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Q.2

Answer:

1-2
TELEVISION BROADCASIING

The term broadcast means “to send out in all
directions.™ As shown in Fig 1-5, the transmil-
ling antenna radiates  clectromagnetic radio
waves which can be picked up by the receiving
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Fig. 1-5 Biock diogrom of teewvision broodcosting system
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a. Explain the working of Television broadcasting system with a neat block diagram.

(8)

antenna. The television transmitter has two fune-
tions: visual and aural transmission. Both the
AM picture signal and the FM sound signal are
emitted from the common radiating antenna. The
service area is about 75 mu [121 km] in all direc-
tions from the transmitter.

In visual transmission, the camera fube con-
verts the light image to a video signal. The cam-
era tube is a cathode-ray tube (CRT), with a
photoelectric image plate und an electron gun
enclosed i1 a vacunm glass envelope. A cominon
type is the vidicon shown in Fig. 1-6. Basically,
the camera tube lakes an optical image of the
scene on its photoclectric plate, which is scanned
in horizontal lines by the clectiron beam. The
scanning goes from left to right and top to bot-
tom, as viewed by the camera. It takes lg, & to
scan the entire picture frame. comprising a total
of 525 scanning lines. As a resull, the output
of the camera tube is a sequence of electrical
variations—the video signal—that corrcsponds
to the picture mformation. The video signal s
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Ag 1-6 Vidicon camen hibe Length Is & . [1524
fmm ] (RCA}

amplified, and synchropizing pulses are added)
Amplitude modulation of the picture carrier re-
sults in the AM piclure signal,

The recciving antenna intercepts both the pie-
tre ancl the sgund carrier signals. The signals
are amplified and then detected to recover the
origmal modulation. The video detector ouiput
includes the video signal needed to reproduce
the picture

Then the detected video signal is amplified
enough to drive the grid-cathode circuit of the
picture tubz. As shown in Fig. 1-7, the piclure
tube is very suipilar 1o the CRT used in an oscillo-
scope. The glass faceplate at the [ront has o fluo-

Assume that video signal voltage makes the

vontrol grid less negative. Then the beam current
increases, makmng the spot of hght brighter. The
maximum light output is peak white in the pic-
[ure.
. For the opposilc case, more negative voltage
decreases the beam current and brightness. When
the grid voltage is negative cnough to cut off
the beam current, there s no light output. This
value corresponds to black an the sereen.

The block diagram in Fig. 1-5 illustrazes the
system for monochrome. In eolor television, a
color camera and a color picture tube are used
The color camera provides video signals for the
red, green, and blue picture information. Simi-
larly, the color piclure 1ube reproduces the image
in red, gresn, und blue with all their color mix-
tures including white. -~ -

rescent coating on s inside surface. The narrow -
neck contains the electrop gun, When the elec-
tron beam strikes the phosphor screen, light 15
emitted.
b. Explain horizontal and vertical blanking. (8)
Answer:
2.8 The time for vertical (¥) blanking is approxi-
HORIZONTAL AND VERTICAL mately B percent ﬂfclt‘.h V field. The total verti-
BLANKING cal time is Y, s, including the downward trace

In television, blanking means “‘going to black.”
As part of the video signal, the blanking voltage
is at the black level. Video voltage at the black
level cuts off beam current in the picture tube
ta blank out light from the screen. The purpose
of the blanking pulses is to make invisible the
retraces required in scanning. Horizontal pulses
at 15,750 Hz blank out the retrace from right
to left for each line. Vertical pulses at 60 Hz
blank out the retrace from bottom to top for
each field.

The time needed for horizontal blanking is ap-
proximately 16 percent of each horizontal (H)
line. The total horizental time is 63.5 ps, includ-
ing trace and retrace. The blanking time for each
line, then, is 63.5 X 0.16 = 102 ps. This H
blanking time means that the retrace from right
10 left must be completed within 10.2 ps, before
the start of visible picture information during
the scan from left to right.

Q.3
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and upward retrace. The blanking time for each
field, then, is 4, = 0.08 = 0.0013 5. This ¥
blanking time means that within 0.0013 s the
vertical retrace must be completed from bottom
to top of the picture

The retraces occur during the blanking time
because of synchronization of the scanning. The
synchronizing pulses determine the start of the
retraces. Each horizontal synchronizing pulse is
inserted in the video signal within the time of
the horizontal blanking pulse. Also each vertical
synchronizing pulse is inserted in the video signal
within the time of the vertical blanking pulse.

In summary, first a blanking pulse puts the
video signal at the black level; then a synchroniz-
ing signal starts the retrace in scanning. This
sequence applies to blanking both the horizontal
and the vertical retraces.

a. Explain, with neat diagrams, magnetic deflection used in television picture tubes.

(10)
2
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Answer:
MAGNETIC DEFLECTION

All picture tobes, either color or monochrome,
use magnetic deflection with V¥ and H scanning
coils in an external yoke around the neck of the
tube, rather than electrostatic deflection with in-
ternal deflection plates. The electrostatic deflec-
tion plates take sawtooth voltage. For the mag-
netic scanning coils, sawtooth current is required.

Deflection is much easier for magnetic scan-
ning, especially with the very high anode voltage
used for picture tubes, In electrostatic scanning,
the deflection angle is inversely proportional to
the amwount of high voltage. For example, increas-
ing the anode voltage nine times reduces the
deflection angle by one-ninth. For magnetic
scanning, however, the deflection angle is in-
versely proportional to the square root of the
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high voltage. Thus, increasing the anode voltage
by ninc times reduces the deflection angle only
by one-third. The conclusion is, then, that a pic-
ture tube with electrostatic deflection would have
_too small a deflection angle and the tube would
be much too long.

In magnetic scanning, two pairs of deflection
coils are used (see Fig. 4-7) which are mounted
externally around the neck of the tube just before
the bell. The pair of coils above and below the
beam axis produces horizontal deflection; the
coils to the left and right of the beam produce
vertical deflection. This perpendicular displace-
ment results because the current in each coil has
a magnetic field that reacts with the magnetic
field of the electron beam. The resulting force
deflects the electrons at right angles to both the
beam axis and the deflection field.

To analyze the deflection, remember that the
reaction between two parallel fields always exerts
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Fig. 4-7 How the magnetfic fields of the V ond H scan-
ning colls produce deflection. The elechron beam s
daflectsd cdown and to the dght for the alactron fow
shown In the colls.
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a force toward the weaker field. Consider first
the horizontal deflection coils in Fig. 4-7. The
windings are in a horizontal plane above and
below the beam axis. By the left-hand rule, the
thumb points in the direction of the field inside
a coil when the fingers curve in the direction
of the electron flow around the coil. Therefore,
the deflection ficld for the horizontal windings
is downward. When the direction of the electron
beam is into the paper, as indicated by the cross
in the center, the magnetic field of the beam has
lines of force counterclockwise around the beam
in the plane of the paper. To the left of the beam
axis, the magnetic field of the beam is downward,
in the same direction as the deflecting field; to
the right of the beam axis, the magnetic field
of the beam is upward, in the direction opposite
that of the deflecting field. The electron beam
is deflected to the right, therefore, as the resultant
force moves the beam toward the weaker field.
In a similar manner, the vertical deflection coils
deflect the electron beam downward. Deflecting
currents for both sets of coils are applied simulta-
neously, forcing the beam to the lower right in
this example.

The actual deflection coils are wound in the
form of a saddle, and the four coils in one assem-
bly are called the deflection yoke. Figure 4-8

Vertical
dallection
colls

Fg. 4-8 Deflection yoke disassernbled 1o show tha V
and H scanning colls.
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shows the coils from a typical yoke; they are
separated for inspection but are in the correct
relative position. A ring formed of two secgments
of ferrite core material is clamped around the
outside of the coils. This ring completes the exter-
nal path for magnetic flux lines so that the total
reluctance of the magnetic circuit is minimized.
The larges: air-and-vacuum gap in the magnetic
circuit is formed by the neck of the picture tube
itself.

One mark of progress in picture tubes has been
the trend toward a narrower neck, made possible
by improved electron guns. A narrower neck re-
sults in a shorter gap, which means reduced re-
luctance in the magnetic path. A higher flux den-
sity is produced for a given amount of current
in the coils, resulting in greater deflection sensi-
tivity. These advantages can be used for a large
deflection angle to shorten the picture tube, to
conserve the deflection power, or to do bm.h

b. Write the precautions to be taken Wh|Ie handling the picture tubes. (6)

Answer:

411
PICTURE TUBE PRECAUTIONS

The picture tube is extremely dangerous because
it is a large, evacuated glass bulb. A crack or
puncture resulis in a violent inrush of air called

an implosion, but the kinetic energy of the broken
glass causes a subsequent explosion. You should
always wear eye protection, such us goggles or

a fuce shield, when handling a picture tube. Also,
wear heavy gloves that provide a secure grip.

In large-screen sets, the picture tube can be
extremely heavy and awkward to handle. In this
case, 1t 15 betier to put the set face down on a
blanket or carpet and hft or lower the picture
tube vertically into place. Never handle the pic-
ture tube by its neck. Be sure the delicate neck
does not strike the cabinet or any chassis bracket
while you are installing or removing the picture
tube.

HIGH-VOLTAGE PRECAUTIONS The glass di-
clectric for the anode capacitance of the piclure
tube has extremely low leakage. Out of the set,
the anode can retain a charge of several thousand
volts for wecks at a time. Accidental contact with
the ultor button of a charged picture tube, in
itself, seldom gives a dangerous electric shock
However, the person's physical reaction may
cause the tube to be dropped, and the conse-
quences can be disastrous

© IETE

Always discharge the picture tube before re-
moving it. To da this, conneet a clip lead between
the chassis ground and the metal shank of a
plastic-handled screwdriver. Then, holding the
screwdriver by its plastic handle, touch the ultor
button under the rubber cap of the high-voltage
connector. You will hear a snap when the tube
18 discharged.

Do not trust picture tubes that are stored tem-
porarily out of the set. Ground the ultor button,
using the clip-lead and screwdriver technique,
but hold the end of the clip lead against the outer
Aquadag coating before and during contact of
the hlade with the ultor button.

X-RADIATION X-rays are invisible radiation
with wavelengths much shorter than those of visi-
ble light. Prolonged exposure 1o x-rays can be
harmful. The x-rays are produced when u metal
anode i8 bombarded by high-velocity electrons,
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gencrally with an anode voltage above 16 kV.

Color picture tubes with an anode voltage of
20 to 30 kV can produce soft x-rays. This radia-
tion is easier to shield than hard x-rays which
are produced with much higher accelerating volt-
ages—up to 100 kV. Lead and leaded glass are
used for shielding against x-ray penetration in
general. For soft x-rays, some attenuation is pro-
vided by wood, cardboard, pressed paper, metals,
and glass.

The main sources of x-rays in a television re-
ceiver are the picture tube (especially from the
metal shadow mask) and the high-voltage recti-
fier tube, if used. However, when solid-state de-
vices are used for the high-voltage supply, they
do not produce x-rays. Picture tubes with an im-
proved faceplate for x-ray shielding may have
the letter V in the type designation or the prefix
letters XR. Always make sure that an exact re-
placement tube is used, so that a set that requires
a leadsd-glass faceplate is not used with a CRT
made of conventional glass.

Q4
Answer:
6-2

INTERLACED SCANNING

PATTERN

The scanning procedure that has been universally
adopted employs horizontal linear scanning in
an odd-line interlaced pattern. The FCC scan-
ning specifications for U.S. television broadcast-
ing provide a standard scanning pattern that in-
cludes a total of 525 horizontal lines in a
rectangular frame having a 4:3 aspect ratio. The
frames are repeated at a rate of 30 per second
with two fields interlaced in each frame.

INTERLACING PROCEDURE Interlaced scan-
ning can be compared with reading the interlaced
lines written in Fig. 6-4. Here the jnformation
on the page is continuous if you read all the
odd lines from top to bottom and then go back
to the top to read all the even lines from top
to bottom. If the whole page were written and

© IETE

a. Explain interlaced scanning pattern used TV systems.

Television receivers are designed to limit the
x-ray level below the value set by the U.S. De-
partment of Health, Education, and Welfare. The
limit s 0.5 milliroentgen per hour (mR/h) as
measured at a point 2 in. [51 mm] from any
surface of the receiver. This dosage is extremely
small, just above the normal background level.

HOLD-DOWN CIRCUIT For protection against
x-ray radiation from color picture tubes, the main
problem is not allowing the anode voltage 10 ex-
ceed the recommended value. The receiver
should not be able to produce a viewable picture
when the high voltage excesds a specified limit.
In one method, the high voltage is cut off, result-
ing im no brightness. In another method, the hon-
zontal sweep frequency is increased. This effect
makes the picture be out of horizontal sync and
reduces the high voliage. Either system is called
a hold-down circuit because it limits the amount
of high voltage. A typical hold-down circuit is
explained in Fig. 16-27.

(10)

read in this interlaced pattern, the same amount
of information would be available as when it was
written in the usuval way, with all the lines in
progressive order.

For the interlaced scanning, first all the odd
lines are scanned from top to bottom, and the

Fig. 84 An exaomple of interdoced |ines. Read the first
ond odd lines ond then the second ond even lines.

DEC 2015
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even lines are skipped. Aifter this vertical scan-
ning cycle, a rapid vertical retrace causes the
electron scanning beam to return to the top of
the frame. Then all the even lines that were omit-
ted in the first scanning are scanned from top
to bottom.

Each frame becomes divided into two fields.
The first and all the following odd fields contain
the odd lines in the frames. The second and all
the even fields include the even scanning lines.
Given two fields per frame and 30 complete
frames scanned per second, the field repetition
rate is 60 per second and the vertical scanning
frequency is 60 Hz. In fact, donhling the vertical
scanning frequency from the 30-Hz frame rate
to the 60-Hz field rate is what makes the beam
scan every other line in the frame.

ODD-LINE INTERLACING The geometry of the
standard odd-line interlaced scanning pattern is
illustrated in Fig. 6-5. Actually, the electron gun
gims the beam ai the center, which is where the
scanning starts. For convenience, however, we
can follow the motion by starting at the upper
left corner of the frame at point A. For this line
], the beam sweeps across the frame with uniform
velocity to cover all the picture elements in one

© IETE

horizontal line. At the end of this trace, the beam
retraces rapidly to the left side of the frame, as
shown by the dashed line, to begin scanning the
next horizontal line.

Note that the horizontal lines slope downward
in the direction of scanning because the vertical
deflection signal simultaneously produces a verti-
cal scanning motion, which is very slow com-
pared with horizontal scanning. Also note that
the slope of the horizontal trace from lefl to right
is greater than the slope during retrace from right
to lefl. The reason is that the faster retrace does
not allow the beam as much time to be deflected
vertically.

After line | is scanned, the beam is at the
left side, ready to scan line 3, omitting the second
line. This line skipping 1s accomplished by dou-
bling the vertical scanning frequency from 30
to 60 Hz. Deflecting the beam vertically at twice
the speed necessary to scan 325 lines produces
a complete vertical scanming period for only
262'4 lines, with alternate lines left blank. The
electron beam scans all the odd lines, then, finally
reaching a position, such as point B in Fig.
6-5. at the bottom of the frame.

At time B the vertical retrace begins because
of flyback on the vertical sawtooth deflection sig-
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nal. Then the beam returns to the top of the
frame to begin the second, or even, field. As
shown in Fig. 6-5, the beam moves from point
B up to C, traversing a whole number of horizon-
tal lines.

This vertical retrace time is long enough for
the beam to scan several horizontal lines. We
can call these verrical retrace lines, meaning com-
plete horizontal lines scanned during vertical fly-
back. Note that the vertical retrace lines slope
upward, because the beam is moving up while
it scans honzontally, The upward slope of the
vertical retrace lines is greater than the down-
ward slope of the lines scanning during vertical
trace because the flyback upward is much faster
than the trace downward. Any lines scanned dur-
mng vertical retrace are not visible, though, be-
cause the electron beam is cut off by blanking
voltage during the vertical fiyback time. The ver-
tical retrace lines are inactive because they are
blanked out.

Horizontal scanning of the second field begins
with the beam at point C in Fig. 6-5. This point
is at the mddle of a horizontal line because the
first field contains 2624 lines. After scanning
a half-line from point C, the beam scans line 2
in the second fizld. Then the beam scans between
the odd lines—it scans the even lines that were
omitted during the scanning of the first field.

The vertical scanning motion is exactly the same
us in the previous field, which means that all
the horizontal lines have the same slope down-
ward in the direction of scanning. As a result,
all the even lines in the second field are scanned
down to point D. Points D and B are a half-
line away from each other becsuse the second
field started at a half-line point.

The vertical retrace in the second feld starts
at paint D in Fig. 6-5. From here, vertical flyback
causes the beam to return to the top. Since there
are a whole number of vertical retrace lines, the
beamn finishes the second vertical retrace at A,
The beam will always finish the second vertical
retrace where the first trace started because the
number of vertical retrace lines is the same in
both fields. At point A, then, the scanning beam
has just completed two fields, or one frame, and
is ready to scan the third field.

All odd fields begin at point A All even fields
begin at point C. Since the beginning of the even-
field scanning at C is on the same hornizontal
level as A with a separation of one-half line, and
since the slope of all the lines is the same, the
even lines in the even fields fall exactly between
the odd lines in the odd ficlds. To achieve this
odd-line interlace, the starting points at the top
of the frame must be separated by exactly one-

half line. //:-’

b. Explain “Flicker” in Television systems. (6)

Answer:

© IETE

DEC 2015



DEG68

TELEVISION ENGINEERING

6-4
FLICKER

Interlaced scanming is used because the flicker
effect is negligible when 60 views of the picturc
are presented each second. Although the frame
repetition rate is still 30 per second, the picture

is blanked out during each vertical retrace, or
60 times per second. So the change from black
between pictures to the white picture is oo rapid
1o be noticeable.

If progressive scanning were used instead of
interlaced scanning—all the lines in the frame
being scanned in progressive order from top 10
bottom—there would be only 30 blank-outs per
second, and objectionable flicker would result.
Scanning 60 complete frames per sccond in &
progressive pattern also would climinate flicker,
but the horizontal scanning speed would be dou-
bled, which would double the video frequencies
corresponding to the picture elements in a line.

Q5

Answer:

© IETE

a. Explain “colour addition” used in colour TV system.

Although the increased blanking rate found
in interlaced scanning largely eliminates flicker
in the image as a whole, the fact that individual
lines are interlaced can cause flicker in small ar-
eas of the picture Any one line in the image is
tluminated 30 times per second, which makes
the flicker rate of a single line half of that for
the interlaced image as a whole

The lower flicker rate for individual lines may
cause two effects in the picture—interline flicker
and line crawl. Sometimes interline flicker is evi-
dent as a blinking of thin, horizomtal objects in
the picture, such as the roof line of a house
Line crawl is an apparemt movemen! of the scan-
ning lines upward or downward through the pic-
ture: it is a result of the successive illumination
of adjacent lines. These effects may be noticed
in bright parts of the picture because the eye
perccives flicker more easily at high brightness
levels. |,

(8)
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8-2
COLOR ADDITION

Almost any color can be produced by adding
red, green, and blue in different proportions. The
additive effect is obtained by superimposing the
individual colors. In a tricolor picture tube, the
red, green, and blue information on the screen
1§ integrated by the eye to provide the color mix-
tures in the actual scene. The persistence of the
image provides the effect of color mixing.

ADDITIVE COLOR MIXTURES The idea of add-
ing colors is shown in color plate VII. The three
circles in red, green, and blue overlap partially.
Where the circles are superimposed, the color
shown is the mixture produced by adding the
primary colors. At the center, all three color cir-
cles overlap, resulting in white.

Where only green and blue add, the result is
a greenish blue mixture called cyan. Some people
might consider this color just blue or perhaps
turquoise. However, cyan is the name to remem-
ber for this green-blue mixture.

When only red and blue are added, the bluish
red color is called magenta. This color is similar
to violet or purple, bul magenta has more red.

Yellow is an additive color mixture with ap-

© IETE 10
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proximately equal parts of red and green. More
red and less green produce orange.

Similarly, practically all natural colors can be
produced as mixtures of red, green, and blue,
including the so-called neutral colors, such as
white and gray.

PRIMARY COLORS The primary colors are
combined to form different mixtures, The only
requirement is that no primary can be recreated
by mixing the other primaries. Red, green, and
blue are the primary colors used in television
because they produce a wide range of color mix-
tures when they are added together, Therefore,
red, green, and blue are additive primaries.

COMPLEMENTARY COLORS The color that
produces white light when it 15 added to a pri-
~mary is called its complement. For instance, yel-
low, when added to blue, produces white light.
Therefore, yellow is the complement of the blue
primary.

The fact that yellow plus blue equals white
follows because yellow is a mixture of red and
green. Therefore, the combination of yellow and
blue actually includes all three primanies.

Similarly, magenta is the complement of green,
and cyan is the complement of red. Sometimes
the complementary colors ¢yan, magenta, and
yellow are referred to as minus red, minus green,
and minus blue, respectively, because each can
be produced as white light minus the correspond-
INg primary.

A primary and its complement can be consid-
ered to be opposite colors. The reason is that
the complement of any primary contains the
other two primaries. This idea is illustrated by
the color circle in Fig. 8-6, where the dashed
lines connect each primary and its opposite com-
plementary color.

The hue of the complementary colors can be
seen in color plate VIL. Cyan is a greenish blue,

© IETE
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Fig. 8-6 Color wheel showing primarny colors red, green,
and blue with thelr opposite, or complementary. Colors
cyan, magenta, and yeliow.

and magenta is a purplish red. When considered
as primary colors in a subtractive system, these
colors are often labeled simply blue, red, and
yellow. However, this blue is really cyan with
green and blue; the red is magenta, combining
blue and red; the yellow combines green and red.

A subtractive system is used in color photogra-
phy. In this method, mixtures are obtained by
subtracting individual primary colors from white
light by means of color filters. Thus cyan, ma-
genta, and vellow are the subtractive primary
colors used to filter out red, green, and blue,
respectively.

In summary, the additive primaries for color
television and their complementary colors are:

PRIMARY COLOR COMPLEMENTARY COLOR
Red Cyan

Green Magenta

Blue Yellow

Furthermore, the components of the comple-
mentary colors are

11
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Cyan = blue + green
Magenta = red | bluc
Yellow = red + green

ADDING COLOR VOLTAGES What vou sec on
the screen is the superimposed combinalion of
red, green, and blue. This effect is most obvious
when you look at a raster alone, without any
picture. If the blue gun is cut off by adjusting
either the bias or the screen-grid voltage, then
the electron benms of the red and green guns
can produce a yellow raster. If there is more
red and less green, you see the raster color be-
come orange

Similarly, the blue and green guns operating
without the red gun produce cyan; or the red
and blue guns alone produce magenta. With all
thres guns operating (o reproduce red, green, and
blue in the comect proportions, the rasier is
white.

All three guns are cul off to reproduce black,
which is just the abscnce of light. Black & the
same in color or monochrome.

b. Explain (i) Hue (ii) Saturation (iii) Chrominance (iv) Luminance

Answer:

© IETE

COMPLEMENTARY VOLIAGE POLARITIES An-
other important feature of color video vollages
is the fact that opposite polanties correspond to
complementary calors. To illustrate this idea, as-
sume that the blue video voltage has the polarity
that increases the beam current of the blue gun.
More blue video voliage produces more beam
current from the blue gun, to reproduce more
blue in the raster and picture. Although all three
guns are operating, in this example we are look-
ing only ot the eect of blue. Note now that
the opposite polanty of the blue video voltage
decreases the beam current. Then less beam cur-
rent from the blue gun reduces the amount of
hlue on the screen. The same effect is achieved
by increasing the red and green, which s a vellow
combination. Furthermore, yellow s the comple-
megt of blue. The result, then, is that reversing

the polarity of a color viden voltage causes a
change to its complementary color. -

F

(8)
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HUE The color itself is its hue, or tint. Green
leaves have a green hie; a red applé has a red
hue. The color of any object is distinguished pri-
marily by its hue. Different hues result when dif-
ferent wavelengths of the light produce the visual
sensation in the eye.

SATURATION Saturated colors are vivid, intense,
deep,—oc strang. Pale or weak colors have little
saturation. The saturation indicates how little the
color is diluted by white. For example, vivid red
is fully saturated. When the red is diluted by
white, the result is pink, which is really a desatu-
rated red. Note that a fully saturated color has
no white.

CHROMINANCE This term is used to combine
both hue and saturation. In color television, the
3.58-MHz color signal, specifically, is the chro-

minance signal. In short, the chrominance in-

cludes all the color information, without the

brightness. The chrominance and brightness to- |

gether specify the picture information com-
pletely. Chrominance is also called chroma.

We can reserve the term chrominance, or
chroma, for the 3.58-MHz modulated subcarrier
signal. This C signal contains the hue and satura-
tion for all the colors. Its frequency is 1.58 MHz
However, before modulation and after demodula-
tion, the color information is in the red, green,
and blue color video signals. The range of these
modulation frequencies, or the baseband for
color, can be considered practically as 0 to
0.5 MH=.

Let us summanze these important differences
in the frequency ranges:

C signal: Includes side frequencies above and
below the 3.58-MHz modulated subcarrier,
mainly 3.08 to 4.08 MHz.

R, G, and B video signals: Include baseband fre-
quencies of 0 to 0.5 MHz.

R—Y B—Y and G — Y video signals: Also

include the baseband frequencies of 010 0.5 MHz.
However, these symbols are color mixtures be-
cause each has the color components of the —Y
signal.

LUMINANCE The luminance indicates the
amount of light intensity, which is perceived by
the eye as brightness. In a black-and-white pic-
ture, the lighter parts have more luminance than
the dark areas.

Different colors also have shades of luminance,
however, since some colors appear brighter than
others. This idea is illustrated by the relative lu-
minosity curve in color plate VIIIA The curve
shows that the green hues between cyan and or-
ange have maximum brightness.

The luminance really indicates how the color
will look in a black-and-white reproduction. Con-
sider a scene being either photographed on black-
and-white film or televised in monochrome. The
picture includes a colorful costume with a dark
red skirt, vellow blouse, and a light blue hat
For the same illumination, these different hues
will have different brightness values and so will
be reproduced in different shades of mono-
chrome.

As shown by the graph in color plate VIII
for relative brightness values of different hues,
dark red has low brightness, yellow has high
brightness, and blue has medium brightness.
Therefore, the monochrome picture reproduction
will show a white blouse (for yellow) with a black
shirt (for dark red) and a gray hat (for light
blue). The relative brightness variations for dif-
ferent hues make it possible to reproduce scenes
that are naturally in color as similar pictures
in black and white.

In color television, the luminance information
is in the luminance, or Y, signal. This abbrevia-
tion should not be confused with yellow, because
the lumnance signal contains only the brightness
variations for all the information in the picture.

The Y signal components are 30 percent red,

59 percent green, and 11 percent blue. These
percentages approximate the brightness sensation
of human vision for different colors. As a result,
a monochrome picture produced by the ¥ signal
looks correct in shades of gray and white. __,
Q.6 a. Explain the types of colour video signals. (10)

Answer:

© IETE
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TYPES OF COLOR VIDEO
SIGNALS

The main types of color video signals must in-
clude the primary colors, as the system siarts
with R, G, and B voltages for the camera tube
and finishes with R. G. and 8 at the picture
tube. However, color mixtures are used for en-
coding and decoding. The reason is that two
color-mixture signals can have all the color infor-
mation of the three primary colors, allowing the
third signal to be Y signal for luminance.

! SIGNAL This color video voltage is produced
in the transmitter matnx as the fuilnwiug eombi-
nation of red, green, and blue:

1=060R —0.28G —0.328 (8-2)

© IETE
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The minus sign indicates the addition of video
valtage of negative polarity. For instance, —0.328
means 32 percent of the total blue video signal
but inverted from the polarity that reproduces
blue.

With +1I polarity, the signal includes red and
minus blue, or vellow. They add o produce or-
ange.

For the —T signal, the polarity is reversed for
all the primary components. Thus the combina-
tion includes green and blue for cyan, with minus
red, which is cyan.

As 8 result, apposite polarities of the | video
signal represent the complementary colors or-
ange and cyan, approximately. These hues are
in coloer plate IX, which shows the main color
video voltages.

MNuote that the negative components of —0.28G
and —0.328 total —0 80, which equals the posi-
tive value of 0.60R. These values are chosen 1o
make the amplitude of the [ video signal become
zero for white

& SIGNAL The primary color voltages arc com-
bined in the transmitier matrix in the following
proportions for the © signal;

g=10.21R - 051G +0.J18 (8-3)

With + @ polarity, this signal includes minus
green, or magenta, with red and blue. They com-
bine to form purple hues.

For the —Q signal, this polarity includes
mainly green with minus blue, or yellow. The
combination i yellow-green.

As a result, opposite polarities of the Q signal
represent the complementary colors purple and
yellow-green. See color plate IX

Note that the positive components of 0.21R
and 0.31 B total 0.52, to equal the negative com-
ponent of —0.52G. These values are chosen to
make the amplitude of the @ signal zero for
white.

Both the I and Q signals are zero for white,

© IETE

gince there 8 noe chrominance information in
white. The luminance information for shades of
white is contained in the ¥ signal.

8 — Y SIGNAL The hue of this signal is mainly
blue, but it is a color mizture becanse of the
=¥ component. When we combine 100 percent
blue with the primary components of the ¥ sig-
nal, we get

B— ¥=1.008—(0.30R +05%8 +0.118)
= —0,30R —0.59G + 0.898 (8-4)

Note that —R and —G, when combined, equal
the complement of yellow, which = blue. How-
ever, & little more minus green shifis the hue
toward magenta, resulting in a purplish blue.

When the B — ¥ signal is combined with the
Y signal in the picture tube, it reproducet the
blue information. The effect is B — ¥ + ¥ = A,

R — Y SIGNAL The hue of R — Y ix a purplish
red. Combining red with the primary compo-
nents of the ¥ signal results in

R~ Y=100R —(030R +059G +0.118)
=(0.70R —0.59G —0.11 8 (8-5)

The muinus green 5 magenta, which is com-
bined with red to produce a purple-red for posi-
tive polarity of the R — ¥ signal. The opposite
polarity of the R — ¥ signal has the hue of
eyan-blue,

When the R — Y signal is combined with the
¥ signal in the picture tube, it reproduces the
red information. The effectias R = ¥+ ¥ = R

G — ¥ SIGNAL Combining the — Y signal and
100 percent & results in

G- Y= 100G —(0D.30R + 059G +0.118)
=-—.30R + 041G —0.118 (8-6)

The hue of the G — Y signal is a bluish green.
The opposite polarity is a purplish red. When
the G — Y signal is added to the Y signal in
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the color picture tube, the green informetion is
reproduced. Theeffectis G — Y+ Y =G
In the receiver, & — ¥ video is obtained by
combining R — ¥ and B — ¥ in the following
proportions:
G—¥Y=—"0351R—-Y)—0INE—Y) (@B

This combination is formed in the & — ¥ ampli-
fier stage.

SUMMARY OF COLOR VIDEQ SIGMALS The
color-mixture voltages are all related since each
s a combination of R, G, and B. As additional
examples, the [ and Q signals can be specified
in terms of the color-difference signals as follows:

I=—02N(8— Y)+074R —Y) (8-8)
Q=041{F— Y)+048(K—Y) (8B-9)

All these video signals are color mixtures. They
combine B, G, and B so that two mixtures can
contain all the color information of the thres
primaries.

Note the difference between these color video
voltages, without modulation, and the 3.58-MHz
modulated C signal, There is only one C signal,
always at 3.58 MHz. This signal is encoded with
the chrominance information as hue and satura-
tion, eorresponding to the phase and amplitode
of the modulation on the 1.58-MHz color subcar-
ner signel.

However, the different color video signals exist

before modulation of the 3.58-MHz color subcar-
rier signal at the transmitter and after demodula-
tion al the receiver. The color video signals and
their main features are summarized in Table
B-2. The colors listed are for positive signal volt-
age. The opposite polanty for each signal has
the opposite hue. You can see these hues in the
color circle diageam in color plate [X. The band-
width is 0.5 MHz for all except the I signal.

RELATIVE GAIN VALUES The amplitudes of the
color viden signals are modified in transmission
to prevent modulation past the maximum white
and black levels. For instance, yvellow with high
luminance can overmodulate white; blue with
low luminance can overmodulate black. As a re-
sult, the receiver must compensate with the fol-
lowing proportions of gain:

i
B — Y gain = o = 2.04%

R— }’gain=ﬁ%=l.l4%

> 1
G — ¥ gain = VTR 0, 70%
For example, the receiver gain for the B — ¥
signal is almost double the gain for the R — ¥
signal. The reason is that, in modulation at the
transmutier, the 8 — ¥ component is reduced
to 49 percent of its normal level.

TABLE 8-2

TYPES OF COLOR VIDEQ SIGNALS

NAME HUE BANDWIDTH, MHz  NOTES

B=Y Biue 0-05 Opoosite phase from color sync
R—Y¥Y Red 0-05 in quoadrature with 8 — ¥

G-V Grresan 005 Combines 8 — Yond ¥ — ¥

! Oronge 013 Maximurm color bandwidth

[ Pumpile 005 in quodrchuera with |

b. Explain the “Colour Sync Burst”.

Answer:

© IETE
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8-9
JCOLOR SYNC BURST

Figure 3-15z shows the details of the 3.58-MHz
calor sync burst transmitied as part of the total
composite video signal. The color burst syn-
chronires the phase of the 3.58-MHz color oscil-
lator in the receiver. Then the 3.58-MHz color
subcarrier signal is reinseried in the synchronous
demodulators to detect the chrominance signal.

The phasc of the reinserted oscillator voltage
determines the hues in the detector output.
Therefore, the color sync is necessary to establish
the correct hues for the demodulators. Then the
color automatic frequency control (AFC) can
hold the hue values steady. Without color syn-
chronization, the picture has drifting color bars,
The effect of no color sync is shown in color
plate VL

The burst is 8 to Ll cycles of the 3.58-MHz
subcarrier, transmitted on the back porch of each
horizontal blanking pulse. The peak value of the
burst is onc-half the sync pulse amplitude. Peak-

Q.7 a. Explain the tests for streaking.
Answer:

9-3
TESTS FOR STREAKING OR
SMEAR IN THE PICTURE

Streaking is mainly a problem of phase distortion
for middle and low video frequencies, from about
100 kHz down. The streaking, or smearing,
shows as a continuation of a wide bar of picture
information after a sharp change to the opposite
color. As examples, a wide black bar can show
streaks to the right into a white area. Or white
can be smeared into black areas. An example
of streaking in the picture is shown in Fig. 9-2.

Fg. 9-2 Smaar in the pictune

b. Explain (i) aspect Ratio (ii) Contrast Range with respect to EIA Test Pattern. (4)

© IETE

to-peak burst equals the amplitude of sync. How-
ever, the average value of the burst coincides
with the blanking level. This value corresponds
to zero for deflection sync. As a result, the color
burst does not interfere with synchronization of
the deflection oscillators.

The burst and C signal are both 3.58 MHz

However, the burst is on during blanking time
only, when there is no picture information. The
C signal is on during visible trace time for the
color information in the picture. This comparison
15 illustrated in Fig. 8-155. The oscilloscope pho-
tograph of the video signal in Fig. 8-9 also shows
the color sync burst on the back porch of H
sync.

The presence or absence of the burst deter-
mines how a color receiver recognizes whether

a program is in color or monochrome.
.'\ /r/,r

(6)

The cause of streaking is phase distortion for
video signal frequencies of 10 to 100 kHz. In
the video signal, phase distortion can be seen
as o 1ilt in the square wave of the picture informa-
tion. Phase distortion in an amplifier means that
the phasc-angle shift is not proportional to the
frequency.

BARS IN THE TEST PATTERN TO CHECK STREAK-
ING Iu the EIA test pattern of Fig. 9-1, note
the two wide, black bars at the top of the large
white disk and the two bars at the bottom. The
frequency at which the phase distortion and
smearing can be checked is related to the width
of these bars. For example, the phase distortion
atl 100 kHz shows as streaking of the shortest
bar, at the bottom of the white disk. The longest
bar, which is second from the top, can indicate
streaking for 30 kHz. This bar is about 314 times
wider than the shortest bar for a frequency 0.3
limes lower, compared with the shortest bar. The
intermediate values are 50 kHz for the top bar
and 60 kHz for the bar second from the bﬂltﬂln.’
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Answer:

"ASPECT RATIO Note the square formed by the
four bars of gray-scale chips placed just inside
the central white disk. Each bar has 10 numbered
steps of gray scale. When the aspect ratio is cor-
rect, at 4:3, this border of the gray-scale chips
i5 & perfect sguare.

CONTRAST RANGE The 10 numbered steps of
gray-scale chips have refiectances that range from
a maximum for peak white 1o about one-thirtieth
of that value. When the video signal processing
is linear, it should be possible to distinguish 10
distinet shades from white through gray to black.

c. Explain the tests for Ringing.
Answer:

© IETE
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9-4
TESTS FOR RINGING IN THE
PICTURE

Frequency distortion in the form of too much
relative gain for some high video frequencies re-
sults in ringing or overshoot. Typically, the exces-
sive gain 15 in the frequency range of 2 to 4 MHz.
The amplifier is just short of being an oscillator
circuit, but it can be shock-exciied into several

cytles of oscillations by an abrupt transient vara-
tion in the video signal Ringing can be seen in
the test pattern as &n increase in conlrast at some
point in the vertical wedges. Divide the number
of resolution lines by #0 to get the frequency
at which the ringing occurs. An example of ring-
ing tn the picture is shown in Fig. 9-3.

In addition, a number of abrupt horizontal
scanning transitions are provided by vertical
black dashes in the white disk of the ELA pattern,
In Fig. 9-1, therc arc iwo groups of these dashes,
one in the upper right quadrant and the other
at the lower left. The thickness of each vertical
dash represents a single line for horizontal resolu-
tion that ranges from 100 to 300 and 350 1w
550. A thinner line corresponds to higher resolu-
tion. In the lower left quadrant, the 300 at the
botiom of the group of five dashes is for the
botiom dash. Then the dashes get thicker, pro-
gressing to 100-line resolution for the widest dash
st the top of the group.

In the upper right quadranat, the 350 at the
top of the group of five dashes is for the wp
dash. Then the dashes get thinner, progressing
w 550-ine resolution for the thinnest dash at
the bottom of the group.

Ringing in the picture shows as greater con-
trast, with multiple lines trailing to the right for

Fig. 93 Inging in he window signal. Note the mdliple
outhires

each of the ringing cycles. Since each individual
dash represents a particular frequency, the ring-
ing condition appears worst where the burst of
energy matches the frequency at which ringing
occurs in the video amplifier circuit. Once again,
convert the line-resolution number in the test
pattern to its video frequency by dividing by 80.

For example, suppose that the ringing occurs
at the marker for 300-line resolution. The corre-
sponding video frequency is 300/80 = 1.75 MHz=.
This value is the frequency at which the video
amplifier circuit is nnging.

Actually, a small amouni of ringing may be
permissible, for it improves the contrast for high-
frequency delails at the vertical edges of the ob-
jects in the scene. When it produces trailing out-
lines, however, the excessive ringing is objection-
able. Generally the ringing is caused by stray

rescnance cffects in the video amplifier cin:uit./

Q.8 Draw a neat block diagram of Black and White TV receiver and explain the function
of each block briefly. (16)
Answer:
© IETE 19
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12-1
FUNCTIONAL BLOCKS FOR
THE SIGNAL

"Figure 12-3 shows the block diagram for a mono-
shrome receiver. Those blocks in the shaded area
mdicate the RF-IF signal circuits, The receiver
i basically a superheterodyne circuit. A local
escillator stage in the RF tumer, or front end,

beats the RF signal down to the intermediate
frequencies for the IF amplifier. Then all RF
signals for different stations arc converted to the
same IF values of the receiver. The standard IF
values for television receivers are:

45.75 MHz for the picture IF carrier signal |
41.25 MHz for the sound IF carrier signal |

Most of the signal amplification in the receiver
is done by the IF amplifier sections.

The video signal first appears at the owtput
of the video detector. The detector has modulated
IF signal input and baseband signal output.

SOUND SIGNAL Included in the video detector
output is a 4.5-MHz sound signal. This signal
i5 produced by a second heterndyning process
in which the sound IF signal at 41.25 MHz beats
against the picture [F carrier at 45.75 MHz. The
frequency difference is45.75— 41.25 = 4.5 MHz.
The receiver is actually a double superheterodyne
for the sound signal. In the video detector, the

IF picture carrier serves as 8 local oscillator that
beats with the I[F sound signal.

The 4.5-MHz sound is still an FM signal with
the original frequency modulation, but at a lower
center frequency. Most important, the sound sig-
nal is independent of the exact local oscillator
frequency in the RF tuncr of the receiver, because
4.5 MHz is the difference between the carcier
frequencies produced by the transmitter.

The sound signal is extracted by a 4.5-MHz
trap and coupled to a narrowhand IF amplifier
tuned to 4.5 MHz. Then the onginal frequency
moadulation is recoverad by an FM detector, such
as the ratiodetector, to produce the desired audio
outpot. An audio amplifier provides the power
needed 10 drive the loudspeaker. The front-panel
volume contral is usaally at the input to the audio
amplifier.

VIDEO DETECTOR OUTPUTS The detector is just
a small semiconductor diode, but because of rec-
tification the following three signals result:

1. Compaosite video signal for the video amplifier
that drives the picture tube. In addition, the
video emplifier supplies the signal for:

. The sync separator that strips the syn-
chronizing pulses from the composite video
signal

b. The automatic gain control (AGC) circuit
that controls the gain of the RF and IF
stages

2. The 3.58-MHz chroma signal is used in the
enlor circnits of color relevision receivers.

3, The 4.5-MHz FM sound signal is coupled to
the 4.5-MHz sound IF section.

The video and chroma signals are produced as
the detector recovers the modulation on the pic-
ture carrier signal.

VIDEO SIGMAL PATH The viden signal for the
picture tube controls the beam current and thus
the brightness of the scanning spot. As a result,

© IETE

the intensity modulation of the beam reproduces
the picture information. The video amplifier de-
velops enough signal voltage, up to 200 V pp,
o drive the picture tube from cotoff for black
and then close to zero grid-cathode voltage for
peak white.

A front-panel contrast control varies the gain
of the video amplifier. Ad justing the p-p ac signal
drive for the picture tube varies the contrast
Note that the brightness control adjusts the de
hias.

SYNC SIGNAL PATH The sync separator is an
amplifier circuit that is held in cutoff but made
to conduct when the sync pulses are present. The
input signal is the composite video signal from
the video amplifier. The cutput is stripped syne,
for both ¥ and H scanning, without the picture
information.

Then the separated sync is coupled to the verti-
eal and horizontal scanning oscillators. The fead
to the H deflection oscillator is toral sync, sinee
the phase-lock loop system that conirols syn-
chronization of the horizontal oscillutor is unal-
fected by the wide vertical syne pulses. However, -
the feed 1o the ¥ deflection oscillator contains
an RC integrator circuit. This network is a low-
pass filter becanse of the shunt capacitor. The
integrator is not affected by the narrow honzon-

tal sync pulses, but it builds up the required pulse
output for the ¥ sync. The capacitor is charged
by the wide vertical pulse. I
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(16)

Write short notes on any TWO of the following:

(i) Safety aspectsin TV receivers

(ii) Raster Distortions

Q.9

(iii) Projection TV systems

Answer:
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16-1
SAFETY

“When you are working on a TV chassis outside
its protective cabinet, there are several potential
sources of electric shock. First, the high-voltage
supply of 10 to 30 kV is a danger. This high
de voltage can cause a jolting shock. Also the
ac input to the high-voltage rectifier can produce
a sertous skin bum, In terms of safety, though,
the high-voltage power supply has the advantages
of poor regulation and limited load current be-
cause the high-voltage rectifier is fed from the
horizomial output cireuit. The de outpul drops
sharply when it is partially short-circuited by
someone touching the high-voltage circuit,

Although the low-voltage supply has much
lower de output voltage, a line-connected rectifier
can supply appreciable current. The scanning-
voltage rectifiers have limited outpul because
they are supplied from the honzontal output cir-
cuil, In general, more than 30 V 15 usoally re-
guired to produce enough current through the
body o create an electric shock.

A real shock hazard exists from any exposed
power-line voltage. One side of all 120-Y electn-
cal service is returned to earth ground in the
power distnbution system. Should someone come
m contact with the other side, which is the hot
side, the result is a 120-V difference in polential,
as illustrated in Fig. 16-1. How serious the elec-

tric shock can be depends on the series resistance
that determines the amount of current through
the person’s body. The & can be low when the
person is on a damp, concrete floor, as in Fig
lé-1a. The higher R in Fig. 16-1b corresponds
to & dry rubber mat on a dry wood floor.
However, the grounded objects that are all
around us can supply a low-resistance grounded
path. Examples are appliances with a three-wire
grounded plug. The third wire goes to earth
ground through the power distribution system,
in order to ground the metal case. A bench oscil-
loscope is usually grounded. Touching the case
and the hot side of the power line will produce
a serious shock. Other grounded objects are heat-
ing radiators, hot- and cold-water pipes, and the
appliances that are grounded to them.

ISOLATION OF A POWER TRANSFORMER A
power supply that uses a transformer with sepa-
rate prnmary and secondary windings provides
isolation from the power line. Either side of the
secondary may be connected to the chassis, b
it will not be hot with respect to the ac power
line, This connection 15 & chassis ground but not
earth ground.

Figure 16-2 illustrates the isolation with a
power transformer. The primary has one side
al earth ground. However, either side of the sec-
ondary has 0 V to carth ground. The 120 'Y across

fa

(o)

Fig 161 Shock hazard from hot sde
ol oc power fine depends on 1ess-
fonce in ground etum. (o] Low esls-
tonce on a domp foor (D) High resis-
tance with insulating mat on dry fioor,

© IETE
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L is a result of electromagpetic imduction pro-
duced by the current in Lg, which is independent
of any ground connections.

TV monitors usually have a power transformer
for solation, so thal the chassis ground can be
nsed as a common connection for the jacks that
take coaxial cable mput. The outer conductor
of the cable 15 grounded to its plug, the inpul
Jock, and the monitor chassis. If power trans-
formers are not used, other forms of isolation
must be provided for the cable feeds. One method
wies the electro-optical coupler shown in Fig.
I6-3.

Although transformer-powered equipment is
assumed to be mherently safe, keep in mind that
the isolation between the primary and secondary
windings is provided by only a thin layer of insu-
lation, which is usually varnished paper. A punec-
ture of this thin layer, cansed by arc-over or an
undetected pinhole, ean result in & hot chassis.
Then all cables connected to the eguipment be-
come a redl hazard for electric shock

STATIC DISCHARGE A recistor of 1 or 2 MO
often is connected from the chassis to one side
of the ac power line, with or without a power
transformer. This & is between chassis ground
for the B-minus return and earth ground through
the pawer line. The purpose is to drain off static

e

4]
Eﬁiii
J
12

{a)

S LED -

E — —moa 5 r Phiptotransiston
LED

Ag—y —a

{:]]

Fig. 1463 Bechio-optical coupler, usad for solofion of
gmund retum with commial cable cannesction. (o) Ou-
fine. [&) Pin connections. (Moloroksr Semiconchucion
Procics)

charge through R and the power wining to earth
ground. An example is several thousand valts
accumulated by the action of dry snow blowing
across an outdeoor antenna. The antenna input
terminals have a de path to chassis ground,

RF BYPASS CAPACITOR A capacitor of about
0.1 wF may be connected from chassis ground
to the power line for earth ground. The purpose
of this bypass capacitor is to keep the chassis
from being a source of RF interference. Such a
capacitor must have special voltage ratings. Also,
it is designed to prevent any fire hazard in case
of a failure. An cpact replacement 15 necessary.

SAFETY-SENSITIVE COMPONENTS It is stan-
dard practice to identify these special compo-
nents by shading in the dingram as in Fig
164 or some other keying system. Included are
RC nciworks mnd LC filters for the ac power
input connections and components in the high-

© IETE
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woltage supply. Their special charactenstics are
related to fire hazard, arcing, or x-ray emission.
When replacement is necessary, use the manufac-
turer's part numbers. Make no substitutions.

| HOT CHASSIS Many TV receivers do not have
i power transformer. They rectify the ac line
voltage directly to provide the do supply voltage.
Two examples of such a line-connected power
supply are shown in Fig. 16-5. The advantages
are less weight and space and greater economy
for the receiver. However, the chassis could be
hot with ac line voltage becanse of the connection
to one side of the power line.

For the half-wave rectifier circuit in Fig.
I6-5a, the B-minus return of the power supply
Is connected directly to the ac input, This chassis
could be at the 120-Y potential il the power plug
were inserted with the chassis side connected 1o
the hot side of the ac power.

In the bridge rectifier circuit in Fig. 16-5b,
the chassis is always at a potential above earth

ground that is one-half the ac line voltage. This
potential is 60 V for 120-V ac inpui.

Note the LC filters in Fig. 16-5a and & to
reduce the RF interference. Generally these com-
ponents are shaded in schematic diagrams to in-
dicate safety-related parts at risk for fire hazard.

Hot-chassis receivers use heavy blocks of insu-
lation to insulate the chassis from the cabinet.
No fasteners accessible from outside the cabinet
make any direct electric connection to the chas-
sis. In addition, the controls are isolated by the
use of plastic knobs and plastic shafis, A special
problem is the use of input and output jacks
grounded to the chassis, Television receivers un-
dergo strict tests by Underwriters Laboratories,
in terms of shock hazard and fire protection.

i
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/RASTER DISTORTIONS = |

Since the picture information is reproduced on 1 A

the scanning lines, distortions of the raster are ——— —_—

in the picture also. A rectangular raster, correct E———

proportions of width to height, and uniform de- (&) (&)

flection arc required to get a good picture.

INCORRECT ASPECT RATIO Twuo cases of raster
distortion are illustrated in Fig. 67. In Fig.
6-7a, the raster is not wide enough for its height,
compared with the 4:3 aspect ratio used in the
camera tube. So the people in the picture will
look too tall and too thin—they will suffer from
the same geometric distortion as the raster. This
raster needs more width.

In Fig. 6-7h, the raster is not high enough
for its width, and so the people in the picture
will look too short. This rusier needs more height.

In Fig. 6-7a or b. geverally the trouble is
caused by insufficient output from the horizontal
or vertical deflection cireuil.

PINCUSHION AND BARREL DISTORTION If de-
flection is not uniform at the edges of the raster,
compared with its center, the raster will not have
straight cdges. The scanning lines bowed inward
in Fig. 6-8a illustrate this effect, called pincushion
distortion. And barrel distortion is shown in Fig.
=84,

|

Fg 68 [o) Pincushion effact in raster. (&) Bamd disior-
T,

Fincushion distortion is a problem with large-
sereen picture tubes. Since the faceplate is almost
flat, the distance from the point of deflection to
the corners of the screen is grester, The electron
beam is deflected more at the comers than at
the center, which gives a raster with siretched-
Out cormers.

The pincushion distortion can be corrected,
however, by a compensating magnetic field.
Small permanent magnets are mounted on the
deflection yoke in monochrome picture tubes. In
color picture lubes, the deflection current in the
yoke is modified by pincushion correction cir-
cuits, or specially designed yokes are used.

TRAPEZOIDAL DISTORTION In Fig 6-9a, the
scanning lines are wider at the op than at the
bottom. This raster is shaped like a keystone,
or a trapezoid. A trapezoid has two opposite
edges that are not parallel. In the raster this effect
is called kepstoning, which is a form of trapezoi-
dal distortion. The cause is nonsymmetric deflec-
tion, cither left to right {as in Fig. 6-%a) or 1op
to bottom (as in Fig 6-94). In picture tubes,

|

(&)

(8]

Fig. &7 Incomect aspect matio in mster. Block armeos
shaw oreas of The screan nol covared by the sconning
Imes (@) Insuficient width. Too much block amsa ot
left and rgh! sides. [b) insuficlent heighl. Too much
biock area al top ond botlom.

{al {b)

Fig. 69 Tiaparnicdal roster. (o) Keystoned sides cousad
by urgymmetrc hodzontal defleclion. (b)

at fop ond bottorn coused by unsymmetrc verdical
dedaction,
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the scanning symmetry i provided by the bal-
anced coils in the yoke for scanning. The problem
of trapezoidal caster is caused by a defective de-
flection yoke.

NONLINEAR SCANNING The sawtooth wave-
form with its linear rise for trace time produces
linear scanning, since the beam is made o move
with constant speed. With nonlinear scanning,
however, the beam moves too slowly or too fast.
If the spot being scanned moves too slowly at
the receiver, compared with scanning in the cam-
era tube, then the picture information is crowded
together. Or, if the scanning is too rapid, then
the reproduced picture information is spread out,
Usually, nonlinear scanning creates both effects
at opposite ends of the raster. Nonlinear scanning
ig illustrated in Fig. 6-10 for a horizontal line
with picture elements spread out at the left and
crowded at the right. When the same effect oc-
curs for all the horizontal lines in the raster,
the entire picture is spread out at the left side
and crowded at the right side. When there are
peaple in the picture, a person at the left appears
too wide and someone a1 the right looks too thin.

The vertical scanning motion must be uniform
also. Otherwise, the horizontal lines will be
bunched at the top or bottom of the raster and
spread out at the opposite end. This effect is illus-
trated in Fig. 611 for spreading at the top and
crowding at the bottom. So a person in this pic-
ture will appear distorted, having a long head
and short legs. Scanning nonlinearity i caused
by amplitude distortion of the sawtooth wave-
form in the deflection amplifier circuits.

B NN NN NNN]| vormal scanning lice

I B W W W ENEE MNonlinear scanning

Flg. 610 Crowding at nght sice coused Ly noninecs
horzontal scanning.

Rg. 511 Crowding af bottom coused by nonlinacr ved-
ticol scanning

POOR INTERLACED SCANNING In each ficld,
the vertical trace must stari exactly a half-line
frem the start of the previous field for odd-line
interlacing. If the downward motion is slightly
displaced from this correct position, the beam
begins scanning too close to one of the lines in
the previous field, instead of scanning exactly
berween lines. This incorrect starting position
produces a vertical displacement between odd
and even lines that is carried through the entire
frame, As u result, pairs of lines are too close,
and there is extra space between pairs. So you
sce too much space between the white scanning
lines. This defect in interlaced scanning is called
line pairing, In the extreme oase, lines in each
successive ficld arc scanned exactly on the previ-
ous ficld lines. Then the raster contains only half
of the usual number of horizontal lines.

When the picture has diagonal lines as part
of the image, poor interlaced scanning makes
them appeur to be interwoven in the moiré effect
shown in Fig. 6-12. This effect, also called fish-
tailing, is more evident in diagonal picture infor-
mation, as the interlacing varies in successive
frames.

Poor interlaced scanning is caused by inaccu-
rate vertical synchronization. Although the pe-
ripd of a field is Y, s, which is a relatively long
time, vertical scanning in every field must be
timed much more accurately to achieve good in-
terlncing. If the vertical timing is off by 0.25 us
in one field compared with the next, then the
interlaced fields are shified the distance of one
picture element.
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Fig. 42 Example of foulty infedocing. The line divisions
in hotlzontal wedges of test patiem ore Intsrwoven
In o moiré affact /

4-10
"TELEVISION PROJECTION
SYSTEMS

The method used in TV projection systems is
just the reverse of that in a three-tube color cam-
era with separate pickup tubes. To reproduce
the picture, separate red, green, and blue images
are rzgistered on a common reflecting screen
The viewer sees the resulting light mixtures as
# hig, beautiful color picture. Screen sizes are
2% 3and 4 X 5N [06 %09 and 1.2 X 1.5 m),
up to 9 X (211 (2.7 ¥ 1.7 m], as big as a movic
screen.
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Prospho-coated internal
scrmen (red, biue, of green) - -

Elaction baam o

" Electron gun
Fig- 447 Ligh*-guide pictum fube for the Advent TV projection systemn [Acven! Coporafion)

The advantage of projection is that the picture
is much larger than that in direct-view tubes.
A big picture looks real. However, the problem
with TV projection is the production of enough
brightness. When the picture area is increased
10 times, then 10 times more light is needed to
achieve the same overall brightness. Another fuc-
tor is that the larger picture still has the same
number of scanning lines and the same maximum
resolution with a 4-MHz video signal. In our
standard television system, the horizontal scan-
ning lines are easily visible. Also, the image does
not lock as sharp as a picture on a small screen
that contains the same number of details and

Image projected o
W, 4V x 5% 11 soreen

“~Cormecter lans

ot
Sphencal prajection miroe

has suonger contrast. New systems are being
considered with satellite television, though, that
could provide a very high definition (VHD) pic-
ture for projection systems. More scanning lines
and a wider frequency range for the signal are
planned, in special transmission channels.

TV projection systems use small-screen picture
tibes biilt to produce very intense light cutput.
The screen size is generally | to § in., and the
anode high voltage is 30 to B0 kV. The height,
width, amd scanning linearity for the raster are

critical. Each tube has its own deflection system,
and the three rasters must match precisely so
that the images will remain in register at all

points on the screen. fr,/
#
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