewing items 
(a) through (d) would be to say, "Isn't the line char- 
acteristic impedance an important consideration?" The 
answer to the statement is, of course, "Yes"; however, 
consideration of the optimum impedance unfortunately 
is influenced by all of the items listed above, and each 
parameter must be considered before an impedance 
is chosen. The reason for this statement should become 
self-evident as this article is read. 

The characteristic impedance, Z(,, of a coaxial trans- 
mission line may be obtained from the expression: 

138 b 
Zo = loge - 

07. a 

where, 
E = relative dielectric constant of propagating me- 

dium between inner and outer conductor (1 
for dry air at atmospheric pressure), 

b = radius of outer conductor, and 
a = radius of inner conductor. 

A curve of b/a vs Zo is given in Fig. 1. 

Power -Handling Capabilities 

The optimum impedance to use when a high average 
power level is to be transmitted is approximately 38 
ohms, whereas the optimum impedance to use when a 
high peak power level is to be transmitted is approxi- 
mately 70 ohms. The industry has standardized on a 

Fig. 1. Chart of coaxial -line characteristic impedance. 

characteristic impedance of 50 ohms. Most power - 
handling problems can be solved utilizing the correct 
line size for the rating required. If, however, in special 
cases power -handling problems become critical, it is 

best to choose the optimum line impedance for the 
particular application and use impedance transformers 
where required. 

Fig. 2 gives power -handling capabilities for various 
line sizes and characteristic impedances as a function 
of operating frequency. All of the transmission lines 
listed are conservatively rated based upon a 42°C rise 
above ambient for the outer conductor and a 62°C rise 
above ambient for the inner conductor. 

Peak Power 

The peak power -handling capability of a given line 
is given as that value for zero frequency (for practical 
purposes, the value of the left abcissa of the graph). 

10 

9 

8 

7 

6 

5 

2 

10 20 40 60 80 100 120 

A 
IELECTRI\ 

R 

V-71 

I 

Z0 -I10 á 

Zo- In 
á 

CHARACTERISTIC IMPEDANCE (Zo) IN OHMS 

December, 1967 29 



The peak power -handling capability is independent of 
frequency, since it is purely a function of the maximum 
peak voltage that a given line can handle without evi- 
dence of breakdown. Since, at electrical breakdown, 
deionization of the air dielectric causes voltage corona 
leading to eventual arc -over, the peak power capability 
for any given line size is derated by as much as 2 to 1. 

In addition to this built-in safety factor, a further derat- 
ing should be applied for those lines operating into 
mismatched loads. The derated power -handling value 
can be determined from: 

psig) increases the power rating by a factor of 2. 
2. An increase of two atmospheres of pressure (30 

psig) increases the peak rating by a factor of 4. 
Pressure levels in excess of two atmospheres may be 

used; however, care should be exercised to insure that 
the mechanical structure of the line can withstand the 
forces without hazard to the operating personnel, and 
the gas barriers normally located at each end of the 
system can handle the new pressure. 

For extremely high power -handling capabilities, sul- 
phur hexafluoride gas may be utilized. 

1. At one atmosphere of SF6 (15 psig), the peak 
Derated Actual peak or VSWR + 1 

2 power rating is increased by a factor of 4. 
pk or avg 
rating 

= average power 
rating from Fig. 2 

2. At two atmospheres of SF6 (30 psig), the peak 
power rating is increased by a factor of 10. 

2 X VSWR 

Extreme caution should be exercised in utilizing SF6 as 

For example, if the actual average power rating from 
Fig. 2 is 100 kw and the terminating load VSWR is 

1.10, then the derated average power rating would be: 

[100 kw] x [ 211 1) ) - 91 kw. 

Once the peak power rating for a given line size 
has been determined, various pressurization techniques 
may be utilized to improve the rating if it is determined 
that the selected line size (for a given Z") is marginal. 

The use of dry air (air that has been processed by 
means of a dehydrator) under pressure increases the 
peak power rating of a line by a considerable degree. 
A good rule of thumb is: 

1. An increase of one atmosphere of pressure (15 

a pressurizing agent, since electrical discharge in a 
dielectric medium of SF6 produces toxic oxides of 
fluorine. For this reason one should not attempt to in- 
vestigate peak -power failure in a transmission -line sys- 
tem utilizing SF6 in poorly ventilated or closed areas. 

Average Power 

The maximum average power is determined by the 
maximum permissible temperature rise of the inner 
conductor. The average power rating for a given line 
size cannot be increased substantially without the use 
of forced air or liquid cooling. Either of these methods 
is difficult to utilize in pressurized line systems and 
requires special techniques. 

As can be observed from the curves of Fig. 2, the 
average power -handling capability for a given coaxial - 
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Fig. 2. Power ratings of coaxial transmission lines of various sizes and impedances shown as a function of frequency. 
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ARE YOU SURE our stereo signal 
will meet FCC requirements? 

with Collins' 
900C-3 Modulation Monitor, 
there's no question 

Collim' new FCC-Type Approved 900C-3 Modula- 
tion Monitor eliminates all uncertainty about your 
stereo signal. The 900C-3 continuously monitors and 
measures FM stereo emissions with a precision that 
leaves no doubt about whether you're meeting FCC 
requirements. 
It's no surprise that Collins monitors were among the 
first approved by the FCC. Collins pioneered devel- 

opment of modulation monitoring techniques. Collins 
900C stereo monitors have been in use more than 
three years. 

For more information about Collins' FCC-Type 
Approved 900C-3 (FCC Type Approval No. 3-143) 
contact Broadcast Marketing, Collins Radio Com- 
pany, Dallas, Texas 75207. Phone: (214) AD 5-9511. 
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The 
$73,000 
Bargain 

... or why the Norelco PC -70 3 Plumbicon tube color 
camera is a better buy than any 4 -tube color camera. 

To begin with, it's a bargain in the keep -the -sponsors - 

happy department. With the PC -70, performers do not turn 
green or magenta, even when moving against a dark back- 
ground. Nor do white doves, white knights or high -flying 
washing machines. The PC -70 has virtually eliminated the 
dangers of lag. But 4 -tube cameras invite lag. For one 
thing, they must use a 4 -way light split which"robs" light 
from RGB channels to "feed"the luminance (4th)cnannel. 
Fo- another, their optical systems are too 
complex (more complex optics mean still 
more light loss). 



The picture speaks for itself. 
The use of three tubes instead of four motivated the only 

original color camera design in the industry: the first prac- 
tical application of the "contours -out -of -green" principle 
to provide sharper edges in the vertical as well as horizontal 
direction. 

Instead of a space -consuming fourth tube and its com- 
plex associated circuitry, the PC -70 improves sharpness 
electronically-to almost any degree you desire. Because 
of the low frequency characteristic of the vertical aperture 
correction, you produce a sharper image on the home 
receiver (not just on the studio monitor), in color and mono- 

chrome. You profit from greater long-term economy ... 
far less optical, circuit and operational complexity. 

There are more reasons why it's the "$73,000 
bargain." 

Your video -men and cameramen will find 
the PC -70 to be as simple to operate as an 

8mm movie camera. (Well, almost.) This is a 

result of the 3 -tube concept. Another reason: 
the PC -70's unique 3 -way beam split prism. 

Because of it, there are no shading controls to fuss with. 
(Some 4 -tube cameras require as many as 16!) There are 
no set-up controls required at the camera head. All are at 
the Camera Control Unit where they can be adjusted in the 
quiet control room-instead of the hectic and noisy studio! 

For your maintenance -men, the PC -70 means adjusting 
and maintaining one less of everything that may need their 
attention: optical channels, deflection yokes, focus coils, 
deflection and processing amplifiers. The PC -70 saves 

time. And time still means money. 
For color or monochrome, in bright lights or shadows, 

in the studio or on remote, the PC -70 picture stays sharp, 
natural, rich in detail and easily matched from one camera 
to another. 

The Norelco PC -70. 
A bargain any way you look at it. 

Write today for a detailed brochure. Contact us-or our 
representative, Visual Electronics. To help you verify 
everything we've said, we'll include our references: a list 
of stations that now use Norelco Color Cameras. Two of 
the three major networks do. 

Don Ferguson, Cnief Engineer, 
KXTV, Sacramento, California 

Noreko 

"A viewer commented recently 
that KXTV has the 'cleanest' pic- 
ture in town. This layman 
summed up in a word the supe- 
rior sharpness of our picture, the 
realistic color saturation and bet- 
ter signal-to-noise ratio we get 
with the Norelco 3 Plumbicon 
tube color camera. In the final 
analysis, it's the viewer we have 
to please. The Norelco camera 
does that, so we're pleased too: 
we're buying more PC -70s." 

PHILIPS BROADCAST 

EQUIPMENT CORP. 

299 Route 17. Paramus. N.J. 07652 201/262-7300 
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