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Preface

The manufacturers of television camera chains normally provide instruc-
tion manuals that range from preliminary (sketchy) data to elaborate
coverage of circuit theory, operations, and maintenance of the specific
equipment. Such manuals obviously cannot delve into certain training
programs that are usually necessary before adequate comprehension of
modern broadcast technology can be gained.

It is the purpose of this book to provide the fundamental and advanced
training that is necessary if full benefit is to be obtained from the infor-
mation in modern instruction books. To do this most effectively, where
possible, complete, detailed schematics have been avoided, and, instead,
use has been made of block diagrams with simplified diagrams of indi-
vidual blocks under discussion. The overall system concept is stressed so
that the reader can more readily grasp the meaning of a specific circuit
adjustment in terms of its effect on system performance.

For the serious student, or for the practicing engineer, the information
contained in the author’s previous two books should be considered pre-
requisities to a study of this volume. These bocks are Workshop in Solid
State and Television Broadcasting: Equipment, Systems, and Operating
Fundamentals. Both are published by Howard W. Sams & Co., Inc. These
books and the present volume serve a dual purpose, as basic textbooks for
students or beginners and as factual guidebooks for practicing technicians.

The author extends his appreciation to the following organizations for
providing information and photographs used in this book: Albion Optical
Co.; Ampex Corporation; Amphenol Corporation; Belden Corporation;
Cohu Electronics, Inc.; Hewlett-Packard Co.; International Video Corpor-
ation; Kliegl Bros. Lighting; Philips Broadcast Equipment Corp.; RCA;
Shibaden Corp. of America; Tektronix, Inc.; TeleMation, Inc.; Telesync
Corp.; Visual Electronics Corporation; WBBM-TV; and WTAE-TV.

HaroLp E. ENNES
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CHAPTER ]_

Studio Lighting

The television camera depends primarily on the reflected light ic “sees”
through the optical system. Optimum performance is possible in the studio,
where light can be controlled to shape the “taking” characteristics. In an
“adequate” studio lighting system, we are concerned with the following
basic factors:

1. Amount of light, and color temperature
2. Flexibility
3. Light control

It is assumed that the reader has basic knowledge of the types and tech-
niques of lighting.!

1-1. AMOUNT OF LIGHT

It is possible to relate foot-candles (fc) to watts, Jumens, etc., but such
a study, while interesting from an academic viewpoint, is of little value
to the practicing operator. Information regarding the amount of light at a
given distance and direction from a given source is furnished by manu-
facturers of lighting equipment. Any conversion of watts to foot-candles
to lumens is useless unless the particular angle of throw, type of lamp,
and type of reflector are accounted for.

The number of lighting fixtures may vary from 20 to 25 in a small
limited-program studio to more than 200 in a larger multiple-purpose
studio. The amount of light required depends on the size and purpose
of the studio, whether programs are in monochrome or color, and the de-
gree of flexibility required. The key word for good studio lighting sys-
tems is flexibility.

1See, for example, Harold E. Ennes, Television Broadcasting: Equipment,
Systems, and Operating Fundamentals (Indianapolis: Howard W. Sams & Co.,
Inc., 1971).

11



12 TELEVISION BROADCASTING CAMERA CHAINS

From previous experience, the foundation for an adequate amount of
light can be laid as in Table 1-1. The higher values are representative of
more complex productions, such as large variety shows with liberal use of
effects and modeling lighting both foreground and background. Note in
connection with this table that the quartz lamp has more light output per
watt of input power over a broader area than the incandescent lamp has.
Also, the size and shape of the quartz lamp permits design of reflectors
of higher efficiency.

The net production area to which Table 1-1 applies is the actual area
used within the cyclorama curtain. The net production area can be approxi-
mated by subtracting an area 4 feet wide all around the perimeter of the
studio. For instance, a 40" X 60’ studio (2400 square feet) has a net pro-
duction area of 32" X 52/, or 1664 square feet. However, smaller studios,
such as the one in the following example (20’ X 30’), do not always em-
ploy cycloramas, and the wall-to-wall dimensions normally are used for
these studios.

Table 1-1. Light Requirements for Net Production Area

100% Incandescent 100% Quartz
Monochrome 25-35 W/ft? 10-20 W/ 12
100-125 fc (Nominal: 30 W/ft?) (Nominal: 15 W/ft?)
Color 75-110 W/ft? 40-60 W/ft?
250-350 fc (Nominal: 90 W/ft?) (Nominal: 50 W/ft?)

A typical incandescent lighting package for a 20" X 30’ studio with a
15-foot ceiling is illustrated in Fig. 1-1. On the basis of the nominal
values shown for incandescent lights in Table 1-1, this 600-square-foot
studio would require a total of 18,000 wartts for monochrome, or 54,000
watts for color. Note from the equipment list in Fig. 1-1 that two wattages
are listed for each fixture. In most instances, the lower-wattage lamps
would be used for monochrome, and the higher-wattage lamps would be
used for color.

Fig. 1-2A gives the photometric data for a 2000-watt incandescent unit
with 2 12-inch round lens. Note that for the flood operating position,
about 65 foot-candles are available at 20 feet directly on the axis. Since
the flood beam is broad (about 55°), essentially the same number of foot-
candles exists up to about 7 feet off the axis at this 20-foot distance. In
the spot operating position (beam about 10°), almost 760 foot-candles
are available at 20 feet directly on the axis, but only about 80 foot-candles
are available just 2 feet off the axis at the 20-foot distance.

For illustrative purposes, Fig. 1-2B gives the same general data for a
5000-watt unit with a 16-inch round-beam lens. The graph for the flood
position is for a 30-foot throw, and the spot-position graph is for a 60-foot
throw.
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Fig. 1-2C gives the photometric data for a 1000-wart unit equipped
with an 8-inch oval-beam lens. Note that because of the beam shape,
horizontal and vertical coverage must be considered separately.

See Table 1-2 for multiplying factors for distances other than those
shown in Fig. 1-2. To use this table to find photometric data for throws
other than those shown on test charts, apply the following procedure:

1. Locate the throw distance of the test in the group headed “Throw
Distances Shown in Tests.”

2. Directly below this figure is a series of actual throw distances de-
sired. Pick the figure in the vertical series which corresponds to the
distance at which you want photometric dara.

Table 1-2. Multiplying Factors for Lighting Data

Throw Distances Shown in Tests Multiplying Factors
Multiply | Multiply
10’ 15 20° 30’ 50’ 60r | Dimen- | Hlumi-
sions nation
Actual Throw Distances Desired by by
10 20 0.33 9.0
10° 15° 25' 30 0.5 4.0
10° 0.66 2.25
20 40’ 0.67 2.25
7.5 15 0.75 1.8
40’ 0.8 1.5
25’ 50" 0.83 1.44
107 15’ 20 30 50 60’ 1.0 1.0
35’ 70’ 1.16 0.73
60 1.2 0.69
25 1.25 0.64
20’ 40" 80’ 1.3 0.56
15 30 45 75 90’ 1.5 0.44
25’ 50 100’ 1.7 0.36
35’ 1.75 0.32
20’ 30’ 40’ 60° 100 120° 2.0 0.25
25 50" 2.5 0.16
40" 2.7 0.14
30' 3.0 0.11
50" 33 0.09

Courtesy Kliegl Bros. Lighting
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- When this figure is chosen, refer to the "Multiplying Factors” col-
umn directly to the right for the proper factors to use in multiply-
ing dimension data and illumination data.

- Example: If a test was calculated at a throw of 30" and you require
data for this unit at a throw of 50’, find the column headed 30" and
8o down this column until the figure 50’ is located. Then, by ex-
tending directly to the right, you will find the multiplying factors 1.7
for dimension and 0.36 for illumination.
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Table 1-3. Performance of ‘‘Standard” Quartz Fresnel

Performance at 20 Feet

Unit
Minimum Spot |Maximum Flood Dimensions
Catalog Hours
Number | Lens|Wattage | Life Spread FC| Spread| FC |Length|Diameter
3518 | 127| 1000 | 150 x4 500 15 |40 |13%"] 137

3518 8" | 2000 150 312" x 32" | 400 15" |55 13%”) 13"

3521 12" | 2000 | 150 3 500 17 160 18" 18"

Courtesy Kliegl Bros. Lighting

The variation of foot-candles per watt from luminaires is shown by
Tables 1-3 through 1-5. These tables illustrate not only the higher light
output per watt for quartz lamps as compared to incandescent lamps, but
also that the design considerably affects the actual foot-candles per watt
of input power.

EQUIPMENT LIST
Fixtures
10—1155TVG 750/2000-Watt Standard Scoop 18"
1—44N3TVB 75/100-Watt Fresnel Camera Light 3" Lens
10—44N6TVG 500/750-Watt Fresnel Spotlight 6” Lens
4—44NBTVG 1000/1500-Watt Fresnel Spotlight 8” Lens
1—1365PTVG 500/750-Watt Pattern Projector Klieglight
1—1365TVG/Iris 500/750-Watt Iris Klieglight

Accessories
5—1080A 4-Way Barn Door for 44N62TVG
2—1081A 4-Way Barn Door for 44N8TVG
1—1097 Set for 16 Patterns for Projector
5—1078X 18" Diffuser Frame
2—1421 Caster Stand 25" Base
4—111TV Pantograph Hanger
4—10E955G Extension Cable 10’
2—25E955G Extension Cable 25

Wiring
6—619G/10/5 Connector Strips 10’ Long With § 20 A Pigtail Outlets.
4—2433G/2 Wall Outlet Boxes

Control

3—2500-Watt Dimmers & Space For 3 Future Additions

9—2500-Watt Nondims

1—100 A 3-Pole Main Breaker

1—Cross-Connecting System for 34 20 A Circuits Using Either Rotolector Or Patching

Devices
NOTE: Fixtures not shown are on portable floor stands and on camera.
Courtesy Kliegl Bros. Lighting

lighting plan for studio.
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Courtesy Kliegl Bros. Lighting

Fig. 1-2. Photometric data for representative luminaires.
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When comparing the lamps shown by Tables 1-3 through 1-5 with the
lamps of Fig. 1-2, it is necessary to note the wider angle of throw for the
quartz luminaires. For example, the 2000-watt incandenscent lamp of Fig.
1-2A provides essentially 60 foot-candles (flood position) over a spread
of about 6 feet at a distance of 20 feet. The “standard” quartz luminaire
of Table 1-3 (2000 watts, 12-inch lens) has 60 foot-candles over a spread
of 17 feet (in flood position) at a distance of 20 feet (an equivalent of
almost three incandescent lamps for the same coverage). The equivalent
luminaire in the high-efficiency design (Table 1-4) gives 225 foot-candles
over a spread of 17 feet at a distance of 20 feet.

Table 1-4. Performance of High-Efficiency “XKE" Fresnel

Performance at 20 Feet
Unit
Minimum Spot|Maximum Flood| Dimensions

Catalog Hours

Number | Lens | Wattage | Life | Spread | FC [Spread | FC |length | Diameter
3507 634" 400 | 2000 | 4 100 20 25 12" j:17%
3507 638" 650 100 | 4 300 20 50 |12” 8Ya”
3525 8" 1000 150 | 2/ 300 177 1 100 [ 13" 137
3525 8” 2000 150 2 500 17’ 175 13Va" 137
3527 127 2000 150 1’6" 600 17’ 225 18" 18"

Courtesy Kliegl Bros. Lighting

Table 1-5 shows that two lamps are available for the same luminaire:
One is a 30-hour lamp that has an addirional 40 foot-candles, compared
to the 150-hour lamp, under the condition shown. This is normal in all
luminaires; shorter-life lamps such as a 110-volt bulb on a 120-volt circuit
give higher light output at a reduced life expectancy.

Table 1-5. Performance of Follow Spots

Performance at 75 Feet Unit Dimensions
Catalog Hours
Number Wattage Life Spread FC Length Diameter
1393 1000 32 6’ 180 46" 16"
1393 1000 150 6’ 140 46" 16"

Courtesy Kliegl Bros. Lighting

A 40" X 60" studio (net production area of 1664 square feet) lighted
for color with incandescent lamps would require 1664 X 90, or 150 kW
of power (Table 1-1). Fig. 1-3 illustrates a typical quartz studio-lighting
package for a 40" X 60’ studio. In this case, a total of 72.2 kW is required.
Additional lighting for the cyclorama brings the total to about 100 kW,
Note that these power inputs are close to those computed from the data
of Table 1-1.
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Courtesy Kliegl Bros. Lighting
lighting plan for studio.
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EQUIPMENT LIST

For 100% Quartz-lodine Lighted 40" X 60" Color Studio (Package No. 27CQ)

Fixtures & Accessories

27—No. 3451 1000 W Quartz Scoop

2—No. 44N3TVB 150 W Cameralight

6—No. 3507 650 W Quartz Fresnel

36—No. 3525D 1000 W Quartz Fresnel

3—No. 1357P/6W 1000 W Quartz Pattern
Klieg

2—No.
Klieg

4—No. 1106A 4-Way Barn Door for 650
W Fresnel

18—No. 1081A 4-Way Barn Door for 1000
W Fresnel

14—No. 585A 16-Inch Color/Diffuser
Frame for Scoop

3—No. 1097 Sets of 16 Patterns for
Kliegs

2—No. 1421 Castered Floor Stands

9—No. 111TV Pantograph Hangers

9—No. 10E955G 10-foot Extension Cables
for Pantographs

2—No. 25E955G 25-foot Extension Cables
for Floor Stands

1357/6/1 1000 W Quartz lris

Wiring Devices

10—No. 619G/16/7 Connector Strips (each
16 feet long and wired with 2 double
and 3 single 3-foot pigtail outlets on
five 20-ampere circuits)

10—No. 619G/16/6/1X Connector Strips
(Each 16-feet long and wired with 2
double and 2 single 20-ampere 3-foot
pigtail outlets and one 50-ampere out-
let)

10—No. 2406G/10 Ceiling Terminal Boxes

10—No. 2406G/10X Ceiling Terminal Boxes

1—No. 12/8 100-foot Multiconductor Drop

Cable

1—No. 6/3 100-foot Multiconductor Drop
Cable

1—No. 12/12 100-foot Multiconductor
Drop Cable

6—No. 24330/3/1X Wall Outlet Boxes
(Each with three 20-ampere and one
50-ampere pigtail outlets)

Control Center

1—Composite one scene, two subscene
lighting preset system containing: 108
20-ampere and 16 50-ampere counter-
weighted male plugs, 75 Automatic
Cold-Patching 20-ampere female jacks
with associated circuit breakers and 15
50-ampere jacks. 1 Boardlight, 8 7000
W SCR dimmers, 7 7000 W plug-in non-
dims which permit future insertion of
dimmers, 1 300-ampere 3-pole main
breaker, a preset section with 15 pots
with selector switches and 2 submas-

ters and lock and key switch

Lamp Package

27—No. Q1000T3/4 Quartz Lamps for
Scoops

2—No. 150G16V2/3DC Lamps for
Cameralights

6—No. FAD-650 Quartz Lamps for
Fresnels

36—No. DXW-1000 Quartz Lamps for
Fresnels

5—No. 1000T6Q/RCL/1 1000 W Lamps
for Kliegs

Cyc Package

(Sufficient to light an “L” shaped cyc cov-

ering one 40-foot wall, 1 curve, and V2

of the 60-foot wall)

8—No. 3500FC 7-foot Striplights With 4
Reflectors and Glass Filters

3—No. 3500AFC 3V2-foot Striplights With
2 Reflectors (For Curve)

2—No. 453TVG/3 Adapters (To convert a
50-ampere outlet to three 20-ampere
outlets)

Courtesy Kliegl Bros. Lighting

Fig. 1-3. Quartz-iodine lighting plan for studio. (Cont’d.)
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There are three possible ways of lighting for color television:?2

1. The 100-percent use of standard incandescent spotlights and flood-
lights. This has been the general practice, but, although it produces
satisfactory results, it has a high cost because of greatly increased
power and air-conditioning requirements.

2. The 100-percent use of quartz-iodine spotlights and floodlights. This
method requires a minimum increase in power and air-conditioning
expenditures.

3. A mixture of incandescent and quartz-iodine lighting. Here the in-
crease in power and air-conditioning requirements is somewhere be-
tween the foregoing extremes.

Before considering the relative merits of these three lighting methods,
review two basic requirements of the color system. First, the lighting
level: This is 250 foot-candles plus a “holey factor.” In order to under-
stand this factor, it is essential to recognize that, in color, shadows are
more critical than in black and white. If the contrast range is not care-
fully controlled, shadows become an unacceptable dark color, and may
also cause video noise. Therefore, it is desirable to fill in these holes
(shadows) by using additional luminaires. These may be either Fresnel-
lens spotlights or scoop floodlights as the situaticn may dictate. Since the
Fresnel in the flood position and the scoop both deliver a broad and soft-
edged light beam, their coverage not only lightens the shadow (fills the
hole) but also overlaps the main object being lighted. With several such
"holey” luminaires being employed, it is possible to have the total overlap
add 75 to 100 foot-candles to the overall lighting level. This results, then,
in a level from 300 to 350 foot-candles of total illumination on the subject.

The second requirement is the color temperature of the light. By going
to 100-percent quartz lighting, one has the opportunity to obtain an entire
family of lamps and luminaires in either 3000 or 3200 Kelvin temper-
ature. By and large, the TV industry has shown a preference for 3200-K
lamps for color work. Telecasters may now obtain scoops, Fresnels, pat-
tern and iris projectors—all with the same color temperature. When this
is done, cameramen may move from one set to another without worrying
about the light mixtures, since they all will have the same color.

A direct comparison of light, life, and temperatures between standard
incandescent and quartz luminaires may be helpful at this point; see Table
1-6. The first observation from this table may very well be that the quartz
lamp, although it may produce two to four times the light of its standard

2Much of the information given here was first presented at the Symposium
on Theatre-Television Lighting sponsored by the Illuminating Engineering
Society (IES), at Chicago, Ill., May 1966. It appears here by permission of
Kliegl Bros. Lighting.
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Table 1-6. Incandescent and Quartz-lodine Comparison

Incandescent | Quartz-lodine | Incandescent | Quartz-lodine
Scoop Scoop Fresnel Fresnel
Life (Hours) 1000 500 200 150
T
Light {(Lumen Output) Detreases |[. Unchanged Decreases Unchanged
With Age With Age With Age With Age
Temperature {Color) Decreases Unchanged Decreases Unchanged
With Age With Age With Age With Age
(to Orange) (to Orange)

incandescent /counterpart, has a shorter life. This may be true if the ab-
solute term “life” is used, but it is not so if the limited term “useful life”
is employed. Many TV studios, in order to avoid degradation of color
and light outputr (see Fig. 1-4) as lamps age, make it standard practice
to change lamps at 50 percent of the anticipated life. This practice gives
quartz lamps a longer useful life, since such lamps maintain color as well
as light output throughout their life. Furthermore, the production staff is
relieved of the burden of compensation for color degradation when the
lighting is 100 percent quartz.

In going to color with all incandescent lighting fixtures, approximately
150 percent is added to the power and air-conditioning load. Technically
speaking, a 100-percent increase is sufficient, but the “holey factor” adds an
additional 50 percent. The luminaire complement would roughly double,
with some 5000-watt Fresnels added to the 1000 to 2000-watt Fresnels in
use for monochrone (only). This method has been producing excellent
color pictures for nerworks and many independent stations. However, un-
less the station already has a large luminaire complement and has installed
the increased power and air conditioning in anticipation of the move to
color, this is the most costly way of lighting for color.

By providing 100 percent quartz-iodine fixtures in place of the in-
candescent fixtures—and by adding 50 percent more luminaires for the

120
g 100
=} P ———]
= 1000-Watt 500-Watt
“:E % NG 3200K Quartz-lodine Quartz-lodine
s N
S 1000-Watt
e @ Standard \ 500-Watt
a Spotlight Standard Spotfight

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Hours of Operation
Fig. 1-4. Lumen-output fall-off curves for typical lamps.
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“holey factor"—one may go to color with only a 50 percent increase in
power and air conditioning. Not only does this method afford production
of color TV pictures more inexpensively, it also makes it a far easier
process for the production staff.

If existing equipment is reused rather than replaced, the method em-
ployed by many telecasters who convert to color is to use existing units
for fill and background lighting and to add quartz units for key and back
lighting. Providing for 75 percent quartz enables the station to meet color
requirements. This adds 75 percent to the power and air-conditioning costs.
Incidentally, this method produces excellent results, although it requires
color balancing and mixing, and is subject to some of the color degradation
exhibited by the old incandescent method.

1-2. AIR CONDITIONING

Air conditioning in the control room and studios is mandatory for most
sections of the United States if optimum equipment performance is to be
expected. Although the effect of temperature in individual components
may be small as the temperature increases, the accumulative effects over
the average operating day can become quite noticeable. Such troubles as
poor focus, drifting linearity, waveform instability, and loss of resolution
often can be attributed to excessive temperature changes occurring after
adjustment and alignment of camera chains.

It is a fundamental truth that if equipment areas and studio areas are
maintained within reasonably comfortable temperatures for personnel,
rack equipment and components within camera and monitor housings will
remain within optimum operating temperatures. If the room temperature
is held no higher than 80°F and the humidity remains within the 40 to 45
percent range, both personnel and equipment should operate efficiently.

Obviously, the required air-conditioning capacity depends on the size
of control rooms and studios, average seasonal temperature of the location,
and the amount of equipment and lighting installed. A competent air-
conditioning engineer as close to the community as possible should be
consulted. Usually, it is necessary to provide sound-isolation baffles in ducts
and outlets for the air stream to prevent sound leakage from control room
to studio and between studios, and to prevent whistles or other noise
caused by the forced air movement. This is a greater problem in television
than in aural broadcasting because TV audio techniques require greater
microphone-to-performer distances than the more intimate techniques used
in radio broadcasting.

Table 1-7 gives the “rule-of-thumb” air-conditioning requirements for
the conditions stated, and assuming a 40" X 60’ color studio. Note that a
diversity factor of 60 percent normally is used for the design of the studio
air-conditioning system. This would be 60 watts per square foot for in-
candescent lighting, 36 watts per square foot for quartz lighting, and about
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Table 1-7. Comparison of Lighting Design Parameters

Standard
Incandescent Quartz Mixture
Lighting Levels (Foot-Candles) 250-350 250-350 250-350
Power (Kilowatts) 180 108 126
Watts per sq. ft. (NPA)* 100 60 75
Air Cond:tioning Heat Load** (kW) 108 62.4 75.6
(Tons) 31 171 21.6

*NPA—Net Production Area.

**Calculated on the basis of 60 percent of input power since the air conditioning is designed
on a continuous 12-hour or longer basis, whereas the lighting is sporadic with peak lighting
(heat} loads having only a 30-minute to 1-hour duration.

45 watts per square foot for a studio in which quartz and incandescent
lamps are mixed.

1-3. POWER REQUIREMENTS FOR LIGHTING

In figuring the power required for studio lighting, a 100-percent utliza-
tion factor normally is used. The minimum diversity factor ever to consider
is 80 percent, but the 100-percent factor is recommended. Thus, if the
lighting system provides 100 watts/square foot for a net production area
of 1000 square feet, the feeder requirement is 100 kW plus any additional
power required for lighting control, rear-screen projectors, cameras and
camera pedestals, etc. In general, however, the lighting-load feeders are
separate from those for other studio equipment.

It is the usual practice to order a three-wire service with a grounded
neutral. This is equivalent to two separate services, as indicated by Fig.
1-5. This arrangement would be adequate to handle all lights in the aver-
age installation. An extra service for office equipment, air conditioning,
heating units, and the like is required.

120V —1—120V—
Main Fuse Main Fuse
S Bank A Bank B
Lighting-Load | Feeders |
———— ~———
To To
Individual Disconnects tndividual Disconnects

Fig. 1-5. Simple power arrangement for lighting.
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The simple arrangement shown in Fig. 1-5 provides two individual
breaker panels, A and B. Each light fixture usually is marked on the hous-
ing in large letters such as A-G, B-12, etc. This designates the panel and
breaker involved for the individual luminaire. The individual breakers
usually are of 20-ampere capacity, with some 50-ampere breakers neces-
sary (for color) as specified in Fig. 1-3.

1-4. THE SUSPENSION SYSTEM AND POWER DISTRIBUTION

The most common system for providing current to suspended lights is
the connector-strip method illustrated in Fig. 1-6. According to IES and
SMPTE recommendations, ceiling (grid) outlets should be spaced evenly
over the entire studio ceiling. The most convenient and least costly method
involves the use of factory assembled and wired, UL-approved connector
strips. These strips provide safe and convenient facilities for connecting
spotlights, floodlights, etc., where units are hung from an overhead track
or pipe batten. The particular strip illustrated in Fig. 1-6 has the following
specifications: the front cover is removable for access to terminals; standard
finish is flat black (circuit designations, stenciled on the front in 2-inch
letters, sometimes are used ) ; each section is furnished with proper hangers;
strips are 2"/ X 4”, 20-gauge steel; strips are furnished with 5 pigrails,
each 3 feet long.

The sheet-steel wireway (with pigtail connectors) is mounted onto the
pipe batten as in Fig. 1-6B. The pigtails are evenly spaced at 3'-9”
intervals along the connector strip. Each light is clamped onto the pipe
by means of a “C” clamp (Fig. 1-7), and the cord on the lighting unit is
plugged into the pigrail connector. A terminal box provided at one end
of the strip carries multiple-conductor flexible cable to a square duct
which, in turn, contains conductors that carry the connection back to the
lighting control center.

Another type of overhead light suspension is shown in Fig. 1-8. Both
the fixtures and the individual cross tracks may be moved at will. Individual
cross tracks travel on master support tracks, and the fixtures travel on the
cross tracks. The ability to move individual fixtures and/or individual
cross tracks gives full location flexibility to each lighting fixture. All move-
ment of fixtures and track may be accomplished from the floor with the
use of a pole. All fixtures have the same tilt and swing as when attached to
the pipe batten with a standard pipe clamp.

In addition to overhead lighting, some provision normally is made for
floor units. It is recommended that duplex or triple wall outlets be pro-
vided about every 30 running feet of wall. For monochrome, 20-ampere
outlets are used with 50-ampere outlets provided in at least one position.
For color, all outlets are usually of 50-ampere capacity. Such outlets pro-
vide power for floor-stand lights (such as low-level front lights), rear-
screen projectors, follow spots, special-effect machines, etc.
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Feed Cable Hanging Pipe-Batten Connector Pipe -Batten Pigtail
Cable Clamp Cable Clamp Strip Clamp Outlet
v i |

g

Courtesy Kliegl Bros. Lighting
(A) Typical unit.

Duct : :] Ceiling

Connector Strip

Pipe Batten Terminal Box
Terminal Strip
EJ:’" ﬁ ]( N Connect
[:]] \ at Duct
(:[w ¢
ép éﬂ LLD LLU Cable Clamp
20A 20A 50 A 20A 20A
Grounded Pigtail Outlets Special Multiconductor Cable
Containing 3 No, 6 and
8 No. 12 Wires

(B) Power distribation.
Fig. 1-6. Lighting connector strip.

Fig. 1-9 illustrates one type of wall box that is available with either 2,
3, or 4 pigtails 18 inches in length. Such pigtails permit the use of the
standard heavy-duty lighting plugs required for television and theater
luminaires.

1-5. LIGHTING CONTROL

A single circuit is brought to the lighting control center from each
lighting unit. The “control center” for a small studio may be as simple as
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Fig. 1-7. Double C clamp.

Courtesy Kliegl Bros. Lighting

a bank of circuit breakers, as described for Fig. 1-5. In a larger studio,
breakers may be grouped and then mastered. Each load circuit is repre-
sented either by a cord and plug (similar to a telephone switchboard) or
by a rotary switch. Individual loads then can be grouped into any one of
12 0 24 (or more) dimmer or nondim controls.

Fig. 1-10A illustrates the Kliegl Saf-Patch panel, in which “make” or
“break” of a “hot” circuit is prevented automatically. The system consists
of load plugs and female receptacles. Each recepracle is controlled by an
individual magnetic-type circuit breaker. These breakers serve as on-off
controls for their associated receptacles and may be used for individual
changes withour affecting other lights. Individual load plugs, one for each

Courtesy Kliegl Bros. Lighting

Fig. 1-8. Double-track mobile system for overhead lights.
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lighting circuit, are equipped with cable clamps that eliminate strain on
internal connections. The special design of the load plugs makes it impos-
sible for them to be inserted into a receptacle when the circuit breakers
are in the on position (Fig. 1-10B). When the plugs are removed from
the receptacles, they automatically trip the breakers to the off position
before the plugs are completely withdrawn (Fig. 1-10C) eliminating any
possibility of a "hot” break. As an additional safety feature, load plugs of
different capacities cannot be interchanged and can be connected only
to properly rated female receptacles. The plugs and patch cords are
properly counterweighted for automatic restoring when not in use.

Fig. 1-9. Typical wall box.

Courtesy Kliegl Bros. Lighting

Individual standard Saf-Patch panels are furnished with six female re-
ceptacles, although panels of three or four can be furnished upon request.
Groups of these panels form a Saf-Pasch Klieg-Board (Fig. 1-11). The fe-
male receptacles can be of 20- or 42-ampere size and freely intermingled.
Groups of female receptacles generally are wired together and fed by a
dimming or nondim circuit.

Manually operated systems may be recommended for more simplified
dimming applications where requirements are moderate. In this system,
the dimming units and their controls are mechanically manipulated, and
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Courtesy Kliegl Bros. Lighting
Fig. 1-10. Kliegl Saf-Patch panel.
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Courtesy Klieg! Bros. Lighting
Fig. 1-11. Saf-Patch lighting panel.
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it should be remembered, therefore, that ease and flexibility of control will
not duplicate those of a corresponding remote system. A mechanical sys-
tem may include various forms of interlocking so as to provide for control

Courtesy Kliegl Bros. Lighting
Fig. 1-12. Autotransformer dimmer board.

of a few or all dimmers at any one time by means of submaster levers and
a grand master lever. The autotransformer dimmer (Fig. 1-12) is the
major component of a manually operated system. The diagram of Fig.
1-13A illustrates a typical manually operated autotransformer system. As
you will note, a cross-connect circuit-selection panel for the interconnection

Secondary Secondary
Lighting Circuits Lighting Circuits
Cross- Cross-
Connect Connect
Circuit- Circuit-
Selection Selection
System System
Manually Remote Control
Operated Controlted Console or Preset
Dimmers Dimmers Programmer Panet
Power Feeders Power Feeders
(A) Mannal operation. (B) Remote control.

Fig. 1-13. Two basic types of lighting control.
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of lighting loads and dimmers is located berween the dimmer bank and
the lighting fixtures.

The use of remote operation is mandatory under certain circumstances:
where presetting of scenes is desired; where two or more control stations
are called for; where remote location of the control console is required.
With a remote system, finger-tip controls are assembled in a control con-
sole. This control center then may be located away from the dimming bank
in any desired location. At the same time, the power units can be located
conveniently near the lighting fixtures so that feeder runs and other wiring
may be kept to a minimum.

The diagram of Fig. 1-13B illustrates a typical remote-control system.
As you will note, the control console and preset panel (if required) may
be located at a good vantage point away from the dimmer bank. Located
between the dimmer bank and the lighting fixtures is a cross-connect
circuit-selection panel for the interconnecting of lighting loads and
dimmers.

A cross-connect circuit-selection system that eliminates the use of patch
cords and plugs is the Kliegl Rotolector. This device is a rotary circuit
selector used to cross-connect lighting load circuits to dimming or nondim
feeder lines. Each branch lighting circuit is wired directly to its own
Rotolector, which, in turn, is connected to the various dimmer and nondim
feeders. For example, a 12-point Rotolector can be fed by 10 dim and 2
nondim sources, or any other combination thar totals 12. To patch the
load to any one of the feeders, the operation is as follows:

1. The knob of the Rotolector is withdrawn. This automatically trips
the associated circuit breaker before the load contact is broken.

2. The knob is rotated to the selected position, as indicated by the num-
bers on the dial, and then pushed in until contact is made.

3. When contact is made, the circuit breaker can be turned on to ener-
gize the circuit. "Hot” connections and arcing are eliminated auto-
matically.

Each 615" X 614 unit can be furnished with either 12 or 24 positions.
Units are available to handle either 20- or 50-ampere lighting loads.

In manually operated autotransformer-dimmer Klieg-Boards, each auto-
transformer dimmer is controlled by its own operating handle, but all units
may be coupled to submaster and grand master levers if desired. Control
levers are color coded, labelled, and grouped for quick identification and
use. Each dimmer is protected by a magnetic-type circuit breaker that can
serve also as an on-off switch. Additional breakers are provided to protect
and control secondary circuits. The board also can include circuit-breaker
switches for control of nondim circuits, as well as remote-control switches
and transfer switches. Manually operated autotransformer dimmers are
used when there are strict budgetary restrictions and there is no need or
desire for presetting of intensities or control from a remote location.
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Fig. 1-14, SCR dimmer module.

Courtesy Kliegl Bros. Lighting

The majority of modern remote-control dimming installations utilize
silicon controlled rectifier (SCR) dimmers. The wide-range capacity of
these dimmers makes them especially suitable for auditorium lighting and
other applications where large lighting loads are involved. They are small
in size and require no outside cooling. Dimmer banks can be located re-
motely or as a part of a console and cross-connect system.

Fig. 1-14 shows an SCR dimmer module. This module is interchange-
able with SCR nondim units, and can be safely inserted or removed from
the board, while under load, without tripping any protective devices. The
response to control is instantaneous, and no warm-up period is required.
The units are designed for continuous operation at ambient temperatures
up to 40°C. When loads in excess of the rated capacity of the dimmer are

Circuit .
. Back-to-Back Silicon
IS Fasé—Actlng Controlled Rectifiers
use
Transformer
Line —o 00080 ((@ Output
Control ‘ l m
Fuse
Control ]
Input * €
fFiring
Circuit
Neutral
L —— o

Control Transformer

Magnetic Amplifier Circuit

* The control input is completely isolated from the power input.
Courtesy Kliegl Bros. Lighting

Fig. 1-15. Circuit of SCR dimmer.
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hot patched into the unit, it operates at reduced voltage until the overload
is removed. Short-circuit protection is provided by means of silver-sand
fuses that operate within 1/60 second to protect the rectifiers.

Fig. 1-15 is a schematic diagram of the SCR dimmer module of Fig.
1-14. The back-to-back SCR’s are in series with the lighting load. The
firing-circuit diodes for the SCR gates are activated from a low-voltage con-
trol input (never more than 28 volts) through a magnetic amplifier.

Potentiometer Setting 10 Potentiometer Setting 5
Percent Voltage 100% Percent Voltage 67%

Potentiometer Setting 0 Potentiometer Setting OFF
Percent Voltage 10% Percent Voltage 0%

Courtesy Klieg! Bros. Lighting
Fig. 1-16. Output waveforms of SCR dimmer.

Note that this allows complete isolation of the control input from the
power input. Thus, the dimmer controls on the console are concerned only
with the isolated low control voltage, about 28 volts dc at 12 milliamperes.

Fig. 1-16 shows the voltage waveforms at the output of the SCR dimmer
module for four different settings of the control potentiometer. At a set-
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ting of 10, the output voltage is 100 percent, and the lights associated with
that control are at maximum intensity. At a setting of 5, the gate voltage
causes the SCR’s to conduct later in the cycle, reducing the voltage output
to 67 percent. At a setting of zero, the firing point in each cycle is still
later, applying only 10 percent of full voltage. The control must be placed
in the off position to remove the output voltage completely.

100

/|

/

Percentage of Light

/

20

=

pd
L~

off 0 1 2 3 4 5 6 7 8 9 10
Potentiometer Settings
Courtesy Kliegl Bros. Lighting
Fig. 1-17. Light output resulting from SCR-dimmer control.

Fig. 1-17 gives the correlation between control setting and percentage
of light output. Note that, for example, a setting of 5, which applies 67
percent of full voltage to a lamp, results in approximately 34 percent of
maximum light output.

Models of these SCR dimmers are avaliable in 3, 6, 10, 12, and 15 kW
capacities. Nondim units are available in 3, 6, and 10 kW sizes. A built-in
device permits the nondim units to be set at any predetermined “on/oft”
position.

EXERCISES

Ql-1. Give the nominal value of lighting, in watts/square foot, normally
planned for (A) monochrome and (B) color when incandescent
lighting is used.
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Q1-2.

Q1-3.

Q1-4.

Q1-5.

Give the nominal value of lighting, in warts/square foot, normally
planned for (A) monochrome and (B) color when 100-percent
quartz lighting is used.

You have the lamp of Fig. 1-2B to be operated in the flood position.
How many foot-candles would you expect at a throw distance of
15 feet (A) on axis and (B) 10 feet off axis?

You have the same lamp as above, operated in the flood position.
How many foot-candles would you expect at a throw distance of 60
feet (A) on axis and (B) 5 feet off axis?

Approximately how many amperes does a 5000-watt lamp draw at
a voltage of 115 volts?



CHAPTER 2

The System Concept

Fig. 2-1 illustrates the wide variance in fundamental television camera-
chain systems. Because of the predominance of color telecasting, color sys-
tems will bc emphasized in this training.

2-1. NTSC AND FCC COLOR STANDARDS IN PRACTICAL FORM

The FCC standards are based on the work of the National Television
Systems Committee (NTSC) as originally filed with the FCC on July 21,
1953. We will often use the term "NTSC color” because the specific details
of the system are far more inclusive than those spelled out in the FCC
standards.

Since most colors can be duplicated by mixing correct amounts of three
properly selected primary colors, it follows that a color TV system can
be based on the transmission and reception of images in the three primary
colors. The first step is accomplished in the television camera. The camera
generates three different signals from the information contained in the
image of the scene. There are three general types of color cameras, as
follows:

1. Three cameras are operated from a single set of controls so that the
view televised by each is identical. In front of each camera lens is
placed a red, green, or blue filter. While the view imaged by all
three cameras is identical, the light reaching the light-sensitive plate
of each camera contains only the components passed by its respective
filter. The three camera heads operate as one camera, and this camera
produces a signal corresponding to the image in each of the primary
colors. The brightness, or luminance, information is a function of the
combination, and therefore the three images must be accurately reg-
istered to obtain a reasonably sharp picture, whether reproduced in
monochrome or color.

36
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Fig. 2-1. Components of camera-chain systems.

2. Other cameras use a similar system, except that four pickup tubes are

involved: three for the primary colors, and the fourth for luminance
only. In this type of camera, only the luminance channel must have
wide bandwidth; the three color channels can be relatively narrow-
band. With this type of camera, since the color channels carry very
little brightness informartion, the effect of misregistration of images
is slight on monochrome receivers.

. A “convertible” system makes use of only two channels in the

camera. One tube is used for a full-bandwidth luminance signal,
and the second tube is used in the alternate red/blue channel. The
fields are sequenced mechanically through a rotating red and blue
filter wheel synchronized to the vertical rate of the main synchroniz-
ing generator. The green signal is obtained (before encoding)
through subtractive matrixing of the red/blue and luminance sig-
nals. Special processing is required to convert the sequential color
to the NTSC color signal.

In any of the basic types of camera mentioned above, we will be con-
cerned with three signals, Y for luminance, and I and Q for chrominance.
Caution: You will find a rather common application of the letter M (for
“monochrome”) to designate luminance information. In this book, the
letter Y will be used for luminance, because in NTSC-FCC color specifica-
tions, the voltage of the composite color signal (which obviously contains
both luminance information @nd chrominance information) is designated
by the symbol Ey.!

11t is imperative that the reader have a color training background equivalent
to that of Chapter 2 in Television Broadcasting: Equipment, Systems, and
Operating Fundamentals, by Harold E. Ennes (Indianapolis: Howard W. Sams
& Co., Inc,, 1971).
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The color picture signal has the following composition:

Em = Ey" + [Eq sin (wt+ 33°) + Ey cos (wt + 33°)} (Eq.2-1.)

where,
Ey' =041 (Eg’ — Ey’) + 048 (Ex" — Ey’) (Eq.2-2.)
E/=—0.27 (Eg’ — E’y) +0.74 (Ex’ — Ey’) (Eq.2-3.)
Ey'=030Ex’+0.59Es"+0.11 Ey’ (Eq.2-4.)

The phase reference in Equation 2-1 is the phase of the color burst + 180°.
The burst corresponds to amplitude modulation of a continuous sine wave.

Equations 2-1 through 2-4 have been developed in your previous train-
ing. Equation 2-5, which is in terms of the color-difference signals only (as

demodulated by “narrow-band” color receivers), holds only for frequencies
below 500 kHz (the region in which both Q and I are double sideband ) :

N I U N
Ex=Ey + {m [m(EB Ey’) sinwt + (Ex’ — Ey’) Coswt]}

(Eq.2-5.)

This equation is as given in the NTSC-FCC standards; note that you can
more clearly visualize this as:

Ex = Ey 4+ 0493 (Eg — Ey) sinwt 4 0.877 (Eg — Ey) coswt

The I and Q channel bandwidths shown by Fig. 2-2 are specified by the
FCC as follows:

I-Channel Bandwidth: Less than 2 dB down at 1.3 MHz
Atleast 20 dB down at 3.6 MHz

Q-Channel Bandwidth: Less than 2 db down at 400 kHz
Less than 6 dB down at 500 kHz
Atleast 6 db down at 600 kHz

Colfor Subcarrier

W 3.579545 MHz
B5x > 1 Sound Carrier
Luminance Signa! !
— L —_—
—_—— —— ——
Chrominance /, | ?
Signal ./ \
. o // ~ \
Ey cos (wt + 330) , 5 // \
EQ sinlwt + 33 ’V | \\
- prd A\
0 1 2 3 4 5

Video Frequency (MHz)

Fig. 2-2. Frequency distribution of color signal.
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The prime signs in Equations 2-1 through 2-5 indicate gamma-corrected
signals. In the discussion that follows, we will assume all system signals to
be gamma corrected, and designate them as follows:

Ey = corrected luminance-signal voltage
Eg = corrected red-signal voltage

Eg = corrected green-signal voltage

Ep = corrected blue-signal voltage

Caution: The method of gamma correction is not presently fixed by the
FCC. In the three-camera color system, Eg, Eg, and Eg are all gamma cor-
rected to make up the composite color signal. In the four-camera system,
the luminance channel is gamma corrected, but the individual color chan-
nels may or may not be corrected in the same way. In this section, we
assume that matrixing, encoding, and all following functions will be per-
formed on properly corrected signals from the camera.

Fig. 2-3 is also a review, but we want to take a slightly different ap-
proach so that your thinking remains flexible. The luminance part of the
complementary colors (yellow, magenta, and cyan) is formed as follows:

Yellow:

Ey —Eg=1.00—0.11=0.89
Magenta:

Ey — Eg =1.00 —0.59 =041
Cyan:

Ey —Er=100—-030=0.70

Be sure you can visualize this from your previous training. Thus, the
luminance (only) part of the signal is as shown in Fig. 2-3A for 100-per-
cent bars.

NOTE: Section 2-2 considers 75-percent color bars as normally used.
However, the 100-percent bars are used for certain test procedures.

The values of I and Q for the primary colors and their complements
are reviewed in Table 2-1. For example, the values for yellow are 1 =10.32
and Q=—031.

Everrow =V I2+ Q2
=+/(032)2+ (—031)2
=1/0.1024 + 0.0961
=+/0.1985

0.446, or simply 0.45 as shown in Fig. 2-3B.
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(C) Composite levels.
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You should be able to develop the remaining chroma amplitudes of Fig.
2-3B by the same reasoning. Remember that the subcarrier goes to zero
for white and black (and all shades of gray).

Fig. 2-3C represents the composite signal (for maximum saturated
chroma) on the IRE scale. (NOTE: The bar between green and red may
be called “purple” or “magenta”; both are the same). Fig. 2-3C is for
100-percent color bars without inserted blanking pedestal.

The amplitude of the chroma signal interprets the degree of saturation
of the particular hue. The fact that the yellow signal is 0.45 times the
amplitude of the white luminance signal tells you this color is a fully
saturated yellow; it contains a2 maximum unit of red and a maximum unit
of green, with zero blue.

Table 2-1. Color System Relationships for Primaries and Complements

Transmitted

Color Ec | Er| En Ey G—Y R—Y{B—Y Q |

Green 1 0| 0| 0.59 0.41 059 | —0.59| —0.525( —0.28
Yellow 1 1 0 | 0.89 0.11 0.1 —0.89] —0.31 +0.32
Red 0 1 0 0.3 —0.3 0.7 —0.3 | 40.21 +0.60
Magenta 0 1 1 0.41 —0.41 0.59 0.59| 40.525| +40.28
Blue o(o0 1 0.11 —0.11 —0.11 0.89| +-0.31 —0.32
Cyan 1 0 1 0.7 0.3 —0.7 0.3 |—0.21 —0.60

Hue is determined by the phase angle of the signal with respect to a
specified reference. (This is also a review, but, again, we want to take a
slightly different tack so that you can "see” this system in its many facets.
In this case, “familiarity breeds contentment.”) See Fig. 2-4A. Suppose we
have a carrier that starts with the phase of the R—Y vector, and we pass
this carrier through a 90° delay line to obtain a carrier in quadrature (in
phase with the B —Y vector). Now we can say that B—Y lags R —Y by
90°, or that R — Y leads B—Y by 90°. But recall that vectors “in action”
rotate counterclockwise, and the starting point (0° or 360°) is generally
taken at the B — Y axis on the right.

Now study Fig. 2-4B. It will be noted that when Eg — Ey is transmitted
alone, it produces colors from bluish-red through white to bluish-green,
which are located along its axis. When transmitted alone, signal Eg — Ey
produces colors from purple through white to greenish-yellow. From the
color triangle, it can be seen that varying amounts of both signals, when
transmitted together, produce hue and varying saturations of any color lo-
cated within the triangle. For example, Area 1 is enclosed by axes desig-
nated — (Eg — Ey) and —(Ez — Ey) and represents the colors that can
be produced by the presence of these two signals.
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Fig. 2-4. Color phase angles.

You have learned previously that it is desirable to produce a “wideband”
signal for the orange-cyan color regions. If color detail is transmitted by
Er — Ey alone (Ep — Ey being zero), the colors reproduced will be bluish-
red and bluish-green instead of an orange-cyan mixture. So we set up a
new pair of axes by starting with a vector advanced 33° from R—Y as
shown in Fig. 2-4C. This now becomes the “in-phase” vector (I). The
quadrature component (Q) is advanced 33° from B —Y. The reference
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burst remains along the — (B —Y) axis. The new color gamut is now as
shown on the color triangle of Fig. 2-4D. The respective bandwidth pro-
portionments are as shown by Fig. 2-2. So the wideband I signal lies along
the orange-cyan axis.

Now note that when R —Y was rotated to form the I axis, it was re-
duced in amplitude (Fig. 2-5A). For example, the red vector in terms of
R —Y and B—Y is shown in Fig. 2-5B (see Table 2-1). Since R — Y was
reduced by a factor of 0.877, the red vector as a result of I-Q modulation
is as shown in Fig. 2-5C. This is to say that the original 0.7 of R —Y is
now 0.7 (0.877), or 0.614, along the R — Y axis. The original — (B—7Y)
amplitude of —0.3 is now — 0.3 (0.493), or —0.14, along the — (B—7Y)
axis. This is the relationship you will see for the red vector on the station
vectorscope as a result of I-Q modulation. We will cover this in detail later.

From trigonometric tables (or your slides rule), cos 33° = 0.839 and cos
57° = 0.544. If you use these values you arrive at the stated proportions of
R—Y and B—Y for I and Q as given in Fig. 2-5A.

We have developed the chroma amplitudes for saturated primary and
complementary colors in terms of I and Q. Now let us review the develop-
ment of the chrominance-signal phase angle.

The graphic method for development of a specific phase angle (yellow)
is shown in Fig. 2-5D. From previous training (tabulated by Table 2-1),
the I and Q components of yellow are I =0.32 and Q = — 0.31. The vector
sum is 0.45 at an angle leading the +I axis by 44.1°. The angle, then, with
the NTSC zero axis (B—Y) is 123° + 44.1°, or 167.1°.

To solve by trigonometric racher than graphic means:

adjacentside _ 032 _ 1.032

R opposite side = —0.31

From trigonometric tables (or your slide rule), cos 33° =0.839 and cos
that, since the cotangent of the unknown angle is 1.032, you find the angle
whose cotangent is this value. Without worrying about plus or minus
values of the number, by visualizing the quadrant in which the I and Q
sum must fall, you know whether the angle leads or lags the I or Q axis.
Obviously, you can use any trigonometric function—sine, cosine, tangent,
or cotangent—depending on which is most convenient in your compu-
tations.

A good way to remember the signal polarities associated with various
colors is through the use of the color triangle. We have noted that an I,
Q, or color-difference signal may have a negative polarity for some colors,
and for other colors any one of these signals may have a positive polarity.
By studying the color triangles of Fig. 2-6, you will find it easier to re-
member which colors produce an I, Q, or color-difference signal that is
negative, and which colors provide a positive signal.

On the color triangle of Fig. 2-GA, the polarity of the I signal for each
color is given. The colors that fall to the right of the Q axis are repre-
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sented by a positive I signal, and the colors to the left of the Q axis are
represented by a negative I signal. For instance, when blue, cyan, or green
is transmitted, the polarity of the I signal is negative. When magenta, red,
or yellow is transmitted, the I signal is positive in polarity. Fig. 2-6B shows
the polarity of the Q signal for each color. As can be seen, the colors that
lie above the I axis are represented by a negative Q signal, and those
lying below the axis produce a positive Q signal. The polarity of the Q
signal is negative when cyan, green, or yellow (above the axis) is trans-
mitted; when blue, magenta, or red (below the axis) is transmitted, the Q
signal is positive in polarity.

A composite drawing of the triangles in Figs. 2-6A and 2-6B is shown
in Fig. 2-6C. Notice that the I and Q signals for colors which lie in the
upper left-hand section of the triangle are negative and that the signals
representing colors in the lower right-hand section are positive. Colors
lying in the other two sections produce I and Q signals that are opposite
in polarity. For instance, the Q signal is positive for blue, but the I signal
is negative.

The key for determining the correct polarity for each of these signals is
in knowing the location of the colors on the triangle and in remembering
the negative and positive areas shown in Figs. 2-6A and 2-6B. With this
knowledge, the polarity of each signal for any color can be determined
easily.

Fig. 2-6D shows the polarities of the R —Y and B — Y signals for each
color on the color triangle. This drawing can be used to determine the
polarities of the R —Y and B —Y signals in the same manner that Fig.
2-6C can be used to determine the polarities of the I and Q signals. Fig.
2-GE lists the various signal polarities in tabular form.

The FCC states that:

“The [angles] of the subcarrier measured with respect to the burst
phase, when reproducing saturated primaries and their complements at 75
percent of full amplitude,® shall be within =10°, and {the] amplitudes
shall be within %20 percent of the values specified. . . . The ratios of the
measured amplitudes of the subcarrier to the luminance signal for the
same saturated primaries and their complements shall fall between the
limits of 0.8 and 1.2 of the values specified for their ratios. Closer toler-
ances may prove to be practicable and desirable with advance in the art.”

The relative tolerances specified are shown by Fig. 2-7. Note, however,
that the FCC specifies “at 75 percent of full amplitude.” A visual trans-
mitter is never checked for FCC specifications at “full amplitude” for
chroma signals, because this results in overshoots of about 33 percent, as
you have found. But also note that the FCC specifies “saturated primaries
and their complements.” Observe in Fig. 2-7 that chroma amplitudes are

20Observe that color bars are saturated even when transmitted at 75 percent
of full amplitude. This is further developed in following Section 2-2.



THE SYSTEM CONCEPT 47

15210
162_10
167 ;0
172,10
177.1° o°
180° 37.1°
352 10
347 40
34310
33)‘ 20

o
~
N

©

o
)
Ve i e B
FCC Tolerance Large Box v & 3 S &
Operating Tolerance Small Box N = 2 -, O
5

Fig. 2-7. Tolerances for color signals.

shown at their maximum saturated levels. We will cover the practical
details of how to use this information as we progress.

The FCC fixes the frequency response of the color TV transmitter as
follows: “For monochrome transmission only, the overall attenuation char-
acteristics of the transmitter, measured in the antenna transmission line
after the vestigial sideband filter (if used), shall not be greater than the
following amounts below the ideal demodulated curve. . . .

2dBat0.5 MHz
2dBat 1.25MH:z
3dBat2.0 MHz
6dBat 3.0 MHz
12dBat 3.5 MHz
“The curve shall be substantially smooth between these specified points,
exclusive of the region from 0.75 to 1.25 MHz. . . .”

For color transmission, the above standard applies except as modified by
the following: "A sine wave of 3.58 MHz introduced at those terminals of
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the transmitter which are normally fed the composite color picture signal
shall produce a radiated signal having an amplitude (as measured with
a diode on the rf transmission line supplying power to the antenna) which
is down 6 % 2 dB with respect to0 a signal produced by a sine wave of 200
kHz. In addition, between the modulating frequencies of 2.1 and 4.1
MHez, the amplitude of the radiated signal shall not vary by more than
*2 dB from its value at 3.58 MHz. . . ."

Note here that the FCC refers to the response as measured by the “ideal
detector” curve. This is treated further in the exercises at the conclusion of
this chapter.

Envelope-delay tolerances set by the FCC are as follows:

“A sine wave, introduced at those terminals of the transmitter which
are normally fed the composite color picture signal, shall produce a radi-
ated signal having an envelope delay, relative to the average envelope
delay between 0.05 and 0.20 MHz, of zero microseconds up to a fre-
quency of 3.0 MHz; and then linearly decreasing to 4.18 MHz so as to
be equal to —0.17 microsecond at 3.58 MHz. The tolerance on the en-
velope delay shall be #:0.05 microsecond at 3.58 MHz. The tolerance shall
increase linearly to %0.1 microsecond down to 2.1 MHz, and remain at
%0.1 microsecond down to 0.2 MHz. (Tolerances for the interval of 0.0
t0 0.2 MHz are not specified at the present time.) The tolerance shall also
increase linearly to 0.1 microsecond at 4.18 MHz.”

This requirement is illustrated graphically in Fig. 2-8. The operational
techniques for meeting this specification for the transmitter must be left
to more advanced study. However, the reader must be familiar with this
aspect now, since it is necessary to consider the overall system (studio,
transmitter, and receiver) in learning to recognize “color distortions.”

Another FCC requirement is that Ey, E;, Eq, and the components of
these signals match each other in time to 0.05 microsecond. This require-
ment must be met by inserting proper delays in the Y and I channels

£~ ~ ~ I z
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= T 1
: |
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Fig. 2-8. Envelope-delay tolerances.
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(both transmitter end and receiver end) to match the delay in the Q
channel brought about by the narrow bandwidth in this channel.

Radiation of the transmitter more than 3 MHz outside the channel
must be at least 60 dB below the visual transmitter power. The voltage
of the upper sideband must not be greater than —20 dB for a modulating
frequency of 4.75 MHz or greater. The voltage of the lower sideband must
not be greater than —20 dB for a modulation frequency of 1.25 MHz or
greater. For color, it must not be greater than —42 dB for a modulating
frequency of 3.58 MHz (color subcarrier).

It does not necessarily follow that a transmitter that meets the sideband
requirements when broadcasting monochrome will do so when radiating
a color signal. This is because the chrominance subcarrier, when modu-
lated on the picture carrier, may appear in the lower adjacent channel at
a substantially higher level than the vestigial-sideband filter is designed to
handle. An additional notch filter is required in that case; it provides
attenuation at a frequency 233 MHz below the channel edge
(358 —1.25 =2.33 MHz).

T |
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e |
= l !
E 20 I, ] ] 0 | :
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o—H ] ]
e o : b
| ;! | |l
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3 2B -1 0 05 125 2 3 4 5.455.75

Megahertz (Reference Lower Band Edge)

Fig. 2-9. Visual sideband attenuation characteristic.

The specification for visual-sideband attenuation is shown in Fig. 2-9.
This characteristic must be measured with the color subcarrier present.

The FCC waveforms for horizontal, vertical, and color sync signals are
illustrated in Fig. 2-10. It is common practice for the FCC to state all
times in terms of H, where H is one television line, or 63.5 microseconds.
In practice, times in microseconds usually are much more useful; these are
given in Fig. 2-11 (horizontal pulses and color sync burst) and Table 2-2
(vertical pulses). With the aid of this information, you can use an oscil-
loscope to “standardize” your sync generator.
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Fig. 2-10. Standards for transmitted
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*5,

NOTES

. H=time from start of one line to start of next line.
. V= time from start of one field to start of next field.

. Leading edge and trailing edge of vertical blanking each should be complete in less

than O.1H,

. Leading and trailing slopes of horizontal blanking must be steep enough to preserve

minimum and maximum values of x +y and z under all conditions of picture
content.

Dimensions marked with asterisk indicate that tolerances given are permitted only
for long time variations and not for successive cycles.

. Equalizing-pulse area shall be between 0.45 and 0.5 of area of a horizontal-sync

pulse.

. Color burst follows each horizontal pulse, but is omitted following the equalizing

pulses and during the broad vertical pulses.

. Color bursts to be omitted during monochrome transmission.

. The burst frequency shall be 3.579545 MHz. The tolerance on the frequency shall

be 10 Hz with a maximum rate of change of frequency not to exceed 1/10 Hz per
second.

. The horizontal-scanning frequency shall be 2/455 times the burst frequency.

. The dimensions specified for the burst determine the times of starting and stopping

the burst, but not its phase. The color burst consists of amplitude modulation of a
continuous sine wave.

. Dimension P represents the peak excursion of the luminance signal from blanking

level, but does not include the chrominance signal. Dimension S is the sync ampli-
tude above blanking level. Dimension C is the peak carrier amplitude.

. For monochrome transmission only, the duration of the horizontal-sync pulse be-

tween 10 percent points is specified as 0.08H == 0.01H, the period from the leading
edge of sync to the 10 percent point on the trailing edge of horizontal blanking
is specified as 0.14H minimum; and the duration of vertical blanking is specified as
0.05v, 40.03V and —0. All other dimensions remain the same.

synchronizing waveforms.
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The FCC further states: “The color picture signal shall correspond to
a luminance component transmitted as amplitude modulation of the pic-
ture carrier and a simultaneous pair of chrominance components trans-
mitted as the amplitude-modulation sidebands of a pair of suppressed sub-
carriers in quadrature.” Also, “The chrominance subcarrier frequency shall
be 3.579545 MHz =10 Hz with a maximum rate of change not to exceed

1/10 Hz per second.”

4. 76us

11.1ps

0.56 s 1 -

. |—2.24us—i-—1 96 s

]

Breezeway
Nominal Tolerance
Microseconds Microseconds

—40.3

Blanking 1.4 —0.6
Sync 4.76 #+0.32
+0.3

Front Porch 1.59 —0.32
+0.96

Back Porch 4.76 —0.61
+0.08

Sync to Burst 0.56 —0.17
+0.27

Burst 2.24 0
+0.08

Blanking to Burst' 691 —0.17
+0.38

Sync & Burst 7.56 —0.49
Sync & Back Porch 9.54 +0.32

1. Blanking to burst tolerances apply only to signal before addition of sync.

Fig. 2-11. Time intervals for horizontal-sync pulse.
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Table 2-2. Vertical-Pulse Widths

Minimum Nominal Maximum
Pulse (us) (us) (us)
Equalizing 2.0 2.4 2.54
Vert Serration 3.81 4.5 5.08
Vert Blanking 1167 1250 1333

NOTES

1.

w N

Vertical-sync pulses are not specified. See Detail A-A, Fig. 2-10B. The width of the vertical-
sync pulse is set by the tolerance on the width of the vertical serration. An interval of
63.5 microseconds (H) must exist from the leading edge of the last (leading) equalizing pulse
to the trailing edge of the first serration.

. The width of the equalizing pulse must be 0.45 to 0.5 of the horizontal sync width used.
. Vertical blanking in terms of H is from 18.375 to 21 lines. Although 21 lines is shown as

“maximum’’ in the above chart, this is the width of vertical blanking maintained by the net-
works. It allows vertical-interval test signals to be inserted (usually on lines 18 and 19 of
vertical blanking)} with a suitable ‘’guard band’’ of blanking lines before the start of active
line scan.

. Horizontal and vertical blanking must be of proper ratio to establish the 4:3 aspect ratio.

The FCC describes the luminance modulation as follows: “A decrease

in initial light intensity shall cause an increase in radiated power (negative
transmission).” Further, “The blanking level shall be transmitted at
75+ 2.5 percent of the peak carrier level. The reference white level of the
luminance signal shall be 12.5 = 2.5 percent of the peak carrier level. . ..

120 00.0%
0T 0 white C) 10,0
te Clip—- o — 10,
LR Pral 15 oJF12.5%
% !
80 L
70 !
c m T -
i s | 5] §3
w ¥T 5 = &8
g 2 surst (Il S ) ) )
20-im 22 v 61.25 | o Fig. 2-12. Video-signal amplitudes.
o ®10 | | LAl
I 70.3%
7.5-- 45 LU .75 1o
12 i e .-‘|‘_—75.0%
h | Ta500 T
-20 ;g |—l T7.50 /m 87.5%
-30 .25/
Sync Pulse 88,75
-40 - — —L

Note: Tolerance value specified at blanking level applies to
sync amplitude only. The variation of blanking with respect
to the tolerance of setup shown is assumed to be zero.

The reference black level shall be separated from the blanking level by the
setup interval, which shall be 7.5 = 2.5 percent of the video range from
blanking level to the reference white level.”

The above specification is illustrated in Fig. 2-12. The studio scale is

shown on the left, and the corresponding transmitter scale (percent mod-
ulation) is shown on the right.
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2-2. EVOLUTION OF THE COLOR-BAR SIGNAL

Remember that the nominal input level to the encoding system from the
camera is 0.714 volt. This is 100 IEEE units when the scope is calibrated
for 1 volt over an IEEE graticule of 140 units. The output level of tube-
type color-bar generators usually is changed to the 75-percent amplitude by
switching the internal output impedance from 75 chms to 75 percent of
this value, or 56 ohms. Thus, a 220-0hm resistor switched across the output
gives 56 ohms, with a resulting 25-percent reduction in output level. In
solid-state generators, the output level sometimes is set by switching zener
diodes with the proper reference voltage to set the clipper levels.

But there is another consideration. The camera outputs have the setup
level established at a nominal 7.5 percent of white video. The color-bar
output of Fig. 2-3 does not have blanking inserted. To convert to the
standard transmission system, consider the signal in terms of IEEE units
for a 1-volt (peak to peak) signal in 140 IEEE units. The setup is 7.5
percent from O IEEE units toward peak white. Sync is added and extends
to —40 IEEE units. Burst is added on the blanking base (0 IEEE units)
and extends between +20 IEEE units and —20 IEEE units ( peak-to-peak).
If maximum level (occurs in yellow and cyan) is to be no more than
100 1EEE units (reference white peak), we have the following
considerations:

See Table 2-3. The chroma amplitude for 100-percent yellow bars is
0.447 (0.894 peak to peak), which, added to the yellow luminance of
0.89, gives a peak amplitude of 1.34, for an overshoot of 34 IEEE units
above reference white. This chroma is now reduced to 75 percent, or
(0.75) (0.447) =0.3352. Since this level, added to the luminance level,
must not exceed 1 (or 100 IEEE units), then 1.000 — 0.3352 = 0.6648,
and the new luminance level for yellow at 75 percent of full amplitude is
0.664 (Fig. 2-13). The white bar at 1.00 is then reduced to 0.746 by this
process, or to approximately 75 percent of full amplitude. All other parts
of the signal are reduced by the same proportion. (The “voltage” scale in
Fig. 2-13 must be taken as proportional to the IEEE scale.)

As yet, we have not added the 7.5-percent setup level. When this is
done, the video of the previous signal is reduced in peak-to-peak value
by this same amount. (The blanking pedestal contains no video informa-
tion. Peak picture black is now at 7.5 IEEE units instead of 0 IEEE units.)

So now for yellow (for example) to have the same “brightness” as be-
fore, its amplitude must be reduced toward white by the same amount it
was reduced toward black by the 7.5-percent pedestal. You have found
already that the difference between the 75-percent yellow luminance and
peak white is (essentially) 0.336 (1— 0.664 =0.336). To move this the
appropriate amount toward white, the 0.336 is reduced by 7.5 percent of
white: (0.336) (92.5% ) = (0.336) (0.925) =0.310. This is the new
difference (to allow for setup) between peak white and yellow luminance.
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Table 2-3. Color-Bar Signal Chart

Subcarrier
Signal R G B Y |Amplitude | Phase
R 1 0 0 0.30 0.635 103.4°
RG 1 1 0 0.89 0.447 167.1°
(Yellow)
G 0 1 0 0.59 0.593 240.8°
G8 0 1 1 0.70 0.635 283.4°
(Cyan)
8 0 0 -1 on 0.447 347.1°
BR 1 0 1 0.41 0.593 60.83°
(Magenta)
RGB 1 1 1 1 0 —
(White)
B—Y 0.1571 0 1 0.1571] 0.4135 -— 0.367°
R—Y=0)
Q 0.5371 0 1 0.2711] 0.4265 33°
(Il =0)
R—Y 1 0 0.3371 0.3371] 0.5848 90.03°
(B—Y=0)
I 1 0.4056 0 0.5393| 0.4865 123°
Q=0
G —Y)/99° 1 0.7317 0 0.7317| 0.4313 146.38°
G—Y=0)
Color — — - - 0.20 180°
Burst
— (B8 —Y) 0.8429 1 0 0.8429]| 0.4135 179.6°
R—Y=0)
—Q 0.4629 1 0 0.7289| 0.4265 213°
(1=0)
—{R—Y) 0 1 0.6629 0.6629| 0.5848 270.03°
(B—Y=0)
—1 0 0.5944 1 0.4607] 0.4B65 303°
Q=0
— (G —Y)/90° 0 0.2683 1 0.2683| 0.4313 326.4°
G—Y=0)
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Fig. 2-13. Color bars at reduced amplitude.

Therefore the final new luminance value for yellow is 1 —0.310 = 0.690,
or 69 IEEE units. See Fig 2-14. All other signals, except for sync and burst,
are reduced (toward white) in like manner.

Fig 2-15 illustrates the newly developed 75 percent bar signal. The
peak-to-peak chroma values are designated at the top of each bar in IEEE
values. Bear in mind that although the bars are reduced in value to 75
percent of NTSC developed bars, they still represent fully saturated sig-
nals. For any color to be desaturated, some amount of all three primaries
would have to be present.

2-3. DEFINING AND RECOGNIZING “DISTORTIONS”
IN NTSC COLOR

In the consideration of color-transmission “distortions,” it is necessary
to consider the transmission and reception processes together; in face, it
is impossible to consider one without the other. For example, consider the
matter of gamma correction. The pickup device must actually be made
nonlinear in gray scale to match the "average” color picture tube. The sys-
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tem following the pickup device must be made as strictly linear as possi-
ble, so that all of the amplitude-versus-brightness correction can be made
in the pickup device, and complicating factors are not introduced after
this correction.

Gamma correction is a camera-head function, and as such will be
covered in Chapter 6. The point to be emphasized here is that the system
handling video information can be carrying a nonlinear function (from the
pickup device) and that it is normal for this function to appear nonlinear.
Nonlinearity of a certain kind is required (in the case of gamma cor-
rection) because of picture-tube characteristics, or (in other cases which
we will point out) because of receiver or monitor design. In the cases
just cited, you should understand that these nonlinearities are #ot
“distortions”!

The Basic NTSC Color Problem

The number one problem is phase semsitivity. For accurate reproduction
of a hue, the resultant color phasor must be held within a tolerance of
+5°. Hue error becomes noticeable at +10° from the proper position
relative to burst. The transmission and reception process, t0 maintain such
a tight rolerance, must operate with a signal time-base accuracy of a few
nanoseconds.

Color information (hue and saturation) is affected by various types
of amplitude and phase shifts in transmitting and receiving equipment.
In addition, hue shifts can occur as a result of multipath transmission
errors. Burst and subcarrier-sideband phase shift caused by variations in
topography over different transmission paths can require the viewer to
readjust his receiver with every station change. Although this can be
annoying to the viewer, it is not a factor under the control of the station
operator. However, it is necessary to adjust the station color gear to
precise operating parameters (and this is possible! ) and to minimize, as
much as possible within the limitations of the equipment, any amplitude
or phase distortion. When you receive complaints from viewers, you rest
easy when you can prove the performance of your system to qualified
technical agents.

In the case of multipath-reflection errors, if you are transmitting an
accurately adjusted color picture, the viewer can readjust his hue control
from the setting for a different station and still get a good color picture.
Far worse is the situation in which there is a differential phase error. In
this case, different colors can be shifted by different angles, depending on
luminance. The viewer then can only attempt to strike a “happy medium”
with his hue control.

Burst Phase Error

Remember this: The color monitor or receiver will “insist” that the
burst phase not be in error. This results from the fact that the subcarrier-
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sideband information is synchronously demodulated with the burst as a
reference. The angles clockwise from burst for various colors are as in
Table 2-4.

Fig. 2-1GA shows the proper vectors for burst, red, and magenta. Now
we assume we have the burst-phase error (8) shown in Fig. 2-16B. The
color receiver requires the burst phase shown in Fig. 2-16A; to visualize
this, put an imaginary pin at the center dot, and rotate the vectors as in
Fig. 2-16C to place the burst at the correct phase. The other vectors be-
come R + 6 and M + 0, which represent a red shifted toward yellow and
a magenta shifted toward red.

Table 2-4. Color Phase With Burst

Color Phase Angle (Degrees)

Burst 0

Yellow 12.9
Red 76.6
Magenta 119.2
Blue 192.9
Cyan 256.6
Green 299.2

The effect of burst-phase error is to rotate all hues in the direction oppo-
site to the burst-phase error. If the burst error in Fig. 2-16B had been
counterclockwise, it would have been necessary to rotate the vectors
clockwise to return the burst to the proper position. Red would then tend
to go toward magenta, magenta would tend to go toward blue, etc, all
around the color gamut.

You can visualize this most conveniently by using the color triangle as
in Fig 2-16D. Note carefully that this triangle has been turned around
from the position normally presented, to fit it into the NTSC phase dia-
gram. The center of the circle is at illuminant C, where the color vectors
collapse to zero value. Place the imaginary pin for the circle here; the
color triangle must remain fixed in the position shown. If the burst slips
clockwise by some angle, all reproduced colors shift counterclockwise by
the same angle (and vice versa for counterclockwise slip of burst phase).

Note again the interdependence of the encoding and decoding processes.
The hue control at the receiver is an operational adjustment. It has, in
most modern receivers, a range of at least =70°, whereas the tolerance
is only =10° for the overall transmission system. This tells you that any
receiver in normal operating condition should be able to have its hue con-
trol adjusted to obtain proper colors from your station. Your responsibility
at the sending end is to assure that the burst phase is as nearly correct as
possible so that (theoretically) receivers need not be readjusted for proper
color reproduction from different stations. Remember that if you do
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Fig. 2-16. Effect of burst phase error.

transmit a burst phase error, the receiver exhibits a “locked phase error”
so that colors reproduced are not exactly the same as in the original scene.
Since the viewer does not have a direct comparison, he is not aware of this
as long as he can obtain good flesh tones.

Quadrature Distortion

Quadrature distortion results from cross talk between the I and Q video
information. It has more possible causes than most of the other types of
color distortion. It does not involve an operational control at the receiver,
but the receiver can cause this effect if the circuits, especially the quadra-
ture-transformer adjustment, are faulty.



62 TELEVISION BROADCASTING CAMERA CHAINS

A symptom of quadrature distortion is color displacement; in severe
cases, a girl's red lips can be in the middie of one cheek. In the more usual
case, there is color fringing (not caused by camera misregistration or a
misconverged picture tube) at the edges of color transitions.

The most obvious type of quadrature distortion occurs when I and Q
are not phased exactly 90° in the encoder. Fig. 2-17 illustrates the case in
which Q lags I by more than 90°. For simplicity, only the basic colors in
the first and third quadrants are plotted. Now remember the polarities of
I and Q in each quadrant. These are:

Quadrant 1 is bounded by +Q and +1 (same polarity of I and Q).
Quadrant 2 is bounded by +1 and —Q (opposite polarities of I and Q).
Quadrant 3 is bounded by —Q and —I (same polarity of I and Q).
Quadrant 4 is bounded by —I and +Q (opposite polarities of I and Q).

The relative values of I and Q for the colors plotted are as developed in
Table 2-1. Note that colors with large amounts of Q are affected more than
others. For example, red and cyan have relatively small amplitude and phase
errors; green and magenta have larger amplitude and phase errors. By
adjusting the hue control on the monitor or receiver, you cannot get a good
red and cyan simultaneously with a good green (green will be yellowish)
or magenta (magenta will be bluish).

Now if you will take the trouble to plot yellow and blue (second and
fourth quadrants), you will find these increased in amplitude. For a Q lag
greater than 90°, colors in the first and third quadrants are reduced in
amplitude; those in the second and fourth quadrants are increased in
amplitude. In each quadrant, the phase error is in the direction of the Q
phase error.

This is emphasized further by Fig. 2-18, in which Q lags I by less than
90°. For simplicity, only magenta is shown in quadrant 1. Note that it is
now increased in amplitude, whereas yellow and blue are reduced in ampli-
tude. In either case, the phase error is in the direction of the Q error.
Since the receiver separates signals with a 90° relationship, I will cross-
talk into Q and vice versa.

Before going further, be sure to grasp the fundamentals of chrominance-
signal transmission and reception for NTSC color. See Fig. 2-19 and the
following analysis:

Fig. 2-19A represents the signal as transmitted. I and Q are double side-
band in the region shown. The upper sideband of the wideband I
chrominance is cut off at the transmitter to achieve a 20-dB roll-off at the
sound carrier frequency. A portion of the lower sideband of the I
chroma constitutes single-sideband information; no Q chroma exists there.

The outputs of the I and Q demodulators are equal in the double-side-
band region (Fig. 2-19B).
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Over the single-sideband region, the voltage output of the I demodu-
lator is one-half that which occurs in the double-sideband region (Fig.
2-19C). Note also that a one-half-I voltage, shifted in phase by 90°,
appears at the Q-demodulator output. This is E; at its single-sideband
frequencies of about 0.6 to 1.5 MHz.

The output of the I demodulator is boosted by 6 dB above 0.5 MHz to
recover the gain lost in the single-sideband region (Fig. 2-19D). The Q
demodulator is limited in bandwidth to 0.5 MHz.

The filtering and relative gain action of Fig. 2-19D results in voltages
E; and Eq free of crosstalk (Fig. 2-19E). This assumes, of course, that I
and Q are actually being transmitted in the proper quadrature relationship.

"Narrow-band” color receivers demodulate on the R — Y and B — Y axes.
These receivers use the same bandwidth for all chrominance compo-

Red

- Amolitude Error

+1

0. )
6 Amplitude and

Burst

-Q

Amplitude and
Phase Error

Amplitude Error

Cyan

— — — — Error

Correct

Fig. 2-17. Q lagging | more than 90°,
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nents. With all chrominance channels of the same bandwidth, delay equali-
zation is unnecessary, and no crosstalk occurs in a properly aligned receiver
of this type. Again, this assumes that the I and Q chroma signals are being
transmitted in the proper quadrature relationship. Also, there are other
causes of lack of quadrature than misadjustment of the Q lag.

Increased Amplitude :
4
// \ Magenta
rd

Amplitude .
Reduced Amplitude

—— e == rror

Correct

Fig. 2-18. Q lagging 1 less than 90°.

To investigate other causes of quadrature distortion, study Fig. 2-20.
Fig. 2-20A shows the usual double-sideband representation of a modulated
carrier. If, for example, the highest modulating frequency is 0.5 MHz,
upper sidebands (fy) extend 0.5 MHz above fc, and lower sidebands
(fL) extend 0.5 MHz below fc. This can be represented by equal-ampli-
tude phasors (vectors) rotating in opposite directions as in Fig. 2-20B.
The resultant amplitude is the vector sum of fy and fy, added to the car-
rier vector so that the resultant always lies along carrier line YO.

In Fig. 2-20C, the amplitude-frequency response exhibits a rapid roll-
off above the carrier frequency. Thus fy is severely attenuated (Fig.
2-20D). The resultant vector no longer lies along line YO, but contains
a quadrature component, as shown in Fig. 2-20E. If f¢ is the color sub-
carrier frequency, this type of sloping response will result in crosstalk in
both the 1 and Q detected signals in the video-frequency range of 0 to
0.6 MHz. It makes no difference whether I-Q or color-difference demodu-
lation is used; the result is the same as crosstalk among all the colors.
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Fig. 2-19. Response of | and Q demodulators.

Fig. 2-20F shows this as applied to transmitter envelope response. A
rapid rolloff too close to the color subcarrier frequency of 3.58 MHz will

65

result both in desaturation of colors and in quadrature crosstalk. Fig.
2-20G shows rapid variations in response around 3.58 MHz. Although the
FCC allows a *=2 dB variation, the Rules further state that this variation
must be substantially smooth. Sudden dips or peaks must be avoided for

good color transmission.

(Envelope-delay distortion at the transmitter is a major contributing
factor in color misregistration. However, a study of this subject is more
appropriate to a text on television system maintenance.)
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Effect of Carrier Unbalance

We know that in a doubly balanced modulator, the carrier is sup-
pressed so that only the sidebands remain. If this suppression is not per-
fect, the carrier appears in the output, and a condition known as carrier
unbalance exists. Under this circumstance, the carrier adds itself vectorially
to all vectors present in the encoder output. To visualize this, study Fig.
2-21A, which represents a carrier unbalance in the positive direction of
the I modulator. Since the unbalance occurs in the I modulator, a new
line, parallel to the I axis, is drawn from the proper color vector to the
new vector representing the amount of carrier present. Since the unbalance
is in the positive direction, the new vector is toward the +I axis. The
resultant colors are shifted toward the orange axis of the +I vector, as
well as being changed in amplitude.

+1
Improper Red

Drawn Parallel To | Vector

Proper Red

+Q
Improper Yellow

(A) Positive I carrier unbalance.
Improper Blue
7

Proper Yellow

Proper Blue

-Q
improper Green

Proper Green

Yellow 045 llluminant C Y etiow 0 ¢s Proper C
Blue Improper C Blue

(B) Proper cancellation for white. (C) White shifted toward yellow.

Fig. 2-21. Effect of carrier unbalance.

Now see Fig. 2-21B. Recall that primary and complementary colors have
equal amplitudes buc are opposite in phase. If both yellow and blue have
the same amplitude, the result of their vector addition is illuminant C,
or white. This is the proper complementary relationship. But note from
the vectors of Fig. 2-21A that the blue amplitude has been reduced and
the yellow amplitude has been increased. You see the result in Fig. 2-21C:
white or gray areas become colored because of incomplete cancellation of
the subcarrier. Remember that “"white” or “gray” can occur only during an
interval of zero subcarrier.
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Carrier unbalance shifts all hues (as well as whites and grays) in the
direction of unbalance. A positive I unbalance shifts toward orange; a
negative I unbalance shifts toward cyan. A positive Q unbalance shifts
toward yellow-green; a negative Q unbalance shifts toward purple.

Effect of Video Unbalance

Recall that double balancing of the modulators means that both the
carrier and the modulating video are balanced out, leaving only the side-
bands of the subcarrier frequency. If I and Q video suppression is not
complete, the condition is known as video wmbalance.

See Fig. 2-22A. The outputs of the I and Q channels for the indicated
color bars are shown. Vector addition of the I and Q signals results in
the amplitudes shown in Fig. 2-3. Fig. 2-22B shows the result of a *=Q
video unbalance. Note that the axis for all colors with plus values of Q is
shifted in the positive direction. However, the actual peak-to-peak values

Y| C|G|M]|R|B

10.6

—

0.6!

|
|
|
1

0.32]  fomozm| |02

DC

lonlye—a + | - | -] +] + .
only Axis

(A) Normal 1 and Q.

I
I

l
0.52 0. 52!

I

Qonly

E

H

Fig. 2-22. Effect of video unbalance.

B
R
Y —I |
C
.1, }Axis (B) Posstive Q unbalance.
l I___ shift




THE SYSTEM CONCEPT 69

of these colors remain the same. The net result is chat the unwanted video
signal is added to the lwminance signal after the chroma signal is combined
with the luminance signal, and the gray scale of the picture is distorted.
Note that the effect of a positive Q video unbalance is to brighten reds,
blues, and purples, and to darken yellows, greens, and cyans.

For a negative video unbalance, the colors with negative amounts of Q
would be shifted upward. In this case, reds, blues, and purples would be
darkened, and yellows, greens, and cyans would be brightened.

Effect of Chroma Gains and Gain Ratio

The transmission paths from encoder input to receiver matrix must
maintain a constant ratio for Y, I, and Q. A variation of gain in any one
of the paths resules in loss of color fidelity.

The noncomposite luminance level for a color-bar pattern (Fig. 2-3A)
is 0.7 volt to peak white. When chrominance gain is correct (Fig. 2-3B)
and of the proper I-t0-Q gain ratio, and chrominance is added to the
luminance signal of Fig. 2-3A, we have the following condition (see
Fig. 2-3C):

1. Bars 1 and 2 overshoot by 33 percent.
2. Bars 5 and 6 undershoot by 33 percent.
3. Green (bar 3) just touches black level.

The above assumes that 100-percent bars are used, and that no blanking
(pedestal) is inserted in the signal.

Now see Fig. 2-23. This is the same presentation as Fig. 2-3B except
that the values of I and Q are shown for each color bar. Suppose that the
ratio of I gain to Q gain is not correct. As you would expect, a deficiency
of 1 gain would reduce the saturation of colors in the orange-cyan gamur,
leaving greens and purples practically unaffected. Conversely, a deficiency
of Q gain would reduce saturation of greens and purples without practical
difference in the orange-cyan region. By noting the relative I and Q levels
making up each color as in Fig. 2-23, you can understand how the pattern
of Fig. 2-3C would show these deficiencies on a scope:

1. If I is high relative to Q, bar 2 will be higher than bar 1, and bar
5 will be lower (greater undershoot) than bar 6.

2. If Q gain is high relative to the I gain, bar 1 will be higher than bar
2, and bar 6 will have greater undershoot in the black region than
will bar 5.

Effect of Differential Gain

Differential gain means that the gain of the 3.58-MHz chroma informa-
tion is not constant with brightness level. This results in a change of satura-
tion sensation with brightness.
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Fig. 2-24A represents a stair-step signal with a superimposed 3.58-MHz
sine wave. Fig. 2-24B shows the same signal observed through a high-pass
filter to eliminate the low-frequency steps; a system with strictly linear
amplitude response will result in sine waves of equal amplitudes for each
step, as shown.

0.63 0.63

0.45 0.45

—_— Y [% G M R B —
1=+032)1=-0.6 | 1=-0.28|1=+0.28 |[1-+0.6 |I=-0.32
Q=-0.31]0Q=-0.21]1Q~--0.52]Q=+0.52 |JQ= +0.21 |Q=+0.3]

0.4 0.4
-0.59 -0.59
-0.63 -0.63

Fig. 2-23. 1 and Q chroma amplitude ratios.

Fig. 2-24C represents the type of nonlinearity in which black regions
are compressed and white regions stretched. Normally, this condition will
be apparent also on the steps, as shown, and would be evident when the
signal is passed through a low-pass filter to observe the steps only. How-
ever, it is possible to have linear low-frequency amplitude response and
nonlinear high-frequency amplitude response. This is why the use of
low-and high-pass filters is convenient in observing test signals of this type.

Fig. 2-24D illustrates the opposite type of nonlinearity, and the same
conditions apply.

The wansfer curves of Figs. 2-24C and 2-24D are unusual. Generally,
you will find that amplitude nonlinearity occurs either at one end or the
other, or at both ends, with a relatively linear middle response. This tells
you that those colors near the white or black extremes normally will be
most susceptible to saturation changes, particularly with highly saturated
colors.

Effect of Differential Phase

Fig. 2-25A shows the same signal as that pictured in Fig. 2-24A. Al-
though the sine waves may look the same on each step, a phase displace-
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Fig. 2-24, Effects of differential gain.
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ment can occur with brightness level, as shown by Fig. 2-25B. This error
is termed differential phase.

Remember that the subcarrier phase carries hue information. A low-
brightness yellow should be the same as a high-brightness yellow. This is
not to say that the two yellows would appear the same on the receiver. But
the point is, the observed color should be yellow and not (for example)
green or red as the brightness of the yellow component changes.

3
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1 //', \\‘\
/7 \\\
N // K [
\ Phase Displacement
E AR // With Luminance Level
N7
123
(A) Signal to be amplified. (B) Sine-wave output components.

Fig. 2-25. Differential phase.

In practice, the effect of differential phase is judged best in the yellow
and blue areas (the two extremes of the luminance scale). A system intro-
ducing as much as 10° of differential phase can result in a monitor or
receiver adjustment that gives proper reproduction of a high-luminance
hue such as saturated yellow, or a low-luminance hue such as saturated
blue, but not both simultanecusly. One or the other will be off-color.
When this defect is accompanied by more than 10-percent differential
gain (as often occurs), the error becomes quite noticeable.

2-4. DIGITAL CONCEPTS

The rate of change of technology in broadcasting requires technical
personnel to spend a greater proportion of time in acquiring new
knowledge to solve problems. Continuing education therefore is no longer
incidental to the job, but an essential part of it.

One example is the rapid increase in the application of digital circuitry
to broadcast equipment. Synchronizing generators, video switchers, and
electronic character generators commonly employ such circuitry. Recently,
camera chains using digital control, either wholly or partially, have been
introduced. In such systems, a single triaxial cable replaces the bulky
85-conductor camera cable. In field applications, a simple rf link can be
used to control a remotely located camera from a base station.
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This section briefly reviews the common symbols and terminology of
the basic logic functions® Integrated-circuit (IC) “chips” are normally
used, and “schematics” are usually just flow diagrams which the user must
know how to interpret.

The digital concept recognizes only two numbers, or conditions:
1 (one) and 0 (zero). In positive logic, a 1 (high level) represents the
true or more positive Jevel, and a 0 (low level) represents the false or
less positive level. This kind of logic is used most often. Negative logic
(sometimes used ) means that the voltage level assigned to logic 1 is nega-
tive with respect to the voltage level assigned to logic 0.

See Fig. 2-26. In row 1 is the symbol for a noninverting amplifier. Thus,
if we have A on the input, we should have A on the output. Sometimes
the output is identified by X, as shown, to distinguish between input and
output signals. If the input is 1, the output is 1, and if the input is 0,
the output is 0. Truth tables are input/output tables that show input con-
ditions and the resultant output conditions.

Row Symbo! Truth Table Terminology

>
Y
— >
—| >

Noninverting
Amplifier

>

>
(=]
=]

A > A
A X
Inverting Amplifier Output (X}
) 1 0 is Complement of Input
0 1 {Phase | nversion),
A : X Signiticant input is high (1),
A A
S ]
3 0 1 Same as (2J, but significant
0 input is low level 0},

>
—

A« Input or output signal.
A = Not A; complement of A false if A is true,
O~ Low (0} Is the significant (referencel state,

Fig. 2-26. Common logic symbols (amplifiers).

3The reader should have basic background at least equivalent to that con-
tained in Harold E. Ennes, Workshop in Solid Siate (Indianapolis: Howard
W. Sams & Co., Inc.,, 1970).
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In row 2 is the symbol for an inverting amplifier. A small circle at the
input or output of a symbol indicates that 0, or the low state, is the sig-
nificant state. If just the input or output has the small circle, the amplifier
is inverting. Thus, for the symbol shown in row 2, we know that if the
input is A, the output is inverted A, which is called not A. The bar over
the letter (for example, as in A) means "not A inverted A, or the
complement of A. All three terms are synonymous and simply mean that
the input signal is inverted. Another way of saying this (see the truth
table) is that if A is 1, then X is O (the significant state), and if A is O,
then X is 1.

Row 3 illustrates just the opposite of row 2. The action should be ap-
parent from inspection.

Digital circuitry is made up of amplifiers, gates, and flip-flops. A 1 or 0
condition is analogous to an output controlled by a switch—it is either on
(closed) or off (open). The digital stage is either fully conducting or
fully cut off.

The AND gate is a basic logic circuit. It has two or more inputs and
one output. The output will be 1 only when all inputs are 1 simultaneously.
If one (or more) of the input signals is 0, the necessary condition for a
1 output is not fulfilled, and the output is 0.

The NAND gate js functionally equivalent to an AND gate followed by
an inverter. Thus, the NAND gate produces a 0 at the output when all the
input signals are 1 simultaneously.

The OR gate is another basic logic circuit. Like the AND gate, it has two
or more inputs and a single output. The output is 1 when one or more of
the .inputs are at the 1 state. Thus, if any signal input is at the 1 state,
the output is 1.

The NOR gate is functionally equivalent to an OR gate followed by an
inverter. Thus, the NOR gate produces a 1 output only when all the input
signals are O simultaneously. A 1 applied to any input resuits in a 0
output from the NOR gate.

The basic AND, NAND, OR, and NOR gates are reviewed in Fig. 2-27.
Consider the AND gate in row 1. Since no circle is shown, we know that
the significant output is 1 (high level) when the inputs are 1 simul-
taneously. This may be expressed as X = AB, which is read "X equals A
and B.” Note from the truth table that the output is 1 only when both A
and B are 1.

Also note in row 1 that the OR gate, as symbolized, has the same truth
table. We know from the symbology that the significant output is 0 (low
level) when one or both of the inputs are 0. This may be expressed as
X = A+ B, which is read “X equals A or B.” X is 1 only when both inputs
are 1 simultaneously.

The reader should follow through the remainder of Fig. 2-27 and be
sure he understands the truth table for each pair of AND (NAND) and OR
(NOR) gates.
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Fig. 2-27. Common logic symbols (gates).
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Another basic block of digital circuitry is the flip-flop. This is a bistable
multivibrator which remains in its most recent state until an input causes
it o change states. The input trigger pulse usually is differentiated and
then applied to a diode to polarize the pulse so that only the positive-
going or negative-going edge causes the bistable circuit to respond. Some-
times a dc shift rather than a pulse is used.

For example, note the toggle flip-flop of Fig. 2-28A. Every time a nega-
tive-going transition occurs at input T, the bistable changes state. Recall
that a multivibrator can have two output signals with a 180° phase re-
lationship. Thus, if a trigger arrives when Q=0 and Q—l then Q
changes to 1 and Q changes to 0.

With the toggle flip-flop, there is no predetermined state for the two
outputs when the circuit is first turned on. Thus, the state of the outputs
after a trigger pulse is applied cannot be predicted unless the present state
is known. The circuit simply changes states each time a negative-going
transition is applied. The set-reser bistable, or RS flip-flop, (Fig. 2-28B)
overcomes this problem. The set-reset circuit has two inputs and the usual
two complementary outputs. As indicated by the truth table, a 1 input to
the set (S) terminal makes the Q output 1 and the Q output 0. A 1 input
at the reset (R) terminal reverses the state: The Q output becomes 0
and the Q output becomes 1. Zero signals on both inputs do not change
the state. If both inputs should receive simultaneous signals (1's), the next
state cannot be predicted. Thus, simultaneous inputs are commonly termed
not allowed or forbidden combinations. This simply says that the device
cannnot be in both states simultaneously. The RS flip-flop cannot be used
in logic situations which include the possibility of simultaneous set and
reset inputs.

The action of the RS flip-flop is best understood by going momentarily
to Fig. 2-29. Two NAND gates cross-connected as shown form a flip-flop.
When power is applied, opposite states will exist; we will assume arbi-
trarily these are a 1 output for B and a 0 output for A. The 0 output of
A at the input of gate B becomes a 1 at the output, and the 1 output of
gate B at the input of gate A becomes a 0 at the output (phase inversion
of NAND gate).

Now assume a 1 appears at the set (S) terminal. This 1 becomes a 0
at the output of gate B and drives the output of gate A to 1. Thus, a set
input has set the significant output to the normal 1 and the previous 1
output to 0. A 1 input to R will now reset the device to the previous
state. Follow this action again from the truth table for Fig. 2-28B. Note
that the behavior of the circuit is predictable for three of the four possible
input conditions.

Flip-flops may be clocked or unclocked. In the unclocked flip-flop just
discussed, the outputs respond to the inputs as the inputs change. In the
clocked flip-flop, a clock input must exist at the time the inputs change
for the outpurts to respond.
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—02aQ Given Present State After
State Trigger Pulse
+ T = =
B Q Q Q Q
q 1 1 0
1 0 0 1
—L = Input responds to negative-going signal only.
(A) Toggle.
Input Output
— s g R s Q a
0 0 No Change
B 0 1 1 0
—R q 1 0 0 1
1 1 Not Allowed
(B) Set-reset.
Input Output
—ds Q R s Q g
0 0 Not Allowed
(03
B 0 1 0 1
—qRr —Q 1 0 1 0
1 1 No Change
_r = Input responds to positive-going signal only.
(C) Clocked set-reset.
Input Output
—) —2q J K Q Q
c 0 0 No Change
2k _ 0 1 0 1
g g 1 0 1 0
1 1 Complement

—L = Input responds to negative-going signal only.

(D) Clocked JK.
Fig. 2-28. Common logic symbols (flip-flops).

Fig. 2-28C illustrates a clocked flip-flop drawn for negative logic. The
symbol at the clock-pulse (C,) input indicates that the clock input re-
sponds only to a positive-going transition. The small circles at the R and S
inputs indicate logic inversion at those points. Interpret this to indicate
that a false level is inverted to become a true level within the block. Note
that this circuit is the complement of that of Fig. 2-28B.
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Arbitrary Normal
Qutput Qutput
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Fig. 2-29. Cross-connected

€ NAND gates.
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One of the most popular logic units is the JK flip-flop shown in Fig.
2-28D. There are no ambiguous states. When a 1 is applied to the J
input, the Q output is 1 and the Q output is 0. (In a clocked flip-flop,
the clock pulse must be present.) When a 1 is applied to the K input, the
Q output flips to 0, and the Q output flips to 1. When 1’s are applied to
both the ] and K inputs, the flip-flop switches to its complemenc state.
Sometimes two or more ] and K inputs exist. One J and one K input may
be tied together for use as a clock input.

Special forms of gates are used in certain logic functions; special sym-
bols are used to represent these functions. Fig. 2-30A indicates two
NAND gates with outputs paralleled. The symbol indicating thac this circuit
actually performs as an OR circuit is shown at the junction of outputs f1
and f2. This is termed a wired OR, or sometimes a phantom OR. The truth
statement for this circuit is: If f1 is true OR f2 is true, the outpurt is true.

A circuit that produces a true output only when the input states are
not identical is termed an EXCLUSIVE OR gate (Fig. 2-30B). Note from the

A_q}
A8 | X
B—J A 0 0 0
D
¢ — : 1] 0|1
} 1 |1 | 0
p —d )
(A) Wired (phantom) OR. (B) EXCLUSIVE OR.
R
Ql P— A= +5V

Q2

——olo|x»
—o|—|o|wx
—olo|—|x

=y >
§ o

(C) EXCLUSIVE OR complement. (D) Discrete RTL EXCLUSIVE OR.
Fig. 2-30. Special gates for logic circuitry.
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truth table that a 1 output is produced only if just one input is 0. If both
inputs are of like polarity (either 0’s or 1's), the output is 0.

The complement of this function is shown in Fig 2-30C. A 0 oucput
is obtained only if the inputs are of opposite polarity. To make this clear,
study the discrete resistor-transistor logic (RTL) circuit illustrated in
Fig. 2-30D. If both inputs are 0's or 1's, both transistors have zero-biased
base-emitter junctions, and neither can conduct. Under this condition, out-
put X sees the full value of supply voltage (high level), because there is
no current through Ry. Since the A input is tied to the emitter of Q1 and
the base of Q2, while the B input is tied to the emitter of Q2 and base of
Q1, wnlike polarity (opposite logic levels) will turn one of the transistors
on. The resultant voltage drop across Ry, sends output X to a low level.
Note again that this is the complement of the logic function in Fig. 2-30B,
as indicated by the small circle at the output of the logic symbol shown in
Fig. 2-30C.

A digital system contains numerous switching devices that have 0 or
1 outputs. Since operation is based on two states, the binary numbering
system (based on the number 2) is a “natural” for this application.

Binary and decimal numbers are reviewed in Table 2-5. Only two sym-
bols, 0 and 1, are used in the binary system. Note that when decimal 2 is
reached, we move the binary 1 one place to the left to indicate we have
counted to two one time. At the count of three, we use binary 11 to indi-
cate one two plus one one, or 3. At the count of four, we are again out
of symbols, so we write 100 which indicates one four plus no twos plus
no ones. At the count of five, we write 101, which indicates one four plus
no twos plus one one. We continue until at the count of seven we write

et D Decimal Binary Comments
of Each Symbol
1x 23 8 1000
1x2 4 100 o
ox2! 0 0 | Any number times 0is0. B
N 71 x2° 1 1 Any number to the 0 power is equal to 1.
Total 13 - 1101 Binary number is composed strictly of zeros and ones.

1101

e

122 1x22 ox2d 1k

‘JJ

Total = Ein Decimal Form

Fig. 2-31. Conversion of binary 1101 to decimal form.
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Table 2-5. Binary and Decimal Numbers

Decimal Binary
0 0
1 1
2 10
3 11
4 100
5 101
6 110
7 111
8 1000
4 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 nmn
16 10000
17 10001
18 10010
19 10011

20 10100
21 10101
22 10110
23 10111
24 - 11000
25 11001
26 11010
27 11011
28 11100
29 11101
30 11110
31 11
32 100000

111. Again we are out of symbols in all columns, so we write 1000, which
indicates one eight plus no fours plus no twos plus no ones. The con-
version of one example (binary 1101) to the equivalent decimal number
is reviewed in Fig. 2-31.

The term bit means binary digit. The term character refers to a group
of bits. The term word refers to the total number of bits required for a
particular system. A word may be defined either by the total number of
bits or the total number of characters. For example, a certain system may
use a 192-bit word. A character may consist of (for example) a group
of four bits. Thus, this system uses a 48-character word.

Digital logic circuitry is easy to troubleshoot if the technician has a
little experience and familiarity with a particular system. Fig. 2-32 is a
simplified schematic diagram of a small portion of video logic circuitry in



THE SYSTEM CONCEPT 81

which raw sync is inserted at the input of IC4. Assume that sync pulses
exist at the output of gate IC4 but not at the output of IC3. This does not
necessarily mean that integrated circuit IC3 is faulty. Note that the sym-
bols all indicate NAND gates. Pin 12 of IC3 must have +5 volts dc for
the sync pulses to pass. It is obvious that for this to occur transistor Q1
must be cut off. Note that the hold-off bias for this stage is determined by
a video clamp level, which may or may not be an internal adjustment.
Checking the dc levels back from pin 12 of IC3 is necessary to determine
the cause of the trouble. If pin 12 is receiving +5 volts when the sync
output is lost, the IC3 chip probably is at fault. When a chip is definitely
determined to be faulty, the entire chip is replaced. The important point
to remember is that the inpur conditions