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FOREWORD 

In preparation of this book the purpose throughout has been to 

provide a helpful service manual giving information for the tele¬ 

vision serviceman in determining the causes of faulty reception 

in television receivers and to enable the serviceman to quickly 

and efficiently remedy the fault after it has been properly located. 

A large number of illustrations of common receiver faults have 

been given and their causes and remedy clearly explained. 1 he 

test patterns and their use in receiver fault diagnosis is also fully 

treated. 

Due to the fact that most television receivers require an outside 

antenna for their proper operation, considerable space has been 

devoted to suitable antenna arrays, transmission lines and proper 

installation methods. 

The fact that a concise knowledge of television receiver circuits 

will permit the serviceman to more quickly analyze faults in 

receiver circuits thus enabling him better to affect the necessary 

adjustments with a minimum waste of time and effort, has been 

kept constantly in mind. A step-by-step technical description 

of typical television receiver circuits has been included. 

A great deal of text has been devoted to receiver servicing and 

alignment including a chapter on television testing instruments, 

together with their operating characteristics and use. 



lhe present status of color television is fully represented. 

It explains in great detail the two major systems that are re¬ 

ceiving the most considerations in the field of color transmission 

and reception, together with methods of conversion to enable the 

conventional black and white television receiver to obtain pictures 
in color when desired. 

Every effort has been made to insure rhe accuracy of the text 

material, and a debt of gratitude is hereby acknowledged to the 

various receiver manufacturers, particularly the RCA and 

Motorola Corporation, whose co-operation has been of considerable 
assistance in the preparation of this book. 

EDWIN P. ANDERSON 
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CHAPTER 1 

Placing of Television Receivers 

The problem of the proper location for a television receiver is 
very seldom solved satisfactorily prior to its arrival in the home, 
and even though a lot of consideration has been given to its 
proper placement, prior to its actual installation, very few 
owners find the first choice to be a permanent one. 

The proper placement of the receiver, of course, depends upon 
such factors as the layout of the house, number and size of the 
individual rooms, the lighting arrangement, location of power-
outlet, antenna lead-in, etc. 

In choosing a location for the television receiver, the following 
general precautions should be taken into consideration: 

1. Do not place the receiver in such a position that direct 
illumination such as light from a window, falls directly on 
the face of the screen. A certain amount of background 
illumination is desirable when viewing over long periods 
of time to reduce eyestrain. 

2. Do not place the cabinet directly against the wall. Leave 
a two-inch air space so that adequate ventilation will be 
assured. This will also improve the sound reproducing 
qualities. The receiver must in addition be installed a 
sufficient distance from any heating device such as heating 
radiators, etc., as the effect of heat will impair its opera¬ 
tion or even damage the receiver. 

3. It is desirable to locate the receiver as far as possible away 
from sparking or gaseous electrical discharge devices such 
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as may be found in public places. Such devices are Neon 
display signs, electrically operated cash registers, etc. 

4. If the receiver is to be connected to an outside antenna, 
proper attention should be given to the location of the 
antenna lead-in and the power outlet to prevent excessive 
length of these connector leads. 

1 Typical receiver location. When selecting a location it is important 
to keep in mind the necessity for access to an electrical outlet, and the 
need for an external antenna and transmission line. 

With respect to the decorative scheme of the home, most 
decorative authorities agree on the following points: 

1. The room containing the television receiver should be so 
planned that viewers can enjoy a program without first 
upsetting and rearranging the room. 

2. Lighting should be arranged so as to prevent the area from 
becoming completely “blacked out” every time the re¬ 
ceiver is turned on and the main light source is turned off. 
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3. The television receiver should not be so dominant in design 
or location that viewers have to sit and face it when not in 
use. 

FIG. 2—Showing built-in television receiver for special service. Here the 
tambour-fronted wall unit gives triple use as television cabinet, bookcase 
and room divider topped with vertical lowered wood slots. 
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Other factors such as seating arrangements, type of chairs, 
stools or hassocks to use and their individual characteristics of 
comfort and convenience must be left to individual taste and 
suitability. Some owners prefer to have the receiver placed in 
a corner of the living room, while others will have the receiver 
mounted on a turntable in a wall to permit viewing from two or 
more rooms. A viewing scheme such as the latter is shown in 
fig. 3. 

FIG. 3 Illustrating method of placement of television receiver for viewing 
in several rooms. Here the receiver is mounted on a 360 degree turntable 
in the fireplace wall. By means of the turntable the set may be rotated for 
easy viewing in both living and dining rooms. A slide panel turns picture 
into the bedroom. Since the kitchen is equipped with a window wall, all 
that is necessary to view from the kitchen is to pull away the window curtain. 

The hours of usage each day or night, the number of viewers, 
etc., must also be taken into consideration when placing the set. 
Whenever possible, the television receiver should be placed in 
an extra room, a den, library or study (if such be available) or in 
just a portion of the living room, so that the viewers will not 
interfere with the non-viewers, and vice versa. 
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Television Lighting.— When the average family purchased its 
first television receiver, it had acquired most of its viewing 
experience at the neighborhood movies. The natural impulses, 
therefore, were to reproduce in the home conditions similar to 

FIG. 4—Illustrating arrangement of custom built television combination. In 
this design a radio phonograph, wire recorder and television set combination 
is given a dominant position in the living room. 

those acquired at the theatre. Hence the television receiver 
was set up on one side of the living room, the lights were turned 
off, and the family settled down on the other side of the room to 
enjoy the show in comfort. 
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However, it did not take long before the factor of eyestrain 
asserted itself. The human eye, which can take in a broad 
scene, does not take kindly to being focused on the tiny bright 
surface that the average television screen represents. 

FIG. 5—Unusual placement of television receiver. Living rooms that are 
being remodeled offer an unusual opportunity for incorporating a television 
screen in the wall. In this illustration the fireplace dominates the room, 
while the television screen is camouflaged by a large wall mirror, while the 
set is inoperative. Prior to use the mirror is moved down thus exposing 
the television screen. 

Picture Tube Glare.—Adding further to the eyestrain was 
the bright surface of the picture tube. Manufacturers are 
trying to diffuse this glare by coating the inner face of the tube 
with various phosphors. Even if they are successful, the strain 
which comes from forcing the human eye to focus on a small 
point in the wide area of its possible vision cannot be com¬ 
pletely eliminated. 
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The moving picture screen is so large that it amply fills the 
field of vision which the human eye can cover. This leaves the 
eye free to roam naturally over a wide area, thereby eliminating 
one source of eyestrain that is a result of prolonged viewing. 

Furthermore, light projected into a moving picture screen 
from a distance is reflected at relatively low intensity. This 
reduces a second factor that often makes for eyestrain. 

Use of Lights. After discovering that television in the dark 
was not the answer, lights were turned on in the viewing room. 
Unfortunately this still did not solve the problem satisfactorily. 

This time the difficulty arose from a competition between the 
viewing screen and the light sources to secure the attention of 
the viewers. Home lamps are commonly high intense points of 
light. When they fall within the sweep of the human eye, they 
act as a distracting and annoying influence. 

A solution is to focus the light from lamps in such a way that 
it hits the ceiling at a broad angle and is reflected back on the 
wall behind the television receiver. This will make the wall 
glow at a somewhat higher intensity than the surrounding 
space. It will broaden and soften the edges of the small area of 
intense light created by the television screen and enlarge the' 
area upon which the eye must focus. 

Projection type receivers, having screen areas of two or more 
square feet, will diffuse light on a larger area than direct view 
types, and will as well, glow with a lower intensity. These will 
largely eliminate the problems of glare. 

Under these conditions the general lighting as in a moving 
picture theatre, will be soft and shielded. 
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Summing up the general discussion of lighting as applied to 
television reception in the home, the following “don’ts” will be 
generally applicable: 

1. Don’t use lighting that gives an architectural feeling in the 
same room with a television receiver, for it distracts the 
eye. Cornice lighting is an example of this. 

2. Don’t stand lamps within the field of vision of those view¬ 
ing the television screen. The bright surfaces of the lamp 
shade is a distracting influence. 

3. Don’t dramatize the television receiver as a piece of furni¬ 
ture by putting a light directly behind it. This will only 
make the receiver stand out awkwardly in the room and 
destroy the proportion of harmony of the general decor. 

4. Don’t turn off all the lights in a room simply because the 
television receiver is on. Possibly a standing lamp with 
small bulbs and an opaque shade to cut the light even 
farther set on the opposite side of the room might result in 
a satisfactory solution. 
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CHAPTER 2 

Television Controls; Test 

Patterns and Adjustments 

In common with the conventional radio receiving set, the 
television receiver requires certain controls for its proper 
operation. 

The various controls on a television receiver may be divided 
into two classes, depending upon their frequent need of opera¬ 
tion. They are: 

1. Operating controls. 
2. Preset controls (service adjustment controls). 

Operating controls are those which control program selection 
as well as sound and picture quality and their functions are 
indicated in figs. 1 and 2. 

The preset controls on the other hand, are those which usu¬ 
ally require adjustment at the time the receiver is installed, but 
only rarely need attention thereafter. 

Because of this, numerous manufacturers of television re¬ 
ceivers have only the operating controls located at the front of the 
cabinet, whereas the preset or service adjustment controls are 
usually located at the rear of the chassis. 
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With reference to fig. 1, the operating controls generally con¬ 
sist of the following: 

1. On-off switch and volume control. 
2. Channel selector. 
3. Fine tuning control. 

Contrast control. 
5. Brightness control. 
6. Horizontal hold control. 
7. Vertical hold control. 

FOCUS HORIZONTAL 
CONTROL HOLD CONTROL 

BRIGHTNESS VERTICAL HOLD 
CONTROL CONTROL 

PICTURE (Shading) 
CONTROL 

ON & OFF SWITCH 
& VOLUME CONTROL 

FIG. 1—Illustrating operating control location in typical receiver. It should 
be observed that only two dual operating controls are used in normal tuning 
of a television station. Behind the hinged cover are located two additional 
dual controls which may be adjusted under certain conditions to improve 
reception such as when receiving a weak station or in case of extreme 
interference. 

Depending upon the design of the receiver, only four or five of 
the foregoing controls need to be operated during normal 
reception 
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Dual Operation.—In order to simplify the operation, and to 
improve the appearance of the cabinet as well, numerous manu¬ 
facturers arrange the control knobs for dual operation; that 

FINE TUNING 
CONTROL 

CHANNEL SELECTOR 
CONTROL 

CONTRAST 
CONTROL 

ON & OFF SWITCH 
& VOLUME CONTROL 

FIG. 2—Showing front view of another typical receiver with operating control 
location. These are two dual controls, consisting of a small and a large 
knob each, on the front panel of the receiver. 

is, the controls are arranged in pairs of two, consisting of a small 
inner knob and a larger outer knob. Thus, for example, the 
channel selector switch and the fine tuning control are commonly 
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of the dual type. The contrast control and brightness control are 
similarly arranged, as are the horizontal and vertical hold 
controls. 

FIG. 3—Showing typical test pattern with receiver functioning normally. 

Some manufacturers of television receivers arrange such con¬ 
trols as the horizontal and vertical holds, in addition to focus and 
brightness control underneath a hinged cover, since these usu¬ 
ally do not need to be reset each time the receiver is operated, 
but are properly set at the time of installation. The purpose 
and function of the operating controls are as follows: 

On-Off Switch and Volume Control.—The purpose of the 
on-off switch and volume control is to turn the receiver on and 
off and to adjust the sound volume to a desired level. 

Channel Selector.—This consists of a simple selector switch 
by means of which the correct channel number of the desired 
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television transmitter may be selected. The channels presently 
in operation are numbered from 2 to 13. 

Fine Tuning Control.-This control turns the receiver for 
best sound and picture. After the proper channel is selected, 
adjust the fine tuning control to obtain the best picture qua ity. 

Contrast Control.—A variation of the amount of background 
light or picture shading is provided by this control. Adjust to 
receive picture and obtain correct contrast between light and 
dark shades. 

Brightness Control.—This control sets the picture brilliance. 
The brightness control should not be turned past the point at 
which the picture begins to grow larger, since detail will be lost 
due to loss of focus. 

Horizontal Hoki Control.—The horizontal hold is an adjust¬ 
ment of the horizontal picture synchronization circuits. Mis-
adjustment of this control will cause the picture to move either 
right or left or in extreme cases, it will cause black horizontal 
lines to appear on the screen. This control should be adjusted 
until the picture appears and there is no horizontal movement. 

Vertical Hold Control.—When switching from a strong local 
station to a weak station, it may sometimes be necessary to 
make adjustment of the vertical hold control. Principally the 
vertical hold is an adjustment of the vertical synchronization 
circuits. Misadjustment of this control will cause the picture 
to move either up or down. The control should be adjusted so 
that there is no vertical movement of the picture. 
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Step by Step Tuning Procedure 

In order to select a particular station and to adjust the various 
operating controls for correct picture and accompanying aural 
reception, proceed as follows: 

1. Turn volume control about one-half turn clockwise. This 
supplies power to the receiver. Allow about two minutes 
for the tubes to reach operating temperature. 

2. Turn the channel selector until it points to the number of 
the desired station channel. 

3. Turn the tuning control for best detail of the picture. 

4. Adjust contrast control to obtain the proper shading in the 
picture which means it should have good deep blacks, 
whites and intermediate shades of gray. 

5. Readjust volume for most pleasing reproduction. 

After the receiver has been adjusted as indicated, the volume 
control need only be used to turn on or of) the receiver betw een 
the desired programs unless some other station is to be tuned in. 

Before commencing the tuning operation, however, it may be 
well to check to be sure that a television transmitting station 
actually is on the air at the time it is desired to operate the 
receiver. Program schedules are usually published in the daily 
newspapers and many television stations will mail advance 
copies of their weekly broadcast schedule to set owners upon 
request. 

It should also be noted that during intervals in which stations 
are only televising their test pattern, the sound will only be a 
sustained note. This test pattern, fig. 6, and special sound 
transmission is used by television technicians to adjust certain 
preset controls at the time of installation. 
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The Test Pattern 

Prior to a detailed discussion of the operation and functions 
of the preset controls, it will be of assistance to know the part 
test patterns play in the proper adjustment of the receiver. 

The function of any test pattern is to furnish an accurate 
means of comparing the picture that appears on the picture tube 
with that actually seen by the television camera. If the two 
were identical, it would indicate completely perfect trans¬ 
mission of the image through the entire transmitting and receiv¬ 
ing system. Ihe extent to which it is approximated gives a 
measure of the Quality of the transmission. 

1 he test patterns, therefore, provide a means for the proper 
diagnosis and adjustments, which may occur in a television 
receiver. Test patterns are broadcast regularly by most tele¬ 
vision stations, and assume several configurations of lines, 
circles and black bars, as shown in figs. 3 and 6. 

Such factors as picture aspect ratio, resolution, linearity, con¬ 
trast, and brightness in addition to focus control may easily be 
observed by an analysis of fig. 6. 

Ihe aspect ratio of a picture determines its proportions. By 
arbitrary choice the television broadcasting stations have 
settled on the aspect ratio of 4 to 3; that is, a picture whose 
width is 4/3 as great as its height. Thus, when the aspect ratio 
of the picture, fig. 6, is correct, the diameter of the large outer 
white circle (or part of a circle to be exact) is exactly 4/3 of the 
diameter of the large black circle. If this ratio is not main¬ 
tained, then the aspect ratio of the picture is incorrect and 
should be adjusted. 

By the term resolution is meant the extent to which the pic¬ 
ture separates the details of the original scenes from one another. 

Vertical resolution depends largely on the following: 

1. The number of scanning lines employed. 
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2. Size of the scanning beams in both the camera tube and 
the picture tube. 

3. Sensitivity of the camera tube, and other elements of the 
transmitting apparatus. 

Horizontal resolution on the other hand is not affected to any 
great extent by the number of scanning lines and by the charac¬ 
teristics of the camera and transmitter. 

CIRCLES TO CHECK 
LINEARITY 

VERTICAL WEDGE TO „„ 
CHECK HORIZONTAL ADJUST FOCUS FOR 
RESOLUTION BEST DEFINITION HERE 

CIRCLES TO CHECK.ADJUSTMENT 
JJF CONTRAST AND BRIGHTNESS 

POOR INTERLACE SHOWS 
MORE EFFECT HERE 

FIG.6_Normal (greatly reduced test pattern') as broadcast by CBS. 

A check on the vertical resolution may be made by observing 
the horizontal wedges of our test pattern, fig. 6. If the lines 
of the wedges emanating from the central white circle are par¬ 
tially or completely blurred, there is a partial loss of resolution. 

In a similar manner the vertical wedges may be used to check 
horizontal resolution. 
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Linearity refers to the uniformity of distribution of a regular 
pattern on the picture tube. When the condition of the elec¬ 
tron beams on the picture tube are such that the beams do not 
move at constant speed, the objects in the picture will be 
distorted in shape, and as a result the picture is said to have 
poor linearity. 

It should be observed that for a completely satisfactory pic¬ 
ture, the receiver system should be free from all of the various 
defects which tend to impair its quality. This includes faulty 
interlace, improper focus of the beam, 60-cycle power frequency 
superimposed on deflection voltages, noise and other forms of 
interference. 

Vertical and horizontal linearity may be checked by observing 
the large black circle shown on the test pattern. When perfect 
linearity is present, the circle is geometrically flawless. 

Brightness and contrast must be present in suitable propor¬ 
tions for a pleasing picture. Brightness without adequate con¬ 
trast actually reduces the clarity of the picture. Contrast 
depends upon the amount of change of the video voltage applied 
to the picture tube grid; that is, its peak-to-peak swing 
Brightness of the picture depends upon the d.c. or average value 
of the video signal at the picture tube. 

Contrast and brightness correctness may be observed by means 
of the several concentric circles in the test pattern. These are 
located between the large black circle and the white circular 
center area. These are of different shades from light gray to 
black. When the picture shows tone variations, the brightness 
and contrast controls are set correctly. If not, they should be 
adjusted. 

Correct focus control may be determined by observing the 
center of the test pattern. When this white circle is perfectly 
round and sharp, the focus control is properly set. If not an 
adjustment should be made. 
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Preset or Service Adjustment Controls 
These are controls which have been factory adjusted for 

optimum performance, although it is usually necessary to make 
some adjustments of these at the time of installation. The 
service adjustment controls usually consist of the following. 

1. Focus control. 
2. Vertical size. 
3. Vertical linearity. 
4. Horizontal size. 
5. Horizontal linearity. 
6. Horizontal drive. 
7. Picture width. 
8. Picture height. 

PICTURE YOKE ADJUSTMENT 

TEST 
SOCKET 

FIG. 7_Showing preset controls for receiver whose operating controls are 
shown in fig. 2. 

Depending upon the design of the receiver some of these con¬ 
trols may be located at the front of the cabinet, whereas others 
may be located in the rear of the chassis. 
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FIG. 8—Showing preset controls for receiver whose operating controls are 
shown in ng. 1. 
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Focus Control.—This control offers adjustment of the sharp¬ 
ness of detail of the picture. At long intervals the focus control 
may have to be readjusted for best clarity of the picture. This 
is done by turning the focus control in either direction until the 
picture shows best clarity. Observation oi the picture slightly 
right of center when making this adjustment gives the most 
uniform focus. Tune for clarity of small objects or lettering in 
the picture. 

FIG. 9—Test pattern showing vertical distortion. To correct, adjust vertical 
linearity control. 

Vertical Size and Vertical Linearity Controls. These con¬ 
trols should both be adjusted at the same time and preferably 
while a test pattern is being transmitted. The linearity con¬ 
trol affects the upper portion of the picture while the size con¬ 
trol affects the lower portion. Adjust both controls simultane¬ 
ously until the test pattern is symmetrical and fills the entire 
screen vertically. Readjust the vertical hold control if nec¬ 
essary. 
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Horizontal Size Control.-This control should be adjusted 
preferably when a test pattern is being transmitted. The size 
control should be adjusted until the test pattern fills the entire 
screen horizontally. 

Horizontal Linearity Control.-This control should be ad¬ 
justed for best possible horizontal linearity. In the event that 
proper horizontal linearity cannot be obtained by adjusting 
this control, then change the setting of the horizontal drive 

ÍndÍCatÍng b™0"1“1 dÍSl°r'ÍOn - T° 

Horizontal Drive Control—The horizontal drive should be 
set approximately one-third of its total rotation from the coun-
terclochw^e end of its rotation. If white vertical bars or black 
beaded lines appear in the picture, the drive control in either 
irection should be adjusted to remove these white vertical 

bars or beaded lines. 
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Picture Width Control—Control of picture size in the hori¬ 
zontal direction is accomplished by means of the width control. 
If abnormally low line voltage makes it difficult to obtain suffi¬ 
cient picture width when using the width control, then changing 
of the horizontal drive control may prove helpful. 

FIG. 11_Test pattern showing picture too narrow. To correct, adjust width 
control. 

Picture Height Control.—Control of picture size in the verti¬ 
cal direction is accomplished by means of the height control. 
Height and width adjustment should be checked for all trans¬ 
mitting stations in order to ascertain that the picture fills the 
viewing area. It may be necessary to change the setting of the 
height control after the vertical linearity control is adjusted. 

Straightening Tilted Raster—This condition makes the test 
pattern or picture appear in a slightly tilted position. The 
remedy consists in a loosening of the deflection yoke locking 
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FIG. 12—Test pattern indicating picture too short. To correct, adjust 
height control. 

FIG. 13—Test pattern indicating tilted nicture. To correct, adjust yoke 
position. 
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screw, and in rotating the yoke sufficiently to correct this con¬ 
dition. This locking screw should be retightened after the 
operation. 

Centering.—To center the test pattern on the screen, adjust 
focus coil position. Readjust ion trap for maximum brightness 
on picture screen. Only in rare cases may it be necessary to 
rotate the picture tube. 

FIG. 14—Test pattern indicating picture off-center. To correct, adjust focus 
coil position. 

Eliminating Semi-circular Shadow. This shadow is caused 
by the electron stream striking the neck of the tube, and it can 
generally be corrected by applying one or a combination of the 
following procedures: 

1. Make sure that the deflection yoke is positioned as far 
forward as possible. 
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2. Reposition the focus coil by readjusting the holding nuts 
to shift the coil forward. 

3. In the event the neck shadow cannot be eliminated by the 
foregoing procedure raise or lower the entire yoke and 
focus coil assembly so that focus coil can be repositioned 
vertically with respect to the tube neck. 

FIG. 15—Test pattern showing semi-circular shadow. For correction, see 
text. 

For complete adjustment of ion trap, focus coil and deflection 
yoke, see pages following. 



Controls, Test Patterns and Adjustments 27 

Adjustment of Ion Trap, Focus Coil and 
Deflection Yoke 

Although these components are properly adjusted when the 
receiver leaves the factory, conditions of rough shipment make 
it possible for these to become misaligned. The following in¬ 
structions will enable the service man to bring the parts to their 

FIG. 16—Showing typical picture tube assembly with location of ion trap, 
focus coil and deflection yoke. 

normal setting. See fig. 16 for adjustment locations. A mir¬ 
ror placed in the front of the receiver will make it possible to 
watch the picture while the adjustment is being made. 
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The Ion Trap Magnet.—The ion trap consists of a coil or 
permanent magnet fitted on the neck of the picture tube for 
the purpose of removing ions from the electron beam. The 
ions removed are molecules of matter which have been excited 
by the electron bombardment so as to have a negative charge. 

FIGS. 17 to 19—Illustrating various types of ion trap magnets. 

If allowed to remain in the electron beam the ions will event¬ 
ually cause a dark spot in the center of the picture tube face. 
There are numerous types of ion traps, all differing in appear¬ 
ance but identical in action. 

It is of major importance when installing a television receiver 
to properly adjust the ion trap magnet on the neck of the picture 
tube, since improper positioning of the magnet may cause areas 
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of discoloration on the face of the bulb, thus injuring the picture 
screen. 

Ion Trap Adjustment—The ion trap magnet must always be 
adjusted for maximum picture brightness. With the tube 
operating and with brightness control adjusted for low intensity, 
the ion trap magnet is adjusted by moving it forward or back¬ 
ward and at the same time rotating it slightly around the neck 
of the picture tube until the raster on the screen is brightest. 

If, in obtaining the brightest raster the ion trap has to be 
moved more than one-quarter inch from the internal pole pieces, 
or if it be pushed against the focus coil, the magnet is probably 
weak and a new magnet may be required. 

As a final check, the ion trap magnet should again be adjusted 
for maximum raster brilliance, this time with the brightness 
control set to obtain a raster slightly above average brilliance 
and with the focus adjusted for a clear line structure to simulate 
actual operating conditions with a picture. 

If the picture tube has been replaced, or the receiver moved to 
a new location, it is imperative that the brightness control be 
kept low until after the initial adjustment of the magnet, and 
also that adjustment of the magnet be made immediately after 
the receiver is turned on. After the proper adjustment, the 
ion trap mounting screws should be tightened to prevent 
shifting. 

Focus Coil Adjustment.*—If a shadow falls on one corner of 
the picture or if the picture be not properly centered, adjustment 
of the focus coil will be necessary. To adjust, turn the focus 
coil adjustment screw in or out until a position is found where 
the picture is centered and there is no shadowed corners. 

•When carrying out this adjustment, extreme care should be exercised so that no abnormal 
pressure is exerted on the neck of the picture tube. 
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In performing the adjustment, the screws should be turned 
so as to move the focus coil about its vertical and horizontal 
axis rather than closer to or farther from the face of the picture 
tube. 

It should be observed that the tilt of the focus coil is limited 
by the clearance to the neck of the picture tube. Therefore, it 
is important for proper picture centering that the deflection 
yoke mounting bracket be moved forward until the rubber 
collar firmly supports the flare of the picture tube. It is also 
important that the deflection yoke bracket be orientated so 
that the focus coil will have equal tilt up, down, right or left. 

Deflection Yoke Adjustment. This adjustment controls the 
angle of the picture with respect to the horizontal. If the pic¬ 
ture be not squared in the picture mask, loosen the wing nut 
and move it to the left or right so as to rotate the deflection 
yoke. The picture will tilt to the left or right with the deflec¬ 
tion yoke rotation. 
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CHAPTER 3 

Television Interference 

After all the necessary adjustments have been made, it may 
happen that the picture shows certain defects altogether dif¬ 
ferent from those previously described. 

A multitude of patterns may be superimposed upon the nor¬ 
mal picture. These patterns are produced by man-made 
disturbances usually termed interference. 

As evidenced in radio broadcast reception, interference is 
recognized by a burst of noise or continuous background noise. 
In television reception, interference is evidenced by a burst of 
light upon the picture screen, momentary “tear out” of the 
picture, formation of various patterns on the screen or small 
spots of light in the picture. 

Since television receivers are designed to operate at much 
higher frequencies than broadcast-band radio receivers, the 
sources of interference are not the same for the two types of 
receivers. A television receiver is almost immune to weather 
produced interference, whereas this type of interference is most 
common in radio reception. 

Some forms of the above mentioned interference are easily 
identified by an analysis of the interference pattern as formed 
on the screen, and after they are identified, corrective measures 
can be applied to eliminate them. 

Other types of interference, however, are not so easily 
identified, and in some cases, there is no known corrective 
measure. 
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It is of paramount importance, therefore, that ever/ service 
technician be thoroughly acquainted with the various forms of 
interference effecting television reception, and know how to 
identify each type. 

Proper identification may mean success or failure in cor¬ 
recting the trouble, because if there be no clue as to what is 
causing a particular type of interference, no corrective measure 
can be applied to it. 

Common Types of Interference.—Television receivers are 
greatly affected by man-made noise, arising from various types 
of electrical apparatus. Following are some types of inter¬ 
ference frequently encountered by television service men. 
These are not necessarily listed in order of their importance or 
the type of interference which are most commonly occurring. 
They are: 

1. Ignition or spark interference. 
2. Diathermy. 
3. Germicidal lamp radiation. 
4. 4.5 me sound-beat pattern. 
5. Police, amateur broadcast and mobile stations. 
6. 1 wo or more TV unsynchronized carriers on same channel. 
7. FM transmitter heterodyning with local oscillator. 
8. Radiation from the local oscillator in a neighboring FM or 

TV receiver. 
9. Oscillation in video i.f. amplifier. 
10. Barkhausen oscillation from the horizontal deflection 

generator. 
11. Reflections or ghosts in various forms. 

Ignition.—Ignition interference from trucks, automobiles 
and aircraft may be identified by streaks and splashes on the 
picture. The ignition system of trucks will produce the most 
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intense interference pattern. It usually consists of a series of 
broken horizontal dark lines, the number of spacing of which 
depends on the frequency of the offending spark. 

FIG. 1—Test pattern showing typical auto ignition interference. 

Aircraft in the vicinity may also produce interference which 
is usually identified by a temporary fluctuating picture, usually 
lasting only a few seconds. Since the noise from the aircraft is 
usually heard at the time the fluctuation of the picture occurs, 
identification of this type of interference is comparatively easy. 

Interference of this same type can occur from high voltage 
and corona discharge in the high voltage supply of the receiver, 
as well as in high tension lines near the receiver location. In 
addition, doorbells, buzzers and signalling systems such as tele¬ 
type machines usually generate an interference pattern similar 
to that made by ignition systems. 
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Corrective Measures.—At the outset it should be emphasized 
that there is no clear-cut method whereby all interference 
problems due to ignition or other causes may be solved. About 
the only corrective measure with respect to ignition interference 
is to ascertain that a good antenna is used; that is, one which 
will result in the best possible signal pickup. 

At the time of installation, checks should be made to deter¬ 
mine the type of interference, if any, which is present at the 
particular location. 

The antenna should then be located as far as possible from 
the suspected source of interference. Thus, for example, if 
the receiver be located near a heavily travelled arterial highway 
or street intersection, the antenna should always be installed 
as far from the traffic as possible. 

After this has been accomplished, an effort should be made to 
eliminate the remainder of the interference by manipulating the 
antenna. Perhaps to increase the antenna height by several feet 
would assist in eliminating the interference. 

In locations plagued by interference, shielded twin conductor 
cable, or coaxial transmission lines should be used. The use of 
a shielded twin line gives two-fold protection from noise pickup. 
First, the shield serves to keep the greater portion of the inter¬ 
ference from inducing any voltage in the transmission line. 
Second, if balance to ground input to the receiver be maintained, 
any small interference voltage that is induced in the twin lead 
will cancel out due to the fact that the interference voltage 
induced in the opposite conductors of the line will be 180 degrees 
out of phase and therefore cancel out in the grounded center 
receiver antenna input inductance. 

In cases where a coaxial cable be used (single conductor) the 
shield should not be conducted to one of the antenna terminals, 
but should be grounded to the chassis of the receiver. 



Television Interference 35 

Diathermy.—Diathermy interference is caused by unshielded 
medical diathermy machines and X-ray equipment. It mani¬ 
fests itself in a herringbone pattern or one or two dark bars 
moving slowly up and down the picture. If the disturbance be 
extremely strong, the interference pattern will remain station¬ 
ary while the picture floats in the background. 

FIG. 2—Test pattern showing typical diathermy interference. 

Most diathermy machines consist of oscillators using raw 
60-cycle a.c. on the plates (although some do use self-rectifying 
oscillator circuits having a 120 cycle component in the signal) 
distribution of the pattern relative to picture height is usually 
similar to a 60-cycle hum bar due to the strong a.c. ripple in the 
signal. This “strip” or bar of pattern will vary in position 
relative to the top and bottom of the picture, depending on the 
phase relation between the mains supplying the diathermy 
machine and the vertical scanning frequency of the receiver. 
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Sometimes if this bar happens to be so phased as to occur 
near the vertical blanking interval, it will show up as two split 
narrow strips one at the top of the picture and one at the 
bottom. The fine line pattern within the “strip” will vary in 
spacing depending on the frequency of the diathermy oscillator; 
and, as these oscillators are not crystal controlled the fine line 
pattern will usually vary, assuming various positions between 
horizontal and vertical. 

Corrective Measures.—In the case of diathermy interference, 
corrective measures are practically non-existent, since the signal 
from a diathermy transmitter" behaves very much the same 
as television signals, and is therefore picked up by the receiver 
antenna. 

It is evident from the foregoing discussion that the only per¬ 
manent remedy against television interference of this sort, is to 
incorporate signal radiation preventive measures at the source; 
that is, by proper shielding and filtering of the diathermy ma¬ 
chines, by shielding of the room or rooms in which they are 
operated or both. 

Germicidal Lamp Radiation.—Fortunately interference from 
germicidal lamps is not of frequent occurrence. Lamps of these 
types are used most frequently in hospitals, butcher shop meat 
counters, refrigeration locker plants, etc., to kill bacteria. 

The interference pattern from germicidal lamps is very simi¬ 
lar to that originating in diathermy equipment. 

Corrective Measures.—In interference cases of this sort, the 
only corrective measures which have been found effective is to 
replace the offending lamp with a new one. It seems that cer¬ 
tain lamps after a period of time increase in efficiency to the 
extent of killing both the bacteria and television reception. 
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4.5 Me Sound Beat Pattern—This type of interference may 
be recognized by a stationary very fine herringbone pattern 
independent of sound modulation and extending over the whole 
picture. This is caused by heterodyning between the sound 
and video i.f. carriers. 

Corrective Measures.—This interference can be eliminated by 
a fairly high “Q” parallel resonant trap, tuned to 4.5 me and 
installed either in series with the cathode ray tube grid or in the 
video amplifier chain anywhere between the video detector and 
the cathode ray tube grid. Interference of this type will not be 
noticeable on receivers having a narrow bandwidth in the video 
amplifier section. 

Police, Amateur Broadcast and Mobile Stations.—Interfer¬ 
ence from the foregoing sources usually emanate from trans¬ 
mitters being located in close proximity to television receivers, 
and resulting in the high signal level being fed into the receiver 
circuit. The fact should not be overlooked that most video 
amplifiers will amplify out to approximately 4 me and conse-
quentlj’ will readily amplify the signal from a broadcast station 
if the receiver happens to be in the high signal area very close 
to the transmitter. 

Corrective Measures— Corrective measures consist of judi¬ 
cious use of shielding of the affected parts of the receiver and the 
use of traps tuned to the frequency of the offending transmitter. 

Two or More TV Unsynchronized Carriers on the Same 
Channel.—Interference of this type usually affects reception in 
fringe areas where the television receiver is located between 
two or more stations. Sometimes the signal from the different 
stations are almost equal in strength and as a consequence the 
receiver cannot discriminate between the transmitters. 
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Corrective Measures.—The only possible solution to inter¬ 
ference problems of this sort is to employ an antenna that has 
practically no back pickup and mount it in a rotating mecha¬ 
nism, so that it can be aimed at the desired station. 

FM Transmitter Heterodyning with Local Oscillator. The 
heterodyning of an FM transmitter with local oscillator, the 
resultant beat coming in on the lower television channel is 
another cause of interference. Receivers in most of the larger 
television areas where powerful FM transmitters are located are 
usually affected by this type of interference. 

It is usually recognized on the screen as an ever changing pat¬ 
tern of parallel lines or sometimes assuming a herringbone 
characteristic. The pattern will usually change continuously, 
except when the FM transmitter modulation is off, and the 
movement of the lines in the pattern will not bear any relation 
to the accompanying television sound. The number of lines or 
or bars varies according to the modulation of the interfering 
transmitter. 

Corrective Measures.— An effective corrective measure in this 
case consists of fairly high “Q” traps at the antenna input to the 
r.f. unit of the receiver tuned to the interfering FM signal. 

Radiation from the Local Oscillator in a Neighboring FM 
or TV Receiver. Interference emanating from a source of this 
type will vary, depending upon what channel the interfering 
receiver happens to be tuned to and on the nature of the signal 
it heterodynes with. 

It will usually result in a fine herringbone pattern covering the 
entire picture, although sometimes it will take the form of a 
ghost picture which seems to float around in the background of a 
picture tuned in on one of the TV channels. 
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Corrective Measures.—A proved solution for this type of inter¬ 
ference is to install a wave trap tuned to the interfering 
frequency. 

FIG. 3—Test pattern showing interference caused by incorrect tuning. 

Oscillation in Video i.f. Amplifier.—Trouble of this nature 
will usually manifest itself as a pattern of lines that are approxi¬ 
mately three thirty-seconds of an inch apart. This pattern 
will be noticed on all channels and usually only when the con¬ 
trast control is advanced near or past the mid point of its 
travel. This trouble can usually be traced to an open 1,500 
mmf. screen bypass capacitor in one of the video i.f. amplifier 
stages or in receivers employing stagger tuned i.f. oscillation can 
result if several of the stages be peaked too close together. 
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Barkhausen Oscillation from Horizontal Deflection Genera¬ 
tor.- Another type of interference that sometimes originates in 
the receiver horizontal deflection generator will show up as a 
dark vertical line or a series of lines at either side of the picture. 
This is known as the “Barkhausen” effect. 

If a pattern such as the one described is noticed, bringing a 
permanent magnet close to the outside of the horizontal deflec¬ 
tion tube, will have a noticeable effect on the pattern. 

Barkhausen effect is a type of high frequency oscillation that 
takes place apparently due to the movement of filament elec¬ 
trons that initially overshoot the grid and pass back and forth 
through the grid before settling on it. The frequency is de¬ 
termined by the distance between the grid and plate and by the 
velocity of the electrons. The frequency is independent of 
external tuning circuits. 

Corrective Measures.—-Replacing of the horizontal deflection 
tube will usually clear this type of interference. 

Reflections or Ghosts in Various Forms.—Perhaps one of the 
most prevalent forms of interference is that due to reflections 
of the picture, generally termed ghosts. Since there are numer¬ 
ous forms of this type of interference they will be treated ac¬ 
cording to their appearance on the screen. 

The Trailing Ghost.—This is probably the most common type 
of ghost and is usually due to a reflection from a building, hill 
or other structure that reflects the television signal from the 
transmitter. This reflected signal or “echo” which is usually 
weaker than the direct signal, arrives at the receiving antenna 
later than the direct signal, and the ghost or echo will appear, 
therefore, on the right hand of trailing edge of the picture. 
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Sometimes there are locations where several reflected signals 
from different buildings or structures reach the receivers 
resulting in several ghost images in the picture. These are 
called multiple ghosts. Ghost images can be positive or negative, 
depending on the relative phase of the direct and reflected signal. 

FIG. 4—Test pattern showing typical multiple images or “ghost.” 

The relative phase depends on the location of the antenna. If 
the antenna be moved some distance out to, or away from the 
transmitter, the relative phase changes, and the direct and 
reflected signals either aid or oppose, producing a positive or 
negative ghost. A negative ghost is one where the image is 
reversed; that is, the white portions are black and the black 
portions are white. 

Corrective Measures.—Where the reflected signal is arriving 
at the receiver, from the rear, a reflector on the antenna will be 
helpful because it will minimize the rear pickup of the antenna 
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to some extent. If the reflected signal be arriving at the re¬ 
ceiver from one side, it can be minimized by orienting the an¬ 
tenna for least pickup in this direction. In either case a highly 
directional antenna is desirable. Under some conditions it 
may be advantageous to orient the directional antenna for 
maximum pickup of a strong reflected signal, and minimum 
pickup of the direct signal. 

Source Ghost.—When the reflected signal arrives at the 
receiving antenna from the same general direction, relative to 
the direct signal from the transmitter, the angular difference 
between the two signal paths being very small, it is impossible 
to differentiate between the two signals resulting in a ghost 
image, which is called a source ghost. So far there is no known 
corrective measure for reflections of this type. 

Fluttering Ghost.—Fluttering ghosts can be observed quite 
frequently in most of the television areas, and are due to re¬ 
flections from aircraft flying in the vicinity of the receiver. 
1 he relative phase of the reflected and the direct signal arriving 
at the receiver, changing as the plane moves along, results in 
the two signals alternately aiding and opposing each other, 
which produces a fluttering in the picture brilliance and also á 
flutter in the ghost image. The rate of flutter depends on the 
position, height, speed and direction of the plane, and changes 
as the plane progresses in flight. 

This type of interference is so prevalent in metropolitan 
television areas near which are usually located larger airports, 
with the resultant heavy air traffic, that most television re¬ 
ceiver manufacturers are endeavoring to use a.f.c. circuits 
having proper time constant to minimize the fluttering in the 
picture brilliance. 
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Leading Ghosts.- - Leading ghosts differ from trailing ghosts in 
this respect: With a trailing ghost, the ghost image is to the 
right of the direct pickup picture, while with a leading ghost, 
the ghost image appears to the left of the direct pickup picture. 
This type of ghost appears under the following conditions: 

1. With the receiver located relatively close to the trans¬ 
mitter, considerable signal pickup occurs in the r.f. or 
mixer circuits of the receiver with a long run of trans¬ 
mission line from antenna to receiver. 

2. The signal that is picked up directly by the r.f. or mixer 
circuit appears ahead of, or to the left of the picture from 
the antenna signal, which is delayed in travelling down the 
long transmission line. In cases of this type, the signal 
picked up directly by the receiver will usually be affected 
by the movement of persons about the room or near the 
television receiver; and as the signal usually is reflected 
by objects in the room or nearby structures, multiple 
ghosts will usually be evident. 

Corrective Measures. -These consist of reducing the direct 
pickup in the receiver, by shielding the r.f. and mixer circuits 
and possibly the entire chassis. By disconnecting the antenna 
from the receiver without disturbing the contrast control 
setting, it can be determined how much signal the antenna is 
actually contributing to the picture. 

If it be found that multiple ghost images appears and that the 
antenna contributes very little or nothing to the picture, the 
pickup from the antenna system should be increased or a defect 
in the r.f. amplifier stage of the receiver may be the cause. 
It should be obvious that if the r.f. amplifier stage of a receiver 
was inoperative, disconnecting the antenna would not affect 
the picture because the reproduced image or images, as the case 
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may be, would be due to direct signal pickup in the mixer 
circuit. 

Tunable Ghosts. -These are ghosts that vary in number and 
intensity when the fine tuning control of the receiver is adjusted 
and are usually caused by incorrect alignment, or possibly re¬ 
generation in the video i.f. stages. 

Transmission Line Ghost. When the transmission line is not 
correctly terminated by the receiver, a portion of the signal is 
reflected at the receiver and travels back up the line to the 
antenna. If the antenna does not correctly terminate the line, 
a portion of this signal is reflected back and travels down the 
line to the receiver again, where it produces a trailing ghost. 

With normal length of transmission line, the reflected signal 
takes very little time in travelling up and down the line, so it is 
only slightly delayed and does not appear as a separate ghost. 
It merges with the original picture signal and affects the picture 
quality by effectively widening the vertical lines so that they 
appear fuzzy. 

Only with long runs of transmission line, will the reflected 
signal appear as a distinct and separate ghost. 

Corrective Measures. Proper matching of impedances be¬ 
tween the antenna and transmission line and the transmission 
line and receiver input. 
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CHAPTER 4 

Interference Traps 

In the foregoing discussion of television interference and its 
corrective measures, mention was made of the insertion of 
wave traps. These are used in certain instances of inter¬ 
ference, out should be resorted to only where all other corrective 
measures have failed to remedy the trouble. 

Wave Traps.—Various types of interference emanating from 
EM and amateur transmitters and some commercial or police 
communication systems in addition to radiation from local 
oscillators of neighboring television receivers, can effectively 
be suppressed by the insertion of wave traps 

Interference conditions of the foregoing type can be corrected 
by lowering of the input of the receiver at the frequency which 
causes the interference. A wave trap may be inserted in series 
with the antenna or it may be built into the receiver as a per¬ 
manent feature. 

Principally a wave trap consists of an LC circuit of fairly 
high “Q” which will resonate at the frequency it is desired to 
attenuate. They are often series resonant and inserted in one 
or both conductors of the transmission line and tuned to any 
undesired frequency. Figs. 1 to 3 show circuit diagrams of 
commonly used wave traps. 
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I-ig. 1 shows a circuit diagram of a dual frequency range trap 
A similar arrangement can be made by employing several or 
only one tuned circuit each of which resonates over possible 
interference ranges. 

COAX TO RECEIVER 

anced input. 

FIGS. 1 
Fig. 1 

to 3—Schematic diagram 
shows a common available 

of various types of interference traps. 
„. . unit. Fig. 2 is a trap designed for bai-
Mg. 3, is a coaxial connected trap. 

The technique involved in employing these wave traps is that 
the trap circuit is not inserted in the antenna lead-in in the same 
manner as is the case with conventional traps. Note that the 
trap circuit is tightly coupled to the lead-in by virtue of the 
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primary portion of each trap circuit which is actually connected 
in series with the transmission line. This broadens the band of 
effectiveness. 

If the transmission line be a coaxial element then the two or 
more circuits can be coupled in series, as indicated in fig. 3. 

If the line be parallel to a balanced input, then the two traps 
can be so wired that one circuit is in each leg and thus will not 
materially unbalance the antenna circuit. The balanced line 
connection is shown in fig. 2. 

Suppression circuits can also take the form of a parallel 
resonant circuit which is inserted in the grid coupling system 
between the r.f. stage and mixer and therefore curbs the mixer 
action which produces the interference in the i.f. system. 

To construct an effective wave trap it is first necessary to 
calculate the frequency of the interfering wave and construct 
or purchase a trap which can be inserted or tuned until the inter¬ 
ference disappears. Booster amplifiers, because of their added 
selectivity, are also employed to suppress signal interference. 
It is for this reason that booster amplifiers are sometimes em¬ 
ployed in strong signal areas. 

Impulse Noise Suppression. Impulse noises originating in 
electrical appliances such as electric cash registers, office equip¬ 
ment, electrical shavers, etc., can best be suppressed at the 
source. This is commonly accomplished by the insertion of a 
small 0.03 mf capacitor shunted across the line at the input to 
the device. 

For complete noise suppression from large industrial equip¬ 
ment, electrical signs, etc., there are several types of filters on 
the market consisting of series-inductor and shunt-capacitor 
combinations available which prevents r.f. energy from feeding 
back to the power line and radiating or feeding direct ly into the 
television or radio receiver. 
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Because of the tendency of numerous noises to enter the tele¬ 
vision receiver via the power line, a filter inserted between out¬ 
let and receiver will in a great many instances, effectively 
suppress noises emanating from home appliances or industrial 
equipment operating on the same power line. 
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ANTENNA ] 

100 n 

AWW^-
100 fl DUAL COAX 

loo n 

lOOn 
AWW-*-

TO BALANCED 
300X1 INPUT 

FIGS. 4 to 6—Methods of matching coaxial lines to receiver input. 

In addition to the foregoing, a television receiver located in a 
noise area, can be protected by means of a coaxial line. This 
coaxial line can be in the form of a simple line with the proper 
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matching system at its termination to match the input to the 
receiver, or when necessary, a dual coaxial transmission line 
can be employed. It should be observed that, whenever a 
coaxial line covers a considerable span, its shield should be 
grounded at several points to reduce the possibility of line 
pickup. 

Another point of importance is that the transmission line be 
of the low-loss type, since in a poor quality high attenuation 
line reduction of noise pickup is confronted by additional 
attenuation of the signal, thus nothing is gained. Noise pickup 
can also be reduced considerably in a 300-ohm line by twisting 
it every foot or two. 

It is a well known fact that neon signs are notorious offenders 
in the matter of television and radio reception disturbances. 
The flasher device is nothing but a set of switches and should 
therefore be treated similarly to that employed to silence other 
industrial equipment. 

Another source of disturbance in neon signs is arching between 
connections particularly in the electrode housing, or between 
cable ends. Again interference may be caused by flickering 
tubing, overloaded transformer, faulty insulation, corona dis¬ 
charges between tubing and ground, loose connections, un¬ 
grounded transformer case, etc. 

When reception interference has been found to be caused by a 
neon sign each of the aforementioned trouble sources should be 
investigated. As a general rule, however, it has been found 
that the employment of filter units across switch contacts, and 
also across the primary winding of the transformer will remedy 
the trouble. 

It has also been found effective to install a high frequency 
choke properly insulated between the letters of the sign. When 
filters are installed, it should be remembered that the designs 



50 Interference Traps 

of the components employed must be able to withstand the 
potentials and the current which must flow through them. 

In some television receivers a low pitched 60-cycle buzz will 
be heard from the loudspeaker when a station is tuned in. 
When there is more than one station locally, switching to these 
other stations will soon indicate where the difficulty lies. If 
the buzzing be evident with every station, it is safe to assume 
that the receiver is at fault. On the other hand, if the buzz 
is present only for one station, then the receiver is operating 
normally and the trouble arises at the transmitter. When a 
community is served by only one station, the best method is to 
observe whether other inter-carrier receivers exhibit the buzz. 

Perhaps the most important consideration in areas plagued 
by interference and noise is the choice of antenna and its proper 
orientation. These considerations, however, have been fully 
covered elsewhere and need no further elaboration in this 
chapter. 
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CHAPTER 5 

Television Antennas and 
Transmission Lines 

General —All present day television receivers, irrespective 
of their location with reference to the transmitting station, 
require an antenna for their proper functioning. 

Television antennas may be classified according to their 
location as: 

1. Built-in antennas. 
2. Indoor antennas. 
3. Window antennas. 
4. Attic antennas. 
5. Outdoor antennas. 

Built-in antennas*, as the name implies, are those which are a 
component part of the television receiver, and are designed by 
the set manufacturer to function without the aid of an exterior 
antenna. 

Indoor type antennas on the other hand are designed for place¬ 
ment in the immediate vicinity of the receiver, and where the 
dipoles are usually adjustable both as to length and to V-angle. 

*Most television receivers are equipped with built-in antennas connected to antenna terminal 
screws at the rear of the cabinet. In many locations, however, it will be found that an outdoor 
antenna will provide better reception. In case an outdoor antenna be used, the built-in 
antenna has to be disconnected from its terminal screws and the outdoor antenna leads con¬ 
nected in its place. 
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Window antennas are designed for mounting on the window 
sill and its vicinity, and takes various forms depending upon 
requirements. 

Attic antennas are designed for mounting in the attic of small 
dwellings, from which point they are connected to the receiver 
in the conventional manner. 

Outdoor antennas are generally designed for installation on 
roofs of dwellings and are usually supported by a suitable 
piece of galvanized iron piping or masts whose dimension de¬ 
pends upon the height of the antenna array. 

Television antennas may also be classified with respect to 
their geometrical structure and number of elements involved, 
as: 

1. Dipole antennas (straight or folded). 

2. Conical antennas (double or single). 

3. Yagi antennas, etc. 

Antennas for television reception are manufactured in a 
great variety of types as shown in figs. 34 to 47, although for 
average reception in localities fairly close to the transmitter 
the half-wave matched dipole type with reflector is most 
generally employed. 

The quality of the picture that is reproduced on the screen 
of a modern television receiver is dependent upon many factors, 
some of which are beyond the control of the receiver. The in¬ 
formation presented here is intended mainly to assist the service 
man in determining the factor the antenna plays in the normal 
reception of television. 

The strength of the transmitted picture signal that reaches 
the receiver is a vitally important factor in determining the 
quality of the picture that is reproduced on the screen. A 
very weak signal will produce an unsatisfactory picture. In 
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locations where the signal is exceedingly weak the picture will 
display a milky appearance which is usually accompanied by a 
“speckled” or “snow” effect. 

Television Transmission. The very high frequency waves 
ed for the transmission of television picture signals acts 
jite similar to rays of light, in that they do not bend around 

corners and are reflected by obstacles in their path. 

NO 
RECEPTION RECEPTION 

FIG. 1—Illustrating line of sight transmission. Due to the line of sight 
behavior of television signals, receivers located in obstructed areas will 
"onerally not receive television programs unless precautions be taken in 

e form of special antennas. 

.t should therefore be appreciated that television waves do 
not follow the curvature of the earth and reliable reception 
should only be anticipated in the region determined by the 
“line of sight*” to the horizon in all directions from the antenna 
tower of the transmitting station. 

This region is generally designated as the "service area of 
the station and includes an area having a radius of 50 miles 

‘The line of sight distance as denoted in television literature is the maximum distance which 
high frequency radio waves will reach without being impeded by the curvature of the earth. 

It is illustrated in Fig. 1 and is governed by the relationship 

d = 1.41 
Where d is the distance between antennas in miles 

ht is the transmit ting antenna height in feet 
hr is the receiving antenna height in feet. 
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or more, depending upon the relative height of the transmit¬ 
ting and receiving antennas, and the terrain between them. 

Since signal strength decreases rapidly when the “line of 
sight” distance is exceeded, it is not possible to reliably predict 
conditions which might prevail at greater distances away from 
the transmitter, 1 he technician who installs the television 
receiver must always carefully check to determine if signals 
at a particular location are of satisfactory strength. 

The characteristic of high frequency television signals which 
permit them to be reflected from the walls of nearby buildings 
or other objects, may under certain conditions, create “multiple 
transmission paths.” This would permit the reflected signal 
to arrive at the antenna a short interval of time later than the 
signal travelling in a direct path from the transmitter and the 
effect produced on the picture of the television receiver consists 
of a multiple image. These multiple images, known as “echos” 
or ghosts may generally be prevented by careful installation 
and orientation of the antenna. 

Transcontinental Television Transmission Systems.—Since 
television transmission is limited to “the line of sight,” an 
efficient relay system is necessary to link the country into 
television networks. There are two principal systems presently 
used for this purpose. They are: 

1. The underground coaxial cable system. 
2. The micro-wave radio relay system. 

The coaxial cable system consists principally of a special type 
of telephone cable capable of passing a wide range of frequen¬ 
cies without the usual prohibitive losses and distortion. For a 
successful television transmission over longer distances however, 
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transmitting 
/ ANTENNA 

FIG. 2—Showing reflected signal path, causing multiple image or ghost on 
television receiver screen. 

FIG. 3—Typical test pattern showing “ghost signals” due to reflected waves 
from intervening structures. 
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in addition to the coaxial cable, special repeater amplifiers 
(relay stations) are required spaced at an equal distance from 
one another. 

The micro-wave radio relay system of increasing the range of 
television coverage, on the other hand, consists of a chain of 
towers located 10 to 25 miles apart. Each tower contains 
receiver to pick up the signal from the preceding tower and 
transmitter to rebroadcast it to the following tower. 
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FIG. 4—Showing present status of transcontinental coaxial cable and radio 
relay system. 

Receiving Antenna Principles.—For best reception each an¬ 
tenna should be selected with reference to distance and other 
factors covering the particular installation. 

Fundamentally the three elements present in any televisit 
antenna installation are: 

1. Antenna. 
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2. Transmission line. 
3. Receiver. 
The function of the antenna is to pick up the signal transmitted 

from the station and to transmit the signal to the receiver 
through the connecting transmission line. 

Transmission Lines.- There are four general types of trans¬ 
mission lines acting as a transmission link between the antenna 
and the receiver. They are: 

1. The two-wire parallel-conductor type. 
2. The coaxial cable type. 
3. The twisted pair type. 
4. The shielded pair type. 

There are several constructional variations in the basic types 
of transmission lines. Prior to the introduction of the poly¬ 
ethylene dielectric two-wire transmission line, a parallel con¬ 
ductor line in which the two wires (ordinarily No. 12 or No. 14 » 
were supported a fixed distance apart by means of insulating 
rods called “spacers”. The dielectric between the conductors 
consisted of air. 

The modern two-wire transmission line is a parallel conductor 
line with stranded conductors imbedded in a low-loss insulating 
material (polyethylene). It has the advantages of low weight, 
compactness and neat appearance, together with close and 
uniform spacing. Losses, however, are higher in the solid 
dielectric than in air, and dirt or moisture on the line tends to 
change the characteristic impedance. Two-wire transmission 
lines of this type are available in impedances of 75, 150, and 
300 ohms. 

The most common type of coaxial transmission line consists 
of either a solid or stranded wire inner conductor surrounded by 
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polyethylene dielectric. Copper braid is woven over the 
dielectric to form the outer conductor, and a waterproof vinyl 
covering is placed on top of the braid. This cable is made in a 
number of different diameters. It is moderately flexible, and 
so is easy to install. Coaxial cable is available in characteristic 
impedances of 52, 72, or 150 ohms. 

FIGS. 5 to 8—Various types of transmission lines. In the illustration A, 
represents a 300 ohm molded wire line with a third or neutral wire separating 
the parallel pair. B, coaxial cable with full length polyethylene dielectric. 
C, typical 300 ohm two wire transmission line. D, shielded parallel twin 
lead 300 ohm transmission line. 

The air insulated coaxial cable transmission lines have lower 
losses than the solid dielectric type, but are less used because 
they are expensive and difficult to install as compared with the 
flexible type. The common type of air insulated coaxial cable 
uses a solid wire conductor inside a copper tube, with the wire 
held in the center of the tube by means of special insulating 
“beads” spaced at regular intervals. 

Most television receiver manufacturers have made provision 
on the 300 ohm input to allow for the direct connection of 72 
ohm cable. This is usually accomplished by the employment 
of a tap connected to unbalance the input circuit when the 72 
ohm cable is attached. 
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Practical Antenna Calculation.—For proper antenna design 
it is necessary to know the length of the electromagnetic waves 
involved. In order to determine wave lengths, however, it is 
necessary to know the speed at which electromagnetic waves 
travel through free space, and the frequency. In speaking of the 
frequency of electromagnetic waves we merely mean the number 
of waves passing a given point in one second, expressed in 
megacycles (millions of cycles). 

Since electromagnetic waves of all lengths move at the same 
speed, the number of waves passing a given point in one second 
will be small if the waves are long, and large if the waves are 
short. Thus, 500,000 waves 600 meters in length will pass a 
given point in one second at a frequency of 500,000 cycles. 
Similarly, if the waves were only one meter in length 300,000,000 
would pass each second, which is a frequency of 300 me. 

The actual velocity of electromagnetic waves is for all practi¬ 
cal purposes 300,000,000 meters or 984,300,000 feet per second. 

Now, if the speed at which the waves travel is equal to 3 X108 

meters per second, the distance it will cover in one cycle will be 
equal to this velocity divided by the frequency in cycles per 
second, or 

x _3X1O8

where represents frequency, and the Greek letter lambda 
stands for wave length in meters. Since feet and inches are the 
measurement used for practical television antennas we obtain: 

and 

X 984 . X = -—- ft. (approx.) 
f(mc) 

11,808 . —--ms. 
f(mc) 
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Because the length of each quarter dipole element in inches 
is the dimension most frequently required, we obtain: 

, 2,952 . X 4= — ms. 
/ (wc) 

Due to certain electrical characteristics of the antenna ma¬ 
terial it has been found that in practice the antenna elements 
should be somewhat shorter (about 5 per cent ) than that given 
in the foregoing formula. The formula then becomes: 

... 2,952X0.95 2,804 
Ä/4 = = 

Rmc) f(mc) 
inches 

From this latter formula it is comparatively simple to obtain 
the antenna dimension for each frequency, by substituting the 
proper value in megacycles (me). 

Dipole antennas that are to be used in outside installations 
consist usually, of two quarter wavelength sections of 3/8 in. 
aluminum tubing or rods. 

The following example shows the general procedure when it i 
desired to calculate the exact length in inches, of each elemer 
( quarter wavelength) of a simple half-wave dipole antenna. 

Example. It is desired to determine the length of a quarter 
wave dipole rod suitable for use on channel four, where the frequency 
according to the table page 131 has an average value of 69 me. 
What is the dipole rod length! 

Solution. By employing the foregoing formula a substitu¬ 
tion of values gives the quarter wave length in inches as 

2 804 X 4= ’ =40 Approx. 
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By using a similar procedure, it is a comparatively simple 
matter to calculate antenna dimension for any desired channel 
or frequency. 

FIG. 9—Showing relations between wavelengths and length of dipole ele¬ 
ments used in television antenna construction. 

Dipole Antennas.—The fundamental form of a dipole antenna 
consists of two single wires, rods or tubings, whose combined 
lengths are approximately equal to half the transmitting wave¬ 
length. It is from this basic unit various forms of television 
antennas are constructed. It is also variously known as a half 
wave dipole, half wave doublet or Hertz antenna. 

The complete television receiving antenna normally consists 
of two half wave dipoles (receiver and reflector) mounted in 
the form of an H on a substantial supporting mast or pole, 
strapped at its lower end to the building or roof housing the 
receiver. 

The dipole elements are made of steel, aluminum or copper-
alloy tubing and surface treated against corrosion. The re¬ 
ceiver dipole is equipped with terminals at its adjacent ends for 
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FIG. 10—Showing transmission line connection between a half-wave dipole 
antenna and television receiver. 

FIG. 11—Illustrating mounting arrangement and connection of half-wave 
d!pole antennas to transmission line. 
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transmission line connections and must be properly insulated 
from the mast or supporting structure. The reflector on the 
other hand, may be joined directly to the antenna cross mem-

FIG. 12—Typical mounting arrangement of dipole antenna elements with 
reflector. 

Folded Dipoles.—The necessity for separating, insulating 
and fitting the receiver dipole at its center, however, tends to 
weaken and complicate the antenna assembly. Because of 
this, a considerable simplification may be obtained by employ¬ 
ing an unbroken member bent and clamped to the supporting 
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member as shown in fig. 14. A television antenna of this type 
is known as the folded dipole type and is widely used. 

The spacing between the folded dipole elements should vary 
inversely with the frequency, that is, the higher the frequency 

3/g IN. METAL TUBING SPACING 
1 TO 2 IN. FOR HIGH BAND 
2 TO 3 IN. FOR LOW BAND 

TRANSMISSION-^ 
LINE (30011) 

FIG. 13—Dimensional requirements of folded dipole antenna. 

FIG. 14—Showing mounting arrangement of folded dipole antenna with 
reflector. 
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the smaller the spacing. The element spacing for the center 
frequency on the low band is usually 2 to 3 inches, and 1 to 2 
inches for the high band. 

T-Matched Dipoles.—A further combination of the common 
half-wave dipole and the folded dipole has become known as 
the T-matched dipole type. With reference to figs. 15 and 16 

FIGS. 15 and 16—Showing T-matched dipole antennas. In the illustration 
both antenna arrangements have identical electrical characteristics. 

the assembly is obtained by cutting the ends of a folded dipole 
and fitting the remaining stub ends to the bottom element, the 
T-section having a length of two-thirds the length of the dipole. 

There are three principal factors to be considered in the 
design of a dipole antenna for television reception purposes. 
These are: 

1. The length of the dipole shall be suitable for the particular 
wavelength in use. 
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2. The polarization of the transmitted waves shall be that 
for which the dipole is intended. 

3. The directional properties of the dipole shall be such as 
to receive the desired waves effectively, while being un¬ 
favorable towards local interference. 

WIRE EQUALLY SPACED 

FIG. 17—Construction principles of conical antenna. The characteristics of 
the conical type are superior to the folded or straight dipole type of antenna 
from the standpoint of gain and band width. Actually the best arrangement 
would be the use of solid closed cones made of copper. This arrangement 
however, is impractical because of its weight which will be considerably 
increased in locations where the antenna will be exposed to sleet and snow. 
A satisfactory compromise employs 10 or 12 No. 12 B & S wire rods to take 
the place of the solid cones. 

Conical Antennas.—An antenna in which the cross-section of 
each of the two halves increase smoothly outward from the 
center is termed a “conical” type. Because of its cone-like 
design, it will receive a very wide band of frequencies. Since 
this type of antenna has a large cross-sectional area, the length 
must be considerably reduced to keep resonance at the same 
frequency. Mechanically, however, problems arise in its con¬ 
struction, and its mounting on the roof will cause considerable 
difficulties. 
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In the case of television reception the first requirement should 
be extended to include the provision of a flatly tuned antenna 
system, able to respond fairly evenly over the waveband in¬ 
volved and also pick up the FM sound transmission. This 
compromise is often assisted by choosing the length of the 
antenna to resonate at a frequency intermediate between sound 
and video transmission. 

The polarization of the waves to be received may be either 
vertical or horizontal. An antenna placed in the horizontal 
plane radiates horizontal polarized signals, whereas, an antenna 
placed in a vertical plane radiates vertically polarized signals. 

FIG. 18—Showing magnetic and electric field of horizontally polarized wave 
fronts. 

Television transmitting and receiving antennas in the United 
States use horizontal polarization and the receiving antennas are 
therefore placed horizontally. 

Parasitic Elements.—A parasitic element, as employed in 
television antennas, is a dipole slightly too long or too short for 
exact resonance at the desired frequency. It is mounted at 
some fraction of a wave length before or behind the driven 
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element. Parasitic elements are not cut at the center and arc 
not connected to the transmission line. The center point of a 
parasitic element is electrically neutral and can be grounded. 
This is convenient for lightning protection, as it permits making 
the entire antenna structure of conductive tubing such as 
aluminum or stainless steel if desired, and grounding the central 
supporting mast at the base. 

Current induced in a parasitic element by the advancing 
wave front produces a local field about it which couples it to 
the driven element by reason of their physical closeness. 
Spacing and tuning of parasitic elements are adjusted so that 
current produced in them by the received signal produces fields 
around them which add up in correct phase to reinforce the 
field of the received signal itself, in the driven element. For 
signals from the opposite direction, the action is exactly re¬ 
versed, and the signal is substantially cancelled in the driven 
element. 

Director and Reflector Elements.—A director element : 

about 4 per cent shorter than the driven element for averag 
element spacing, and is mounted on a horizontal support merr 
ber of wood or metal which holds all the elements in prope 
relationship. The spacing between director and driven element 
can vary from about 0.08 to about 0.15 wavelength in practical 
antennas. Closer spacing will increase the front-to-back ratio, 
but makes the array tune more sharply, which is bad where 
many widely separated television channels must be received on 
a single antenna. Wider spacing helps broaden the tuning of 
the array, but lowers the front-to-back ratio. It is possible 
to use several directors properly tuned and spaced in a line 
ahead of the driven element, but this complexity and expense 
is seldom necessary or justified. 
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A reflector element is about 5 per cent longer than the 
driven element at usual spacings, and is mounted on the sup¬ 
porting bar behind the driven element, the spacing varying 
from about 0.10 to 0.25 wavelength. Effects of changing the 

DIPOLES 

REFLECTOR 

MINIMUM RECEPTION MAXIMUM RECEPTION 

FIGS. 19 and 20—Showing location of reflector element for maximum recep¬ 
tion. The antenna elements should always be arranged broadside to the 
transmitting station, with the reflector approximately one-quarter wave 
length behind the half-wave dipole. 

spacing are quite similar to those produced by similar changes 
in the director. 

The effect of the reflector is critically dependent upon the 
spacing between reflector and dipole, which as previously noted 
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should be one-quarter wavelength, when radiation from the 
reflector should exactly reinforce that from the dipole in a for¬ 
ward direction. 

The explanation of this effect is as follows: Radiation from the 
dipole travels both forward and backward. In the latter 
direction it reaches the reflector, and induces a current in it. 
Since the radiation has travelled a quarter wavelength on its 
way to the reflector, it will reach it 90 degrees lagging in phase 
relative to that from the dipole where it originated. A current 
of this phase lag is therefore set up in the reflector, which in 
turn radiates. 

By the time this secondary radiation has returned to the 
dipole it is a further 90 degrees late in phase, making a total 
phase lag of 180 degrees, but the oscillations in the dipole will 
have progressed through a half-cycle during this half-wave time 
interval, and will be 180 degrees ahead of the initial condition, 
when the radiation left on its way to the reflector. That is to 
say, the radiation from the dipole will be a half-cycle ahead of 
the reference point, while that returning from the reflector will 
be a half-cycle late, bringing the two to the same point in the 
period of an oscillation. 

Being in identical phase, the radiations from the dipole and 
reflector reinforce each other in the forward direction, while an 
extension of the same argument will show that they tend to 
cancel in the backward direction. 

If the current induced into a reflector was as great as that 
flowing in the dipole, each would produce the same radiated 
field strength. The forward radiation would therefore be 
doubled, while that to the rear would be exactly cancelled, 
giving zero backward radiation. 

Since the problem of radiation and absorption by an aerial 
system are strictly reversible in all ordinary conditions, these 
directional effects, which are most easily explained when the 
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antenna is regarded as a transmitter, will be exactly similar 
when it is used for reception, provided of course that waves 
arrive in the plane in which dipole and reflector are situated. 

FIGS. 21 to 24—Showing typical response pattern of two and three element 
antennas, respectively. From the diagrams it may readily be observed 
that each additional parasitic element increases the directivity and narrow¬ 
ness of the antenna response. An antenna array with three or more ele¬ 
ments of the single or stacked type are frequently employed in fringe areas 
where only one transmitting station is normally receivable. 

In practice the resistance of a reflector will never be zero, 
and while the current in it can be made equal to that of the 
radiator if both are connected to a feeder, the current in a 
parasitic reflector must always be less than that in the dipole 
which gave rise to it. The forward radiation is therefore, never 
exactly doubled or the backward radiation fully prevented. 
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Antenna Directivity Pattern.—The horizontal antenna dipole 
is inherently directional, being most effective to signals arriving 
in the broadside direction and least effective to those arriving 
from a direction parallel to it. This effect is usually represented 
in the form of a polar diagram, or directivity pattern, in which 
the radius of the curve from the center of the antenna elements 
represent the relative response in any given direction. 

The function of an antenna pattern is primarily to enable the 
service man to evaluate the efficiency of an antenna and assist 
in the proper orientation of it, on the site of installation. 

Plotting an antenna pattern is generally accomplished as 
follows: A minimum usable value of signal strength is chosen 
on the basis of what the average television receiver will require 
for satisfactory reception. Then all the points in the area 
surrounding the antenna where exactly this value of field 
strength is found are plotted by bearing from true North or 
some other convenient reference direction, and distance in miles, 
or some other desired linear unit. With a sufficient number of 
points plotted, a continuous smoothly curving line is drawn 
joining them all, and it will be reasonably certain that all the 
area enclosed by this curve will provide at least the minimum 
required signal. 

In practical service work, directivity patterns are always 
plotted in terms of voltage gain, as this unit is most convenient 
to use in connection with the survey meter, which is usually a 
part of the television service technicians equipment. 

Antenna receiving patterns are usually made by rotating the 
antenna about its vertical axis and plotting values of voltage 
gain radially outward from the center of each change of angle. 

The complexity of an antenna has a direct bearing on its 
efficiency, as well as its directional effects. Roughly, the 
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voltage developed in the antenna is proportional to the com¬ 
bined length of the element multiplied by the field strength of 
the signal. 

This length is measured in units of half-wavelengths. A 
reduction in the voltage realized at the antenna terminals 
results from the mutual coupling of the elements. 

A comparison of the theoretical efficiency of various types of 
antennas are as follows: 

Elements Type Voltage gam 
1.Simple Dipole.1-0 (reference) 
2.Dipole and Reflector.1.6 
4.2-Bays.2.3 
6.3-Bays.2.8 
8.4-Bays.3.2 

In the foregoing table, the reference value of 1.0 shown for a 
simple dipole is the universal standard of comparison. This 
reference dipole is cut to a half-wavelength for each channel 
measured. 

As previously noted, the voltage developed by a half-wave-
length antenna is proportional to the length of the antenna. 
Therefore for purposes of adding additional elements, multiples 
of half-wavelengths are used. 

The receiving antenna height particularly in fringe areas, is 
an important factor in its efficiency, or signal capture, as shown 
in figure 25. The possibility of interference is shown by the 
irregularity of the curve representing signal on the high channel 
group. This particular effect, however, is not predictable and 
can only be determined by proper orientation. 

The field pattern (directional response pattern) of a typical 
dipole antenna is shown in figure 27. 
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FIG. 25 Showing relative signal strength of antennas per height in feet. 
The above chart applies to antennas located in fringe areas or at a consid¬ 
erable distance from the transmitting station. 

FIGS. 26 and 27—Showing directional response pattern of dipole antenna. 



For the sake of simplicity the directions are given as North, 
South, East and West, in both the schematic antenna and the 
polar diagram. From this diagram, it will readily be observed 
that the maximum signal strength will be obtained when the 
antenna is broadside to the transmitter. Similarly the signal 
capture” is not critical over the angle <>, which includes the 
rotation over which the antenna can be rotated before losing 
more than half of its effectiveness. In the diagram the con¬ 
centric circles represent the voltage gain, where unity, or 1.0 is 
taken as reference for all comparisons. 

If a reflector be added to dipole, the gain and directional 
characteristics of the antenna are changed and the polar diagram 
will take the form as indicated in figure 29. It will be observed 
from the diagram that the angle <>, is still sufficiently wide, 
generally at least 80 degrees. 

So far, an antenna operating only on the channel for which 
it was designed has been considered. It is the usual practice 
to use dimensions which give half-wave dipoles in the middle of 
the low channels. When used on the high channels, a third 
harmonic will result, giving an antenna pattern shown in figure 
31. 

A dipole operated in this way will have six lobes, and unless 
certain dimensions are revised, these lobes are symmetrical, and 
oriented as indicated. With reference to the field pattern, 
these lobes are too narrow and are pointing in a different direc¬ 
tion, from that previously shown. This will make orientation 
difficult, or even impossible if the stations on the high and low 
channels are in the same direction. From this it follows, that 
no reliable antenna manufacturer would sell an antenna with 
these characteristics, without showing the relation of the lobes 
for each frequency. 
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FIGS- 28 and 29—Directional response pattern of folded dipole antenna with 
1 illlllUl» 

FIGS. 30 and 31-Directional response pattern for dipole antenna showing 
the necessity for proper dimensioning of antenna elements. 
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The ratio between maximum and minimum voltage (meas¬ 
ured with a voltmeter slid along the line) is called the voltage 
standing wave ratio, abbreviated SWR. It is obtained numeri-

FIG. 32—Characteristic curve showing relation between voltage standing 
wave ratio and per cent loss due to mismatch in antenna installations. 

cally by dividing the maximum by the minimum voltage. 
Thus maximum and minimum values of 15 and 5 would mean a 
SWR of 3. 
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If the SWR be plotted on a logarithmic scale against per cent 
loss the curve will take the form shown in fig. 32. Here it will 
be observed that a SWR of two will cause a loss of only 10 per 
cent, while a SWR of three will cause a loss of 25 per cent. 

Antenna Impedance Matching.—Impedance matching is a 
very important factor in antenna installations. When the 
receiver input matches the impedance of the transmission line, 
the transmitted signal is completely absorbed and as a result 
there are no reflections or standing waves on the transmission 
hne, and consequently no ghost image. In this connection it 
should be observed that the antenna impedance is important 
only from the standpoint of power transfer. It is only when the 
antenna impedance matches that of the transmission line that 
maximum power transfer takes place. 

A condition which may easily arise is the mismatch of 300 
ohms to 72 ohms; this produces a SWR of four and a loss of 37 
per cent. This condition will be the result when a 72-ohm 
antenna is connected to a receiver having a 300-ohm input 
impedance. Mismatch, and consequent loss of gain also occurs 
when the antenna and receiver are not connected by trans¬ 
mission cable of proper characteristic impedance. 

Impedance matching is most commonly accomplished by the 
use of the impedance inversion characteristic of a one-quarter 
wavelengtn section of cable. This is expressed by the simple 
relation: Input impedance times the output impedance is equal 
to the square of the characteristic impedance of the cable used 
for the one-quarter wave transformer. 

Thatls: (z^=z,zr
Where Z, = characteristic impedance 

Z,= input impedance 
ZT = output impedance 
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To illustrate an impedance matching application of a one-
quarter wave linear transformer, when using the 72 ohms an¬ 
tenna connected to a receiver having a 300-ohm input imped¬ 
ance, we obtain: 

Z/- = 72 x 300Jrom which 
Zo =a/2T600, or 

FIG. 33—Illustrating insertion of quarter wave matching section to obtain 
proper impedance match. 

From our calculation it will be observed that one-quarter 
wave section from a 150-ohm twin conductor line will be very 
close to a perfect match. This should be spliced in between the 
end of the 72-ohm line and the receiver input with due attention 
to good connection. 
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Fringe Area Reception. -By the term fringe area is generally 
understood a receiver location which is considered as outside the 
normal service area of a transmitting station. 

Specifically, a fringe area is considered to be the outlying part 
or a whole general area reached by the television signals from a 
given metropolitan center, where signals are so weak so as to 
require the use of high gain antennas, or masts higher than the 
standard single length or both. 

Television reception in fringe areas is generally dependent 
upon the following factors: 

1. Signal to noise ratio in the area. 

2. Gain and directivity of the transmitting antenna. 
3. Sensitivity of the receiver. 

Factors which contribute adversely to distant reception are: 
1. 3 ransmitting stations with power of less than 20 kw. 
2. Transmitting stations with an antenna of less than 1 000 

feet in height. 

3. Intervening obstructions between transmitter and re¬ 
ceiver such as hills; mountains, forests, etc. 

Since the gain and directivity of an antenna depends upon 
the number of dipole and parasitic elements assembled, a fringe 
area usually requires a somewhat more complex antenna array 
than that required in the intermediate service area. 

The signal to noise ratio in any fringe area can usually be 
improved considerably by increasing the height of the receiver 
antenna and by selecting an antenna with a narrow horizontal 
and vertical pickup pattern. In some cases an antenna sys¬ 
tem alone will not suffice and an RF booster (preamplifier) may 
be required to increase the weak signal to usable value. 
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Stacked Arrays.—It has been found that additional antenna 
gain may be obtained by stacking the conventional dipole and 
reflector. This consists in arranging one driven element on top 
of another at a spacing that will cause the signals to be in phase 
at the terminals where the transmission line is connected to the 

FIG. 34—Typical high and low band combination antenna. 

There are many types of antennas available for fringe area 
reception. In general, the stacked dipole and reflector is better 
than the conical type on the low bands, but it is inferior on the 
high bands because of the smaller dimensions. It can be made 
broad-band so that one unit will operate over all the low chan¬ 
nels; but for the high channels there must be another set of ele¬ 
ments. For this reason, this type is made with two sets of 
elements, either above each other on the mast, or in line on the 
same cross-arm. Fig. 34 shows a typical arrangement of this 
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type, which is generally known in the trade as the high-low 
combination antenna. 

An effective compromise on directivity, gain and band width 
has been obtained with the introduction of a stacked in-line 

FIGS. 35 and 36—Illustrating two types of conical antennas. These antenna 
arrays are sometimes termed “fan type” antennas. 

antenna shown in fig. 41. This antenna combines the added 
signal on two-stacked folded dipoles and reflectors for a single 
transmission line. 

Theoretically, one of the best types of television receiving 
antennas is the conical type. Because of its cone-like design it 
will receive a very wide band of frequencies and maintain an 
almost constant terminal impedance over the entire frequency 
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FIGS 37 to 39—Three distinct variations of antennas for fringe area recep¬ 
tion. Fig. 37 represents a folded high-low band type; fig. 38, high-low 
band folded dipole with reflectors; fig. 39, high-gain stacked array. 
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range it is designed to cover. Two types of stacked conical 
antennas are shown in figs. 35 and 36. 

The Yagi array, fig. 42, is a high-gain antenna. The gain is 
roughly 2.2 times for one bay and 3.2 times for two bays. It 
has the disadvantage, however, of being a narrow band antenna, 
and for full gain a separate array must be used for each channel’ 

FIG. 40—Double folded dipole antenna with reflector. An antenna of this 
type will give an excellent forward gain and high forward-to-back ratio. 
1 he antenna requires only one transmission line to receiver and requires no 
special matching network to give excellent performance on high and low 
bands. It is used preferably where transmitting stations are located not 
too far apart. 

The angle of orientation, including the one-half power points is 
about 40 degrees. It is frequently employed in fringe areas to 
pick up some station, and for this purpose it is probably the best 
type available. A typical Yagi type design having two, 4-
elements stacked vertically for reception on channel four is 
shown in fig. 44. 
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FIG. 41_Typical stacked in line folded dipole antenna array with reflectors. 

YAGI ARRAY DIRECTIVITY PATTERN 

FIGS. 42 and 43—Typical Yagi array and associated directivity pattern. 
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FIG. 44—Schematic diagram showing two, 4-element Yagis stacked vertically. 
This arrangement forms a highly directional and sensitive antenna. One 
4-element array is satisfactory in many areas. 

FIGS. 45 and 46—Typical folded dipole high and low band antennas. Fig. 46 
incorporates in addition to the folded dipole with reflector for the low band, 
a Yagi array for use on the high band. 
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Another type of antenna being used in suburban and fringe 
areas is an antenna known as the rhombic, which has high gain 
and directive characteristics in the television bands. 

DIRECTION OF STATION 

ANTENNA WIRES 
NO. 12 B & S 
HARD DRAWN 
COPPER WIRE 

Small pcrcelain antenna insulators 
Metalized 'esistor 390 ohm, 1 watt 
Nylon or oiled rope halyards 

TRANSMISSION 
LINE TO RECEIVER 

PIG. 47_Schematic diagram of rhombic antenna layout for unidirectional 
reception. With reference to the diagram typical dimensions for a high 
band compact antenna are A = 16 ft.; B = 12.5 ft. and C=10.2 ft. For a 
low band compact type the dimensions are A = 45.5 ft.; B = 35.5ft. andC = 
28.9 ft. Dimensional requirements for a high band long legged rhombic 
antenna similarly are A = 36.1 ft.; B = 18.9 ft. and C = 20.5 ft. For a low-
band long legged type the dimensions are A = 102 ft.; B = 53.2 ft. and C — 
57.6 ft. 

To obtain the best results with this type of antenna, the legs 
of the rhombic should be made at least three wavelengths on the 
low bands and five wavelengths on the high bands. Where 
two-band coverage is required a high-band rhombic can be 
strung inside a low-band job from the same supports. The 
separation will be sufficient to avoid undesirable interaction. 
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Because of its dimensional requirements, the space required 
for erection of a rhombic type of antenna is somewhat of a handi¬ 
cap, particularly where the home is located on a small area of 
land. 

In the construction of a rhombic the first step is to estimate 
just how many wavelengths on a leg can be erected on the space 
allotted. The greater the number of wavelengths, the sharper 
and more sensitive the antenna will be. 

The next step is the orientation; that is, the array should be 
pointed in the exact direction of the transmitter. This can be 
determined by means of a suitable map and an accurate 
compass. 

For proper operation a rhombic array must be terminated in 
a substantially non-reactive resistance of 800 ohms. Satis¬ 
factory operation will be obtained by simply connecting in 
series two 390-ohm metalized resistors of the hermetically 
sealed type shown in fig. 47. Two in series are preferable to a 
single resistor having twice the resistance for reasons which 
need not be discussed here. Care should be taken to make sure 
that the resistors used are not of the wire-wound type. 

Only about 10 per cent loss in signal voltage will result if a 
rhombic array be fed directly into a 300-ohm line without 
benefit of a matching transformer. Therefore, while it is pos¬ 
sible to construct a matching arrangement which will result in a 
precise match, the improvement hardly can be considered worth 
the trouble. 

In selecting the most suitable antenna for fringe reception 
there are no hard and fast rules to follow, since the choice is 
narrowed down right at the start by the limited signal strength 
in most instances. In most cases it will be necessary to con¬ 
sider at least a high-low antenna to start with, even in the most 
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favorable locations. In many instances experience will indicate 
the advisability of choosing the stacked conical type, or the 
stacked-in-line type. Again, in extreme fringe areas the Yagi 
array should be considered. 

The antenna height must of necessity be given due considera¬ 
tion in fringe areas. In many cases, depending upon the loca¬ 
tion of the installation, an antenna mast of 30 feet or higher 
may be required to furnish the necessary signal strength. 

From the foregoing it follows that an antenna in a fringe area 
will be more expensive than that located in the intermediate 
service area. The stacked-in-line antenna cost almost three 
times as much as the high-low, and the stacked conical antenna 
costs almost four times as much. 

As a further aid in antenna installation in fringe areas, a 
detailed road map of the area, together with a compass and 
radiation pattern of the chosen antenna will prove of real value. 
First, mark the location of all nearby transmitters on the map. 
Secondly, center the radiation pattern over the spot where the 
antenna is to be installed. In this manner it will be easy to 
visualize exactly where the major lobes lie in respect to the 
different stations. 

This system has been used successfully to locate the source of 
reflections and has proved helpful in bringing in a weak channel. 
If the antenna selected does not have the lobes which point 
toward all stations, the pattern of another antenna should be 
studied until the best possible pattern is found, and this antenna 
should be used. 

Radiation patterns for various types of television antennas 
can usually be obtained directly from antenna manufacturers or 
from their catalogs and sales literature, and these should be 
studied in connection with the proper antenna selection. 
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Antenna Towers.—Satisfactory television reception in cer¬ 
tain fringe areas (usually 25 miles or more from the trans¬ 
mitter) sometimes require special antenna installations in the 
form of towers in order to gain the necessary height required. 

Although several tower kits are now on the market, shipping 
and assembly difficulties often require a “built-on-the-job” 
antenna tower. 

Prior to building an antenna tower, however, it is necessary 
to know the minimum height at which the receiver will function 
satisfactorily. 1 his required height is usually found by attach¬ 
ing the antenna array to a long temporary support (2x2) or 
other suitable wooden pole and test the reception for the various 
altitudes and angular direction, keeping in mind that the 
antenna should preferably be directed broadside to the trans¬ 
mitter for maximum signal strength. 

Other methods of determining antenna height consist in at¬ 
taching the antenna to a suitable search balloon inflated with 
helium; and flying the balloon to the height at which it is ex¬ 
pected to install the antenna. 

It is usually found, however, that if the antenna be located 
10 feet above immediately surrounded objects, good marginal 
reception is usually possible. Going up higher with the tower 
will add little to the signal strength and there will be some loss 
in the extra length of transmission line. Keeping the lead-in 
straight and as short as possible, with no contact against drain 
pipes or other metal objects, will do more to guarantee a good 
reception than an extra 10 or 20 feet of height. Location of the 
tower is important, as some positions will give higher signal 
strength than others. 

If it be desired to receive more than one station, some pro¬ 
vision must be made for rotating the antenna. It can be 
turned by hand or with a motor. If a motor is to be used, 
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allowance should be made for mounting it in place before the 
tower is up in the air, even though it is not going to be installed 
immediately. 

A directional antenna array is usually required for satisfac¬ 
tory marginal reception. While best results will always be 
secured with an array cut for the particular channel to be 
received, that is of course not always possible or convenient 
when more than one station is to be brought in. The usual 
practice is to cut an array for the middle of the band and to 
stack an array for the high frequencies above one cut for the 
low band. 

Sometimes it is advantageous to use an array cut to favor the 
weakest station to be received. Generally speaking, an antenna 
cut for a high frequency will be of little use in bringing in the 
lower frequencies. For very distant reception, it is very 
important to use a directional antenna cut for the particular 
channel to be received and properly positioned at the top of a 
solid tower so that it does not sway in the wind. Reception can 
be ruined if the antenna or lead-in be free to swing back and 
forth with the wind. 

Before building a tower it is necessary first to decide on the 
type of array that is to be used. Weight is an important 
factor and will determine the type of mounting to be con¬ 
structed. This is especially true if a very heavy array is to be 
used. Some of the lighter antennas can be mounted directly to 
an antenna rotator motor, but the heavier arrays will require a 
thrust bearing to take part of the weight and provision for the 
thrust bearing should be made before completion of the tower. 

The assembly of a typical built-on-the-job 20-foot antenna 
tower section is illustrated in fig. 48. Ihis 20-foot section can 
easily be extended with a piece of tubing to a total height of 
30 feet. Material used in construction is half-inch thinwall 
conduit, which is readily obtainable everywhere at low cost. 
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One man can carry the completed ten foot section and the an¬ 
tenna array up on to the roof by himself, and two men will 
easily be able to handle the twenty foot section. By loosening 
Iwo bolts, either the ten or the twenty foot section may be 
t ipped over for service and easily raised back in place by two 
men. The finished tower is climbable, however, and it is 
possible for two men to climb the twenty foot section and work 
on it at the same time. 

Dimensions of the various parts of the tower are shown in 
fig. 48. These should be cut from half-inch thinwall tubing, 
with the braces made a little long and the ends ground to fit’ 
Corner pieces are ten-foot lengths of thinwall tubing. Flatten 
one end of each corner piece, and drill a three-eighth inch hole 
for the angle-iron support. Cut four feet from one and one-
Quarter inch angle iron, and drill three holes in each one as is 
shown in the illustration. Then, cut a six inch square plate 
for the top of the tower, and drill four holes to take the half inch 
tubing and a larger center hole for the section of one and one-
half inch pipe that forms an upper bearing for the antenna mast. 
Make a cup for the lower end of the antenna mast, or a motor 
mount if the antenna is to be rotated by motor; otherwise it can 
be turned by hand. Large cotter pins may be used to hold the 
mast in place. 

All joints should be carefully brazed, and care should be taken 
to avoid burning the thin tubing. To assemble the pieces, 
select a smooth concrete floor, walk or driveway and start with 
one side holding the parts in place while making the small tack 
velds. Tack all of the parts together so that they may be cut 
loose if a mistake be made, then true up the entire assembly. 
Use a hammer and large pipe wrench to bend the parts wherever 
necessary so that the complete assembly results in a straight, 
true tower that will look right when finished. 
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After the parts are tacked together, and the tower trued up, 
go over the welds and fill in all open spaces between the various 
parts. Use plenty of brass to make good joints. This is im-

FIG. 48—Details of construction for a 20 ft. sectional type antenna tower. 

portant, as a poor joint will break loose in a high wind. Test 
the finished tower by standing it up in the yard and having two 
men climb it before it is put up on the roof. When installing 
the tower on the roof, carry it up with the feet bolted in place, 
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but without the antenna array, so that the location of the holes 
may be marked where the feet are to be bolted to the roof. 
Use long bolts and pieces of 2x4 lumber inside the attic, if this 
is at all possible, in preference to lag screws which may easily 
pull out of roof sheering boards. 

After the feet are bolted to the roof, two of the tower legs may 
be unfastened and the entire assembly tipped over on its side. 
The antenna array may now be installed while the tower is in 
this horizontal position and easily accessible. 

Weld stand off insulators to the tower to carry the twin-line 
or coaxial cable used, for lead in, but do not tape the lead in hne 
to the metal tower. Run a number four wire from the base of 
the tower to a ground stake for lightning protection, using a 
stake or piece of pipe at least six feet long for the ground, which 
is very important and should not be overlooked. 

Thinwall conduit, either one inch or one and one-quarter inch 
makes a good mast for supporting an array above the tower, as 
it is light, strong and cheap. Weld a pipe fitting to one end to 
attach the antenna, or make a simple clamp for this purpose. 
Some arrays will be supplied with a short stub mast which can 
be fitted to the tower, but about one ten foot length is as much 
mast as should ever be used above the tower; otherwise there 
will be too much swaying around in the wind. 

Where it is desired to locate the antenna tower on the ground, 
it is necessary to support each leg by means of a concrete founda¬ 
tion of suitable dimensions. The antenna tower structure is 
then anchored to the foundation by means of preset foundation 
bolts in the conventional manner. 

In addition the tower structure should be properly anchored 
by means of guy wires, leading from the top section of the tower 
to ground, or if roof mounted to the roof surfaces. The dis¬ 
tance from each guy wire anchor point to the base of the tower 
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should not be less than the height of the tower to which the wire 
is affixed and should be spaced 120 degrees radially. 

Another type of sectional antenna tower built of half inch 

FIG. 49—Construction details for a 10 ft. section of typical antenna tower. 
With an antenna tower of this type elevations of up to 50 feet may be 
reached. 

thinwall tubing is shown in fig. 49. Due to its lightness, how¬ 
ever, an antenna tower of this design must be very carefully 
guyed, particularly when three or more sections are required. 
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For heights up to thirty feet, a single set of guy wires will 
suffice, but for greater heights, a double system of guys should 
be used. With five ten foot sections a height of fifty feet has 
been reached; this height is considered a maximum when built 
of half-inch thinwall conduit. 

1 orty feet of half-inch thinwall tubing will be required for 
each section. Three ten-foot lengths form the sides, and the 
other ten foot piece should be cut up into fifteen pieces eight 
inches long to form the triangular braces. A piece of sheet 
metal should be cut to form a base for the bottom section, and 
two triangular pieces must be made with a center hole for 
mounting the antenna mast to the top section of the tower. 
This detail is shown in fig. 49. The center hole can be cut with 
a cold chisel or a torch, and should be just the right size to pass 
the pipe or tubing used for a mast. Usually one inch or one and 
a quarter inch thinwall conduit will be satisfactory as a mast to 
mount the antenna array if no such piece of tubing is furnished 
with the antenna. If a motor be not used, some simple lock 
must be made to keep the antenna from turning with the wind 
after it has been rotated to the correct position. Drill a couple 
of holes for large cotter pins or stove bolts in the upper mast 
and these can rest against the triangular plates if no thrust 
bearing be planned. 

4 o assemble the ten-foot sections, either use short pieces of 
solid rod inserted inside the two sections of tubing where they 
join together, or use standard slip joint fittings designed for the 
thinwall conduit. Either method will make a rigid assembly 
when brazed together. 

Round the ends of the eight-inch lengths of tubing to fit the 
one-half inch conduit, using a grinding wheel or a large rat tail 
file. This is not absolutely necessary, but it will make a better 
job, and the joints will be easier to braze. 
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CHAPTER 5A 

U.H.F. Antennas 

U.H.F. and V.H.F. These are two terms used for identifica¬ 
tion of television channel allocation. Thus, u.h.f. stands for 
ultra-high-frequency, occuping a part of the telecast spectrum 
between 470 and 890 megacycles. This part of the spectrum 
is divided into seventy channels for television broadcasting. 

V.H.F. on the other hand, is an abbreviation of the term 
very-high-frequency, covering twelve channels extending from 
54 to 88 me. (low band) and from 174 to 216 me. (high band). 
The lower band consists of five channels, whereas the higher 
band consists of seven channels. 

With the addition of seventy u.h.f. television channels, to 
those presently used, a total of eighty-two channels scattered 
throughout the Country may some day permit more than 2,000 
television stations to be on the air simultaneously. 

Need for Different Antenna Arrays. With the allocation 
and use of the u.h.f. television band (470 to 890 me.), most 
conventional antennas now in use on the v.h.f. channels are 
not satisfactory. This is because their gain is too low at this 
higher frequency. They also have poor directivity patterns 
in both horizontal and vertical directions. 



FIG- J—( hart showing federal Communications Commissions (F.C.C.) channel allocations in the 
high frequency spectrum for television use. 
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The multiple major lobes are also usually very narrow, several 
degrees away from the antenna axis and rotate rapidly with 
frequency. This means that in low signal strength areas, an 
antenna rotator would be required to locate one of the major 
lobes In addition multipath ghost images and undesired 
signals cannot be reduced or eliminated with an antenna 
having such poor directivity characteristics. 

The signal intensities at the higher frequencies fall off with 
the distance from the transmitter at a more rapid rate and 
reflection problems are likely to be greater Intervening ob¬ 
jects such as trees, buildings and the earth also becomes better 
absorbers and reflectors at the shorter waves. 

To deal with these difficulties a number of antennas suitable 
for u h.f. reception having greater gain and directivity have 
been developed. Some of these arrays resemble the conven¬ 
tional type used on v.h.f., whereas others will be different. 

Antenna Size.-Considering the antenna size, it is quite 
obvious that at u.h.f., the antenna will be much smaller than 
that used on the present v.h.f. frequency, because of the smaller 
wavelength. Since antennas are cut according to wavelength, 
this means that the physical dimensions of a half-wave dipole 
at 550 me. will be only one tenth of what it is at 55 me. 

This smaller physical size is convenient because it permits of 
easier handling and a simpler supporting structure at a lower 
cost. It can also be employed to advantage by permitting the 
addition of more elements to the array. 

It is obvious that the greater the antenna area the greater 
will be the amount of signal energy intercepted, thus fair y 
elaborate arrays will be more in evidence at ultra-high-fre¬ 
quencies than at the conventional very-hign-frequency type. 
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U.H.F. Antenna Types.—Ultra-high-frequency antennas 
in common with the familiar v.h.f. types will differ in their 
geometry depending upon signal strength and freedom from 
interference. 1 hus, in areas of high signal intensity that are 
free from multiple ghost signals and interference, the simple 
u.h.f. broad band triangular dipole will give good service, and 
provide medium gain and directivity at low cost. 

In areas of medium signal intensity that are free of multipath 
signals and interference, the dual “ V” or rhombic types can be 
used to good advantage in view of their increased gain and 
low cost. 

In areas where multipath ghost signals and interference are 
present the antenna must have good directivity characteristics 
The corner reflector antenna fulfills these requirements and also 
provides greater gain for use in low signal areas. 

In locations where high gain and directivity are desired for 
the reception of a single telecast station, the y agi antenna is a 
necessity. 

Triangular Dipoles. An antenna of this type is shown in 
fig. 2, and is probably the simplest and least expensive broad 
band receiving antenna in the 470 to 890 me. frequenev 
range. The unit is constructed in the form of two triangles 
from hard aluminum, supported by a suitable insulator, al¬ 
though other materials such as wire screen or metal rods'can 
be used, provided that the conductor spacings are small in 
comparison to a wave length. 

The directional response pattern of the triangular dipole 
retains its figure eight pattern at both the upper and lower 
ends of the band. Figs. 3 to 7, shows the familiar horizontal 
directivity patterns at 100 megacycles intervals. 
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The impedance of a triangular dipole varies with the corner 
angle of the dipole section. To best match the 300 ohms 
balanced transmission lines, the corner angle should be ap¬ 
proximately seventy degrees. The total antenna length for 
greatest overall gain is sixteen inches as shown in fig. 8. 

FIG. 2—Commercial type u.h.f. broad band, triangular dipole antenna. 

To provide increased gain and directivity from the tri¬ 
angular dipole, several units may be stacked as shown in figs. 
9 and 10. 
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When employing a single triangular dipole the 300 ohm 
transmission line is attached directly to the neighboring ends 
of the triangular sheets. For the two-stacked array, two small 
rods connects similar ends together, and the 300 ohms line 
would be connected to the center points of these rods. When 
a four-bay array is used the connections shown in fig. 10 gives 
the best result. 

FIGS. 8 to 10—Recommended dimension of triangular dipole antenna and 
methods of connections when stacked arrays are employed. 

It should be observed that the matching arrangement used 
with u.h.f. antennas are the same as that used for the v.h.f. 
types. 
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Stacked “V”.—Another broad band ultra-high-frequency 
antenna which has proved to be popular in areas of medium 
signal strength is the stacked “V” type shown in fig. 11. This 
antenna has received its name from its similarity to the letter 
•‘V”. 

IIG. 11 Commercial type u.h.f. broad band stacked V-type antenna. 

The antenna elements must be of sufficient diameter to 
provide the necessary strength against wind, sleet and snow, 
but for most practical purposes a diameter of from thirteen 
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thirty-seconds to one-half inch have been found to be satis¬ 
factory. 

The gain of the “V” antenna is dependent on the leg length 
and on the angle the two legs make with each other. Since 
gain increases almost directly with the leg length and the angle 
the two legs make with one another, it would seem advisable 
to make each leg as long as possible. However, in extending 
the leg length, the antenna structure will become increasingly 
unwieldy, resulting in breakage when exposed to wind, ice 
or snow. 

A good average in leg length is between fifty and sixty inches, 
with fifty-five inches as a final compromise figure. It will be 
noted that this is 2.1 waves at 450 me. and 4.2 wavelengths at 
900 me. The best suitable “V” angle (angle between the legs) 
lies between forty and sixty degrees and the compromise angle 
of fifty degrees is most frequently employed. 

The “V” antennas are stacked approximately one-half 
wavelength apart, at the lowest operating frequency and con¬ 
nected with a 300 ohms transmission line which serves as a 
phasing and matching network. The 300 ohms tubular lead-in 
connects to the center of the phasing section. Stacking of the 
antennas provides additional vertical directivity which is 
helpful in reducing the effect of ground reflections and makes 
the antenna positioning for minimum reflections less critical. 

The simple construction with accompanying low cost, its 
extremely wide-band coverage, in addition to the fact that its 
gain increases with frequency, make this antenna popular in 
areas of medium signal intensity that are free of multipath 
signals and interference. 

The horizontal directivity patterns of a stacked \ type 
antenna throughout the u.h.f. band are shown in figs. 12 to 17. 



9
6
-
1
0 
U
l
t
r
a
-
H
i
g
h
-
F
r
e
q
u
e
n
c
y
 
A
n
t
e
n
n
a
s
 



Ultra-High-Frequency Antennas 96-11 

The patterns have a number of secondary lobes, which become 
more numerous and rotate away from the forward lobe as the 
frequency is increased. Multi-lobed polar patterns are ty pical 
of long wire antennas such as treated here. The length of the 
“V” elements must be increased several fold to reduce the 
amplitude of the secondary lobes. 

In this connection, it should be noted that a leg length of 
fifty-five inches, is close to being a quarter wave length at the 
lower v.h.f. channels, and as a consequence, the stacked “V” 
type of antenna, will in many instances operate satisfactorily 
over the complete telecast frequency spectrum. 

Rhombic Antennas.—The rhombic antenna as used in v.h.f. 
reception, has the disadvantage of consuming a good deal of 
material in addition to its horizontal space requirement. 

In u.h.f. reception, however, the rhombic type because of 
the low wavelength, and smaller dimensions, lends itself to 
usage in areas of medium to weak signal strength. 

Fig. 18 illustrates a typical u.h.f. broad band rhombic an¬ 
tenna. The length of each of the four sides shown (also termed 
legs) should be at least several wavelengths, and is for the 
particular antenna shown fifty-five inches. Thus, at a fre¬ 
quency of 470 me. one wavelength equals approximately twenty-
four inches and two wavelengths would be forty-eight inches. 

The antenna elements should have a diameter of approxi¬ 
mately one-half inch, and the including angle will vary with the 
length of the legs. Thus, for example, for legs which are two 
wavelengths long, the including angle is eighty degrees, for 
legs three wavelengths long, sixty degrees, and for antennas 
having leg lengths of four wavelengths the including angle is 
fifty degrees. 
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If the wires opposite the transmission line connection are 
simply connected together, the antenna is bi-directional, but 
if, as is more usual, a carbon resistor having a value of 470 to 

FIG. 18 Commercial type u.h.f. broad band rhombic antenna. 

500 ohms, be inserted at this point the response pattern becomes 
uni-directional. 
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The input impedance of a transmission line terminated in its 
characteristic impedance is equal to this characteristic im¬ 
pedance for all frequencies. If this transmission line is sep¬ 
arated in such a manner as to form the terminated rhombic, the 
input impedance is changed because the configuration of the 
conductors is different. The input impedance is no longer 
independent of the frequency; however, by careful adjustment 
of the termination it is possible to obtain an input impedance 
which fluctuates very little with frequency. 

Figs. 19 to 24 shows the horizontal directivity patterns of the 
rhombic. It will be observed that the main lobe is extremely 
narrow throughout the u.h.f. spectrum. The beam width at 
the low frequency end of the band is approximately twenty-two 
degrees wide at the half power point. As the frequency in¬ 
creases the beam width becomes less and at 900 me. is about 
eleven degrees. Thus, the outstanding characteristic of the 
rhombic type of antenna is its ability to produce narrow beam 
horizontal directivity patterns over a wide frequency range. 

Stacking of the rhombic can be employed for increased gain 
in the manner of other arrays. Separation of one half wave 
length is recommended. This antenna is simple to construct, 
has good gain, operates over a wide frequency range and is not 
critical as to dimension or adjustments. 

Corner Reflector Antenna. One type of u.h.f. antenna, 
known as the parabolic reflector type, has found increased use 
in weak signal areas. The parabolic reflector is a well known 
part of many light fixtures, where it is employed for concentra¬ 
tion of light beams. 

This useful property when utilized for concentration of 
u.h.f. television signals has provided several antennas of 
various design for transmission and reception of u.h.f. signals. 
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FIGS. 19 to 24—Horizontal directivity pattern of rhombic antenna covering frequencies between 450 and 
900 me. 
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Because of the somewhat difficult design principles involved 
in the construction of a parabolic antenna, tests have shown 
that instead of using curved surfaces, it is possible to use two 
flat surfaces which are so placed as to intersect each other at 

FIG. 25—U.h.f. corner reflector antenna. 

some suitable angle, forming a corner. An antenna of this 
type being considerably simpler in design than the parabolic 
type is known as the corner reflector type. See fig. 25. 
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lhe reflector grids have an included angle of ninety degrees 
and are made from hard aluminum tubes; other materials such 
as wire fencing can be used if desired, providing the wire spacing 
is small in comparison to a wave length. The driven element 
usually a dipole antenna, is placed at the center of this corner 
angle and at some distance from the vertex of the angle. The 
elements are supported near their centers with ceramic in¬ 
sulators in order to minimize the effect of rain, snow and ice by 
providing a long, high impedance path shunting the antenna. 

SPACING TOO SMALL 
SPACING TOO GREAT 

FIGS. 26 and 27—Directivity patterns of u.h.f. corner reflector antenna 
showing effect of spacing between dipole elements and reflector vertex. 

The response pattern of the antenna depends not only on the 
corner angle but also on the distance between the antenna and 
the vertex of the reflector corner. When this distance is large, 
that is, large in comparison to the wave length used, a pattern 
containing more than one main lobe as shown in figs 26 and 27 
is obtained. Moving the antenna in too close will affect the 
vertical response of the array and make it more susceptible 
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to ground reflected signals. Since neither of the foregoing 
conditions are desirable, the exact positioning of the dipole 
must be obtained. 

The corner angle of a commercial array of the type illustrated 
is as previously noted, ninety degrees with a similar bend in 
the dipole element. The reflector bar spacing must be con¬ 
trolled within one-fifth of a wave length at the highest fre¬ 
quency at which the antenna is to be used. 

FIGS. 28 and 29—Typical u.h.f. stacked dipole antenna using reflector 
screens. 

Plain Reflector Antennas. Reflector antennas for u.h.f. 
reception quite frequency take the form as shown in figs. 28 
and 29. Although these differ somewhat in construction, their 
directivity pattern and cost of construction will be approxi¬ 
mately the same. 
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Each antenna is equipped with two stacked dipoles, and with 
a sheet reflector made of a series of rods. A phasing section 
connects the two dipoles and the transmission line is fed at the 
midpoint of the phasing section. 

FIG. 30 Showing a stacked type u.h.f. broad band triangular dipole antenna 
with reflector screen. A phasing section connects the two dipoles and the 
transmission line is fed at the mid-point of the phasing section. 
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The addition of a reflector to an antenna serves several 
purposes. It reduces or substantially eliminates reception of 
any signals approaching the array from the reflector side. This 
converts a bi-directional antenna into one which can receive 
signals from essentially one direction. It also increases the 
gain of the array in the remaining direction. 

Mesh screens serve as well as rods or solid sheets as a reflector. 
The fact that there are openings in the screen does not materially 
affect its performance as a reflector as long as the openings do 
not exceed two-tenths of a wave length. Dimensions of the 
reflector are not critical but the edges should extend for a short 
distance beyond the dipole elements. 

Yagi Antennas.—This antenna commonly used in fringe 
areas at v.h.f. frequency, for single channel reception, also 
provides excellent gain and directivity over a limited band 
width in the u.h.f. part of the telecast spectrum. 

Because of its smaller size at u.h.f. frequency and simplicity 
in construction, the manufacturing cost of this antenna is 
low. Fig. 31, shows a typical design of a six element yagi. 

The driven element is designed for use with the 300 ohm 
tubular transmission line and consists of a folded dipole. The 
dipole is made from a one-eighth inch diameter rod, while the 
folded portion is of one-fourth inch diameter. This ratio of 
diameters is necessary to provide the proper antenna impedance. 
The one and three-eighth inch diameter mast should be located 
some distance away from the antenna element so as not to 
affect its gain and directivity characteristics. 

Figs. 32 and 33 shows yagi antenna construction details and 
power gain. The construction chart tabulates all dimensions 
for a wood cross arm element support. This is because a 
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metal cross arm of sufficient diameter to support the elements 
becomes an appreciable percentage of a wave length and will 
modify the element lengths. 

FIG. 31—Commercial type u.h.f. six element yagi antenna. When used for 
ultra high frequency reception, groups of from seven to ten channels are 
received by each antenna. 

The element lengths depend upon the shape of the cross arm 
selected and method used for attaching to such an extent that 
final design must be determined after the antenna is fabricated. 
For optinum gain the lengths must be adjusted to within plus 
or minus one thirty-second inch. 

The power gain curve fig. 33 illustrates the narrow band and 
high gain characteristics typical of a vagi antenna. As noted, 
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FIG. 32—Showing construction details for u.h.f. yagi antenna. 

FIG. 33—Power gain of u.h.f. yagi antenna. 
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the unit shown will have a gain of about ten percent at its 
resonant frequency. The band width at 3 db. points below 
maximum gain is approximately 9.3 percent, which band width 
is sufficient to accommodate six adjacent channels on the low 
frequency end of the band and twelve channels on the high. 

Figs. 34 and 35 illustrate the excellent horizontal and vertical 
directivity provided by the yagi type antenna. The more 
elements (directors) that are added to a yagi, the greater will 
be the gain and also the narrower the beam angle. The input 
impedance presented by the dipole decreases with the increase 
in elements. 

FIGS. 34 and 35—Showing horizontal and vertical directivity patterns of 
u.h.f. yagi antenna. 

Other U.H.F. Antennas.—There are numerous antenna types 
used on the v.h.f. television frequencies, which may be adapted 
for u.h.f. reception. They must of course, be tailored for these 
shorter waves which makes them more suitable for stacking 
and as a consequence provides greater gain. 
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An antenna such as is illustrated in figs. 38 and 39 has very 
favorable characteristics and is of the four-bay folded dipole 
type. As noted in the illustration each folded dipole has an 
overall length of one wavelength. Separation of the bays is 

FIGS. 36 and 37—Showing commercial types yagi u.h.f. antennas giving 
construction details. The number of elements necessary depends upon the 
signal strength and other factors. Stacked yagis with six or more elements 
(directors) are as a rule used only where it is desired to pick up one or more 
distant stations. 

one-’nalf wavelength while all reflectors are made five percent 
longer than the folded dipole. The dipole and its adjacent 
reflector is separated a distance of one-fifth wavelength. 
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The power gain of this array is approximately twelve db. 
and the directivity of the beam angle is approximately twenty-
five degrees. There are several small secondary lobes, which 
as a rule may be disregarded. 

Connection between the several bays is made with com¬ 
mercially available 450 ohms open wire transmission line. The 
450 ohms line is also used to bring the signal to the receiver. 

FIGS. 38 and 39—Construction details for typical u.h.f. four-bay dipole 
antenna. 

Because the attenuation of open wire lines is considerably 
lower than either the 300 ohms twin-lead or any of the coaxial 
cables, the 450 ohms line is desirable for u.h.f. application. 

Since, however, the receiver input impedance are either 300 
ohms balanced, or seventy-five ohms unbalanced a mismatch 
of the system occurs. To effect a match between the foregoing 
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450 ohms open wire line and the 300 ohms input impedance of 
the receiver, a quarter-wave line having a characteristic im¬ 
pedance of VSOO X 450 or 368 ohms, can be used or the two 
wires on the 450 ohm line can be tapered and bent inwards 
as shown in fig. 40, until the impedance they present is 300 
ohms. It should be noted that this taper must be made very 
gradual extending over a distance of two wavelengths. 

FIG. 40—Illustrating how a 450 ohms line may be connected t> a 300 ohms 
Une without causing a mismatch. 

FIG. 41—Impedance matching transformer using transmission lines. The 
impedance matching method shown is employed only when it is desired 
to match 300 ohms at one end to 75 ohms at the other. 

While it is not always necessary to carefully match 450 ohms 
impedances to 300 ohms impedances, this does not hold true 
when a seventy-five ohms impedance is to be connected to a 
transmission line having 300 ohms impedance. 
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In this instance it is necessary to make a match because of 
the great disparity between the two values and also because the 
300 ohms impedance is usually balanced while the seventy-five 
ohms impedances are not. There are two popular methods 
used in overcoming this mismatch. One is to employ a match¬ 
ing network as shown in fig. 41 and the other is to employ a 
“balun” as shown in figs. 42 and 43. 

FIGS. 42 and 43—Showing an u.h.f. “balun” and 4 to 1 impedance trans¬ 
former. 

The impedance matching transformer fig. 41 consists of two 
quarter-wave sections of 150 ohms twin-lead transmission line. 
The length is usually chosen to be one-quarter wave long at the 
lowest operating frequency. 
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As noted in the diagram the seventy-five ohms end of the two 
lines are connected in parallel. Thus, two 150 ohms imped¬ 
ances in parallel produce a resultant impedance of seventy-five 
ohms. 

At the other end of the lines they are connected in series, 
producing the necessary 300 ohms. The impedance at one 
end can be balanced while it is unbalanced at the other end and 
the match is still effective. Because of the simplicity of this 
arrangement and the ease at which it can be produced, it is 
commonly used for the purpose described. 

FIGS. 44 and 45—Showing transmission line coil and equivalent diagram 
for “balun” illustrated in tig. 44. 

Figs. 42 and 43 shows the u.h.f. “balun” construction and 
mounting bracket. There are two coils, each of which can be 
considered as a transmission line having a surge impedance of 
150 ohms and a length of approximately one-quarter wave at 
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the lowest operating frequency. The two transmission lines, 
or coils, are connected in parallel on one end, forming the 
seventy-five ohms impedance and in series on the other, pro¬ 
ducing the 300 ohms impedance. 

The transmission line coil and equivalent diagram is shown in 
figs. 44 and 45. As illustrated the transmission line T having a 
surge impedance of 150 ohms, is wound on the coils form F. 

The magnetic fields produced by the symmetrical or push 
pull current ii neutralize each other, due to the closely spaced 
conductors of the transmission line. The magnetic fields 
produced by the unsymmetrical or push push currents it are 
added together and would pass through the transmission line 
if it were not wrapped to form a coil. 

The mutual inductance between the individual turns of the 
coil act like a conventional choke coil B which offers a high 
impedance to the push push currents. The transmission line 
coil therefore acts as an ideal transformer which passes the 
push pull currents and eliminates the push push currents. 
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CHAPTER 6 

Master Antenna Systems 

General. -The main purpose of a master antenna system is 
to provide individual antenna outlets for each tenant in multiple 
dwellings. Anyone who has observed the unsightly multi¬ 
plicity of individual antenna installations in apartment build¬ 
ings in and around large metropolitan centers will readily 
recognize the need for a unified multiple antenna system. 

There are presently three types of master antenna system 
installations being employed in multiple dwellings. They are: 

1. Divider-network system. 
2. Antenna-array master system. 
3. Separate antenna system. 

Divider-network antenna system.—This system operates 
from a high-gain antenna able to provide sufficient signal 
strength for connection to a considerable number of receivers. 
Since no amplifiers are used, and no power is required a multiple 
antenna system of this type is low in maintenance and first cost. 

A high-low band, folded dipole and reflector antenna is em¬ 
ployed when the installation is located relatively close to the 
transmitter. In less favorable areas, a two-stack folded dipole 
reflector combination is used for the high channel (7-13) and an 
additional two-stack folded dipole reflector combination for 
the low channel (2-6). 
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FIGS. 1 and 2—Schematic diagram showing installation of multiple outlet 
divider-network master antenna system, with outside connection to coaxial 
cable. As illustrated, an outlet coupling unit is connected to the trans¬ 
mission line outside each window. The connection from the coupling unit 
is then passed through the window sill and connected to terminal block with 
a 150-ohm transmission line. 
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The last outlet on the transmission line is equipped with a 
noninductive terminal resistor which terminates the trans¬ 
mission line in its own impedance. 

FIGS. 3 to 6—Riser diagram of typical distribution system in multiple outlet 
divider-network, where coaxial cables are run in conduit. It should be 
noted that in a multiple outlet installation of this type the transmission line 
must be terminated in a 150-ohm noninductive resistance. 

When an antenna system of this type is installed, each riser 
has two RG 59/U coaxial cables or one A.A.&K. type DX/150 
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is placed in a one-half-inch conduit which runs from the antenna 
to each outlet box. 

An outlet coupling unit is provided for connection to the 
transmission line outside each window as shown in figs. 1 and 2. 
This coupling unit has a lead-in piece of the 150-ohm trans¬ 
mission line, which is passed through an inlet in the window sill. 

FIG. 7—Showing terminal box and receptacle for concealed wiring in a divider¬ 
network antenna system for multiple dwelling outlets. 

Antenna-Array Master System.—This method of supplying 
multiple antenna outlets in apartment dwellings with sufficient 
signal strength, employs distribution devices for dividing the 
antenna signal into four equal parts. 

With reference to figs. 8 and 9 the source of the signal differs 
only in the impedance of the downlead to the antenna. In 
areas within 15 miles of a metropolitan station, a single antenna 
array is usually satisfactory and may also be employed in some 
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high locations which are approximately 30 miles from the trans-: 
mitting stations. Better results, however, can be obtained in 
fringe areas, when the antenna arrays are stacked. ¡ 

TO 4-72 OHM 
INPUT RECEIVERS INPUT RECEIVERS 

FIGS. 8 and 9—Master antenna system diagrams for a 72 and 300 ohm con¬ 
nection. 

In noise areas, or areas disturbed by interference, the an¬ 
tenna system shown in fig. 8 was found to be most effective, 
since it provided a system which is completely shielded from 
antenna to receiver. The distribution system used with fig. 8 
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is illustrated in fig. 10. With this arrangement, the antenna 
signal, which feeds the device through a single lower coaxial 
fitting, is divided into four equal parts for distribution to four 
television receivers. 

FIG. 10—Showing front view arrangement of distribution transformer with 
facilities for connection of four television receivers. (Courtesy Brach 
Mfg. Co.) 

In operation the distribution transformer arrangement pro¬ 
vides a division of signals into four equal parts with approxi¬ 
mately the same attenuation and SWR on all channels. There¬ 
fore, all receivers connected have a common signal quality. 

While nearly all of the current television receivers can be 
matched to a 72-ohm coaxial transmission line, there are many 
receivers which do not have such provision. Accordingly, a 
unit was developed to provide a match to the earlier type of 
receivers with 300-ohm imputs to the 72-ohm system. 
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Incidentally, a short or opening at the television receiver end 
of the system has very little effect on any other receiver since the 
reflected signals, due to the condition of the end of the line, 
are absorbed by the device and have little influence on the 
performance of the other circuits. 

FIG. 11—Showing outlet plate for permanent installations suitable for use 
with wire-mold box or standard wall-outlet flush box. 

For a more permanent type of installation, outlet plates of 
the type shown in fig. 11 can be used. A dummy load is placed 
in this outlet plate, when no set is connected, to provide a theo¬ 
retically better distribution balance of the signals transmitted 
from the device. Dummy loads are provided in the unit for 
unused circuits in instances where only two or three sets will be 
fed from the distribution units. 

In installing this system, the antenna must be so placed that 
the highest quality of signal pickup prevails. An antenna 
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which matches a 72-ohm coaxial cable is preferred, as a shielded 
system will always operate better than one which uses open 
line and is susceptible to noise pickup. 

, . TELEVISION RECEIVERS 

iFIG. 12—Schematic diagram showing master antenna multiple unit system. 
Distribution systems of this type has found employment by television re¬ 
ceiver dealers where a great number of sets must be demonstrated simul¬ 
taneously. 

The distribution devices must be located in some protected 
area like a rooftop, penthouse, stairwell, attic or, in the case of 
the dealer installation, on a wall near the television receiver. 
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A coaxial cable, of the RG type, conforming to JAN specifi¬ 
cations, must be used with the system. In connecting the 
coaxial cable, two steps should be followed: 

1. The center conductor of the cable should be exposed so 
that it extends through the straight tip end of the coaxial male 
connector and is available for soldering to the tip end. 

2. The shield should then be exposed sufficiently so that a 
crimp tool can make a pressure contact between the shell of the 
coaxial connector and the shield of the cable. The outer poly¬ 
vinyl should be positioned so that it is squeezed into the coaxial 
fitting by the crimping operation, to facilitate handling of the 
coaxial cable fitting. 

In the event that a crimping tool is not available, both the 
center conductor and the shield connection can be made by 
soldering. 

The distribution devices should be centrally located in all 
installations so that all sets will receive approximately the same 
level of signal. In all installations, the length of the coaxial 
cable between the television receiver and the distribution device 
determines the amount of signal which will be available lor the 
television receivers. 

Separate Antenna Systems.—This system differs from the 
foregoing multiple antenna systems, mainly in that a separate 
antenna is provided for each individual transmission channel. 
A group of pretuned amplifiers, one for each channel, is sup¬ 
plied to provide interference free signals to each receiver 
outlet. 

In addition individual resistance pads at the input of each 
channel amplifier is provided which enables the antenna tech¬ 
nician to compensate for varying signal levels in any location. 
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In an installation of this type it is important to separate each 
channel antenna a distance of 10 feet or more, to prevent any 
mutual coupling between them which may form a distorted 

FIG. 13—Schematic diagram showing multiple outlet system with separate 
antennas for each television channel. 

picture. Coaxial cables are used to connect the antenna to the 
amplifiers in order to prevent noise pickup, and to match the 
input impedance of the amplifiers. 
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CHAPTER 7 

Antenna Installation Procedure 

Prior to making the physical installation of the antenna, it is 
often necessary to obtain a response pattern. This information 
is particularly useful when signals are to be obtained from trans¬ 
mitters located at a considerable distance apart. An approxi¬ 
mate response pattern can be obtained when the transmitter 
is on the air by rotating the antenna and utilizing a test receiver 
and output meter. 

Antenna Installation Tools.—While antennas used for each 
individual receiver may differ radically in design and in location 
with respect to the transmitting station, the fundamental in¬ 
stallation procedure in each case, however, is similar. 

The necessary installation tools may vary considerably how¬ 
ever, depending upon the type of building, whether it be wood, 
stone or masonry, also whether it be an apartment house or 
multiple receiver installation, where the cabling or transmission 
line is placed between the outer or inner walls of the building 
for concealment. 

From the foregoing it follows, that a very large supply of 
service tools may be necessary in order to be equipped for every 
service condition encountered. Therefore, no attempt will be 
made to list all the possible tools and test equipment that a 
television technician might require in the course of antenna 
installation and service work. 
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The following tools constitute the minimum i equipments only 
for the average antenna installation: 

1. Handtools; such as hammer, hack saw, pliers, screw 
drivers, etc. 

2. Electric drill (slow speed) for one-half-inch masonry 
drill bit. 

3. Electric drill (high speed) for one-half-inch drill bit. 
4. Machine screw anchor with lead expansion sleeves one-

quarter-20. 
5. Tool for expanding sleeve in machine screw anchor. 
6. Bolts (galvanized or brass) one-quarter inch. 
7. Antenna masts and ground clamp. 
8. Phosphor bronze guy wire and porcelain insulators. 
9. Coaxial transmission line. 
10. Twin lead transmission line (300 ohm). 
11. Rawlplugs and tools. 

1 12. Transmission line stand-off insulators. 
13. Staples and tacks. 
14. Soldering iron. 

■ 15. Wood brace and bits. 
16. Friction and rubber tape. 

i In addition to the previously enumerated tools, adjustable 
extension ladders (50 ft.) are usually carried on the installer’s 
truck to permit entrance to the roof of single family dwellings. 
In this connection it should be pointed out that particular care 
should be exercised when employing current conducting metal 
ladders in the proximity of power lines. A great number of 
accidents are caused each year by carelessness, not realizing 
that when such a ladder (or the person or persons on such a 
ladder) contact a live conductor electrocution is liable to result. 
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FIG. 1—Illustration showing antenna assembly method. ( Courtesy American 
Phenolic Corporation.) 
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c 
FIGS. 2 to 4 Typical masonry drills. In the figure: A, represents a star drill; 

B, forged drill and C, diamond “N” drill point. 

FIGS. 5 to 9— Showing typical expansion screw anchor used in masonry work, 
and method of installation. When a hole is completed a one-quarter-20 
lead expansion screw anchor is inserted as indicated, after which the lead 
expansion sleeve is hammered to properly imbed it in the hole. Experience 
with the expansion tool will soon determine the amount of hammering re¬ 
quired. After expansion screw anchors are installed in the masonry, 
antenna mast clamps can be mounted with one-quarter-inch bolts, and the 
antenna mast inserted through these clamps which can be selected to fit 
the particular type of mast being used. 
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To properly install an outdoor antenna system it is in addi¬ 
tion necessary to have some method of communication from the 
antenna site to the receiver. This communication should be 
established before the final antenna site has been chosen. A 
pair of interconnected telephones may be used to conveniently 
accomplish this purpose. Do not use the antenna transmission 
line as the means of interconnecting these telephones. 

FIGS. 10 to 12—Various types of antenna mast supports, illustrating methods 
of securing antenna mast to masonry structures. All supports should be 
properly dimensioned and anchored to prevent the antenna and mast from 
turning and excessive swaying. 

Assembly of an Outdoor Antenna.—Complete assembly in¬ 
structions usually accompany each outdoor type antenna kit 
and these instructions should be followed. 

Locating an Outdoor Antenna.— Before attempting to install 
the antenna it is essential to carefully select a position which 
allows the following conditions to be fulfilled: 

1. Absence of obstruction such as buildings, trees, power 
lines, other nearby antenna systems, etc., between the 
proposed antenna site and the transmitting antenna. 
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2. Maximum distance between proposed antenna site and 
sources of electrical noise such as might originate in ig¬ 
nition systems, elevator relays, diathermy and X-ray 
machines and arcing from electrical transit systems. 
Several of these conditions preclude the possibility of 
mounting the antenna near the edge of the roof adjoining 
a heavy traffic street even though this site may be prefer¬ 
able with respect to length of antenna lead-in. 

3. Greatest possible height above ground level. In general 
this will allow the antenna to overcome such obstructions 
as are mentioned in item 1. 

After choosing the antenna site in accordance with the fore¬ 
going conditions, make an actual test with the receiver to be 
sure that a satisfactory picture can be obtained from all trans¬ 
mitting stations before attaching the mast to the building. 
This is facilitated by the use of the intercommunication system 
between the man on the roof and the man observing the receiver 
performance in the home. 

It is often possible to obtain considerable improvement in 
performance by moving the antenna location a small distance 
from the original site. This final test for the most desirable 
antenna location becomes vitally important in areas where 
signal strength is low or where reflection from surrounding sur¬ 
faces produce multiple transmission paths, thereby creating 
multiple images or “ghosts” on the picture screen. 

In areas where the signal strength is sufficient, it may be 
possible to install the antenna in the attic provided the roof is 
not made of metal or insulated with metal foil. Should there 
be any indication that the signal strength is inadequate, the 
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attic antenna installation should not be attempted and an 
outdoor antenna is definitely recommended. 

If the transmitted signal strength be low and surrounding 
surfaces cause reflections, or sources of electrical disturbances 

FIG. 13—Typical attic antenna installation. As shown in the illustration a 
common outdoor antenna type is inverted to suit the available space. An 
antenna installation of this type should, however, not be attempted unless 
prior tests indicate sufficient signal strength. 

are present, then proper orientation of the antenna becomes of 
equal importance with that of selecting the correct location. 

Antenna Orientation—Since the response of an antenna has 
a directional characteristic, it is now necessary to orient the 
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antenna for the position that will give the best receiver per¬ 
formance. Here again it is necessary to maintain direct com¬ 
munication with the man observing receiver performance. 

In the case where the signal is to be received from only one 
transmitter, the problem of orientation is relatively simple. 
Since the antenna is least responsive in the directions in which 
the rods are pointing, the antenna should in general be placed 
broadside to the transmitter. However, in cases where picture 
quality is affected by reflections or electrical disturbances picked 
up at the antenna, the directional characteristic of the antenna 
may be used advantageously by pointing the rods in the direc¬ 
tion of the disturbance. By so doing, the disturbance effect 
will be minimized and picture quality improved even though 
the antenna broadside is no longer facing directly toward the 
transmitter. 

In certain areas, where surrounding objects make “line of 
sight” reception from the transmitter impossible, satisfactory 
receiver performance may often be attained by orienting the 
antenna so that it faces broadside to the strongest reflected 
signal. Under conditions of this type, best reception is not 
always obtained with the antenna rods in a horizontal plane or 
with the mast in a vertical position. 

In areas where a number of television stations exist, the 
problem of orientation becomes more complicated and requires 
very careful consideration. In such a case, it is necessary to 
orient the antenna so as to obtain equally satisfactory reception 
from all stations. Relative signal strength of different stations 
may require that considerable antenna misdirection be tolerated 
with regard to a high power transmitter in order to favor 
reception from a low power transmitter. 

Final position of the antenna can be determined only by 
observing the quality of the picture on the receiver screen. 
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Mounting an Outdoor Antenna.—Various methods of 
mounting the antenna mast may be used. When using brack¬ 
ets to attach the mast to a wall, be sure that the wall surface 
of the building is in good enough condition to withstand the 
strain of supporting the mast and antenna. Spacing between 
these brackets should be sufficient to hold the mast rigid and 
should be in proportion to mast height. It is of utmost im¬ 
portance that the mast brackets grip the mast securely to 
prevent rotation of the antenna due to severe wind storms. 

FIG. 14—Showing antenna mast support suitable for a peaked roof. Ad¬ 
ditional support in form of guy wires properly attached to the mast and roof 
are usually required. 

When making a flat roof installation, make sure that the guy 
wire anchor points are secure and spaced approximately 120° 
apart. The guy wire clamp holes should point radially outward 
to the anchor points to prevent a twisting torque on the mast 
which might cause the antenna to rotate. Turnbuckles placed 
in each guy wire are recommended for a more rigid installation. 
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Safety and Lightning Protection.—The antenna system 
should be installed in conformance with local building and fire 
regulations. Every precaution should be taken to adequately 

FIG. 15—Showing typical outdoor lightning arrester and method of installa¬ 
tion. Here the twin lead transmission line is slipped into the slot on top 
of the arrester and tightened in place. A 4-foot length of ductile copper 
ground wire is used when mounting the arrester on outside walls. 

secure the mast to the building to avoid danger of antenna 
falling from the roof; use of guy wires is recommended wherever 
deemed necessary as an additional safety measure. A degree 
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of lighming protection may be obtained by connecting a heavy 
copper conductor between the mast of the antenna and a good 
ground. 

FIG. 16—Typical chimney mounting bracket. An antenna mounting arrange¬ 
ment of this type consists of two brackets with adjustable eye bolts on each 
side. The straps are commonly made of three-quarter-inch gab amz 
steel and the units are riveted with one-quarter-inch solid rivets The 
assembly is made to fit masts from one to one and three-eighths-i 
diameter. 

Selecting, Routing and Securing Transmission line. A 
properly selected and installed transmission line is as important 
to the quality of the antenna system as the antenna itself. An 
improperly installed line causes reflection and high losses. 
Reflections in the line make it impossible to obtain clear 
pictures, and in severe cases, the reflections cause smears 
so that the picture appears out of focus even though the re-
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ceiver is perfectly focused. In general, the longer the trans¬ 
mission line, the more care required in installation 
. Most television receivers have a 300-ohm input circuit which 
is balanced to ground and intended for connection to a 300-ohm 
antenna system. Failure to observe proper impedance match 
between antenna, transmission line and receiver will result in 
less energy delivered to the receiver and undesirable effects of 
noise and interference may be accentuated. 

FIGS. 17 and 18—Showing methods of guy wire attachment to antenna mast. 
Antenna masts should be properly dimensioned, anchored and secured to 
enabte H to withstand all loads, not only that of the antenna structure but 

°f “‘^d'0"81 Ioads due to wind, sleet or snow. Particular attention 
sfnee directed towards the possibility of turning and excessive swaying, 
since this will tend to impede its effectiveness. * 8

°f Transmission Line.—Low loss “ribbon type” 
(300 ohm) transmission line is intended for use in a normal in¬ 
stallation. However, under conditions where man-made in¬ 
terference may be picked up by the transmission line itself. 



Antenna Installation Procedure 119 

shielded cable may be used to alleviate this condition. It is 
recommended that twin conductor cable be used if shielded 
transmission line is required. This cable is balanced with 
respect io ground and its characteristic impedance (300 ohms) 
provides an exact match for direct connection to receiver input 
circuits. 

Length of Line.—The length of the transmission line should 
be kept as short as possible. The longer the line, the greater 
the opportunity for man-made electrical disturbance to intro¬ 
duce undesirable effects. Attenuation of the line, though low, 
will reduce the energy fed to the receiver in direct proportion 
to length. 

Splicing the Line.—If it becomes necessary to splice on an 
additional length of ribbon type line, care should be exercised 
to avoid a mismatch at the splice. This is done by stripping 
the two lines back about one-half inch and then twisting the 
respective conductors together so that the insulation oi one 
butts directly against the insulation of the other. 

If the splice be made with too large or too small a space 
between parallel wires, the line impedance will be changed at 
this point and serious reflections may occur. The twisted 
pairs should be soldered, avoiding excessive heating which will 
soften the insulation. Clip the protruding solder joints short 
and cover the splice with an insulating tape intended for high 
frequency purposes. Splicing of a shielded cable is not recom¬ 
mended; use special connectors available for that purpose.. 

Routing and Securing.—It is well to carefully consider the 
best route for the transmission line with respect to length and 
electrical disturbance shielding. A compromise must usually 
be made on the length so as to be able to take advantage of the 
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shielding effect of the building against such disturbances as 
ignition noise and arcing from electrical transit systems. 
Whenever possible, the line should be run in a vertical direction 
so that rain, sleet, and snow will have less tendency to cling to 
it. If a horizontal run be necessary, it should be made under 
an eave or other protection. Never run the line inside of metal 
pipes. 

FIGS. 19 and 20 Typical transmission line stand-off insulators. These 
insulators take various forms depending upon type of transmission line used 
ana method of fastening. 

The transmission line must not be allowed to make extensive 
contact with any surface (especially metal). Stand-off insula¬ 
tors provide a means of supporting the line as well as maintain¬ 
ing proper spacing from surrounding surfaces. They may be 
screwed directly into wood without the aid of any other mount¬ 
ing device; however, when mounting in brick or stone, it is 
necessary to use some type of expansion plug. 

If the weight supported by these stand-offs is small, the plug 
hole may be drilled in the mortar, provided that this mortar 
be well bonded. It is preferable to drill the plug holes in the 
brick or stone proper, making sure that these holes are deep 
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enough to accommodate the full length of the plug. The in¬ 
sulator should grip the transmission line and support it in both 
the vertical and horizontal direction. The line should be pulled 
tight so that a heavy wind will not cause it to swing against 
surrounding objects. 

FIGS. 21 and 22—Showing methods of securing transmission line stand-ofT 
insulators depending upon conditions encountered. 

twisting the line about one turn per 
ing stand-off insulators. 

Occasionally it will be physically impossible to install a 
stand-off insulator on the edge of a protruding parapet. Under 
such conditions it will be necessary to place some form of abra¬ 
sion resistant sleeving around the transmission line, holding it in 
place with tape. In locations where electrical noise creates an 
interference problem, the noise pickup may be minimized by 

foot between the support-

Various methods of bringing the transmission line into the 
house will occur to the installation man and consequently no 
specific instructions will be given. Irrespective of the method 
selected, best practice requires that precautions be taken to 
minimize contact of transmission line with surrounding surfaces 
and to properly seal the point of entry with a suitable mastic. 
Do not attempt to use any special lead-in devices at the window. 



122 Antenna Installation Procedure 

After the line has entered the home it should be routed bv the 
shortest possible path to the receiver, taking spectai prcciuta 
to avoid contact with pipes, radiators or other metal objects 

e line should preferably be supported by indoor type stand-
o insulators as it is routed around the floor molding of the 
room. However it may be tacked to the molding if run be 
short and relatively few tacks are required. 

Ju 
PO 

FIG. 23 Typical antenna arrangement suitable in fringe areas and other 
ocations where conditions require considerable antenna height. 

nn^ Rece,ver’-A terminal strip will be found 
hne tn thr C°nnect the transmission line to these terminals. Under certain conditions improved 
eception results from reversing the connection of the line to 

servît S° SUggested that Pæture quality be ob-
nection oHhíÍ COndltlonsrbefore mak>ng a permanent con¬ nection of the transmission line. 
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When using twin conductor type shielded cable, observe the 
following instructions for proper connection: Solder a pigtail of 
braided wire to outer copper shield of the cable; provide this 
pigtail at point of connection to the antenna as well as on end 
which connects to the receiver. That will facilitate connection 
of shield to antenna mast and receiver chassis. Tape the end 
of cable with insulating tape (intended for high frequency 
application) to prevent moisture from entering cable. Attach 
a crimp type soldering lug to each inner conductor making sure 
to crimp lug around polyethylene so that inner conductor will 
not have to support the weight of the cable. Solder inner 
conductor to lug, using a minimum amount of heat. 

Code Specifications 

Po-tions of Article 810 of the National Electrical Code which 
apply to Television Receiver installations are quoted herewith 
for your information. 

Antenna Systems—General 

Sill. Material. Antenna, counter-poise and lead-in conductors 
shall be of hard-drawn copper, bronze, aluminum alloy, copper-clad steel 
or other high strength, corrosion-resistant material. Soft drawn or medium 
drawn copper may be used for lead-in conductors where the max.mum span 
between points of support is less than 35 feet. 

8112. Support. Outdoor antenna and counter-poise and lead-in con¬ 
ductors shall be securely supported. They shall not be• a«3̂  ° P° 
or similar structures carrying electric light or power wires o r trollle, wures of 
more than 250 volts. Insulators supporting the antenna or countcr-poi 
conductors shall have sufficient mechanical strength to safely suPI»rt h 
conductors. Lead-in conductors shall be securely attached to the antcnn . 

8113. Avoidance of Contacts with Conductors of Other Systems. 
Outdoor antenna, counter-poise and lead-in conductors from an anterma 
to a building shall not cross over electric light or power circuits and shallIte 
kept well away from all such circuits so as to avoid the possibility of acci¬ 
dental contact. Where proximity to electric light and power service con-
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35 feet to Material 

20 17 14 

150 feet 

14 

35 feet 

19 

Over 
150 feet 

12 
Aluminum alloy, hard drawn copper 
Copper-clad steel, bronze or other high 
strength material. 

sneh^t^ eSS V0 tS cannot be avoided > the installation shall be 
antenna and V clearance °! at leaSt tw0 feet ' R is recommended that 
electric liS “er-poise conductors be so installed as not to cross under 
electric light or power conductors. 

Shan1 ht Splices a.nd í°ÍntS in antenna and counter-poise span shall be made with approved splicing devices or by such other means as 
will not appreciably weaken the conductors. (Soldering may ordinarily 

to. the conductor- Therefore, when soldering is em¬ 
ployed, it should be independent of the mechanical support.) 

8115. Structures. Metal structures supporting antennas shall be 
permanently and effectively grounded. 

(a) For very long span lengths larger conductors will be required 

loading "8 °" t ie le”gth of the span and the ice and wind 

(b) Self-Supporting Antennas. Outdoor antennas, such as 
vertical rods or dipole structures, shall be of noncorrodible 
materials and of strength suitable to withstand ice and 
loading conditions. 

8122. Size of Lead-In. Lead-in conductors from outside antenna 

spanTengthsPbeof h®®’™8 StaÜons ' shall > for various maximum open ®Pa" ængths, be of such size as to have a tensile strength at least as errat 
the lead° c?"ductors for antenna as specified in section 8121. When 
or arl d 1 JStS ?f two or more conductors which are twisted together 
shah forCvSed m the Same COverlng or are cocentric, the conductor size 
shall, for various maximum open span lengths, be such that the tensile 

Antenna Systems—Receiving Station 
8121. Size of Wire Strung Antenna and Counter-Poise. 

(a) Outdoor antenna and counter-poise conductors for receiving 

taHe°nS Sha be °f a S1Ze nOt leSS than g‘Ven in the folIowing 

Minimum Size of Conductors 
When Maximum Open Span Length is 

Less than 
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(b) 

2. 

2586 is accomplished. 
Antenna and Lead-Ins—Indoors. Indoor antennas and 
indoor lead-ins shall not be run nearer than two inches to 
conductors of other wiring systems in the premises unless, 

Such other conductors are in metal raceways or cable armor, 

or 
Unless permanently separated from such other c°nduct0^ 
by a continuous and firmly fixed nonconductor such as 
porcelain tubes or flexible tubing. 

strength of the combination will be at least as great as t hat of the conductors 
for antenna as specified in section 8121. 

8123. Clearances. 
(al On Buildings—Outside. Lead-in conductors attached to 

buildings shall be so installed that they cannot swing closer 
than two feet to the conductors of circuits of 250 volts, except 
in the case of circuits not exceeding 150 volts, if all conductors 
involved are supported so as to insure permanent separation, 
the clearance may be reduced but shah not be less than four 
inches The clearance between lead-in conductors and any 
conductor forming a part of a lightning rod system sha1' 
not less than six feet unless the bonding referred to in section 

Protectors 

not beîoc°ated near combustible material nor in a hazardous location. 

8151 Material. The grounding conductor shall, unless 
specced be of copper, aluminum, copper-clad steel, bronze, or other 
rosion resistant material. . 

r> • T inp The Grounding conductor shall be run in 

rester to the grounding electrode. 
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Grounding Conductors-Receiving Station 

run either inside or o^tS^TbS Kr°Und'ng conductor may be 

aluminum or No. 17 copper-clad steel or -JI °pper or No. 12 
inside the building it shall not be smaller than No^ls"^0 Where Wh°Ily 

for^both 
used, the ground terminal of the equipment shnnlH tí 6 conductor be so 
ground terminal of the protective device d be connected to the 

Interior Installation—General 

fere^ap^S Radio interference eliminators inter¬ 
leads shaAof : typeapproved t0 P°wer
posed to mechanical mfjy the PUrpose ' Th^ shaU not be ex-

shield of th ’t e met by proper grounding of the outer 
be pm ¡cuMyT„:~ 
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CHAPTER 8 

Television Broadcasting 

General.—Broadly speaking, television may be said to be a 
means of vision obtained of a distant object by means of various 
devices identified as the transmitting and receiving apparatus. 
The problem of television therefore is fundamentally: 

1. Converting light signals into electrical signals. 
2. Transmitting the signals to a distant station, and 
3. Converting the transmitted electrical signals back into 

light signals. 
With reference to figs. 1 and 2 the steps required to pickup 

transmit and reproduce a television picture are principally as 
follows: . 

The video signal (picture signal) released by the iconoscope 
camera fig. 1 is a series of electrical charges which represent the 
light distribution of the object being televised. Light reflected 
from the face of the object is collected by the lens system and 
focused on the plate of the television camera tube. This plate 
is covered with a material, which in effect, forms an innum¬ 
erable quantity of minute photoelectric cells and is called a 
mosaic. This mosaic is swept or scanned by a thin stream of 
electrons from the electron gun incorporated in the camera. 

♦The name Iconoscope relates to a type of television transmitting tube inventedI by Dr. V K 
Zworykin of the Radio Corporation of America. The word iconoscope, taken from the Greek 
word "icon” meaning “image” and “scope” meaning observation. 
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Scanning Method.—The scanning in the case of the icono¬ 
scope, is accomplished by deflecting the electron beam electro-
magnetically by means of coils external to the tube. These 
coils are excited at frequencies which cause the point of impact 
of the electron beam to move across the mosaic in approximately 
a horizontal line at a uniform speed, then fly back and scan 
another line, and so on until the entire mosaic has scanned 525 
lines in the desired sequence. This complete scanning is re-

FIG. 1—Schematic diagram of simplified television transmitting system 
(Sound portion of system not shown). 8 system. 

peated at the rate of 30 frames per second. Thus, in modern 
television systems, scanning consists of 525 horizontal lines, 
w iich are covered 30 times per second, making a total of 525 X30 
or 15,750 lines scanned per second, and 60 fields (two fields per 
frame). H

When the electron beam falls upon an illuminated portion of 
the mosaic, current will flow through the output circuit of the 
iconoscope. When it falls upon a partially illuminated portion 
a smaller current will flow, and when it falls upon a dark portion 
very httle current will flow. 
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In this manner, current pulses will be generated which will 
correspond in time sequence to the light and dark areas of the 
televised image as they are scanned by the electron beam. 

The resulting voltage pulses, termed video signals, are then 
amplified and combined with special artificially manufactured 
signals for controlling the timing of the kinescope (receiver 
picture tube) deflection circuits and for extinguishing (blank¬ 
ing) the kinescope electron beam during the return time. I he 
resulting composite signal is then used to modulate a high fre¬ 
quency transmitter. 

FIG. 2_Schematic diagram of simplified television receiving system. (Sound 
portion of system not shown). 

In the standard interlaced scanning system, scanning of the 
horizontal lines is not performed in sequence, but the odd-
numbered lines are scanned first, that is, 1,3,5, etc. and then the 
beam returns and scans the even-numbered lines, before the 
complete scene is scanned. Starting at the upper left extremity 
of the picture, as in fig. 3 line No. 1 is scanned. Instead of 
proceeding then, with line No. 2, the scanning spot drops two 
spaces and No. 2 is omitted. This is because the downward 
rate has been doubled—60 instead of 30 c.p.s. Line No. 3 
then comes under scansion, followed by numbers 5,7,9 and 
every odd numbered line of the picture. Upon reaching the 
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the PÍCtUre ’ the scanning spot moves again to the 
P the picture and begins another scanning field which is 

by ,be w,dih °f °-lines ¿,4,6,8 and all even numbered lines are scanned. 

FIG. 3—Scanning raster showing interlaced pattern. 

Since each field is completed in one sixtieth second, both 
fields consume one thirtieth second. Thus, 30 complete pic-
intnStare SCanned ln one second - each having been broken^p 
into two projections as a means of flicker reduction 

rate of 15750 and a Plctur^ repetition 
ar w r the number of llnes Per picture is 15,750/30 
or 525 lines, the number of lines per field being 262^. 
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Approximately 490 of these lines are active, the remainder oc¬ 
curring during the vertical retrace period during which time the 
viewing tube is blanked out. It is necessary of course, that 
complete synchronism be maintained between scanning at the 
transmitter and at the receiver. To effect this, synchronizing 
pulses are transmitted along with the video signal which locks 
the receiver oscillators, vertical and horizontal, into step with 
those at the transmitter. 

Frequency Bands.—The F.C.C. (Federal Communications 
Commission) has up to the present time assigned two bands for 
television broadcasting. The frequencies of these bands are 
considerably higher than frequencies used in ordinary broad¬ 
casting. The low band covers frequencies from 54 to 88 me. 
and the high band covers a frequency range of from 174 to 
216 me. The lower band consists of five channels as follows: 

Channel Number Frequency (Megacycles) 
2.54-60 
3.60-66 
4.66-72 
5.76-82 
6.82-88 

The higher band consists of seven channels and each channel 
has the following frequency allocation: 

Channel Number Frequency (Megacycles) 
-j.174-180 
8.180-186 
9.186-192 
10.192-198 
H .198-204 
12.204-210 
13.210.216 
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From the foregoing it will be observed that a single television 
channel is 6 me. wide, in contrast to the entire commercial 
broadcast band, which is one me. wide. Also one broadcast 
channel is only 10 to 20 k.c. wide. The reason for the wide 
television channel is because of the necessity to transmit video 
information with clarity and sharpness. It also serves to il¬ 
lustrate that video information must be transmitted on very 
high frequencies to obtain a satisfactory ratio of carrier fre¬ 
quency to bandwidth. 

FIG. 4—Showing signal distribution in standard television channel. 

Standard Television Channel. A standard television channel 
is illustrated in fig. 4. As previously noted the bandwidth of 
each television channel is 6 me., and both the video and sound 
signal must be transmitted within this limit. The amplitude-
modulated picture signal is always at the low frequency end of 
each channel allocation and occupies approximately five and 
three-quarters, me. of the total six me. bandwidth. 
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The frequency modulated sound signal is always at the high 
frequency end of the six me. bandwidth and covers approxi¬ 
mately one-quarter me. or 25 kc. 

An unusual feature of the amplitude-modulated picture signal 
is that the high frequency sideband is four and one-half me. 
wide whereas the low frequency sideband is only one and one-
quarter me. wide. This unsymmetrical distribution permits 
transmission of a better definition picture using only a total 
bandwidth of six me. 

Such transmission of the picture signal and one sideband, as 
effected in television practice, is termed vestigal sideband trans¬ 
mission wherein the greater portion of the lower sideband is 
removed by a filter network. 

Television Signal Components. For successful transmission, 
the television signals must be separated into its components. 
Three types of information are transmitted on the picture 
carrier. They are: 

1. The picture or video signal. 
2. The synchronizing pulses (.horizontal and vertical). 
3. The blanking pulses (horizontal and vertical). 
In the foregoing the picture signal consists of a progressive 

series of impulses which convey the light distribution to the 
scene to be televised. 

The sync signal consists of a series of rectangular pulses, the 
function of which is to keep the iconoscope and kinescope 
(camera and receiver picture tube) locked in synchronism and 
to prevent the displacement of the pattern on the picture 
screen. 

The blanking signal series of rectangular pulses are of longer 
duration than the sync pulses and as their name implies their 
function is to block out the fluorescent screen during all retrace 
intervals, making the retrace line invisible. 
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Another or fourth group of signals are termed equalizing 
pulses. These are of shorter duration than are the sync pulses 
and are transmitted to insure uniform spacing of the interlaced 
scanning lines, and to prevent loss of synchronism of the hori¬ 
zontal circuits during the retrace intervals between fields and 
frames. 

In the composite standard video signal fig. 5, particular at¬ 
tention is directed to the polarity of transmission. An increase 
of signal power represents a dark portion of the picture, known 
as negative polarity of transmission. It is to be noted that the 
black level represents a portion of the viewing tube screen in which 
light is absent, that is, the beam has been blanked out. The 
synchronizing pulses represent a further increase of transmitter 
radiated power and so a darker spot upon the screen. How¬ 
ever, since the beam has been wholly cut off at the black level 
and the screen is void of light, it cannot be affected by further 
cutoff and so the sync pulses produce no visible result. Their 
purpose and effect is evident, however, at the receiver scanning 
generators which are locked into step by these pulses. It is 
seen also that the sync pulses alone are not relied upon to blank 
out the beam during the retrace period. A blanking pulse 
serves this purpose, the sync pulses being superimposed upon 
the blanking pulse. 

Should one long unbroken pulse be transmitted for vertical 
synchronization, the horizontal sync pulses during this time 
would be absent. During that time the horizontal (line fre¬ 
quency) scanning generators at the receivers would lack syn¬ 
chronization and drop out of step. In order that horizontal 
synchronization be maintained during the vertical retrace 
period, the vertical sync pulse is broken by serrations. These 
serrations then maintain horizontal synchronization during the 
vertical retrace period. 
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Between blanking (retrace) periods, the picture is being 
actively scanned. I he picture signal is arbitrarily represented 
in fig. 5 as an irregular line. 

All pulse shapes, their relative amplitudes and their duration 
are standa rdized. The only variable is the picture signal which 
varies from line to line as the subject is scanned. 

Signal Standards.—Certain detailed facts of American 
standard television composite signals are given herewith. They 
are: 
Channel width.g mc
Picture aspect ratio.4:3 
Scanning (interlaced).525 lines 
Horizontal scanning frequency.15,750 c.p.s. 
Vertical scanning frequency.60 c.p.s. 
Frame frequency (picture repetition rate). 30 c.p.s. 

Camera lubes. The two most widely used camera tubes 
to-day are the iconoscope and the image orthicon. 

The iconoscope, fig. 6 contains the following essential parts: 
1. A photosensitive surface on which the image is focused 

and which generates the photo-current. 2. An electron gun 
to direct a narrow beam of electrons at the image surface, and 
3. A device to deflect the beam rapidly across the image, 
causing it to strike each element in an orderly sequence. 

1 he first two of the foregoing are enclosed in an evacuated 
glass envelope, whereas the third consists of deflection coils 
and their associated circuits outside the tube. The sawtooth 
currents, which pass through these coils, are of proper fre¬ 
quencies and amplitudes to cause the electron beam to scan the 
photosensitive surface upon which the image has been focused, 
in accordance with the standard interlaced scanning pattern. 
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Optical System.—Light is reflected from the objects in the 
scene to be televised, picked up by a lens, and projected through 
the flat front wall of the tube on to the image surface. Ihe 
image is sharply focused so that light from any one element on 
the scene falls on only one tiny part of the photosensitive image 
surface. 

PHOTO ■ SENSITIVE SURFACE 

The image surface consists of a thin sheet of mica three and 
one-half by four and three-quarter inches and approximately 
0.001 of an inch in thickness. On the side which faces the lens, 
the mica strip is covered with myriads of tiny light sensitive 
globules, each of which forms one plate of a tiny condenser and 
each insulated from the other. On the other side is a flat con¬ 
ducting plate of collodial graphite which forms the signal plate. 
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mica dielectric and the back coating. In this connection it 
should be pointed out, that since the lens inverts the image on 
the mosaic, the scanning process of necessity must start at the 
bottom of the mosaic. 

FIG. 7_Illustrating functional components of iconoscope camera. Roughly 
the camera consists of a lens arrangement similar to that of the ordinary 
camera which is focused on the scene to be televised. The image is pro¬ 
jected upon the screen of the iconoscope which is mounted in the camera 
as shown. 

With reference to fig. 6 it will be observed that the condenser 
discharge current passes through the tube load resistor, the 
potential thereby developed being applied to the video amplifier. 
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This potential is a function of the discharge current which, 
in turn, is a function of the amount by which the silver globules 
then under the scanning beam have been made positive by a loss 
of electrons. Since that is determined by the amount of light 
from the image at that point, it is evident that as the beam 
traverses the mosaic, a video signal is produced which repre¬ 
sents the highlights and shadows of the televised scene. 

The collector ring consists of a platinum band mounted on the 
inside surface of the iconoscope. Its function is to collect the 
electrons which leave the mosaic surface, in this manner com¬ 
pleting the signal circuit through the load resistor. 

The Image Orthicon— Because of the generation of a spurious 
dark spot signal resulting in low sensitivity in addition to the 
requirement of a high value of illumination, the iconoscope is at 
a disadvantage where it is necessary to work under a low value 
of illumination, such as that prevailing in all types of outdoor 
scenes, as for example, at football, tennis, golf games and the 
like. 

Due to the foregoing deficiencies another type of television 
camera tube has been developed. This tube is called the image 
orthicon, the principle elements of which are shown in fig. 8. 

Performance.—The image orthicon is a storage type of camera 
tube, having a sensitivity of from 100 to 1,000 times that of the 
iconoscope. It can therefore deliver an entirely satisfactory 
signal, with negligible noise voltage, from scenes illuminated bv 
very low light levels. 

1 he image orthicon achieves its high sensitivity in three 
ways. They are: 

1. By using a conducting photosensitive surface, instead of 
an insulated mosaic, thereby increasing the photo emission 
response. 
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2. By scanning with a low velocity electron beam, thus 
eliminating the undesirable effects of secondary emission. 

3. By using secondary emission at two different points in the 
tube so as to provide amplification of the signal by a 
factor of 100 to 500 without the generation of a correspond¬ 
ing noise voltage. 

It has two relatively minor disadvantages, that is, the possible 
resolution of its picture is slightly less sharp than that of the 
iconoscope, and in addition it is not as well suited to operation 
at very high values of illumination. 

ELECTRON IMAGE 
(on both sides) 1st MULTIPLIER 

FIG. 8—Showing essential parts of image orthicon and their arrangement. 

Structural Details—This type of television camera tube is of 
a very compact design. It is approximately 15 inches in length, 
its external diameter being approximately three inches. With 
reference to fig. 8 the following fundamental differences from 
the previously discussed iconoscope are: 

1. The light image is focused on one side of the photo cathode, 
while photo emission takes place from its other side. 
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2. The scanning takes place on a separate plate called the 
target, not on the photo emissive surface. 

3. The image modulated current, constituting the video 
signal, comes from the beam electrons returning from the 
target toward the cathode from which they came. 

One other feature in the illustration, is a focusing coil, 
wrapped around the entire length of the tube. 

The Photo Cathode.- By observing the left side of the illus¬ 
tration fig. 8 it will be observed that the image of the scene is 
focused on a semi-transparent metal photo cathode. This 
represents an important improvement as compared to the 
iconoscope. A conducting surface like this has a higher photo 
sensitivity than an insulated surface, such as the globules of 
the iconoscope mosaic. Note, too, that the cathode is held at a 
constant potential of minus 600 volts; this is possible only be¬ 
cause the photo electrons have a return path through the ex¬ 
ternal circuit, so they are continuously replaced. 

The photo cathode is made of such thin metal that light passes 
through it readily, as through tracing paper. Photo emission 
takes place from the back surface of the cathode. The emitted 
electrons are pulled by the strong electric field existing between 
the cathode and the target screen by reason of the potential 
difference of nearly 600 volts between them. 

The target screen is made of incredibly fine metal wires, hav¬ 
ing from 500 to 1,000 meshes per linear inch. Better than 
60% of its area is occupied by the holes, so the photo electrons 
can pass easily through it, and do not cast a “shadow” on the 
target beyond it. 

Operation.—The operation of the image orthicon is funda¬ 
mentally as follows: Light from the televised scene is picked 
in the conventional way by an optical lens system and focused 
on the photo sensitive surface behind the face of the tube. 
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The surface elements emit electrons in direct proportion to 
the amount of light striking them. These electrons, accelerated 
by a positive voltage and held on a parallel course by an electro¬ 
magnetic field, flow from back of the photosensitive surface 
to a target. 

Secondary emission from the target caused by the impact of 
the electrons, leaves on the target a pattern of varying positive 
charges, which correspond to the pattern of light from the 
televised scene. 

The rear of the target is scanned by a beam ol electrons which 
are generated by the electron gun in the base of the tube. This 
beam is modulated, as it scans, by the varying positive charges 
on the target which are representative of the light pattern of 
the televised scene. 

The returning beam with picture information imposed upon 
it by the varying losses of electrons left behind in the target, is 
directed toward the first of a series of dynodes (electron multi¬ 
pliers) near the base of the tube. This multiplying process 
continues with the strength of the signal increasing at each 
dynode, until it reaches the signal anode and is conveyed to the 
external circuit. 

Sound Transmitter—The sound transmitter associated with 
the transmitting system is a conventional frequency modula¬ 
tion system consisting of audio amplifier, frequency modulator, 
high frequency transmitter and high frequency antenna. 
Thus, at the transmitting station, there are two transmitters, 
one for the picture signals, and one for the sound. 

Television Broadcasting Practices.—In the foregoing overall 
description of a television system no attention has been given to 
the apparatus necessary in the broadcasting studios for a sue-



144 Television Broadcasting 

cessful transmission of picture and sound. Most of the ap¬ 
paratus required to produce the conditions described are of 
necessity extremely complex. 

The block diagram of the signal circuits of a typical modern 
television transmitter is shown in fig. 9. A separate trans¬ 
mitter supplies speech accompanying the scene. A camera 
selector affords the choice of ten cameras viewing one or more 
scenes from different vantage points any three of which may be 
selected simultaneously with control room monitoring of each. 

Further selection is made by a channel selector feeding 
through a fader (volume control) the line amplifier. In ad¬ 
dition, provision is made to preview the scene from a given 
camera prior to switching into the line amplifier. 

The line amplifier also serves as a mixer for the injection of 
synchronization pulses which, along with the picture signal, 
make up the composite signal of the broadcast. An air monitor 
shows the picture as it is being transmitted. 

The televising of live talent programs presents to the video 
broadcaster many of the same problems that have confronted 
the moving picture industry. Rather elaborate backgrounds 
are frequently necessary and they require the same attention 
to technical detail and to period authenticity that is evident in 
well staged plays and in high-grade motion pictures. As the 
video broadcast must be continuous, unlike the motion picture 
production which can be interrupted at will, the problems of 
set lighting and equipment placing require much planning and 
rehearsal prior to the actual broadcast. 

Indoor, as well as outdoor televising usually requires that 
several cameras be strategically located so as to view the scene 
from various vantage points without sequential interruption. 
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FIG. 9—Illustrating functional block diagram of typical television transmitter. 
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In addition to the telecasting of live program material, ex¬ 
tensive use is made of motion picture film in television pro¬ 
gramming. For this purpose, special projectors are employed, 
which by a shutter arrangement, convert the 24 frame per 
second film projections into 30 frame per second television 
signals. The film picture is projected directly into the tele¬ 
vision camera tube, from which the electrical signal is conveyed 
to the control room over coaxial cable. Sound pickup from the 
film is in the normal manner. 

Since the connection, by coaxial cable, from a remote place 
to the studio control room equipment is an economic impossi¬ 
bility , small ultra-high frequency radio relay links are employed 
to relay remote pickups. 

The relay equipment is usually contained within a special 
truck which houses not only the relay transmitter but also 
complete control and monitoring facilities. 
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CHAPTER 9 

Television Receiver Circuit 
Fundamentals 

In the previous chapter a general discussion of the various 
factors affecting television broadcasting have been made. The 
function of a television receiver is to extract from space the 
signal transmitted by the broadcasting station, amplify it and 
employ it to produce visible pictures and audible sound which 
in all details conform with the original scene at the broadcasting 
station. . . 

In the television receiver, therefore, the received signal is 
amplified and separated into its components. The components 
are amplied and applied in such a way as to produce variations 
in the intensity of the electron beam of the picture tube which 
is similar to a conventional cathode ray tube. 

In the receiving picture tube, deflection is accomplished 
electromagnetically with coils external to the tube, dhe 
oscillators which furnish the energy for deflection operate at 
the same frequencies as the deflection oscillators associated 
with the transmitting camera tube and are held in synchronism 
by the transmissing synchronizing pulses. 

Thus, the electron beam of the picture tube moves in synchro¬ 
nism with the electron beam of the camera tube, and the varia¬ 
tions in brilliancy of illumination at the point of impact on the 
picture tube screen, correspond to the variations in illumination 
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of the respective areas of the camera tube mosaic. In this 
manner, the image on the mosaic in the camera tube is dissected 
and the information on each element transmitted separately 
in a manner which permits the television receiver to take these 
pulses of information and employ them to produce correspond¬ 
ing variations in illumination on the picture tube screen and 
thus produce a picture of the original scene. 

Present television receiver design practice is to use super¬ 
heterodyne receivers with antenna and r.f. circuits which are 
sufficiently broad in frequency response to accept the entire 
pass band covered by the two carriers (sound and picture) and 
their transmitted sidebands. No separation occurs until 
after the first detector. The output of a single local oscillator 
is heterodyned with both sound and picture carrier signals to 
produce signals of two intermediate frequencies. 

By having separate picture and sound intermediate frequency 
amplifying systems, each of which is tuned to the correct inter¬ 
mediate frequency, the television picture and sound signal may 
be separated. The sound amplifying system from that point 
on is in most respects similar to that of a conventional radio 
receiver. 

Block Diagram of Typical Television Receiver.—In this 
connection it should be clearly understood that although tele¬ 
vision receivers may differ considerably as to circuit design 
(depending upon the manufacture of the particular receiver), 
they all operate on the same general principles. 

In order to simplify the study of television receiver, it is 
customary to employ so called "block diagrams”. By means of 
these, it is possible to separate the complete circuit into its 
various sections, each of which have been assigned to its particu¬ 
lar function in the complete circuit. 

Fig. 1 shows a block diagram of a typical television receiver. 
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The antenna receives both sound and picture signals. Thus, 
in a typical transmitter the picture carrier would be 45.25 me’ 
and the sound carrier 49.75 me. 

The r.f. circuits are sufficiently broad to pass both carriers 
with such portions of their sidebands as are transmitted. These 
are then passed on to the first detector where they are both 
heterodyned with a 58 me. local oscillator signal. This pro¬ 
duces two i.f. carriers, one at 12.75 me. modulated with the 
picture signals, and another at 8.25 me. modulated with the. 
accompanying sound signals. 

The i.f. signals with sound modulation are amplified by the 
sound i.f. amplifier, and the i.f. signals with picture modulation 
are amplified by the picture i.f. amplifier. In order to prevent 
cutting of the high frequency side bands in the sound i.f. ampli¬ 
fier when the receiver is slightly mistuned, the sound i.f. trans¬ 
formers are designed to pass a band up to 100 k.c. wide. As 
this type of transformer reduces the gain per stage, two sound 
i.f. amplifier stages are used to obtain the necessary amplifica¬ 
tion. The sound i.f. signals are impressed upon the sound 
second detector and are converted into aduio frequencies in the 
usual manner. These are then amplified and reproduced as 
sound by a conventional audio amplifier and loudspeaker. 

The picture i.f. signals are amplified by a picture i.f. amplifier 
system which is tuned to 12.75 me. and which passes a band of 
2.5 me. to 4 me. depending upon the quality of the receiver. 
For vestigal side band transmission within the band widths 
allocated for television, this will allow modulation frequencies 
corresponding to video frequencies up to 4.0 me. An i.f. 
amplifier which will pass a band of this width must necessarily 
have a low gain per stage and consequently five picture i.f. 
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stages are used in this typical receiver to secure the desired 
amount of amplification. 

The amplified picture i.f. is applied to the picture second 
detector and converted into the television signal represented on 
page 134. The output of the picture second detector is supplied 
simultaneously to the picture a.v.c. system, to the video ampli¬ 
fier and to the synchronizing separator. The picture a.v.c. 
system utilizes some of the television picture signal to produce 
a variable d.c. voltage which after suitable filtering is applied 
as negative grid bias to the picture i.f. stage to control their 
gain. 

The video amplifier amplifies the a.c. portions of the tele¬ 
vision picture signal and applies them to the grid of the picture 
tube to control the relative illumination of the elemental areas 
and to blank the beam during the return periods. A portion 
of the output of the video amplifier is rectified by a tube called 
the “d.c. restorer” and the d.c. voltage thus produced is applied 
as variable bias voltage to the picture tube grid This function 
is usually referred to as the automatic brightness control and is 
necessary when the video amplifier is not a d.c. amplifier in 
order to reproduce correctly the average brightness or illumina¬ 
tion of the scene being televised and to secure correct blanking 
during the return time. 

The synchronizing separator incorporates circuits which 
separate the synchronizing pulses from the remainder of the 
signal. The horizontal synchronizing pulses are then separated 
from the vertical synchronizing pulses by suitable circuits and 
both are then applied to control the timing of the deflection 
oscillators with which they are associated. 
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Receiver Circuit Description* 

As previously noted the block diagram fig. 1 shows each 
section of the schematic circuit diagram separately. This 
method will greatly facilitate a study of the various circuit 
details. The circuits here shown, however, do not represent 
any certain receiver, but are representative only of a super¬ 
heterodyne type receiver. Also only those portions of the 
circuit necessary for an understanding of its functioning are 
shown, and those portions such as the d.c. connections are 
emitted. 

R. F. Circuits.—The radio frequency section of the television 
circuit is shown schematically in fig. 2. The television antenna 
picks up both picture and sound carriers together with their 
associated sidebands. Here a manually operated switching 
system (channel selector) permits the selection of any one of 
five channels by transfer of input coupler and oscillator circuit 
connections. 

This is illustrated schematically by arrows which may be 
considered as being connected together mechanically by the 
dotted lines on the left of fig. 2. The transmission line from 
the antenna connects to the primary of the proper r.f. trans¬ 
former. Each transformer is designed to be sufficiently broad¬ 
band in tuning to transmit one of the 6 me. television bands 
including sound and picture carriers with their associated side¬ 
bands . The secondary of the antenna transformer is connected 
to the first detector. 

*The circuit description on the following pages is given by the courtesy of Radio Cor 
potation of America. 
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Oscillator Circuits.—The local oscillator necessary for hetero¬ 
dyne operation is shown in the lower part of fig. 2. This 
employs the well known Hartely type of circuit and its frequency 
of operation is controlled by the range switch which changes the 
circuit constants. 

FIG. 2—Schematic diagram of radio frequency input and oscillator circuit. 

A portion of the tuned circuit is always coupled to the small 
inductance shown connected to the range switch position at 
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the extreme right. This position is connected through con¬ 
denser C-l to the lower left section of the switch which is also 
connected through condenser C-2 to the input of the first 
detector. 

The capacity C-2 may be a capacitor or it may be obtained by 
utilizing the interwiring capacity. The small variable con¬ 
denser C-3 provides vernier tuning for each position of the band 
selector switch. 

First Detector and I. F. Amplifiers.— The first detector to¬ 
gether with the picture and sound intermediate frequency 
amplifying system of the receiver under consideration is shown 
in fig. 3. As the first detector receives the sound and picture 
carriers plus the local oscillator signals, two intermediate fre¬ 
quencies will be produced. Since associated sound and picture 
carriers are always separated by 4.5 me., two i.f. carriers with 
the same frequency difference will be produced. For a typical 
case, the picture carrier would be 51.25 me. the sound carrier 
55.75 me., and the local oscillator frequency 64 me. These 
conditions would produce a sound i.f. carrier of 8.25 me., and 
a picture r.f. carrier of 12.75 me. 

The output of the first detector is connected to a filter net¬ 
work where the unwanted frequencies are attenuated and the 
desired i.f. signals are separated. The sound i.f. signals are 
applied to an amplifying system tuned to pass the sound i.f. 
carrier of 8.25 me. and both side bands. The picture i.f. 
signals are applied to an amplifying system tuned to pass the 
i.f. carrier of 12.75 me. and the usable side band. 
The sound i.f. amplifier system is conventional in design with 

the exception that the transformers are designed to pass a 
band up to 100 kc. wide. This is done so that a normal amount 
of mistuning will not appreciably effect the sound reproduction. 



FIG. 3—Schematic representation of first detector and intermediate frequency amplifier. 
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Furthermore, it also permits adjustment of the oscillator 
frequency for best picture results without impairing the tonal 
quality of the sound reproduction. The secondary of the last 
sound i.f. transformer drives the sound second detector. A 
portion of the d.c. drop across the diode resistor is filtered and 
utilized as a.v.c. voltage to control the gain of the sound i.f. 
amplifier. 

In this particular example, dealyed a.v.c. and residual bias 
on the sound i.f. amplifier tubes are obtained by utilizing the 
second section of the 6H6 duplex diode rectifier used as the 
sound second detector and a.v.c. tube. The connections are 
indicated in fig. 3. 

When no signals are being received, the cathode will be at a 
potential of-2 volts with respect to the plate. Under these 
conditions, the diode will be conducting and it will represent a 
low resistance in the series circuit including R-72, R-73. As a 
result most of the -2 volts from the voltage divider will 
appear across the resistors R-72 and R-73, and thus furnish 
approximately -2 volts residual bias. When a signal is re¬ 
ceived the voltage across R-72 resulting from signal rectifica¬ 
tion will be of such polarity as to make the plate of the second 
diode section less positive with respect to its cathode. Ob¬ 
viously when the voltage across R-72 resulting from signal 
rectification exceeds -2 volts, the plate of the second diode 
section will be negative with respect to its cathode, and the 
diode then will be non-conducting. 

It is evident that the bias voltage remains approximately —2 
volts until the rectified signal produces a voltage in excess of 
2 volts across the detector load resistance. Thus a.v.c. action 
is delayed until the signal strength reaches the value required 
to accomplish this effect. 
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The picture i.f. amplifier in the typical receiver under dis¬ 
cussion has five stages. This number of stages is necessary 
because it is not possible to obtain a high gain per stage when the 
pass band is approximately 4 me. as in this example. As the 
modulating frequencies for the picture carrier will be approxi¬ 
mately 4 me. it is necessary that the picture i.f. transformers 
pass a band of this width if one set of side bands only is to be 
amplified by the receiver. 

The overall response curve of the five picture i.f. stages for 
such a selective single side band receiver is shown in fig. 3. It is 
necessary that the response be very small at 8.25 me., so that 
none of the accompanying sound i.f. signals will get into the 
picture. It is also necessary that the response at 14.25 me. be 
very small so that sound signals from the adjacent lower fre¬ 
quency television channel will not get into the picture. 

These requirements are accomplished by the use of suitable 
rejector circuits which must be aligned with a high degree of 
accuracy. F'or double sideband transmission and vestigal side¬ 
band transmission (where all of one set of sidebands and 
portions of the other are transmitted) the i.f. amplifier response 
at the i.f. carrier frequency (12.75 me.) should be 50% of the 
response over the flat response portion covering most of the 
desired frequency range as shown in the overall picture i.f. 
response curve of fig. 3. The output of the picture i.f. ampli¬ 
fying system is applied to the picture second detector where it is 
rectified or demodulated to obtain the television picture signal 
illustrated on page 134. 

It may be of interest to consider briefly the type of picture 
i.f. coupling transformers used in this typical receiver. It will 
be noted from fig. 3 that the primary and secondary sections 
of the first detector first picture i.f. and second picture i.f. 
transformer assemblies are mounted within separate shields. 
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The primary and secondary are not coupled magnetically but 
are coupled through an impedance which is common to both 
circuits. The common impedances for the three transformers 
listed in the foregoing are C-23, L-24 and L-29 respectively. 

At the frequencies involved, stray capacities and the tube 
input and output capacities become very important factors. 
These capacities, while not shown diagrammatically in fig. 3, 
are actually utilized to resonate the circuits at the proper fre¬ 
quencies. In the case of the first, second, third and fourth 
picture i.f. transformers, the signal voltage applied to the grid 
of the succeeding tube is in each case the voltage developed 
across the tube input and stray capacity connected to the grid 
end of the secondary inductance. 

The first detector, first picture i.f. and second picture i.f. 
transformer incorporate rejector circuits which are resonated 
to offer rejection at 14.25 me., and 8.25 me., respectively. The 
frequency of rejection is adjusted by varying the inductances 
L-19, L-23 and L-28. 

L-18 and C-19 (together with a loading resistor R-10') of the 
first detector transformer assembly from a parallel circuit 
resonant at 8.25 me. This circuit is connected to the high 
signal potential end of the common coupling impedance C-23 
by the capacitor C-24. Since the parallel circuit is resonant 
at the sound i.f. 8.25 me., a strong sound i.f. signal voltage will 
be developed across it. 

This voltage is coupled to the grid of the first sound i.f. ampli¬ 
fying tube. The circuit will not offer much impedance to the 
picture i.f. signal currents and therefore very little picture i.f. 
signal voltage will be applied to the first sound i.f. amplifier. 

Although the primary and secondary sections of the third and 
fourth picture i.f. transformer assemblies are mounted within 
the same shields, there is practically no magnetic coupling 
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between them. Most of the coupling is obtained from the 
common impedance offered respectively by L-32 and L-35. 

In the fifth picture i.f. transformer most of the primary to 
secondary coupling is obtained from the common impedance 
offered between the taps A and C of the secondary as shown in 
fig. 4. There is no rejector circuit in the third, fourth and fifth 
picture i.f. transformer. 

-w 
FIG. 4—Schematic diagram of picture second detector, video amplifier and 

d.c. restorer. 

The alignment of the picture i.f. circuits involves very 
rigorous standards. The eye is much more critical than the 
ear and therefore will detect picture defections caused by 
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relatively small deviations in electrical response, whereas the 
ear ordinarily will not discern defects in the sound reproduction 
caused by deviations of the same order. 

The method of alignment best adapted for field use involves 
a special wide band frequency modulated oscillator and a 
suitable cathode ray oscillograph. The response of the oscil¬ 
lator over the range involved must be very uniform and the 
calibration must be very accurate. The cathode ray oscillo¬ 
graph should use a tube with a screen at least five inches in 
diameter as otherwise errors in observation may cause serious 
inaccuracies in alignment. 

Picture Second Detector Circuit.— Fig. 4 illustrates the pic¬ 
ture second detector, video amplifier, picture a.t.c. and d.c. 
restorer circuits. Each of these will be discussed briefly. The 
picture second detector input coil is, in effect, a center tapped 
auto transformer with its center tap effectively grounded with 
respect to i.f. voltages by the capacitor C-l. The primary 
is formed by the section of the winding between the center 
tap and the connection shown immediately above it. The 
ends of the coil connect to the plates of a double diode rectifier. 
This arrangement provides a balanced full wave video second 
detector. 

When the picture i.f. signals are impressed on the diode, the 
signal appearing across the diode load resistance (in fig. 4, this 
is the resistance element of the contrast control) will be essen¬ 
tially the same as the standard television signal illustrated in 
fig. 5, page 134. Thus white in the picture is represented by 
minimum voltage across the resistor, and black level is always 
represented by an amplitude equal to 80% of the voltage range, 
while synchronizing pulses occupy the upper 20% of the voltage 
range. 
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One very important factor in the design of the picture second 
detector and subsequent circuits is the need to consider the 
polarity of the signal. It must of course be applied with correct 
polarity to the control grid of the picture tube, as otherwise the 
reproduced image will be a negative rather than a positive as 
desired. Furthermore, as previously pointed out, the deflec¬ 
tion circuits are controlled by means of synchronizing pulses 
transmitted along with the picture components. 

These signals must be separated from the picture signals, and 
applied with correct polarity to their respective associated 
deflection oscillators. 

Since each amplifying tube effects a 180 degree phase reversal, 
it is necessary that the polarity of the coupling to the picture 
second detector load resistance and the number of stages be 
such that the desired output polarity will be achieved. 

Picture Automatic Volume Control System.—There are 
several distinct advantages obtained from use of automatic 
gain control on the picture channel of a television receiver. 
Only a few of these will be mentioned. An a.v.c. will maintain 
the signal level at the second detector substantially constant 
for wide variations in signal input. While the signal from a 
given transmitter may not vary greatly within its service area 
because of natural fading, the signal sometimes may vary 
greatly because of moving conductors or objects nearby. 

When tuning from one station to another a.v.c. will maintain 
proper level without manual readjustment of other controls. 
Also, with a constant signal level at the second detector the 
problems of synchronizing pulse separation and gain control 
are simplified. 
The a.v.c. system of the picture i.f. amplifier differs consider¬ 

ably from that of the sound i.f. amplifier. In sound broadcast 
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receivers, it is cutomary to use the filtered d.c. drop across the 
diode resistor as the source of the a.v.c. voltage. This is satis¬ 
factory because the d.c. voltage thus obtained is directly pro¬ 
portional to the average carrier amplitude at the diode. If it 
maintains the average carrier amplitude substantially constant, 
then the a.v.c. operates as it should. 

In the transmission of television pictures, however, the 
average carrier amplitude varies greatly with picture content, 
and an a.v.c. system operating on the principle of maintaining a 
substantially uniform average carrier amplitude therefore is not 
suitable. 
The RM A Standard Television Signal calls for a transmission 

system known as d.c. negative transmission. Under this 
system, the carrier always reaches a uniform maximum ampli¬ 
tude during the periods when synchronizing pulses are being 
transmitted, and a white portion of the scene is represented by 
minimum or zero carrier condition. 

Thus, if there be no fading, the peaks of the synchronizing 
pulses will always represent some constant amplitude, and they, 
therefore, form a convenient reference for operating a satis¬ 
factory picture a.v.c. system. 

In the circuit diagram of fig. 4, the a.v.c. rectifier tube and 
its associated circuit components furnishes a d.c. voltage which 
is amplified by a d.c. amplifier stage designated as the a.v.c. 
amplifier. The voltage drop across the plate resistor of the 
a.v.c. amplifier is used as an a.v.c. bias. The a.v.c. rectifier is 
essentially a peak voltmeter, i.e., the voltage across R-l is 
proportional to the peak amplitude of the signal applied to the 
a.v.c. rectifier. 

The condenser C-2 assumes a charge proportional to the peak 
amplitude of the applied voltage because the shunting resistance 
is too high to appreciably discharge the condenser during the 
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period between successive synchronizing pulses. The operation 
is somewhat similar to that of the first synchronizing separator 
tube described in the following pages. 

It differs in the fact that the time constant of the R-l, C-2 
circuit is so long that the voltage across them remains sub¬ 
stantially equal to the peak amplitude of the synchronizing 
pulses as described just previously instead of following the 
amplitude time characteristic of the synchronizing pulses as 
in the case of the separator tube. 

The cathode of the a.v.c. rectifier is direct coupled to the grid 
of the d.c. amplifier which in this particular illustration, is at a 
negative potential of 12 volts with respect to its cathode. For 
zero signal conditions, this effectively biases the d.c. amplifier 
tube to cut off and no a.v.c. action is therefore obtained until 
the a.v.c. voltage overcomes enough of the residual bias on the 
a.v.c. amplifier to cause plate current to flow. Thus, a desired 
amount of delayed a.v.c. action is obtained. 

The plate of the a.v.c. amplifier is connected to a potential 
of -2 volts through a load resistor R-2 and to the grids of the 
first detector and picture i.f. amplifier tubes through a conven¬ 
tional RC filter. Thus, an increase in signal beyond the point 
at which the a.v.c. becomes operative causes plate current to 
flow in the a.v.c. amplifier tube and the voltage developed 
across R-2 by this current causes the plate of the a.v.c. amplifier 
tube, and therefore, the grids of the picture i.f. amplifier 
stages, to become more negative. Thus, the gain will be 
controlled to maintain substantially the maximum carrier 
amplitudes represented by synchronizing pulses. 

As was previously pointed out, the gain of the sound i.f. 
channel is controlled by an a.v.c. system which derives its 
control voltage from the voltage drop across the sound second 
detector load resistor. 
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Since the recommended standards specify that the picture 
and sound transmission for any given station shall have the 
same power output rating, and since the two transmitting an¬ 
tennas are located relatively near to each other, the question 
might very logically arise as to why the sound a.v.c. voltage is 
not utilized to control the gain of the picture i.f. channel and 
thus make it possible to eliminate the special picture a.v.c. 
system previously described. 

Such a system would be very practical if the sound and 
picture carrier voltages delivered by the receiving antenna 
system to the receiver input could be relied upon to be of equal 
magnitudes. 

Experimental investigations, however, have shown that a 
number of factors including the frequency response character¬ 
istic of the receiving antenna, location of antenna and trans¬ 
mission line, and others, operate to make the sound and picture 
input voltages vary as much as ten to one. Obviously under 
such conditions, the gain of the picture channel might not be 
correctly controlled by the sound a.v.c. system. 

However, the expense connected with the special picture 
channel a.v.c. system previously described makes a cheaper 
alternative desirable in cases where cost is a very important 
factor. It has been found that one reasonably satisfactory 
alternative consists of applying the sound a.v.c. voltage to the 
first detector and controlling manually the picture i.f. channel 
gain by means of a variable resistor in the cathode circuit of 
the first picture i.f. amplifier tube. 

The Video Amplifier.—As previously indicated, the diode 
load resistor forms the resistance element of the video amplifier 
gain control potentiometer commonly called the contrast control. 
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The movable connection supplies a portion of the video voltage 
to a single video amplifier stage as shown in fig. 4. 

It is not considered economical in design to secure directly 
from the picture ij. system sufficient voltage for proper opera¬ 
tion of the picture tube and it is necessary therefore, to use a 
stage of video amplification. Since it is necessary to produce a 
positive picture on the picture tube viewing screen, the video 
amplifier input connection at the diode load resistor is of such 
polarity that the synchronizing and blanking pulse portions of 
the signal are in the white or positive direction. 

The video amplifying stage inverts the signal due to the usual 
180 degree phase reversal that takes place in any amplifying 
stage. This connection then insures that a positive picture 
signal appears on the picture tube grid so that blacks of the 
original televised scene appear as blacks and not whites. 

The frequency response of the video amplifier must be ex¬ 
cellent up to 4 me. for a high quality receiver. The inductances 
L-l, L-2, L-3 and L-4 are commonly called “peaking" coils. 
These inductances in association with tube and stray wiring 
capacities really form a wide bandpass filter network to secure 
uniform response up to and beyond 4 me. Furthermore, the 
video amplifier must have linear phase shift or uniform time 
delay if the output signals are to arrive at the picture tube in 
the correct phase relationship. 

The signals after being amplified by the video amplifier are 
coupled to the grid of the picture tube. The variations in 
video voltage produce corresponding variations in intensity 
of the picture tube electron beam and therefore corresponding 
variations in the illumination of the elements of the scene. 
By varying the video amplifier gain control (contrast control) 
the contrast can be varied to secure best picture detail and 
half-tone relations. 
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Automatic Brightness Control.—Since the video amplifier is 
an a.c. amplifier with RC coupling, the d.c. component of the 
video signal that represents the average illumination of the 
original scene will not be passed. Consequently, unless some 
provision is made to restore it, the picture tube will not receive 
any information on the average brightness of the scene and the 
reproduced image therefore will not have the correct average 
illumination even though the contrast between the illumina¬ 
tion of picture elements may be correct. Furthermore, unless 
the residual bias on the picture tube is adjusted to a point too 
negative for average conditions, the black portions of the orig¬ 
inal scene and the blanking pulses will not always drive the grid 
to cutoff as desired. 

The restoration of the d.c. component in the typical receiver 
under consideration is accomplished by means of a d.c. restorer 
tube or automatic brightness control tube as it is commonly 
called. Reference to fig. 4 will indicate how the tube is applied. 

It will be noted that the d.c. restorer or automatic brightness 
control utilizes a diode rectifier. Reference to two typical 
conditions of transmission may best serve to illustrate how it 
serves the function intended. 

Under the recommended standards, if the scene being tele¬ 
vised be completely black, the amplitude of the voltage repre¬ 
senting the picture content will be equivalent to the black level. 
As a result, if the d.c. component is removed, the only amplitude 
excursions from the a.c. axis will be those corresponding to the 
synchronizing peaks which will represent comparatively small 
amplitudes. 

If these small pulses are to drive the grid of the picture tube 
beyond, cut off, it is obvious that some means must be provided 
whereby the bias on the grid is automatically adjusted to cut 
off so that the small negative synchronizing pulses can drive it 
beyond cut off. 
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It can be assumed that the initial picture tube bias as de¬ 
termined by the setting of the brightness control is such that 
with no signal the picture tube is operating at the point of cut¬ 
off. Assume now that the condition discussed in the previous 
paragraph is imposed. Because the signal voltage across the 
video amplifier plate load resistor is small, only a small a.c. 
voltage will be applied in the series a.c. circuit represented by 
the plate circuit decoupling condenser C-3 the plate load re¬ 
sistor R-3, the 0.005 mfd. condenser C-5, and the diode rectifier j 

When the plate is positive with respect to its cathode, the 
diode rectifier passes current which charges the 0.005 mfd: 
condenser. During periods when the plate is negative with 
respect to its cathode the diode rectifier is non-conducting and 
the condenser discharges partially through the 1-megohm 
resistor R-5. 

If the circuit elements be correctly proportioned, the charge 
across the condenser (and therefore the voltage from cathode 
to ground) will remain substantially constant during the 
picture interval between successive horizontal line synchronizing 
pulses. The effect is to develop across the resistor R-5 a vari¬ 
able bias voltage which opposes the residual bias effected by 
the brightness control. If the constants are correctly adjusted 
this reduction in bias will always be just sufficient to enable the 
synchronizing pulses to drive the picture tube beyond cutoff. 

Another analysis may be made using as an example an all 
white scene. Under such a condition, the amplitude of the 
voltage corresponding to the picture content will be a minimum. 
Consequently, after the d.c. component is removed from the 
signal voltage developed across the picture second detector 
load resistor, the voltage excursions from the a.c. axis repre¬ 
sented by the synchronizing and blanking pulses will represent 
comparatively high amplitudes. Under such conditions the 
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picture tube bias must be automatically reduced by a consider¬ 
able amount from its correct value for a black scene if the blank¬ 
ing pulses are to drive the tube just to the cut off point and the 
synchronizing pulses beyond cut-off. 

An analysis of the circuit as previously made indicates that 
the larger voltage excursions or peak amplitudes would cause a 
greater amount of rectification and therefore a correspondingly 
greater reduction in picture tube bias. Thus the automatic 
brightness control or d.c. restorer is in reality an automatic 
bias control which continually adjusts the bias so that the 
blanking pulses always drive the picture tube grid to the de¬ 
sired cut-off point and the synchronizing pulses drive it beyond 
cut-off. 

A reference to A, B, and C of fig. 5 will serve to further il¬ 
lustrate the need for automatic brightness control. In A, the 
picture tube bias has been correctly adjusted for reproduction 
of a pattern which is all white with the exception of a single 
vertical black line. In B, is shown the application of a signal 
from a pattern which is all black with the exception of a single 
vertical white line under the same picture tube bias conditions 
as for A. 

It should be noted that in B, the synchronizing pulses no 
longer drive the grid beyond cut-off. In other words black 
level now occurs at a point where the picture tube still has a 
considerable amount of illumination. The white line therefore 
will not appear as a white line on a black background but in¬ 
stead will be reproduced as a white line on a slightly white or 
gray background. In C, is shown the reproduction of the same 
pattern but with the picture tube bias correctly readjusted to 
make the black level occur at the correct or cut-off bias point. 

The time constant of the d.c. restorer circuit should be suffi¬ 
ciently long to maintain the bias substantially constant during 
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the picture intervals between the horizontal or line synchroniz¬ 
ing pulses, but sufficiently short to enable the d.c. restorer to 
follow rapid variations in the average illumination such as 
occur in motion picture transmission. 

FIG. 6—Illustrating typical grid leak-condenser d.c. restorer. 

Another method of restoring the d.c. component is by re¬ 
inserting it in the signal at the grid of the video amplifier tube 
by operating the tube at zero fixed bias. This method is 
illustrated in fig. 6. The operating bias is then determined by 
the d.c. drop across the grid resistor caused by the grid current. 
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To keep the grid current small the grid resistor should be 
large, a half megohm or more, depending on the tube used. 
The bias generated by the grid current which flows during the 
occurrence of the synchronizing pulses is maintained by the 
charge on the grid coupling capacitor. 

The time constant of the grid resistance-grid capacitor should 
be sufficiently long to maintain the bias substantially constant 
during the picture intervals between horizontal (line) synchro¬ 
nizing pulses, but sufficiently short to follow the variations 
introduced by the time constant of the vj. circuits preceding 
this point. 

It will be noted in this figure that grid current flows during 
the peaks of the synchronziing pulses, thus maintaining them 
at approximately the zero bias point regardless of the position 
of the a.c. axis, and that black level therefore occurs again 
always at the same voltage level, as it did in the detector diode 
circuit before the d.c. component was lost. 

With this method for restoring the d.c. components, it is 
of course necessary that the plate of the video amplifier tube be 
direct coupled to the grid of the picture tube. In other words, 
the plate restorer IR voltage drop variation, caused by the 
amplitude b.as change, will raise or lower the applied picture 
tube grid bias. 

The Synchronizing Separator Circuit.—The signal voltage 
developed across the picture second detector diode load resistor 
is also applied to the synchronizing separator circuits which 
filter out the synchronizing pulses used to control the timing 
of the deflection oscillators. The signal is applied to the 
synchronizing separator circuits at the point marked input on 
fig. 7. 



FIG. 7—Schematic diagram showing synchronizing and deflection circuits. 

Receiver Circuit Fundamentals 
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The first synchronizing separator tube operates with a low 
plate voltage and is grid leak biased to a point where only the 
synchronizing pulses have sufficient amplitude to cause plate 
current to flow. This separator tube therefore serves to elim¬ 
inate most all the picture components from the signal. This 
type of operation is illustrated in fig. 8. 

FIG. 8—Showing operation of synchronizing separator. 

In addition to removing most of the picture components, the 
first synchronizing separator also inverts the pulses or shifts 
them 180 degrees in phase as in the case of any amplifying tube. 
The synchronizing amplifier amplifies and again inverts these 
pulses, and then applies them to the second synchronizing 
separator. The action of the synchronizing amplifier must 
not be confused with that of the first synchronizing separator. 

The amplifier uses a relatively high plate potential and, as 
in the case of the separator tube, is self biased. A stable 
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operating condition will be reached when the most positive 
amplitude of the applied signal voltage causes just sufficient 
grid current to maintain bias during intervening periods. The 
synchronizing pulses will be in the negative direction but will 
not drive the grid to cut-off. 

The second synchronizing separator is a tetrode operated 
with a low plate voltage and a relatively high screen voltage. 
It also is grid leak biased. 

Under these conditions the tube has a dynatron character¬ 
istic and effectively cuts off or clips the tops of the synchro¬ 
nizing pulses as well as effecting further separation of remaining 
picture components. 

This characteristic is desirable in that it removes noise com¬ 
ponents which may have become superimposed on the synchro¬ 
nizing pulses and limits the amplitude of other noise pulses 
which may have come through. The pulses in the output of 
the second synchronizing separator will be inverted and there¬ 
fore in the negative direction. 

As the horizontal synchronizing pulses are of short duration 
and the vertical synchronizing pulses of much longer duration, 
they can be separated by filters responsive to wave shape. The 
horizontal pulses can be selected by means of a high pass RC 
circuit consisting of C-l and the grid resistor of the horizontal 
amplifier. 

The action of an equivalent circuit is illustrated in fig. 9. 
The horizontal synchronizing pulses arriving at the grid of the 
horizontal amplifier are of negative polarity. The amplifier 
amplifies and inverts them, and they are then applied with 
correct polarity to the grid of the horizontal deflection oscillator 
tube to control its frequency of operation. The front edges of 
all the synchronizing pulses produce positive voltage peaks 
which serve to trip the horizontal deflection oscillator. 
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The timing of the oscillator is thus maintained even during 
the period of the vertical synchronizing pulses. The type of 
deflection oscillator used is not tripped by the positive peaks 
caused by the equalizing pulses occurring between horizontal 
periods. 

SMALL CAPACITOR —h 
INPUT 5 OUTPUT 

FIG. 9_Illustrating a typical horizontal pulse selecting circuit and wave forms. 

Since the capacitor C-2 must be relatively large to transmit 
the vertical pulses, both horizontal and vertical pulses will be 
applied to the grid of the vertical amplifier at the top left of 
fig. 7. Both are amplified and inverted, and then applied to a 
filter network known as an integrating circuit. In the case of 
the typical receiver under discussion, the vertical pulse selecting 
circuit has three sets of elements in cascade. 

The action of an equivalent circuit is illustrated in fig. 10. 
This filter network allows a charge to accumulate on the con¬ 
denser proportional to the time the voltage is applied. As the 
horizontal pulses also present are of comparatively short dura¬ 
tion their effect will be minimized. 
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The equalizing pulses (refer to page 134) functions to make 
the vertical pulses for alternating fields sufficiently alike so 
that correct interlacing will occur. Since the pulses were 
inverted once more by the vertical amplifier, the pulses out of 
the filter will be of the correct polarity (positive) to properly 

INPUT OUTPUT 

INPUT 

FIG. 10—Illustrating vertical pulse selecting circuit and wave forms. 

control the frequency of the vertical deflection oscillator to 
which they are applied. 

An alternative method for effecting separation of the picture 
signals from the synchronizing pulses utilizes a diode rectifier 
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and is illustrated in fig. 11. In this case only the a.c. com¬ 
ponent of the voltage appearing across the second detector load 
resistor is applied to the diode as indicated. The synchronizing 

FIG. 11—Showing typical arrangement of a diode synchronizing separator. 

pulses will represent excursions of voltage in the positive direc¬ 
tion (due to polarity of connections to detector load resistor). 
On positive excursions from the a.c. axis of the signal, the diode 
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will be conducting and the condenser C-l will become charged. 
On negative excursions the diode will be non-conducting and 
the condenser will partially discharge through the resistor R-l. 

The time constant of the C-l, R-l, circuit, however, is such 
that the condenser does not discharge appreciably during the 
intervals between successive synchronizing pulses, and as a 
result currents will flow through the diode only during the 
periods of the synchronizing pulses. The corresponding volt¬ 
age pulse developed across the diode load resistor R-2 can then 
be coupled to the succeeding synchronizing amplifier. 

In the two successive amplifying stages of the synchronizing 
amplifier, the pulses are amplified and rotated in phase 360 
degrees. As a result they will be applied with correct polarity 
to the vertical pulse selecting circuit which precedes the de¬ 
flection oscillator. Horizontal pulses are selected by the 
action of L-l and R-6 and having correct polarity, control the 
horizontal deflection oscillator. 

Blocking Oscillator and Discharge Tube Circuits.—The 
operation of a blocking oscillator is shown in fig. 12. It con¬ 
sists of a tube whose grid is transformer coupled directly to the 
plate. The starting of the plate current drives the grid positive 
causing grid current to flow. During the time grid current is 
flowing a negative voltage is built up across R, and this charges 
the condenser C. When the plate current ceases increasing 
and begins to decrease, the transformer drives the grid very 
negative. The negative charge on the grid and condenser C 
will leak off slowly through R and no action will take place until 
the grid reaches a potential where plate current can again flow. 
Then the cycle of events is repeated. 

The heavy curve shows the natural sequence of grid voltage. 
However, if at time S, a voltage pulse is applied to the synchro¬ 
nizing input which will raise the grid voltage to a point where 
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plate current will flow, the sequence of operations will start at S, 
as shown by the dotted line instead of later as shown by the 
solid line. 

FIG. 12—Illustrating typical blocking oscillator and wave forms. 

In this manner the synchronizing pulses trigger the blocking 
oscillators associated with the deflection circuits. It is interest¬ 
ing to note that inherently the blocking oscillator provides some 
protection from noise pulses. Any noise pulse in the positive 
direction must be of sufficient amplitude to overcome the nega¬ 
tive self-bias on the oscillator before it can interfere with 
synchronization. Grid resistance R (called the hold control) 
is made variable to allow adjustment of the free running period 
or frequency of the oscillator. 
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Deflection Considerations.—Before discussing the operation 
of the discharge tube circuit and the deflection output tubes, it 
is advisable to first consider the current and voltage require¬ 
ments of the deflection coils shown in the diagram of fig. 7. 
A study of the current wave requirements and the voltage waves 
required to produce the desired current waves will serve to make 
apparent the reasons for the arrangement of circuit components. 

A deflection circuit in a television receiver performs the func¬ 
tion of supplying the force which deflects the electron beam in 
the picture tube. This force must be of such a type that it 
eflects the beam in the same manner and in synchronism with 

the electron beam in the camera tube at the transmitter. 
For rectilinear scanning this force must have a linear change 

while the beam is traversing one line (or field, for vertical 
deflection) sweep and a rapid return to the original condition 
at the end of the line (or field sweep). Thus the time amplitude 
wave of the deflecting force is of sawtooth wave shape with a 
slow linear rise and a rapid fall. The vertical deflection circuit 
must have a period of 1/60 second and the horizontal deflection 
circuit a period of 1/15,750 second. 

The force producing the deflection may be either electro¬ 
static or electro-magnetic. In the typical example selected, 
electro-magnetic deflection is used for both horizontal and 
vertical deflection. 

Most technicians are familiar with electro-static deflection 
through its application in cathode ray oscillographs. For 
electro-static deflection, a sawtooth voltage wave is impressed 
on the deflection plates. 

Electro-magnetic deflection requires that a sawtooth current 
wave be passed through a deflection coil arranged around the 
correct portion of the neck of the tube. The generation of 
such a sawtooth current wave may require an applied voltage 
wave of somewhat different form as is evident from fig. 13. 
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To produce a sawtooth current wave as shown by A, through 
a pure inductance requires an applied voltage wave as shown in 
B. To produce a sawtooth current wave through a resistance 

CURRENT THROUGH DEFLECTING COIL 

(A) 

INPUT REQ'D FOR SIMPLE INDUCTANCE 

INPUT REQ’D FOR COMBINATION OF 
INDUCTANCE AND RESISTANCE 

EQUIVALENT CIRCUIT 

FIG. 13—Showing typical deflection wave forms. 

requires a sawtooth voltage wave as shown in C. If the circuit 
has both resistance and inductance, the applied voltage wave 
must be a combination of the waves shown at B and C, as 
shown by D, in order to produce a sawtooth current wave. 
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The deflection current is produced by an output tube to the 
grid of which is applied a voltage of the correct wave shape to 
produce the desired sawtooth current wave. The vertical 
deflection output tube in the typical receiver under discussion 
is a triode. The vertical deflection coil has a considerable 
amount of inductance as well as resistance. 

The voltage wave required on the grid of the vertical output 
tube is therefore of the type required to drive a sawtooth of 
current through a resistance and inductance. The method for 
generating this special voltage wave will be discussed, in the 
discharge tube circuits following. 

A pentode is used for the horizontal deflection output tube. 
It is usually biased by means of a cathode circuit resistor which 
is not by-passed in order to obtain the favorable effects of 
cathode circuit degeneration. Because the tube has such a 
high plate resistance and since the inductance of the horizontal 
deflection coil as compared to the tube’s plate resistance is 
quite negligible, the voltage required on the grid is essentially 
a sawtooth as shown in C of fig. 13. 

Also because of the high resistance of the horizontal output 
tube, it offers very little damping to the inductance of the 
deflection coil, so that when the current changes abruptly a 
transient condition is set up which must be damped out. This 
is accomplished by a diode which acts as a switch to remove the 
load during the return time while still preventing the transient 
during the active scanning time. 

Discharge Tube Circuits.—The operation of a discharge tube 
is illustrated in fig. 14. The grid is normally biased to cut-off, 
but is supplied with a positive pulse at the end of each scanning 
line by the associated blocking oscillator which in turn has been 
set off or triggered by the transmitted synchronizing pulse. 
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The positive pulses from the blocking oscillator are shown at 
the left of fig. 14. During the periods between the grid pulses, 
the condenser C, will be charging through the resistor R. 

CUTOFF 

INPUT 

FIG. 14_Illustrating operation of discharge tube circuit. 

The values of R and C are such that the charge on C never 
exceeds a small percent of the +B voltage. Lnder these condi¬ 
tions, the rise in voltage across the condenser will be practically 
linear, and the wave form of this rising voltage will therefore be 
substantially equivalent to the rising portion of the sawtooth 
voltage wave shown for C of fig. 13. When the positive im¬ 
pulses drive the grid to zero or positive potential, the tube 
becomes conducting and discharges the condenser through the 
tube Thus, by alternately charging the condenser C, through 
the resistor R, and discharging it through the tube, a sawtooth 
voltage wave may be generated across the condenser v. 

This sawtooth voltage wave may be coupled to the grid of 
the horizontal output tube to produce a sawtooth current wave 
in its output circuit. In the case of the vertical output tube, 
however, a voltage wave equivalent to that of D, in fig. 13, is 
required. A wave form substantially equivalent to that of D, 
may be obtained from the discharge tube circuit when a resistor 
(commonly called a peaking resistor) is placed in series with t e 
charging capacitor and connections made to the terminals of 
the series combination. 
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A reference to fig. 7 will indicate that these circuits have been 
^PP¿Ied ln the case of the typical receiver under discussion. 
It should also be noted that the discharge tube circuits include 
provisions for varying the height, width and vertical linearity. 

The height and width controls are variable resistors in 
the +B supplies to the discharge tube plates. Since they 
control the charge which can be built up across the con¬ 
densers (C-3 and C-4 in fig. 7) during a given interval, they con¬ 
trol the amplitude of deflection. The vertical linearity control 
is located in the cathode circuit of the vertical output tube and 
is adjusted until the desired tube operating characteristic is 
obtained. The vertical linearity and height controls are to 
some extent related and if one is adjusted, the adjustment of 
the other must always be checked. In the case of receivers 
equipped with one of the smaller picture tubes, the vertical 
linearity control may be omitted. 

In the typical receiver circuits illustrated in fig. 7, provision 
is also made for horizontal and vertical centering of the picture 
tube image. As is evident from the diagram these control^ 
make it possible to pass d.c. through the deflection coils and 1-

thus secure correct centering of the picture. 

The Power Supply,—In order to supply power to operate the 
television receiver, two rectifiers are used, a high voltage low 
current rectifier for supplying picture tube anode voltage and a 
lower voltage rectifier for supplying plate voltage for the ampli¬ 
fying tubes. 

Fig. 15 shows these two rectifiers schematically. At the 
top of the diagram is shown the high voltage rectifier which 
supplies voltage for the first and second anodes and the ac¬ 
celerating electrode. The voltage applied to the first anode is 
adjustable so that the electron beam can be focused to a fine 
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point. As the current consumption of the picture tube is very 
small, a resistor capacitor filter will give satisfactory filtering. 

A half-wave rectifier is used because of the resulting economy 
and because the filtering problems are not severe when only a 

FIG. 15—Schematic diagram showing typical high and low voltage power 
supply. 

very small amount of current is required. The low voltage 
rectifier is conventional except that it has unusually good filter¬ 
ing to insure hum free operation, and has more bleeder taps 
than usual. 

The Picture Tube.—The elements in the picture tube and 
their connection to the high voltage power supply are shown in 
fig. 16. In addition, the curvature of the electrostatic field 
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is shown. Due to the difference in voltage between different 
elements, the surfaces having equal potentials will be curved 
as shown. 

The electron stream passing through this curved field will 
have a tendency to be deflected so that the electrons will tend 
to cross the equipotential surfaces more nearly at a right angle. 
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FIG. 16—Showing elements of the picture tube and connections to the high 
voltage power supply. s

By proper curvature of the field, the electron stream can be 
made to come to focus at the fluorescent screen on the end of the 
tube. In order to make the curvature of the electrostatic 
field the right amount for proper focus, a variable voltage con¬ 
trol known as the focusing control is provided for the first anode. 
The final adjustment of this focusing control should always 
be made on a received picture signal. 
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CHAPTER 10 

Circuit Description of Typical 
Television Receiver 

The material presented under the foregoing heading has been 
supplied by the courtesy of Motorola Inc., and while this in¬ 
formation has direct reference to their 12 T and 12 K model 
receivers, it will prove helpful to television students and 
servicemen in servicing other sets since much of this data is 
of a general nature. 

Chassis. -Television chassis fig. 1 contains 19 tubes exclusive 
of the picture tube. The picture, sound and scanning circuits, 
together with a selenium rectifier, voltage doubler B supply, 
are contained on a single chassis. 

Tuning Range.—Channels 2 through 13. 

I F Frequency.—Channels 2 to 6; Sound 21.9 me.; Picture 
26.4 me.; Channels 7 to 13; Sound 27.3 me.; Picture 22.8 me. 

Antenna Impedance.—300 ohms. 

Power Supply.—117 volts, 60 cycles, a.c. current only. 

Power Consumption.—160 watts. 

Audio Output.—4 watts. 
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Chassis Tube Complement 

Ref. 
No. Tube Function 
V-l 
V-2 
V-3 
V-4 
V-5 
V-6 
V-7 
V-8 
V-9 
V-10 
V-ll 
V-12 
V-13 
V-14 
V-15 
V-16 
V-17 
V-18 
V-19 
V-20 

6CB6 
12AT7 
6AU6 
6AU6 
6AG5 
6AL5 
6AH6 
6AU6 
6AL5 
6J5GT 
6V6GT 
6SN7GT 
6J5GT 
25L6GT 
6AL5 
6SN7GT 
6BQ6GT 
6W4GT 
1B3GT 
12LP4 

r.f. Amplifier 
Mixer-Oscillator 
1st i.f. Amplifier 
2nd i.f. Amplifier 
3rd i.f. Amplifier 
Video Detector 
Video Amplifier 
Audio Driver-Limiter 
Ratio Detector 
Audio Amplifier 
Audio Output 
1st and 2nd Clippers 
Vertical Sweep Generator 
Vertical Sweep Output 
Phase Detector 
Horizontal Oscillator 
Horizontal Output and High Voltage Generator 
Damping Diode 
High Voltage Rectifier 
Picture Tube 

Low Voltage Power Supply.—The low voltage power supply 
fig. 2 provides plate voltage for all tubes except the high voltage 
applied to the second anode of the picture tube. The heater 
transformers supply heater voltage to all tubes except the h.v. 
rectifier, which is energized by horizontal sweep current. 

One low voltage secondary of T-7, the step down filament 
transformer, supplies filament voltage to all tubes except the 
audio driver-limiter (V-8), the vertical output tube (7-24), 
the picture tube (V-20), and the horizontal damping diode 
(V-18). 

Since the damping diode ( V-18) develops a high voltage pulse 
at its cathode, and its cathode is tied to the filament to prevent 
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breakdown in the tube, it is necessary to provide a separate, 
low-capacity, well insulated transformer (T-8) to heat this 
filament. 

FINE TUNING P0*£R&
VOLUME 

CHANNEL SELECTOR CONTRAST 

FIG. i_Top view of typical chassis showing tube and adjustment location. 
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The vertical output tube ( V-14) requires a 25 volt filament 
supplv, and hence is provided with a separate 25 volt tap on 
the transformer. V-8 and V-20 are supplied by an additional 
winding, which in sets of late designs, is connected series op¬ 
posing with the primary to increase the 6.3 volt filament supply 
voltage slightly to insure that the r./. oscillator will operate on 
low line voltage. 

The “B” + plate supply uses a voltage doubler. R-105 is 
a limiting resistor to protect the rectifiers from initial ĉ ^ent 
surges and also serves as a fuse in case of “B” + shorts. When 
the polarity of the applied 117 volts a.c. is such as to make the 
side of the line connected to R-105 negative, E-2 will conduct 
and charge C-M8 (140 mf.) to peak line voltage. 

On the next alternation, E-l will conduct and the voltage 
applied to it is now the peak line voltage plus the peak charge 
stored in C-108. This results in a charge of about 260 volts on 
C-63C (100 mf.). The speaker field is used as a filter choke. 
The focus coil and the resistor network, which controls the 
current through it, act also as a voltage divider to supply plate 
and screen voltages to several tubes, as shown in fig. 2. 

Another voltage divider from “B”+ to “B —, consisting of 
R-76 (1 meg.) and the potentiometer, R-75 (1 meg.) provides a 
variable bias on the cathode of the picture tube, to serve as a 
brightness control. 

The R.F. Tuner.—Fig. 3 is a simplified schematic of the tuner. 
The antenna input coil, L-l, couples the balanced line to 
the single ended input circuit for the r.f. tube, V-l. Opti¬ 
mum antenna coupling for all channels is obtained by the 
coupling coils L-5A, L-5B, L-5C, and the coupling leads on 
channel positions 8, 10 and 12 of switch wafer S-1A. These 
can be considered the primary of the antenna transformer. 



FIG. 3—Simplified schematic of RF tuner. 

escription 
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The secondary, or tuned grid circuit, includes also the continu¬ 
ous, tapped coil mounted on wafer S-l B for the low channels 
(2-6) and the stamped metal plate in series with the coil for the 
high channels (7-13). The purpose of the antenna coil, coup¬ 
ling leads, and the secondary circuit, is to match the 300 ohm 
impedance of the transmission line from the antenna to the 
input impedance of the r.f. amplifier grid circuit and to tune 
this circuit for the channel selected. Referring to fig. 3, it will 
be seen that the switch in progressing from channel 2 to 13, 
shorts out the unused portion of the secondary winding or 
stamped metal plate. The bandwidth of channels 7 through 
thirteen is about 8 me. The stamped metal plate is carefully 
designed so that with this bandwidth no alignment adjustment 
is needed on the high channels. 

R.F. Amplifier.—The grid of the r.f. amplifier V-l (6CB6) 
is returned to the automatic gain control bus through L-6 and 
a bypass capacity (C-5). The plate load of this tube consists 
of another tapped coil for the low channels and a stamped metal 
plate for the high channels mounted, in this case, on switch 
wafer S-1C. Here again, the switch progressively shorts out 
the unused sections of the inductance in tuning from channel 
2 to 13. In this case, however, a trimmer C-7 and a choke L-7 
are provided to center the high channel response while the low 
channel coils may be tuned by expansion or compression. 

The Mixer.—The mixer uses one-half of V-2 (12AT7). C-15 
(8 mtnf.) couples the r.f. amplifier output to the mixer grid. 
Oscillator injection is accomplished by C-17 (2 mmf.}. L-9 
and C-17 form a series resonant circuit tuned to the center of 
the if. response, to prevent interaction between the if. and 
the mixer input. 
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The Oscillator.—The oscillator uses the other half of V-2 
(12AT7) in a Colpitts circuit. Here again, the tuning induc¬ 
tance consists of the tapped coil for the low channels and the 
stamped metal plate for the high channels mounted on wafer 
S-1E. L-8 and C-14 are provided to set the center frequency 
on the high channels while the low channels are aligned by 
spreading or compressing the individual coil sections. C-13 
is provided as a fine tuning control for customer use. 

The oscillator operates above the r.f. on the low channels and 
below the r.f. on the high channels except that in later produc¬ 
tion the circuit was modified to avoid interference by operating 
the oscillator on the high side for channels 11, 12 and 13. 

The I.F. Amplifier.—The if. amplifier uses two 6AU6 tubes 
and one 6AG5 tube. Fig. 4 is the schematic of the if. amplifier 
T-l couples the mixer plate to the first if. grid. Coupling be¬ 
tween primary and secondary, which are individually slug-
tuned, is fixed and is designed for proper bandwidth. The 
plate choke L-ll, of the first if. tube V-3 (6AU6), is coupled 
to the grid coil, L-12, of the second if. tube V-4 (6AU6) 
through C-30 (220 mmff. At if. frequencies, the impedance 
of C-30 is negligible and for al! practical purposes, L-ll and 
L-12 can be considered as being in parallel, L-12 being slug-
tuned. 
A similar method is used between the second and third if. 

tubes. The third i f. plate is coupled to the detector by T-2, 
a unity coupled transformer. The if. circuits are stagger-
tuned for proper bandwith. L-13 and L-17 are separately 
tuned trap windings on i.f. coil forms L-12 and L-16 respec¬ 
tively. Together with C-31 and C-38, they form absorption 
type trap circuits which steepen the high and low skirts of the 
if. response for better picture quality and to stabilize the audio 
response with intercarrier sound. 



FIG. 4—Simplified schematic of IF amplifier. 
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Decoupling has been used not only in the plate supply and 
a.g.c. circuits, but also in the filament circuits to prevent 
regeneration. pieveni 

FIG. 5—Simplified schematic of video detector. 

Since for noise limiting purposes it is desirable to apply a signal 
With negabve going sync pulses to the grid of the video anfpli-

fVh 1 10ad R'26 (0600) is placed in the Plate circuit 
of the diode. L-18, L-19, and C-42, form a low pass fZ to 
keep if. frequencies off the grid of the video amplifier 
.u™ 7 1S ^ssis °perates on the intercarrier sound system, 
the detector heterodynes the video and sound i.f. frequencies 
and produces the 4.5 me. beat frequency which becomes thé 
aUh^hï The negative dx - voltage developed at the high side of the detector load R-26 (5600) will be a func-

vi^^ Dct t̂or-rOne-half of V-6 (6AL5) is used as the 
ideo detector, big. 5 is a schematic of the video detector. 

V-6 
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tion of carrier level. This voltage is fed to the a.g.c. bus 
through R-28 (1.5 meg.) and controls the gain of the r./. and 
first and second i.f. amplifiers. 

The Video Amplifier.- The video amplifier V-7 (6AH6) not 
only amplifies the video signal but also the 4.5 me. audio i.f. 
beat. Fig. 6 is a schematic of the video amplifier. In its plate 

fig. 6—Simplified schematic of the video amplifier. 

circuit, this beat is separated from the video signal and fed 
to the grid circuit of the audio driver-limiter tube V-8 (6AU6) 
by C-49 (2.2 mmf.) and L-23, the sound take-off coil. The 
4.5 me. trap, L-21 and C-50, is a parallel resonant circuit which, 
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when properly tuned, offers a high impedance to this frequency 
to prevent its reaching the picture tube. 

By applying a negative signal to the grid of the video ampli¬ 
fier, a noise limiting action is achieved because noise pulses of 
amplitude greater than the sync level will drive the tube to 
cut off and, therefore, will not be present in the plate circuit. 
Since a single video amplifier tube is used, the signal at its 
plate will be positive and, as might be expected, is used to 
modulate the cathode of the picture tube rather than the grid, 
because the blanking pulses must cut the picture tube off and 
the polarity of the video information must be such that dark 
picture elements result in making the grid more negative with 
respect to the cathode. 

L-20 and L-22 are peaking coils to extend the high frequency 
response of the amplifier. The contrast control, R-31A, is 
placed in the cathode circuit of the video amplifier and controls 
the bias and, therefore, the gain of this tube. The network of 
resistors and condensers across taps on the contrast control 
decreases degeneration at the higher frequencies and therefore 
helps to extend the high frequency response. The composite 
video signal is fed to the picture tube cathode through coupling 
condenser C-80 (.1). S

The Automatic Gain Control (A.G.C.).—The negative d.c. 
voltage developed across the detector load resistor, R-26 
(5600), is the a.g.c. voltage. It will be noted that the low side 
of this resistor is connected to the arm of the contrast control 
potentiometer, R-31A. R-29 (47) is shunted across the arm 
of the contrast control and B —. In weak signal areas, this 
arrangement results in delay in the a.g.c. action. For a weak 
signal, minimum bias is desired on the video amplifier, there¬ 
fore, the arm of the contrast control will be closest to the cathode 
end of the potentiometer. 
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Because R-29 is then shunted across the entire contrast 
control, most of the plate current will flow through it and de¬ 
velop a positive voltage of approximately one volt at the arm 
with respect to B-. Since the low side of the detector load 
is tied to this positive voltage, no a.g.c. voltage will develop 
until the signal is strong enough to overcome this positive 
voltage and, therefore, no a.g.c. bias is applied to the controlled 
tubes under weak signal conditions. In a strong signal area, 
however, where the arm of the contrast control approaches the 
B— end of the control, R-29 is shorted out and full a.g.c. 
voltage is developed. 

The Audio System.—The audio system employs a driver-
limiter. V-8 (6AU6); a ratio detector V-9 (6AL5); a first 
audio amplifier, V-10 (6J5), and an audio output tube, V-ll 
(6V6). Fig. 7 is a schematic of the audio system. The driver¬ 
limiter is operated at low plate and screen voltages to act as a 
partial limiter to minimize any amplitude modulation. A 
conventional ratio detector and audio amplifier are used. 

The Clipper.—The clipper uses a 6SN7GT tube. The clipper 
schematic is shown in fig. 8. The composite video signal with 
positive going sync is applied through R-55 (10K) and C-66 
(.005) to the grid of the first clipper from the plate circuit of 
the video amplifier. Under no signal conditions, the tube is 
unbiased. 

The positive signal, however, will cause the tube to draw 
grid current and the voltage drop across R-54 (1 meg.) negative 
at the grid, will charge C-66 to such a value that only the most 
positive part of the signal, which is the sync pulse, will cause 
plate current to flow. Therefore, the video information and 
the blanking pulses are clipped off and only the sync pulses, 



FIG. 7—Simplified schematic of audio system, 
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“gptive in P°lar¡ty. appear in the plate circuit. The 
second clipper is so biased that the peaks of the sync pulses 
will drive the tube to cut-off, which results in squired puSs 2 
positive polarity in the plate circuit of this tube A slight 
increase in sync pulse amplitude is obtained by a small positive 
vahase apphed to the grid of the second clipper by^S 

theTvlrS?i‘ S'“nníS 9 ¡S a schematic of me Vertical Scanning System. 

C-7dhe¿n¿eTndnc 77tWhrk ’ ShT Ín 6g ’ 8’ comP°sed of R-60, ' ’ .! and C71 ’ changes the vertical group of sync Dulses 

òscülator g Th^ tO trigger the verticalvihratn ’ ■ he vertl5al oscillator is an asymmetrical multi¬ 
vibrator using two tubes V-13 (6J5) and V-14 (25L6). V-14 
also serves as the output tube. k V 14

A multivibrator can be considered as a resistance counted 

WhlCh the °Utput of the second tube is coupled back to the input of the first tube V ? ? io tn * P . 
switch which Charges and discharges the sXoTÍo^ 
condenser C-74 (.05), connected in its plate circuit The 
orcmt components of the multivibrator are choiTso tha 
f-Ws conductance period is about seven percent of the entire 
cyc e, to insure that retrace time of the scan will have the p“S 
relationship with the trace time. P P

This circuit is modified from the conventional resistance 
coupled multivibrator in that the plate of the output stage 

value of Ind multivibrator tube. has a fairly hrgê 
steppingn the ï’ myOdUCed the 0UW transformer stepping up the yoke inductance. When the tube is cut off 

A°LTral 'r?ld vo,ts isinductance. A portion of this pulse, obtained by means of 



FIG. 9—Simplified schematic of vertical scanning system. 
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the feedback network, R-72, R-73, R-74 and C-76, C-77 and 
C-78 is used to cause the discharge tube V-13 to go into heavy 
conduction. J

For purposes of explaining the circuit action, assume a time 
has been reached in the cycle when the trace period is almost 
completed. During this trace period, V-13 is cut off and V-14 
is conducting. C-73 has been discharging through the grid 
resistors of V-13, R-62 (680K) and R-63 (the vertical hold 
control) and resistors R-74 and R-72. This discharge circuit 
makes the grid end of R-62 negative and biases the tube beyond 

When the energy stored in the condenser has decreased 
sufficiently, the grid of V-13 reaches the threshold of conduct¬ 
ance and the tube begins to draw current. Condenser C-75 
which has been charged to nearly the B + voltage, now starts 
to discharge through V-13 and R-68 (3.3 meg.) and this dis¬ 
charge current makes the grid end of R-68 negative tending to 
cut off V-14, and initiates the retrace. With the sudden 
change of plate current in V-14 developed across the plate 
inductance, a positive pulse is applied to the grid of V-13 
through the feed-back network driving this tube into heavy 
conduction. C-74 will then discharge through V-13. 

The voltage developed at the plate of V-13 will be the com¬ 
bination sawtooth and pulse voltage shown in fig. 12 (1). The 
pulse is formed by the peaking resistors R-64 and R-65. When 
V-13 goes into conduction, the voltage at the plate of V-13 
drops suddenly to a value determined by the relationship of 
the plate resistance of V-13 to the total resistance in the dis¬ 
charge circuit of C-74, which consists of R-64, R-65 and the 
plate resistance of V-13. 

After this initial instant, the charge on C-74 decreases, 
causing the voltage decrease at the plate shown between points 
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“c” and “d” of fig. 12 (1). When the positive pulse on the 
grid of V-13 has decreased to the value where the negative 
charge on C-73 becomes operative and cuts off V-13, the voltage 
on the plate of V-13 and correspondingly on the grid of V-14, 
rises quickly to point “a” on the curve, the start of the trace. 

The negative pulse shown between points “b” and “a” of 
fig. 12 (1) acting on the grid of V-14, tends to cut the tube off 
and raises its plate resistance to the larger value required to 
dissipate the energy in the plate circuit inductance during the 
short retrace period. 

Since the plate circuit of the vertical output stage V-14 has 
inductance, and as the time constant of an inductive circuit 
decreases with an increase of resistance, just the opposite of 
an RC circuit, the increase in plate resistance of the tube is 
used to obtain the short time constant circuit required for 
proper retrace time. 

By returning the grid of the picture tube to the junction of 
the two peaking resistors, R-64 and R-65, a negative pulse of 
suitable amplitude to cut the picture tube off during retrace 
is obtained, resulting in elimination of retrace lines on the 
screen. 

The feedback network to the grid of V-13 also serves to filter 
out horizontal pulses which are present in the plate of V-14 
due to coupling in the yoke and which are coupled to the plate 
through the output transformer. The windings of the vertical 
output transformer are connected series opposing, which reduces 
the step-down ratio and, hence, the inductance in the plate of 
V-14 in order to shorten the retrace time. The controls found 
in this circuit are: 
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1. The Vertical Hold Control R-63 (1 meg.). This control 
varies the resistance in the discharge circuit of C-73 (.006) 
and, hence, provides a means of varying the frequency 
of the multivibrator. In practice, this control is adjusted 
so that the incoming positive sync pulses, which are of 
constant amplitude, will fire the tube in exact synchroni¬ 
zation with the transmitting station’s vertical scan. 

2. The Vertical Size Control R-67 (5 meg.). This control 
varies the charging current into C-74 (.05) and, hence, 
the amplitude of the voltage developed across it. Varia¬ 
tion of this voltage varies the drive on the grid of V-14 
and controls vertical size. 

3. Vertical Linearity R-71 (5000). This control, by bleeder 
action through resistor R-69 (150K) and the output 
tube’s plate current, sets the bias and determines the tube’s 
operating point on its plate current curve. Since this 
curve is not linear, some distortion can be introduced 
to counteract any non-linearity in the sawtooth grid 
voltage. s

Since all of these controls are also in the multivibrator circuit 
and have an effect also on its frequency, there will be some 
interaction between them. Usually readjustment of size or 
linearity will require readjustment of the hold control. 

Horizontal Scanning System.—The horizontal scanning sys¬ 
tem comprises a phase detector V-15 (6AL5), and a cathode 
coupled multivibrator V-16 (6SN7), the output tube V-17 
(6BQ6) and a damping diode V-18 (6W4). Fig. 10 is a simpli¬ 
fied schematic of this system. 



FIG. 10—Simplified schematic of horizontal scanning and high voltage system. 
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Horizontal Oscillator.—In order to see how the phase detec¬ 
tor automatically corrects for multivibrator frequency change 
it will be necessary to understand how the correction voltage 
affects the multivibrator. It will be noted that this circuit 
differs from the vertical multivibrator in that only one coupling 
condenser is used but that the two tubes have a common cathode 
resistor- This arrangement is known as a cathode coupled 
multivibrator. 

The operation is as follows. Assume that the trace period 
is almost completed. At this time, tube “A” is conducting, 

C'86 1S dlscharSing through tube “A”, 
R-92 (150K) and R-91 (the hold control). The discharge 

°f•C'86 is Sti11 high enouSh to keep the grid of tube 
negative and cut off. Bias is being applied to both tubes 

by current flow through R-89 (1000) the common cathode 
resistor. 

When the energy stored in C-86 is reduced to the point where 
is discharge current no longer holds the grid of tube “B” 
below conductance, tube “B” starts to pass current and this 
current causes a greater voltage drop across R-89, the common 
cathode resistor, which increases the bias on tube “A” reducing 
its plate current. s

The resulting increase in voltage at the plate of tube “A” 
begins to charge C-86 and this charging current applies positive 
voltage to the grid of tube “B”. The resulting heavier con¬ 
duction of tube ‘B develops a pulse of voltage across R-89 
which cuts tube “A” off and results in a positive pulse at the 
píate of tube A which throws tube “B” into heavy conduction. 
^^u 3 °2VS C'87, the saw'forming condenser to discharge 
through tube ‘B” and R-93. When C-86 becomes charged 
the charging current through R-92 and R-91 decreases and the 
positive voltage on the grid, which has far exceeded the bias 
developed across R-89, is reduced. This results in reducing 
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the plate current through tube “B” and, therefore, the bias 
applied to tube “A” by the voltage drop across R-89. Tube 
“A” starts to conduct and condenser C-86 starts to discharge, 
cutting tube “B” off. C-87 begins to charge, starting the next 
trace. 

L-25 and C-84 in the plate circuit of tube “A”, form a reson¬ 
ant circuit which is tuned to the horizontal frequency (15,750 
cps). The 15,750 cycle sine wave generated by this circuit, if 
properly phased, will insure that the positive pulse at the plate 
of tube “A”, which throws tube “B” into conduction, will be 
more frequency stable. 

C-87 and R-93, the peaking resistor, will produce the same 
combination pulse and sawtooth voltage shown in fig. 12 (1). 
This action was explained in the vertical circuit. 

The Phase Detector—The foregoing explanation is based 
on the assumption that tube “A’s” grid is returned to a fixed 
potential point. It can be seen that if this grid is returned to a 
point which varies in potential with frequency of the multi¬ 
vibrator, it would be possible to make this variation a means of 
frequency control. 

Assume that the grid of “A” in fig. 10 is made more positive. 
This causes the bias of “B” to increase because of the increased 
drop across the common cathode resistor R-89. Capacitor 
C-86 will then discharge for a longer time before “B” conducts, 
thereby decreasing the frequency of oscillation. If the grid 
were made more negative, the bias across the common cathode 
resistor would be less and C-86 would discharge for less time 
before “B” started to conduct, thereby increasing the frequency. 

Fig. 8 is a simplified schematic of the clipper and phase 
detector circuits. The phase detector V-15 (6AL5) is so con¬ 
nected that a comparison of the phase of the incoming sync 
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pulses and a sawtooth derived from the horizontal output 
system is made. A positive sync pulse from the plate of the 
second clipper V-12 (6SN7) is fed through C-82 (.001) to the 
plate of diode “A” of V-15. A negative sync pulse from the 
cathode of V-12 is applied through C-68 (.001) to the cathode of 
diode “B” of V-15. 

A sawtooth, derived from the integration of a pulse in the 
horizontal output circuit, at the yoke, by the integrating net¬ 
work, composed of R-86 (150K), R-85 (150K), and C-81 (.005) 
is applied to the cathode of diode “A” and the plate of diode 
“B”, which are tied together and returned to B- through 
R-84 (15K). 

The load for diodes “A” and “B” consists of resistors R-83 
(100K) and R-81 (100K) whose junction returns to the high 
side of the grid resistor R-82 of the first horizontal multivibrator 
tube V-16 (6SN7). The voltage applied to the two diodes 
will be a function of the amplitude of the sawtooth, the ampli¬ 
tude of the sync pulses and the phase relationship between the 
pulses and the sawtooth. 

If the sawtooth, whose phase and frequency are a function 
of the multivibrator s phase and frequency, is operating in 
the middle of the lock-in range, the sync pulse will occur in the 
center of the retrace time. See fig. 11 (1). The sync pulses 
have an amplitude of from six to eight volts while the sawtooth 
amplitude is about two volts. 

The RC time constant in the pulse input circuit to the diodes 
is long enough to maintain an average pulse voltage of six to 
eight volts for two or three horizontal lines, which means that 
in the “on” frequency condition shown in fig. 11 (1), the diodes 
conduct only on the pulses and since these are equal in amplitude 
and develop voltages of opposite polarity across R-82 in the 
first multivibrator grid circuit as shown in fig. 8, no control 
voltage is applied to the grid of V-16. 
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If the oscillator tends to increase in frequency, with respect 
to the sync pulses, the phase relationship shown in fig. 11 (2) 
exists at the diodes. The phase of the sawtooth has now shifted 

(I) OSCILLATOR ON FREQUENCY 

so that at the same instant that the pulse is applied to the plate 
of diode “A” the positive saw is also applied to its cathode, so 
that only the shaded portion of the pulse causes conduction of 
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diode “A”. Diode “B”, however, still conducts on the total 
amplitude of the negative pulse applied to its cathode aided by 
the positive saw applied to its plate at the same time. 

Since current flow through diode “A” makes the grid end of 
R-82 negative, with respect to B-, the decreased current 
flow caused by the sawtooth voltage bucking the pulse voltage 
at diode “A” results in a more positive voltage across R-82 
applying a more positive voltage to the grid of V-16 which, as 
we have seen, results in decreasing the oscillator’s frequency. 

If the oscillator tends to decrease in frequency, with respect 
to the sync pulses, the phase relationship shown in fig. 11 (3) 
exists at the diodes. At the same instant that the negative 
pulse is applied to the cathode of diode “B”, the negative saw 
is applied to its plate so that only the shaded portion of the 
pulse causes conduction. Diode “A”, however, conducts on 
the full amplitude of the positive pulse applied to its plate 
aided by the negative saw applied to its cathode at the same 
time. 

Since current flow through diode “B” makes the grid end of 
R-82 positive, with respect to B-, the decreased current 
through diode “B” results in applying a more negative voltage 
to the grid of V-16 which, as we have seen, results in increasing 
the oscillator frequency. C-83, R-87 and C-85 provide two 
time constant filters which are necessary to obtain “fly-wheel” 
action of this a.f.c. sync circuit. 

The Horizontal Output System.—The combination sawtooth 
and pulse waveform developed across C-87 (680) and R-93 
(3300) by the multivibrator circuit, is fed to the grid of the 
horizontal output tube V-17 (6BQ6). Fig. 10 is a simplified 
schematic of the horizontal output system. It will be noted 
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that in this system an auto-transformer is used. In the hori¬ 
zontal scan it is necessary that retrace be completed in about 
seven microseconds. 

<l) OUTPUT TUBE GRID VOLTAGE WAVEFORM 

(2) OUTPUT TRANSFORMER CURRENT WAVEFORM 
(WITHOUT DAMPING DIODE) 

(3) (C)EFFECT OF DAMPING DIODE (e) CURRENT 
WAVEFORM IN OUTPUT TRANSFORMER OUE 

TO CONDUCTANCE OF OUTPUT TUBE 

(4) COMPOSITE CURRENT WAVEFORM IN OUTPUT TRANSFORMER 

FIG. 12—Wave forms in horizontal scanning system. 

In order to accomplish reversal of current in the inductance 
of the output transformer and the yoke in this short a time, 
it is necessary to make this circuit resonant at such a frequency 
that the half cycle time will equal seven microseconds, because 
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only by shock exciting such a circuit into oscillation will retrace 
be accomplished in the time allowed. The circuit is made 
resonant by the inductance of the output transformer and 
yoke, the distributed capacity and the tube capacity. 

Bearing this in mind, the operation can be explained as 
follows. Referring to fig. 12 (1), assume that the voltage 
on the grid of the output tube is increasing, point “a”. The 
grid is now being made less negative and the output tube starts 
to draw current which is supplied from B+ through the damp¬ 
ing diode. When point “b” is reached on the grid voltage 
waveform, the output tube is suddenly cut off because its grid 
has been made highly negative, (point “c” on the grid voltage 
waveform). 

With the tube cut off, the resonant plate load is undamped 
and the circuit is shocked into oscillation. The reversal of 
current through the output inductance produces a positive 
voltage pulse which makes the cathode of the damping diode 
(V-18) positive, with respect to its plate; therefore, it cannot 
conduct. C-91 (100) is placed across the diode to provide a 
low impedance for the oscillatory current. If the damping 
diode V-18 were not present, this oscillation would continue 
and current would flow in the output transformer as shown in 
fig. 12 (2). 

In order to insure a linear trace, however, this oscillation 
must be stopped and the damping diode serves this purpose. 
When the current nears its maximum negative value, the polar¬ 
ity and amplitude of the voltage pulse on the damping diode is 
such that its plate becomes positive, with respect to its cathode, 
so that the tube conducts heavily and loads the circuit suffi¬ 
ciently to prevent continuation of the oscillation. 

The current then follows the decay curve shown at “c” in 
fig. 12 (3). At the time [“d” in fig. 12 (3) ] the voltage at the 
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grid of the output tube has become less then cut off [point 
“a” in fig. 12 (1) ] and the tube again demands current. The 
rising current in the tube results in superimposing the wave¬ 
form “e” of fig. 12 (3) on the current flow already in the output 
transformer due to the decaying current which resulted from 
the damped oscillation. Combination of these two currents 
results in the linear trace current indicated at “f” in fig. 12 (4), 
which is a composite waveform of the entire action. 

During the peak conduction of the damping diode, C-92 (.1) 
charges and its polarity is such that when the output tube calls 
for current the charge on the condenser will be in series with the 
B+ supply so that the voltage at the output tube plate is raised 
from the 250 volt B+ supply to about 475 volts by this so-called 
“bootstrap” voltage. When the grid voltage waveform of 
the output tube again reaches point “b” of fig. 12 (1), the tube 
is cut off and another cycle starts. 

In order to properly match the yoke inductance to the re¬ 
quired output inductance for the tube, the yoke is connected 
to a tap on the winding which effectively makes an auto¬ 
transformer of this section. The positive pulse of voltage at 
this tap is coupled to the yoke through C-94 (.1) and results 
in a sawtooth of current through the yoke. It will be remem¬ 
bered that a portion of this pulse is also fed to the phase de¬ 
tector for the a.f.c. action through R-86 and R-85. 

The small additional winding, one terminal of which is 
connected to chassis while the other terminal is connected to 
B— through C-93 (.03) is used to cancel the pulse of voltage 
which is placed on the chassis by induction from the output 
transformer. By connecting this winding in such a way as 
to place a pulse of suitable amplitude on the chassis 180 degrees 
out of phase with the induced voltage, cancellation of the in¬ 
duced voltage will take place. 
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High Voltage.—To take advantage of the large voltage pulse 
developed across the output inductance by the heavy current 
flow caused by the retrace oscillation, the plate winding is 
made the primary of an auto-transformer whose step-up ratio 
is such as to develop pulses of about 12 kv. at its high end 
These pulses are rectified by V-19 (1B3) and the resulting d.c. 
is applied to the second anode of the picture tube. The fila¬ 
ment voltage for the 1B3 rectifier is obtained from an additional 
winding on the output transformer. 

■ Controls. L-25 is the coil of the sine wave generating circuit 
in the horizontal multivibrator circuit and should be tuned to 
15,750 cycles. R-91 is the horizontal hold control which can 
be adjusted for correct frequency operation of the multivi¬ 
brator. L-30, paralleling a small portion of the output choke 
acts as a size control. 
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CHAPTER 11 

Television Picture Tubes 

The television picture tube also called cathode ray tube, viewing 
tube, pickup lube, receiving tube, etc. is very similar to the well 
known test oscilloscope tube employed in all types of electronic 
testing and research work. 

With reference to fig. 1 the principle elements are as follows. 

1. A containing envelope of glass for the purpose of main¬ 
taining vacuum in the tube. 

2. A cathode (indirectly heated) for the production of free 
electrons. 

3. A control grid for controlling the beam current. 

4. A focusing electrode identified as the first anode tor con¬ 
centrating the electrons into a cathode ray or beam. 

5. A high voltage anode referred to as the second anode for 
further acceleration of the electrons. 

6. Two sets of electrostatic deflection plates for deflecting 
’ the electron beam. These are known as the horizontal 
and vertical deflection plates. 

7. A screen which is coated on the inner surface of the en-
' larged end of the tube with a material which shows a 
fluorescent glow at the impact point of the electron beam. 
This is termed the fluorescent screen. 
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The Electron G un.—The electrodes consisting of the cathode 
control grid, first and second anode are collectively known as the 
electron gun, inasmuch as their function is to generate a beam of 
electrons and to direct it toward the viewing screen. 

FIG. 1—Showing schematic arrangement of electrodes in a picture tube of the 
electrostatic deflection type. 

1 he Electron Beam. Since the electron beam consists of 
rapidly moving electrons, it constitutes a current having both 
electromagnetic and electrostatic properties. Because no 
material conductor is required to carry the electrons, the beam 
has negligible mass and negligible inertia. Due to this inertia¬ 
less characteristic, the electron beam can be deflected easily 
and rapidly by either electrostatic or electromagnetic fields. 

Method of Focusing. Focusing may be accomplished by 
either of two methods, namely: 

1. By electrostatic means, and 
2. By electromagnetic means. 
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Both methods of focusing will achieve the desired results, 
that is, a narrow concentrated beam of electrons. 

In the picture tube shown in fig. 1 the deflecting force takes 
the form of an electrostatic field produced by a voltage applied 
across the deflecting plates. . . 

Another type of picture tube is shown schematically in fig. Z. 

FIG. 2—Schematic arrangement of electrodes in a picture tube of the mag¬ 
netic deflection type. 

In this case no electrostatic deflection plates are used. Here 
deflection of the electron beam both horizontally and vertically 
is accomplished by means of two electromagnetic fields, pro¬ 
duced by two external pair of coils. This latter type of picture 
tube is known as the magnetic deflection type and is the most 
common type used for picture tubes. 

Also in the magnetically focused picture tube, the first anode 
is replaced by an accelerating grid which gives the initial ac¬ 
celeration of the beam of electrons. 
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The second anode of this type of tube is not always a part of 
the main section of the cylindrical electron gun. Instead it is 
in the form of a coating on the inner surface of the glass ex¬ 
tending from the tube neck up toward the fluorescent screen. 

PATHS OF INDIVIDUAL LIGHT RAYS 

FOCAL POINT 

FORMATION OF A FOCUSED LIGHT BEAM BY 
A GLASS LENS SYSTEM. 

PATHS OF INDIVIDUAL ELECTRONS 

FIGS. 3 and 4—Illustrating focusing method of a simple lens system as com¬ 
pared to electrostatic focusing. In the familiar glass lens system, the lens 
may be used to collect a divergent bundle of light rays, converging them to a 
point and in this manner accomplish the focusing of light. The light lens 
system may be a simple lens or a compound of several individual elements. 
An electron lens may be employed to control the many electrons leaving 
the cathode in exactly the same manner that an optical lens controls the 
light leaving the lamp. Focusing is accomplished by varying the potentials 
of the electron lens as illustrated and is due to the electrostatic fields estab¬ 
lished between successive elements. 
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In either method of focusing, whether electrostatic or electro¬ 
magnetic, the amount of focus potential (or current) is varied 
while observing the fluorescent screen for sharpness of image 
detail. 

Picture Scanning.—In scanning, the beam is focused to a 
spot of small diameter at the fluorescent screen, and it now 
remains to deflect the beam for scanning in an orderly sequence. 

Here again, may be employed either an electrostatic or an 
electromagnetic method. (I he former is illustr ated in fig. 1, 
and shows two sets of metallic plates, one set for vertical de¬ 
flection and one set for horizontal deflection. 

Creation of an electrostatic field between any one set of 
plates will cause the electron stream, which passes between 
them, to be deflected from its normal path in one direction or 
the other, depending upon the polarity of potential applied. 
There is a linear relationship between magnitudes of deflection 
and applied potential. Therefore, by the application of po¬ 
tential to both vertical and horizontal deflection plates, the 
electron spot may be caused to move to any desired point on 
the fluorescent screen. For example, to cause the spot to 
move upward, the top vertical plate must become positive with 
respect to the bottom vertical plate. 

For downward spot displacement, the polarity is reversed. 
A similar application to the horizontal plates above will cause 
either right hand or left hand spot movement and a spot at 
the upper right hand corner of the screen would indicate equal 
displacements in both the vertical and the horizontal directions. 

Therefore, for scanning, a linear rise of potential is applied 
to the horizontal plates at a high repetition rate (15,575 cycles 
in present day standards) while a slow repetition rate is applied 
to the vertical plates (60 cycles). These scanning potentials 
are illustrated in fig. 5. 
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A linear rise of potential causes the beam to be deflected 
linearly across the screen. After it has traversed the screen, 
it suddenly returns to the side from whence it started, only to 
again take up its slower motion in the scanning direction (left 
to right). 

As previously mentioned, a high repetition rate of scanning 
is applied to the horizontal plates, and a much slower rate to the 
vertical. Hence, analyzing the spot motion, it is found that 

-»-TIME 

FIG. 5—Showing typical sawtooth scanning potentials. 

during the time that it has traveled across the screen, left to 
right, it has traveled downward by but a very small amount. 
At the start of the second horizontal cycle, therefore, the slow 
downward motion has caused the spot to be moved downward 
in amount equal to the spot size. The second horizontal cycle 
then carried the spot parallel to and immediately adjacent to 
the travel of the first cycle. A third cycle finds the downward 
motion again equal to the spot size and a third scansion is 
completed. 
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The same general outline may be applied to electromagnetic 
scanning. In this case, the deflection plates are omitted and a 
set of deflection coils are placed over the tube neck. There 
are four coils, that is, two vertical coils (one above and one 
below the neck of the tube) and two horizontal coils. Instead 
of a sawtooth of potential, as used with the deflection plates, 
a sawtooth wave form of current is used which produces a saw¬ 
tooth of magnetic flux. It has previously been shown that a 
sawtooth of voltage applied to the deflection coils does not pro¬ 
duce a sawtooth of current and that special pulses of voltage 
must be produced. The complete set of coils, horizontal and 
vertical, which is placed over the tube for magnetic deflection 
is known as a deflection yoke. 

Although it is possible to employ the electrostatic method of 
deflection in television picture tubes, this is seldom done for 
several reasons. They are: 

1. The deflection potentials necessary in a large tube are 
very high, requiring large high voltage amplifier tubes. 

2. A screen giving green colored light as in oscillograph tubes 
operating on the electrostatic deflection principle is used 
for reason of visual efficiency. Television use, however, 
dictates that a white or blue-white light be used for 
esthetic reasons and that the decay time of the light be 
short. Phosphor (screen materials) exhibit the property 
of remaining lighted for a short time after the electron 
excitation has passed. 

3. Focus of the electron beam is not maintained over the 
entire screen in an electrostatic type of tube. This would 
give an image which is “fuzzy” or poorly focused over a 
portion of its area. 
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For these reasons the television picture tube employs mag¬ 
netic focusing. Certain electrical properties of the picture 
tube will now be treated. These being halation and the ion spot. 

Halation.—This is the glowing of a phosphor on the fluores¬ 
cent screen, in a region immediately surrounding the scanning 
spot. It signifies one undesirable property of the picture tube. 

FIG. 
PRIMARY LUMINESCENT SPOT 

6—Showing typical halation effect on picture tube screen. 

The face of the tube must have appreciable thickness in order 
to withstand the atmospheric pressure. A pin point source of 
light appearing at the inside surface of the face will radiate 
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light in all directions, being not restricted to the desired di¬ 
rection (straight out from the tube). Such a source is the phos¬ 
phor being bombarded by a beam of electrons. As illustrated 
in fig. 6 internal reflections of the light within the glass wall, 
from surface to surface, give rise to one or more rings of light 
which surround the original desired point. This effect is known 
as halation. 

The Ion Spot.—A second property of the tube is the forma¬ 
tion, after some hours of operation of a darkened area near the 
center of the screen, known as an ion spot. 

An ion spot is the result of the bombardment of the phosphor 
by charged particles known as ions. This bombardment results 
in the deterioration of the phosphor which then produces less 
light, upon being struck by the electron stream, than does that 
portion of the surface which has not been so bombarded. The 
ions travel down the tube in a rather wide angle stream, im¬ 
pinging upon the screen near its center. 

There are several methods leading to the elimination of this 
difficulty, one of which is the use of a completely electrostatic 
tube which is not troubled with this difficulty. In television 
practice, two methods used are (1) the use of a bent gun tube 
and (2), a metallic coating on the inside surface of the phosphor. 

The bent gun tube fig. 7 is one whose electron emitting ele¬ 
ment is not in line with the axis of the tube, that is, its electron 
stream is directed toward the side of the tube neck. Since the 
ion stream is not much effected by a magnetic field, a magnet is 
placed over the neck of the tube which bends the electron 
stream, directing it axially down the tube in the normal path, 
allowing the ion stream to continue in its original course. It 
strikes the side of the tube, where it does no damage. 

The metallic coating which is placed upon the inside surface 
of the phosphor coating accomplishes two advantages. It 
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FIGS. 7 and 8—Methods of ion spot prevention on magnetic deflection type 
of picture tubes. In the bent electron gun method, fig. 7, the actual cylin¬ 
drical elements of the electron gun are mounted at an angle with respect 
to the tube axis. As the electrons and ions leave the electron gun they come 
under influence of the magnetic field generated by the external bending or 
ion trap coils. This magnetic field is of the proper strength and polarity 
to return the electrons to the center line of the electron tube axis. The ions 
on the other hand, because of their greater mass cannot be deflected, and 
therefore strike the collecting walls to be dissipated, thus separating the 
ions from the electrons. The second method of ion spot prevention as 
illustrated in fig. 8 consists of a metallic coating of aluminum which because 
of its thinness is actually an aluminized screen. This aluminized screen 
will effectively transfer electrons causing them to strike the fluorescent 
material. The ions, however, having a greater mass will not penetrate 
the aluminized screen but are dissipated by it and do not reach the fluroes¬ 
cent screen of the picture tube. 
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increases the light which is emitted from the front of the tube 
by a considerable amount and it disperses the ions so that they 
cause no damage to the phosphor. This coating is extremely 
thin, about the wavelength of light. 

Commercial Picture Tubes. These are manufactured in a 
large variety of shapes and sizes. With the advance of tele¬ 
vision science the public demand for larger and better pictures 
has resulted in a great improvement in the size and reliability 
of picture tubes until at present standard tubes of up to 22 
inches in diameter and larger are available. 

As previously noted, magnetic deflection is the most common 
deflection method used, although a few of the smaller size 
picture tubes employ electrostatic deflection. 

A listing of the most common types of commercial picture 
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tubes and their characteristics is provided by means of picture 
tube data charts given on pages 230 to 231. From these data 
charts much useful information in a practical form with refer¬ 
ence to operating voltages and general characteristics of the 
tubes will be obtained. Many of the later manufactured 
picture tubes have an external conductive coating in addition 
to the internal second anode coating. In such tubes a high 
voltage filter capacitor of approximately 500 mmf. is formed by 
the two coatings and the glass which serves as a dielectric. 
In tubes so equipped the external coating is grounded. 

Using the Data Chart. There are several important factors 
which must be considered by the service technician when using 
the tube data charts as an index to tube interchangeability. 
These are as follows: 

a. Tube types with identical bulb outlines present no problem 
of interchangeability with respect to chassis layout, unless 
the difference in overall length is so great that the two 
types in question would not be compatible in the same 
cabinet design. 

b. When a high focus current tube is replaced for a low focus 
current tube, it may be necessary to increase the focus 
current range of the receiver, otherwise, a stronger focus 
coil must be employed. 

c. It is important that the proper external magnet be used 
with the ion trap of the tube, particularly when changing 
from a double to a single magnet. Since these com¬ 
ponents are relatively inexpensive, it would seem practical 
to keep them on hand. 

d. If a tube without external coating is replaced for a tube 
with external coating, a 500 to 1500 mmf. capacitor con¬ 
nected between the high voltage output lead and ground 
will insure proper set operation. 
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e. In general there are three types of connectors to the anode 
of television tubes, the cavity and ball connectors in all 
glass types, and the clip connector for types with a metal 
cone envelope. When making tube changes, the appropri¬ 
ate connector must be used. 

f. In practice, the same deflection yoke usually may be 
employed with all tube types having deflection angles of 
less than 66 degrees. 

g. Type numbers are assigned to picture tubes and other 
cathode ray tubes by the Radio-Television Manufacturers 
Association. The first number, made up of one or two 
digits, represents the largest dimension of the face of the 
tube to the nearest one-half inch. For round tubes this 
would be the diameter and for rectangular tubes it would 
be the diagonal dimension. The letter following the first 
number is assigned in order of registration and has no 
significance other than this. The letter P, together with 
the last number designate the type of phosphor used. 
Thus, the 10BP4 is a 10 inch picture tube with P4 phos¬ 
phor. Similarly, the 12AP4 is a 12 inch picture tube with 
P4 phosphor. 

h. In some cases an additional letter is added as a suffix to 
the type number. An example is the type 17BP4A. 
The reason for this suffix is that there has been a change 
in the design of 17BP4, but not great enough change to 
justify the use of a new type number. The new tube with 
the suffix in its type number, will always operate in the 
same circuit as the original tube, but the old tube may or 
may not work in all circuits where the new tube is used. 
In this way it is possible to take advantage of the latest 
development in picture tube design whenever it may be 
necessary to replace the old tube 
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WMA“ 120 17H 9 50 42 G'ä“’ G«»7 Nm« 12.000 410 115 12.000 33-77 300 
10MP4A’ 120 17 954 52 42 ö“’ Cavity Double 12.000 - - 12.000 33 77 300 
' —-120_El4_«_1!_56 20 Glass Ball Hone 12.000 410 158 12 000 33-77 300 
Í2KP4A»_120 17,4 "M 54 40 Gliss' £«"7 H«» 12.000 410 140 12.000 33-77 300 
12LP4A» 120 13 ’* 11 54 40 Glujt Cavity Double 12,000 410 114 12,000 3311 300 
12QP4Â* 120 171/1 11 ■ 55 40 Glass M* Single 12,000 410 148 12,000 33-77 300 
12£1_R-__R_11_56 20 Glass Ball Single 12.000 410 148 12.000 33-77 300 
J2?4_ 12P 18]/< H 54 4G GláiS Cavity Double 12,000 410 114 12 000 33-77 300 
12UP4 Double ’ ' -~-
!S ,2D 18^ 54 27 Me,al - 12.000 4,0 - 12.000 33-77 300 
ujrsB _ Single 
uSâ1 12G 13 12% 11 55 40 Glass Cavity Double 12.000 - - 12,000 33-77 300 
l4̂ -4_ _RR 9 <*x>2% 8%x11% 70 dlag. 27 Glass* Cavity Double 12.000 410 115 12.000 33-77 300 
14CP-. 12D 16*4 _936x12% 8%x1t% 70 dlag. 27 Glass* Cavity Single 14,000 410 95* 12.000 33-77 3M 
J-RRl_12D_ 16!4 936x12% 8%x11% 70 diag. 27 Glass Cavity Double 14,000 410 104 12.000 33-77 3OO 
14P4M 12D 106 9%x12% 1214 diag. 70 diag. 27 Glass* Cavity Single 14,000 410 110* 12,000 33-77 300 
1-.FP4 12D 16% 9%x12% 8%x1l% 70 diag. 27 Glass Cavity Single 14,000 410 115* 12000 33-77 300 

_RP_20%_15% 14 57 45 Glass Ball Hone 15.000 410 159 12,000 33-77 300 
15CP4 12D 21% 15% 14 57 45 Glass Cavity Double 15.000 410 133 12.000 33-77 300 
,5_£_ 120 2P% ,5% I4 57 45 Glass Ball Single 15.000 410 140 12 000 33-77 300 
16ÂP4A* ,2P 22^ ,4% 53 27 Metal - Double 14,000 410 89 12,000 33-77 300 
’¿R4_ 120 2<% 15%_15_52 56*._Giass _Cavtly Double _15,000_410 110 12.000 33-77 300 
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Television Picture Tube Data Charl (Magnetic deflection and focus) 
I6ÍB4 120 1954 1514 1454 » 27 M.Í.I - Doubl. 14.000 410 105 12.000 33 77 300 16P4A* - _ 16774 120 20'/. 16'4 “ 15 62 27 Glm Bill Single 16.000 410 140 12.000_3377_300_ 
16RM» 12D 17% 15% 14% 70 40 Mehl - Single 14.000 410 100 12.000 33-17_300_ 
16HP4 pó 21% 15% 14% 60 56K» Glass* Cavity Double 14,000 410 IIO 12,000 33-77 300 16HP4A» ------
16JP4 I2D 20% 16% 15 60 27 Glass* Cavity Double 14,000 410 120 12.000 33-77 300 16JP4A* . - -- ---
I6KF4’’ 120 18'/. 11'4x14’/. 10'4x13'4 70 diag. 27 Glass' Cavity Single 16.000 410 11 12.000_3377-300— 
16IP4 «2D 22% 15% 14% 52 56-V* Glass* Cavity Double 14,000 410 110 12,000 33-77 300 16IP4A* -
16MP4 pD 21% 16% 14% 60 27 Glass* Cavity Double 14,000 410 110 12,000 33-77 300 16MP4A» -——-----
IM?4” 120 19'4. 11'4x14’4 10'4x13'4 70 diag. 27 Class Cavity Double 16.000 410 125 '2000_337/_300_ 
16W4-3 120 18'4 11'4x14% lOiixB'/i 70 diag. 27 Glass' Cavity Double 14.000 410 100_12.000_3377_300_ 
16SP4 «2D 15% 14% 70 56K« Glass’ Cavity Double 14,000 410 110 12,000 33-77 300 16SP4A3 ___ 
I67P4’-’ 120 18',i 11'4x14'4 10'4x13'4 70 dleg. 27 Glass' Cavity Single 14.000 410 100_12™-33 7’-
16JP4’-’ 120 18'4 11'4x14’4 1011x13'4 70 diag. 27 Glass Cavity Single 15.000 410 100_U000_3377-300_ 
iyv?4> 120 1710 15'4 14'4 70 56.82 Glass Cavity Single 15.000 410 110_12,000_3377_300_ 
¡‘W4's l2D l7îi ,5Ä 14'4 70 568. gj c»lty_ Double 410_HO* 12.000 3377 300 
16XP4” 120 1314 11'4x14'4 10'4x13'4 70 diag 77_ Glass Cavity Doubt« 15.000 410 100 12.000_3377_300_ 
16V?43 170 178. 15'4 14'4 70 568. Glass' Cavity Single 14.000 410 100 _|2.000_3377_300_ 
15ZP43 12D 22% 15% 14% 52 56X. Glass’ Cavity Single 14,000 4i0 110 12,000 33-77_ 300 
K/WJ 720 Í854 1214xlf’i 10’4x14’4 70 diag. 27 Glass Cavity Single 16,000 410 100* 12.000_3377_300_ 
r npdân e 120 19'4 1615 1414x1014 70 diag 27 Glass' Canly Single 16.000 410 95 _12.000_3377___300_ 

120 21'4 1854 17* 66 28 Metal - Single 19.000 410 140 12.000 33-77 300 

19DP4 on 21% 18% UH 66 60 Glass’ k*ity Double 19.000 410 140 12.000 33-77 306 
soreana ' 120 21'4 17x138, I2x'6 70 diag. 27 Glass' Cavity OoubM 19.000 410 140 12.000_3377_300_ 

22 18% 17% 66 60 Glass Cavity Doubla 19.000 410 97126* 12,000 33-77_ 300 
I9GP4’ I2D 21% 18% 17% 66 60_ Glass Cavity_ Single 19.000_ 410 107-126 12,000 3377 300 
MBP1 |2D 28 20_ 1854 54 30 Glass Metal Cap Kone 20,000 410 _122 12.000 33-77 300 
22AP4 nt) 22’/. 21% 20'/. 70 27 Metal - Single ’""W 410 108- 12.000 33-77 300 
22AP4A« ____ _____ 
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Tube specification notes: 
1. All the types listed have heater values of 6.3 volts, 

0.6 amps. 

2. These types employ electrostatic focus. 
3. Types employing gray filter face plate. 
4. Type employs metal-backed screen. 
5. Rectangular type. 

6. Face plate incorporates an anti-reflective feature. 

* Types employ RMA Focus Coil #109 (approx. 470 
ohms), all others RMA focus coil #106 (approx. 264 
ohms). 

a. For replacement see Type 12RP4. 
b. For replacement see Type 15DP4. 

t Types have external conductive coating. 

7. All types employ a white fluorescence material of 
medium persistence. 

** These values are for comparison only and do not imply 
typical operating conditions. 

Data based on latest information from RMA Data Bureau. 

FIGS. 10 to 12—Base diagram symbols. By using the picture tube data chart 
on pages 230 and 231, the proper base connections will be found under the 
heading of “Basing”. Thus, for example, to obtain the correct base con¬ 
nections for the 10BP4 picture tube, a reference to “Basing” on the picture 
tube data chart shows 12D as the correct base diagram to use. Ina similar 
manner the base connection for any picture tube represented in the chart 
may readily be found. 



Television Picture Tubes 233 

Replacement of the Picture Tube 
Chassis Removal.—Ordinarily the removal of the chassis 

from the cabinet is accomplished as follows: 
1. Remove the control knobs from the front of the cabinet. 
2. Remove the wood screws that hold the rear cover to the 

cabinet, and remove the rear cover. 
3. Remove the two wood screws from the block located on 

the top (inside) of the cabinet, and remove the block. 
4. Disconnect the built-in antenna feeder from the antenna 

terminals. 
5. Release the antenna stub from the top of the cabinet by 

pulling out the thumb-tack. 
6. Remove the two screws that secure the antenna assembly 

to the top of the cabinet. 
7. Remove the trimmer assembly and rubber coupling 

sleeve by carefully pulling the coupling sleeve off the 
drive shaft. 

8. Temporarily tape the drive shaft to the top of the cabinet 
to avoid breakage. 

9. Remove the bracket that clamps the shutter frame to 
the bottom of the cabinet. This bracket is located near 
the front (inside) of the cabinet and can be released by 
removing the screw from the under side of the cabinet. 

10. Remove the hex-head chassis bolts from the under side 
of the cabinet. 

11 Remove the chassis by pushing the front of the chassis 
against the left side of the cabinet, and then easing the 
chassis out of the cabinet while moving the rear of the 
chassis gradually toward the right. The chassis must 
leave the cabinet at an angle so that the shutter mechan¬ 
ism will clear the antenna drive pulleys. This step must 
be performed cautiously to prevent scratching the 
plastic front plate. 
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Picture Tube Replacement.—After the chassis has been 
removed from the cabinet, the picture tube may be replaced as 
follows: 

1. Back off the screen locking the shutter actuating link to 
the magnifier control shaft. 

2. Remove the two self-tapping screws that secure the 
shutter assembly frame to the chassis. 

3. Remove the two self-tapping screws that secure the shut¬ 
ter assembly frame to the brace bars. 

4. Remove the wing nut and lock washer from the stud on 
top of the picture tube strap. 

5. Remove the shutter assembly by lifting the bronze strap 
over the stud and sliding the complete assembly forward. 

6. Remove the ion trap magnet and the picture tube socket. 
7. Loosen the picture tube cushion screws, the focus coil 

wing screws, and remove the screw from the picture tube 
strap. 

8. Remove the defective picture tube and insert the re¬ 
placement through the deflection yoke and focus coil, 
exercising the caution necessary when handling picture 
tubes. 

9. Replace the screw in the picture tube strap and tighten 
the strap about the tube just enough to hold the tube in 
place. 

10. Replace the shutter assembly and tighten the self¬ 
tapping screws only. Do not tighten the picture tube 
strap wing nut or the set screws on the magnifier control 
shaft. 

11. Position the picture tube so that the clearance between 
the tube and the mask is approximately one-thirty-
second inch. 
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Handling of Cathode Ray Tubes 

The cathode ray tube bulb (picture tube) due to its large 
surface area and high vacuum contained within it, is subjected 
to high air pressure over its entire surface. Io understand 
what takes place when an accidental fracture of the tube takes 
place, it is only necessary to recall the violent blast which 
occurs when a small conventional light bulo be imploded. 
Although the tube face is fairly thick, a fracture of the glass 
by a blow, or scratch, may cause a sudden collapse, and the 
force of the implosion, may throw pieces of glass with dangerous 
violence in every direction. 

The following suggestions regarding handling of the picture 
tube should be put into practice, to avoid damage to the tube 
or possible personal injury from breakage of it. Io prevent 
injury from picture tube breakage, proceed as follows: 

1. Do not unpack the picture tube until ready for use. Ex¬ 
posing it unnecessarily at any time will increase the 
chances of possible tube damage and injury to personnel. 

2. Wear safety goggles when handling the tube and insist 
upon all persons nearby being similarly equipped with 
eye protection. 

3. Do not allow the metal part of the tube to contact or be 
brought near any magnetized material. This portion 
of the tube may become magnetized by such contact, 
resulting in picture distortion which cannot easily be 
corrected. 

4. Do not handle the picture tube at the bell-shaped glass 
portion which has been coated with a special insulating 
material. Fi nger marks, grease, or other foreign particles 
may cause high voltage leakage paths under humid con¬ 
ditions. 
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Safety Precautions 
Although every practical safety device possible has been in¬ 

corporated in television receivers, certain precautionary mea¬ 
sures should be observed in their servicing. 

It should be clearly understood that servicing of any tele¬ 
vision receiver, especially when the receiver is on the service 
bench and possibly with the safety shield removed, offer many 
shock hazards to the serviceman and work on the receiver should 
not be attempted by any one who is not familiar with the neces¬ 
sary precautions while working with high voltage circuits and 
picture tubes. 

The following safety regulations should be observed at all 
times while servicing television receivers. 

Precautions when Working with High Voltage 
1. Respect high voltage circuits and keep away from them. 
2. Do not depend upon interlock switches for protection, 

always disconnect the power cord if any possible danger 
exists. Interlock switches are not foolproof. 

3. Do not attempt to change tubes or make adjustments in 
the high voltage circuits when the receiver is turned on. 

4. Always use a long-handled well insulated screwdriver to 
short circuit the large capacitor terminals to ground 
before working on them. 

5. Do not attempt to operate the receiver with the high 
voltage compartment shield removed. 

6. Do not attempt to reach within the cabinet while the 
interlock switch is closed to effect some minor adjustments. 
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CHAPTER 12 

Projection Type Television 
Receivers 

Projection type television receivers differ from the direct 
viewing type mainly in that the image produced by a small 
cathode ray tube is projected by means of a lens system upon a 
viewing screen. . 

The picture tubes used in projection type receivers are similar 
to those used in the conventional direct viewing type of receiver, 
although smaller in size; the average size having a screen diam¬ 
eter of from three to five inches. 

The intensity (brightness) of the image formed, however, is 
very much higher than that of the direct viewing receiver, 
being occasioned by about 25,000 volts of accelerating potential, 
and in deflection signal potentials which of necessity also must 
be much greater. 

The primary purpose of all projection type receivers is to 
obtain a larger picture, by means of a reflection system, than 
that possible in the conventional direct view type. This was 
particularly desirable in the early days of television when 
screen sizes were limited to seven or ten inches in diameter. 
Presently, however, with picture tube sizes of twenty inches or 
more, the need for larger pictures in the average home is not 
as pressing as heretofore. 

In public places, however, such as in auditoriums, taverns, 
theaters and retail establishments, projection type receivers 
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are sometimes employed due to their larger screen areas, thus 
permitting a larger number of people viewing the screen with¬ 
out eye fatigue. 

There are presently several successful projection type tele¬ 
vision receiver systems in use, and although they may all differ 
in design and placement of components involved, they all work 
on the same principles, that is, they all reflect a picture of high 
light intensity into a large surface screen by optical means. 

Reflective Systems.—There are several basic reflective 
systems presently in use, all of which employ the Schmidt* 
optical system, the most well known being the RCA., GE, the 
Philco and the North American Philips systems. 

In a typical Schmidt reflection system such as that shown 
schematically in fig. 2, it will be observed that light from the 

*Herr Schmidt, an instrument marker at the Hamburg German Astronomical Obserralorv 
1 vented his optical system in 19.il. 1 he system originally designed for astronomical tele-
scorns, was built around a large spherical reflecting surface or mirror. Thus, although designed 

jeetton erent PUrP°Se ’ 11 was found ,o 06 ideal|y suited for the art °f television image pro-

« 
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picture which is formed on the spherical face of the cathode 
ray tube is collected by the spherical mirror and reflected back 
to focus on the viewing screen. In the process the light passes 
through the aspheric corrector lens which corrects for spherical 
abberation of the spherical mirror and is turned at right angles 
by the plane mirror set at 45 degrees. 

FIG. 2—Showing elements of a Schmidt reflective oniical system used in 
television receivers to produce an enlarged image by projection. 
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In the RCA and GE projection type receivers, figs. 3 and 4 
the optical mirror is mounted on the bottom of the cabinet 
with its axis vertical, projecting the image straight up and onto 
a flat mirror inclined at 45 degrees to the beam of light and 
throwing the image on a translucent screen. 

IMAGE 
LIMITS 

CORRECTING LENS 

PICTURE TUBE 

OPTICAL AXIS 

OPTICAL AXIS 

VIEWING 
SCREEN 

REFLECTING 
MIRROR 

NONREFLECTING 
SURFACE 

SPHERICAL 
PROJECTION 
MIRROR 

S'hfemati? arrangement of optical components in a Schmidt 
system as adapted for projection ty pe television receiver used by the General 
Electric Co. and the Radio Corporation of America. 

The distance between the correcting lens and the viewing 
screen will depend upon the diameter of the correcting lens and 
the spherical mirror. Therefore, in order to increase the size 
of the projected image, this distance must be increased, 
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necessitating large cabinets, a large mirror and a large correcting 
lens. 

TELEVISION CABINET 

FIG. 4—Location of optical units in a television receiver cabinet. These are 
shown schematically in fig. 3. 

From the foregoing it follows, that in order to obtain a large 
image with a system of this type, the optical system and cabinet 
has a tendency to become large and unwieldy. A compromise 
is thus necessary between the size of the final image and the 
cost and size. 
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The Philco Corporation projection type receiver illustrated 
in fig. 5 differs somewhat in the arrangement of the optical 
system. Here the required distance between the corrector 

TELEVISION CABINET 

1 LG. 5 Arrangement of optical components in a Philco projection system. 

lens and the screen is considerably smaller for a similar size 
image than that in the foregoing type of projection type re¬ 
ceivers. 
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Each of the reflecting plane mirrors in all these optical systems 
are front-surfaced mirrors to prevent ghosts which would occur 
from reflections at the surface of the glass of a rear surfaced 
mirror. 

In the Philco projection receiver the screen is designed to 
have a viewing sector which extends 60 degrees horizontally and 
20 degrees vertically. To obtain this directivity the screen 
contains a large number of vertical grooves, spaced at random. 
These vertical grooves are responsible for the horizontal 
directivity of the screen. To obtain the 20 degree vertical 
directivity, the screen surface is made concave. 

The screen in addition to its directional properties, also pos¬ 
sesses a great minute or lenticular elements each of which 
redistributes or diffuses the light reaching it uniformly through¬ 
out the desired sector. The overall brightness of the screen 
is approximately 50 foot-lamberts. 

It will also be observed, that since in the Philco projection 
method the optical system is mounted at an angle and projects 
on the screen at an angle, a rectangular image projected from 
the face of the picture tube would appear on the screen as a 
trapezoid, that is, the image would have sloping sides, with the 
top larger than the bottom. If, on the other hand, a trape¬ 
zoidal image were projected from the picture tube a rectangular 
image would be obtained on the screen. This latter method is 
employed in the Philco system. 

The formation of a trapezoidal pattern is obtained by apply¬ 
ing a magnetic field at right angles to the electron beam, do 
produce this magnetic field, two opposite polarized magnets are 
mounted opposite each other on the end of the picture tube as 
illustrated in fig. 6. 

An iron pole piece, curved to suit the sides of the tube, is 
attached to each magnet and is employed to produce a strong 
magnetic field for deflecting the electron beam upward near the 
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tube face. The opposite polarized ends of the magnets farthest 
from the tube face cause a lesser and downward deflection of 
the beam before it is deflected upward. The result is the same 
as that which would be produced if the face of the tube were 
tilted inward, that is, the distance the beam travels to the 
bottom of the image is reduced and the distance to the top is 
increased. 

FIG. 6—Showing arrangement of magnets fitted to the picture tube face 
to produce a trapezoidal image. In the illustration magnet A affects the 
left edge, while magnet B affects the right edge of the image. 

In the GE and RCA projection type receivers, on the other 
hand, no additional bar magnets are necessary, since the trans¬ 
lucent screen is not slanted and hence is perpendicular to the 
axis of the optical system and consequently a rectangular 
image on the projection tube face appears as a rectangle 
on the screen. 

A third type of television projection system being another 
variation of the Schmidt optical system is shown in fig. 7. 
It has been developed by The North American Philips Co. and 
is known under the trade name of Protelgram. This system 
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has the advantage over the previously discussed types in that 
it occupies only about one half of the space employed by the 
conventional RCA, GE and Philco methods of projection. 

FIG. 7_Showing various components of the optical unit employed in the 
Philips projection type television receiver. 
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This system as illustrated in fig. 7 employs a “folded” 
light path by means of which it is possible to mount the pro¬ 
jection tube with its optical system within a small metal en¬ 
closure, thereby producing a very compact arrangement. 

The optical system comprises a spherical mirror, an aspheri¬ 
cal corrector lens and a special plane mirror to “fold” the light 
beam. These three elements form an optical triangle within 
the optical unit and are carefully adjusted by the manufacturer. 
The optical unit is dustproof, with only the upper face of the 
corrector lens being exposed. 

The light being emitted from the tube face is gathered by the 
spherical mirror, reflected to the plane mirror and then pro¬ 
jected upwards through the corrector lens. At the center of 
the plane mirror there is a hole large enough to permit the 
projection tube face to be inserted through it. 

Behind the mirror ample room is provided for the deflection 
and focusing coil of the tube, in addition to whatever tube 
supports are reQuired. Because of this there is no interference 
from the coils and the neck of the tube since these are behind 
the plane mirror. 

The specific features required in any optical projection system 
are as follows: 

1. The optical mounting assembly alignment adjustments 
must be accessible and simple in construction. 

2. The optical assembly must be dustproof to prevent loss of 
contrast and brightness by dust collection. 

3. The optical assembly must be electrically shockproof to 
provide adequate protection from the high voltage neces¬ 
sary at the projection tube. 

4. The optical barrel must be metallic to prevent radiation 
of X-rays generated by the high voltage cathode ray tube. 

5. The system as a whole must be simple in order to lend itself 
to an inexpensive manufacturing method. 
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High Voltage Systems.—The second anode voltage employed 
by receivers having small or medium size direct view picture 
tubes are usually from 7 to 10 kv. A typical high voltage sys¬ 
tem of this type is shown on page 185. 

With receivers containing direct view picture tubes of 15, 
16 and 20 inches in diameter, and projection type tubes, 10 kv. 
is insufficient, and as a consequence, the high voltage section 
of the receiver must be designed to supply this higher voltage. 
Receivers equipped with 15 or 16 inch picture tubes require 
about 12 kv. and this can be obtained from the circuit shown in 

FIG. S—Circuit diagram of a flyback high voltage power supply unit capable 
of producing 12 kv. second anode potential for the direct view picture tube. 

When the television receiver employs a projection type tube, 
20 to 30 kv. is necessary. In the RCA and Philco systems a 
retrace transient is used to generate a high voltage pulse which 
is rectified and used as a de. potential to be applied to the pro¬ 
jection tube. 

In the Philco projection television high voltage system, a 
7 kv. transient from the horizontal output stage drives a series 
of three rectifying diodes, charging three capacitors in sequence 
to a value of 20 kv. which is applied to the second anode of the 
projection tube. 



FIG. 9—Circuit diagram of a high voltage flyback power supply unit capable of producing 27 kv. for a pro¬ 
jection type picture tube. 

'rojection Type Television Receivers 
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The North American Philips high voltage power supply, 
fig. 10, requires 25 kv. for their two and one-half inch projection 
tube. ’ This high voltage supply is known as a pulse type and 
differs from the flyback type mainly in that a separate pulse 
generator is employed, operating at a frequency which is con¬ 
siderably lower than the horizontal sweep frequency. 

FIG. 10—Circuit diagram of North American Philips pulse type high voltage 
power supply unit. 

The circuit of the power supply consists of a blocking oscil¬ 
lator a driver amplifier, and a three tube, cascaded, nig 
voltage rectifier. The blocking oscillator is conventional in 
form and operates at a frequency of approximately 1,000 cycles. 
It produces a saw tooth voltage which is applied to the grid ol 
the following 6BG6 driver amplifier. The grid of this tube is 
biased beyond cut-off so that the plate current flows only during 
the upper third portion of the saw-tooth wave. 

At the peak of the saw-tooth, the grid voltage of the 6BG6 
drops sharply into cut-off, stopping the flow of plate current. 
Due to the inductance in the transformer windings, and the 
stray capacitances across them, the system is shocked into 
oscillations. 
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The values of these components are chosen to produce 
transient oscillations having a frequency of about 25 kc The 
oscillations continue until the next flow of plate current from 
bl)Uo. 
When the 6BG6 conducts again, it loads down the circuit 

s opping the oscillations. The sudden stoppage of the plate 
current at the end of each plate current pulse then shock excites 
r e transformer back into oscillations at its natural fiequency 

oi Zb kc. J

The voltage developed across the full primary winding of 
the output transformer is rectified by the three rectifying tubes 
to provide an ouput voltage of 25 kv. 
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CHAPTER 13 

Television Test Equipment 

In the alignment and trouble shooting of a television receiver, 
a number of factors must be considered. The test equipment 
employed should be suitable for this type of work. All per¬ 
tinent data relating to the television receiver to be aligned, 
should be available for reference and the manufacturer’s align¬ 
ment procedure must be followed closely. 

Test Equipment Required.—At the outset it should be 
pointed out that no set of rules as to the number and exact 
specifications of the instrument required can be given here. 
Rather an effort will be made to give the most common type of 
equipment necessary in the average practice, and also to explain 
how these equipments are used to accomplish their assigned 
function. 

The intelligent servicing of a television receiver requires, 
first, a knowledge of the operation of the receiver; second, a 
knowledge of the normal wave forms to be expected in the cir¬ 
cuit of the particular equipment. 

Test equipment necessary for alignment and effective trouble 
shooting usually found in the average television service shop, 
are as follows: 

1. Oscilloscope. 
2. Sweep generator. 
3. Signal generator. 
4. Vacuum tube volt-ohmmeter. 
5. Miscellaneous test equipment. 
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The oscilloscope is one of the most useful piece of testing 
instrument, and has numerous uses. One of its most common 
uses is in the sync and sweep circuits of a television receiver to 
observe the fidelity of the various wave forms and to check 
their presence at various points. It is also necessary to use an 
oscilloscope when alignment is performed with a sweep genera¬ 
tor. It can also be used with a modulated signal generator to 
align wave traps and other narrow band circuits. 

The function of a sweep generator is to assist in the alignment 
of the video r.f. and i.f. sections of the television receiver. It 
is also used in the alignment of the narrower band sound i.f. 
system and particularly in alignment of the discriminator. 

The signal generator is an instrument whose frequency is 
periodically varied between certain desired limits. An ac¬ 
curately calibrated signal generator is necessary in the align¬ 
ment of critically tuned traps and other sharply tuned circuits. 
If the sweep generator does not incorporate an internal marker 
system, it is necessary to employ a signal generator to calibrate 
the response curves on the cathode ray oscilloscope screen. 
In addition an r.f. signal generator is also used to signal trace 
the r.f. and i.f. circuits to locate a dead or faulty stage. 

The vacuum tube volt-ohmmeter is another useful piece of test 
equipment. The input resistance of this instrument should be 
at least 20,000 ohms per volt or more on the d.c. ranges. In a 
meter of this type, the meter load on the circuit to be tested 
will be very slight. 

The ohmmeter scales should extend to at least 10 megohms, 
while the d.c. voltage ranges to approximately 600 volts will be 
>u cient. Extremely high d.c. voltage ranges may be of as¬ 
sistance when measuring the high voltage power supply output, 
ut troubles can usually be checked by resistance continuitv 

measurements. 
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A fraction of the high voltage output can usually be measured 
by means of a very high voltage divider when necessary. The 
d.c. voltmeter for this measurement must be of very high re¬ 
sistance because of the high resistance in the circuit to be 
checked. 

FIG. 1—Typical volt-ohmmeter, suitable for television receiver testing and 
alignment work. (Courtesy Hickok Electrical Instruí. ent Co.). 

The ax. meter range is normally employed only for checking 
of filament voltage and for measuring audio output. In mea¬ 
surements of a.c. video signal voltages an r./. voltmeter with a 
probe will be required. 
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The Oscilloscope. -Few instruments are of greater utility 
in television receiver testing, than is the oscilloscope. A 
cathode ray oscilloscope is necessary when alignment is per¬ 
formed with a sweep oscillator. It can also be employed with 
a modulated signal generator to align wave traps and other 
narrow band circuits. It is also used in the sync and sweep 
circuits of the television receiver to observe the fidelity' of the 
various wave forms and to ascertain their presence at various 
points. 

Necessary Components. The necessary components of a 
cathode ray oscilloscope are: 

1. The cathode ray tube. 
2. A high potential supply, 1,500 volts or more for electron 

acceleration. 
3. Amplifiers for vertical and horizontal deflection. 
4. Low voltage supply for amplifier operation. 
5. A linear sweep generator, and 
6. Some means of synchronizing the sweep generator to the 

frequency of the wave form being observed. 

The cathode ray tube was discussed in Chapter 11. Specific 
features for oscillographic work include electrostatic focus and 
deflection, screen sizes ranging from 3 to 9 inches and usually 
willemite as a phosphor, producing a green trace of medium 
persistance. Deflection sensitivities of the cathode ray tube 
at normal operating potentials vary from 40 volts per inch to 
80 volts per inch of deflection. 

High voltage is derived from a transformer rectifier system 
with filtering by RC components, representative values of 
filter being 100,000 ohms and 0.1 mfd. Current drain is very 
low, in the order of one milliampere. A voltage divider sup¬ 
plies decreasing potentials to the electron gun elements, focus 
and intensity being variable to effect optimum performance. 
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pIG 2—The DuMont Type 304-H cathode ray oscilloscope. This is a satis¬ 
factory oscilloscope for routine television servicing, which can be used as 
alignment scope and for signal tracing purposes in the sync and sweep 
systems of the receiver. The horizontal amplifier is basically similar to the 
vertical amplifier, the primary difference being that the horizontal amplifier 
is less sensitive having a gain of about 4.000. 
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The amplifiers, particularly the vertical amplifier, determine 
the utility of any particular oscilloscope in television receiver 
testing. 

The best criterion of satisfactory operation is the faithful 
reproduction of a square pulse at a repetition rate of from 100 
to 15,000 cycles per second. Defined in terms of frequency 
response, which does not take into account phase discrepancies, 
this is, roughly, uniform response from 30 to 150,000 c.p.s. 

FIG. 3—Simplified schematic diagram of vertical amplifier, type 304-H 
cathode ray oscilloscope. (Courtesy Allen B. DuMont Laboratories, Inc.). 

High gain in the vertical amplifier is a necessity. Typical 
oscilloscopes incorporate a vertical amplifier gain of 2,000 
which is quite sufficient for television receiver testing. 

No comment concerning the low voltage power supply is in 
order, it being invariably conventional in design, except to 
state that some manner of voltage regulation is to be desired for 
stability of the reproduced trace. 

The oscilloscope in the low or medium price class will employ 
a gas discharge tube as a source of saw tooth sweep potentials. 
Specialized instruments might employ a multivibrator generator. 
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The synchronizing of the sweep generator frequency to that 
of the wave form being observed is accomplished through a 
switching arrangement, from two or three possible sources; 
external, internal or 60 cycles. Each switch position connects 
the sweep generator to the respective sources. The external 

FIG. 4—Simplified schematic diagram of horizontal amplifier, type 304-H 
cathode ray oscilloscope. (Courtesy Allen B. DuMont Laboratories, Inc.). 

position allows injection of sync through a binding post on the 
front of the instrument. This allows any pulse, whether ac¬ 
tually derived from the trace under observation or not, of the 
correct frequency to synchronize the trace. It is thereby 
possible through the use of a phase shifting network, to vary 
the portion of the pattern at which the trace begins and so 
change its position on the screen. A 60 cycle sync is usually 
internally provided because a larger proportion of the traces 
encountered are some multiple or submultiple of this frequency. 
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Internally, the signal synchronizes itself since a portion of the 
signal is extracted from the vertical amplifier and injected into 
the sweep generator. 

A complete treatise on the use of the oscillograph is beyond 
the scope of this Chapter. Herein is included, however, some 
few basic operational procedures which may well serve as a 
guide to the serviceman who has not extensively used the 
instrument. 

Controls.—The following controls are normally to be found 
on the oscilloscope: 

1. Vertical gain, coarse. 
2. Vertical gain, fine. 
3. Horizontal gain. 
4. Timing, coarse. 
5. Timing, fine. 
6. Sync control. 
7. Focus. 
8. Intensity. 
9. Vertical centering. 
10. Horizontal centering. 
11. Sync selector switch. 

The meaning of these labels is doubtless selfevident. Pro¬ 
ficiency in their use, particularly in connection with 4, 5 and 6 
comes only with practice. Perhaps the greatest difficulty that 
will be experienced, aside from the proper interpretation of the 
reproduced trace, will be that of obtaining stability of the 
trace; a function of the three aforementioned controls. 

Perhaps the most outstanding cause of failure to consistently 
obtain a stable pattern lies in the use of excessive synchronizing 
potentials, which excess may cause irregular synchronization 
and the loss of a portion of the desired sweep trace. In ad¬ 
justment, it is improper to vaguely set the timing (sweep repeti-
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tion rate) controls and to attempt final stabilization by greatly 
advancing the sync control. Rather, the sync control should 
be first adjusted to a moderate value and the picture stabilized 
by the fine timing control. Should insufficient sync be then 
had, as evidenced by inability to "stop” the picture, then the 
sync control may be advanced slightly and the fine sweep 
control readjusted. 

FIG. 5—Simplified schematic diagram of sweep circuit, tupe 304-11 cathode 
ray oscilloscope. (Courtesy Allen B. DuMont Laboratories, Inc.). 

It should be remembered that, for a single cycle of reproduc¬ 
tion, the oscilloscope sweep repetition rate must be equal in 
frequency to that of the wave form being observed. For two 
cycles of reproduction, it must be one-half; for three cycles, 
one-third, etc. 

Detailed operational procedures may be had from the in¬ 
struction manual accompanying the instrument. 
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Necessary Characteristics—The characteristics of a test 
oscilloscope must of necessity be considered prior to its use for 
alignment and trouble shooting of a television receiver. Some 
of these are given in the following: 

FIGS. 6 and 7—Simplified schematic diagrams of cathode ray tube circuit 
and power supplies respectively, type 304-H cathode ray oscilloscope. 
(Courtesy Allen B. DuMont Laboratories, Inc.). 
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Sensitivity.—Most instruments, even among the more ex¬ 
pensive types, incorporate vertical deflection amplifier having 
insufficient sensitivity tor use in television receiver alignment. 
In fact, the attempted observation of the pass band of the 
last i.f. transformer is met with either no trace at all upon the 
screen, or one so small as to be of no value. Therefore, the 
gain should be at least 1,000 times. 

FIG. 8—Typical oscilloscope wave pattern. The wave pattern shown is 
obtained by multiple exposure of sine-wave at 3 settings of vertical gain. 
Note that synchronization and sweep length remain constant at all settings. 

Usually this sensitivity or gain is measured in r.m.s. volts 
input per inch of vertical deflection (at maximum gain) typical 
values being in the order of 0.3 volts. Absolute gain at this 
rating and vice versa, necessitates knowledge of the oscillo¬ 
scope tube deflection sensitivity at a given acceleration poten¬ 
tial. If it be assumed that this is, say 75 volts per inch, the 
gain of the amplifier in such an instrument is therefore 75/0.3 
or 250. 
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Under the foregoing conditions, it is then necessary in ob¬ 
serving the passband of a single stage having low gain, to ob¬ 
tain as much as 0.3 volts from the generator for one inch 
deflection and 0.9 volts for three inch deflection. This has 
been found to be impossible with most, if not all, available 
sweep generators. 

A gain of 1,000 on the other hand, would give a sensitivity of 
75/1,000 or 0.075 volts per inch, which is probably a minimum 
and a gain of 1,500 or 2,000 being much more useful and de¬ 
sirable. Few instruments meet this requirement, although 
some very widely used in laboratory and field application, have 
a rated sensitivity of 0.02 volts per inch deflection at maximum 
gain, which is usually more than is required. 

Frequency Response.—Generally commercial oscilloscopes, 
depending upon the particular design, have a low frequency 
limit somewhere between 10 and 100 cycles, and a high fre¬ 
quency limit of between tens of thousands of cycles and one-
half me. 

It is sometimes erroneously contended that since video fre¬ 
quencies in excess of 4 me. are encountered, the oscilloscope 
must be responsive to this limit. Stress is placed upon the wide 
passband of some instruments in promotion literature. There 
are, in laboratory usage, instruments extending as high as 20 
or 30 me. which are advantageous in specialized applications. 
At the same time, there are instruments giving practical satis¬ 
factory performance, whose response extends only to 75 or 
100 kc. 

It should be realized that in general testing and servicing, 
it is of no advantage to observe the higher frequency component 
of the video signal. These are the impulses which reproduce 
the fine detail of the image, which can only be interpreted from 
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the face of the picture tube itself; their presence in the oscillo¬ 
scope reproduction of the video signal means nothing. 

Secondly, limited high frequency response will cause a round¬ 
ing-off of the sync pulses, and the question therefore is primarily 
how high it will be necessary to go in order to satisfactorily 
reproduce these. 

In the design and laboratory applications, it is often necessary 
that exactly true visualization of the wave front be obtained, 
and that harmonics in the order of 100 or more be present. 

Receiver testing, however, permits some distortion and, 
furthermore, the high frequency response of the sync circuits 
themselves are quite low. Typical of such circuits may use a 
plate-load resistor of 68,000 ohms and have a lumped capacity 
to ground of 50 mmfd. 

This gives a high frequency cutoff of 

f-_1_____-=46,800 c.p.s. 
2tt RC 6.28x68,000 x50x10- 12

From this it follows that it would be of no particular advan¬ 
tage to use an oscilloscope whose frequency range extends to 
5 me. in such an application. 

High frequency response in the vertical deflection amplifier 
might well be for general testing and servicing, essentially fiat 
to 100 kc. beyond this, the added cost is not justified by in¬ 
creased utility. 

Low frequency response is an item often neglected in con¬ 
sidering the oscilloscope, yet it may be such that distortion is 
introduced. With poor low frequency response resulting in a 
large amount of distortion, it is naturally impossible to judge 
the circuit under test and the reproduced pulse values are there¬ 
fore of no value. 



264 Television Test Equipment 

The Input Cable—The input cable should always be of as 
low capacity as possible. Ratings are in a given number of 
mmfd. per foot of length. The impedance of the cable is of no 
consequence when working at the signal frequencies encoun¬ 
tered. It is to be anticipated that high impedance and low 
capacity are inseparable, but in any given cable of 100 ohms 
impedance, various capacities are represented. The choice of 
a cable, should therefore be upon the basis of capacity only, 
and should not be excessively long. 

Horizontal Deflection Amplifier .—Of less consequence than 
the vertical amplifier, is the horizontal amplifier and it is usually 
not compensated to the degree that is found in the vertical. 
Usually, its low frequency response is such that the sweep is 
not linear (non-linearity exists also in the sweep oscillator out¬ 
put wave form) causing the reproduced trace to be more narrow 
at the right-hand side of the screen than at the left. High 
frequency response is limited because it must only reproduce 
the sawtooth wave form which contains not as many high 
frequency components as does a pulse. Of course, the retrace 
time indicates a rather high frequency, but some types of dis¬ 
tortion therein (amplitude distortion, not phase) do not harm. 
The retrace is not used in the conventional oscilloscope for 
visible reproduction. 

Oscilloscope Loading.—Of more concern is the matter of 
overloading in the amplifier. Quite often it is desirable to 
expand the horizontal sweep so that it extends far beyond the 
limits of the screen. This calls for an amplifier which is capable 
of developing sweep potentials greatly in excess of that necessary 
to the three to five inches of active screen. Then there is the 
likelihood of overload and compression of the sweep at either 
or both ends. This may or may not be apparent by mere ob¬ 
servation of the trace, but may be definitely determined by 
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placing a signal upon the vertical plates; this signal could for a 
simple test, be had by simply placing a finger upon the vertical 
input terminal. The horizontal amplifier should be such that 
this overloading condition is not apparent with horizontal 
sweep at its maximum and the horizontal positioning control 
rotated to extreme limits. 

Testing the Oscilloscope.—If it be desired to test the vertical 
response of an instrument prior to purchase, or to determine its 
true operation in application, this may readily be done by 
applying to the vertical input, the output of a variable fre¬ 
quency square wave generator. Provided that its output is 
a true square wave, any departure therefrom on the screen is 
indicative of faulty operation. Frequencies should be between 
30 and 15,000 cycles. 

Should there be no distortion whatsoever the vertical ampli¬ 
fier response is acceptable. By distortion in this connection 
is meant that the reproduction should not depart from the 
square wave, that is, the leading and lagging edges should be 
fairly straight, the corners square, and the baseline straight. 

Other Features.—Other features of the oscilloscope are more 
or less optional. It may have a three or five inch screen, al¬ 
though those with three inch screens are usually somewhat 
limited in other necessary requisites, due to economical con¬ 
siderations. 

Some instruments have provisions for internal sync at 60 
cycles, and in this association a phasing device permitting the 
pattern to move along the frequency or time axis. These may 
readily be provided, however, by external devices of simple 
construction. It is immaterial whether the tube deflection 
plates be brought out to external connections, since these have 
little application in receiver testing. 



FIG. 9—Schematic wiring diagram of R.C.A. cathode ray oscilloscope type WO-57A. 
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Also the so called “Z” axis is of little consequence in television 
testing work. This is a connection either directly or through an 
amplifier, to the control grid of the oscilloscope tube. Its 
function is to cut off the beam at some desired time, for ex¬ 
ample, one of the two traces obtained from sweep generator 
operation may be eliminated by the application of a negative 
potential to this grid during the time of one of the traces. 

Sweep Generator. In television testing and alignment the 
requisites of the sweep generator are far more stringent than in 
other types of work, due to the higher frequencies and increased 
sweep width required. 

Center Frequency. The requisites for “in center frequency” 
is that the generator should cover at least to the highest inter¬ 
mediate frequency of television receivers, that is, slightly under 
40 me. (most receivers employ less than 30 me. as intermediate 
frequency). This is a minimum requirement, and it should 
preferably extend also to the rj. ranges of 220 me. 

Sweep Width.—The sweep excursion must be somewhat in 
excess of the greatest bandwidth encountered in television, 
which is 6 me. A sweep width of not less than plus and minus 
4 me. (8 me. overall) with plus and minus 8 or 10 me. is a more 
desirable range. Should the sweep excursion be too narrow, 
then the reproduced traces will be excessively broad and they 
may not include the adjacent channel frequencies at which traps 
are sometimes placed. As a consequence the two reproduced 
traces will merge into one where the sweep is very much inade¬ 
quate. 

Amplitude Modulation.—Although amplitude modulation 
in the sweep generator renders many such instruments useless 
from a practical standpoint, its effect is obvious and therefore 
need not be further discussed. The ideal instrument supplies 
signal of amplitude level at a constant under frequency sweep. 



FIG. 10—Exterior view of the General Electric sweep generator, type ST-4A. This sweep generator has a 
variable frequency of from 4 to 110 me. and 170 to 220 me. in two bands. 
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FIG. 11—Schematic wiring diagram of the General Electric sweep generator, type ST-4A. 
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Any changes under that sweep, obviously will show in the 
reproduction as though they had been produced by the circuit 
under test, resulting in a false reading. 

In considering any particular instrument, its amplitude 
modulation may be determined by: 

1. Reduce sweep to a minimum. 

2. Provide some means of measuring output potential such 
as a vacuum tube voltmeter. 

3. Manually vary the frequency over the frequency limits to 
be checked, while noting changes in the amplitude of the 
signal input. 

In the absence of a vacuum tube voltmeter, amplitude modu¬ 
lation in the sweep generator may be observed by comparing the 
reproduced trace of a given bandwidth circuit with the hand-
plotted graph obtained with a signal generator of constant 
output, suitable detector and high impedance meter. 

Amplitude changes are commonly found in lower grade in¬ 
struments, which necessitate careful checking prior to purchase. 
They arise from the fact that the instrument internal circuits 
are frequency discriminant; the ratio may be as high as 2:1 in 
typical units. 

Of course, some changes in output signal level over a wide 
variation in frequency may be expected in any instrument, but 
it is necessary that there be essentially none over the sweep 
excursion at any useable portion of the center frequency scale. 

Summing up, it follows from the foregoing that amplitude 
modulation, narrow sweep excursion, in addition to a low 
maximum output level constitute major points to observe in 
any sweep generator. 



VIG. 12—Schematic wiring diagram of the R.C.A. type WR-59R television sweep generator. Used with 
an oscilloscope, this instrument will provide a visual pattern representing the response curve of the 
circuit under test on the oscilloscope screen. The sweep generator is designed to furnish a wide fre¬ 
quency modulated signal to cover each of the 12 standard television channels as well as all other fre¬ 
quencies between 300 kc. and 50 me. 

Television Test Equipment 
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Signal Generator.—If the sweep generator does not incorpor¬ 
ate internal marker circuits, it will be necessary to employ the 
signal generator (without modulation) as a means of identifying 

FIG. 13 Illustrating Hickok Model 610A television alignment signal gen¬ 
erator. 

frequencies within the reproduced trace. As such, its calibra¬ 
tion must be quite accurate. In fact it is recommended that a 
crystal calibrator be frequently used, since the calibration of 
most service type signal generators changes from time to time. 



FIG. 14—Schematic wiring diagram of Hickok Model 610A television alignment signal generator. 
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FIG. 15—Illustrating Sylvania Type 500 signal generator. This signal 
generator is designed for use as a general purpose television signal source 
for the testing and alignment of television and F.M. receivers. Output 
from 2 to 230 me. is available in four ranges, all on fundamentals and free 
of spurious frequencies in each band. The chosen center frequency may 
be swept from 0 to 600 kc. on one sweep range and 0 to 15 me. on another 
sweep range. A smooth attenuator is provided to control the output from 
the 75 ohm coaxial output cable. 
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FIG. 16—Schematic wiring diagram of Sylvania type 500 signal generator. 
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In television servicing the frequency range should be great 
enough to include all television channels, so that the generator 
can be used to supply test signals at the picture and sound 
carrier frequency for each television channel. 
The commercial FM and broadcast band of 88 to 108 me. 

should also be included. If the frequency range of the genera¬ 
tor be restricted it may be possible to use harmonics of the 
output signal for the higher frequencies. 

Signal tracing through the receiver circuit may be carried 
out with this generator as in conventional receivers, working 
back toward the antenna, stage by stage to localize a defective 
stage. 

Employing the 400 cycle output in the audio and video stages 
and the modulated r.f. signal in the i.f. and r.f. stages, the 
indication of normal operation is a steady tone from the loud¬ 
speaker in the sound channel while horizontal bars are pro¬ 
duced on the screen of the picture tube for signals in the picture 
channel. 

The audio test signal is also useful when non-image methods 
of testing scanning linearity must be employed to produce 
horizontal bars in the picture for checking vertical linearity. 
A test signal frequency of about 157.5 can be used to check 
horizontal linearity. 

Aside from frequency range and stability of calibration, 
there are two other points to be considered. First its output 
should be about one volt at a maximum and attenuation down 
to almost zero (low leakage) or about one microvolt. Leakage 
is checked by connection to a sensitive receiver operating at 
full gain, then reducing the generator attenuator. The signal 
should then reduce to an imperceptible level. 

Secondly, the oscillator should be quite stable when used as 
a marker. Any factor which leads to instability of the oscil¬ 
lator within the signal generator, leads to unsatisfactory results. 
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Marker Systems.—Specifically a marker system consists of 
an accurately calibrated signal source, which can be internal 
or external to the sweep generator. This calibrated source 
may take the form of a crystal oscillator of various frequencies 

FIG. 17 Exterior view of General Electric type ST-5A marker generator. 
This instrument allows the use of from one to five simultaneous crystal 
controlled markers, and at the same time permits complete freedom of 
marker positioning in the 20 to 50 me. band. The instrument furthermore, 
furnishes crystal controlled markers for each of the twelve television 
channels. 

which can be switched in and out permitting the calibration 
of the curve or it can be a continuously variable accurately 
calibrated signal generator. 



FIG. 18—Schematic diagram of General Electric type ST-5A marker generator. 
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There are numerous forms of marker generators on the 
market. When properly designed this is a precision quality 
instrument whose function it is to produce highly accurate 
marker “pips” to show specific frequency locations on a tuned 
circuit response curve when presented on the oscilloscope. 

The need for an accurately calibrated marker system will be 
considered by the fact that any response wave form as repro¬ 
duced on the oscilloscope screen is only approximately cali¬ 
brated. The center of such a trace represents the center fre¬ 
quency at which the sweep generator has been set. Without a 
marker system extremities of the sweep can only be approxi¬ 
mated by adding and subtracting from the center frequency 
the maximum frequency deviation for which the sweep genera¬ 
tor has been adjusted. 

The R.C.A. Sweep Oscillator and Television Calibrator. -The 
Radio Corporation of America is the manufacturer of a versatile 
sweep oscillator and calibrator shown in figs. 19 and 20. This 
instrument can be used for alignment, adjustment and trouble 
shooting on television receivers. 

Designed primarily to be used with the R.C.A. sweep gen¬ 
erator whose circuit is shown in fig. 20 and a suitable oscillo¬ 
scope to align television receivers, the calibrator is a generator 
of crystal calibrated marker frequencies. In one compact 
portable unit, the instrument combines the precision of crystal 
oscillators with the versatility of the variable frequency oscil¬ 
lator. Included in this one instrument is a crystal calibrated 
variable frequency oscillator, two crystal controlled oscillators 
with three crystal positions, a wide band modulator stage for 
internally modulating the output at audio and r.f. frequencies, 
and an audio amplifier with internal speaker. An internal 
audio oscillator is provided to modulate the output of the vari¬ 
able frequency oscillator, when required. 
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The variable frequency oscillator, from which the marker 
signal is derived, can be tuned to any frequency within the 
commercial television bands. Frequency settings, and tele-

FIG. 19—Exterior view of R.C.A. type WR-39B television calibrator. 

vision picture and sound carriers are indicated on a large, easy 
to read drum dial. A miniature built-in loudspeaker facilitates 



FIG. 20—Schematic wiring diagram of R.C.A. type WR-39B television calibrator. 
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zero beating the variable frequency oscillator with any har¬ 
monic of either a 2.5 me. crystal standard or a 0.25 me. crystal 
standard included in the unit. Since all of the standard RMA 
frequencies used in television service (sound and picture carrier 
frequencies, sound and picture intermediate frequencies, and 
local oscillator frequencies) are harmonics of 0.25 me. these 
frequencies can be rapidly identified with crystal accuracy by 
using the television calibrator to superimpose a marker on an 
oscillographic presentation of a response curve. 

An internal 4.5 me. crystal oscillator is also incorporated in 
the television calibrator. The output of this oscillator may be 
used to modulate the output of the variable frequency oscillator 
to provide marker “pips” spaced 4.5 me. on each side of the 
marker "pip” of the variable frequency oscillator. These 
markers are especially useful in the alignment of r./. amplifiers 
of television receivers. Similarly, a 0.25 me. crystal oscillator 
is incorporated in the television calibrator to provide marker 
“pips” spaced 0.25 me. from the frequency of the variable 
oscillator. These marker “pips” are especially useful in deter¬ 
mining the characteristics of the response curve of discrimina¬ 
tors and ratio detectors. The 4.5 me. output may be used by 
itself with or without modulation for alignment of television 
receivers employing intercarrier sound. 

In addition to its primary function as a marker generator, 
the calibrator can also be used to identify unknown frequencies 
falling within the frequency range of the instrument; it can be 
used as a crystal calibrated variable frequency oscillator, either 
modulated or unmodulated, for adjusting traps, aligning FM 
receivers, calibrating other signal generators, and adjusting 
the frequencies of small transmitters. It may also be used in 
combination with the internal 0.25 me. oscillator to provide a 
bar pattern on the face of the picture tube of a television receiver 
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so that linearity adjustments may be made on all channels 
whether or not a television station is on the air. 

The calibrator may also be used as a miniature television 
transmitter to provide a signal on the face of the picture tube 
when an external video signal source is available. 

To enable the serviceman to identify the frequencies of very 
weak signals, a phone jack is provided on the front panel. A 
jack is also provided for the introduction of an external modulat¬ 
ing voltage of any frequency when modulation of the output 
frequency of the variable frequency oscillator is desired. Sup¬ 
plied complete with power cord, and shielded output cable, the 
instrument is enclosed in a sturdy, well shielded steel case 
finished in attractive blue-gray hammeroid with anodized satin-
aluminum panels. 

Miscellaneous Test Equipment Items.—Following are certain 
additional items necessary to television receiver maintenance 
and trouble shooting: 

Tube Tester.—The tube tester should preferably be of the 
dynamic type, checking mutual conductance (Gm) of all tubes 
used, including the miniature types. There is no tester avail¬ 
able to check the viewing tube, but this is hardly a necessity. 

Universal Meter.—Universal meter, reading volts, ohms, 
milliamperes, etc. should be of the high impedance type (20,000 
ohms per volt or better) which may be used also in reading high 
voltage by applying a multiplier. There are produced, hig 
voltage cables and test prods which have built-in multipliers, 
extending the range of the meter to any reasonable value. 

Direct view picture tubes have acceleration potentials ap¬ 
proaching 15,000 volts; this should be the minimum require¬ 
ment in HV meters. Projection receivers will use up to 30 Kv. 

It must be borne in mind that even 50 microamperes (at full 
scale) of the meter may drop the high voltage appreciably. 
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This may be ascertained by observing change in picture size. 
If the picture materially increases in size as the reading is 
being taken, some allowance must be made for reduction under 
test. The only true measure in such case, is by an electro¬ 
static d.c. voltmeter, which instruments are usually restricted 
to the laboratory due to cost factors. 

Variable Voltage Transformer—A variable voltage trans¬ 
former is necessary for proper voltage control. Picture size 
and brilliance is dependent upon line voltage; changes are more 
apparent in some receivers than in others. Also, it has been 
noted that the socket voltage in most service areas is variable 
over wide limits. There should be, therefore, in adjusting the 
receiver, some means of simulating the actual operating con¬ 
ditions encountered in the field. The transformer should be at 
least of five ampere size. 
Small Tools- -These, including alignment tools, are essen¬ 

tially the same for any type of receiver whether AM, FM or 
television. 
Mirror.— In servicing television receivers a mirror is often 

used for observation of the picture screen while making adjust¬ 
ments at the rear of the chassis. To prevent breakage, this 
may be a metallic sheet, possibly a ferrotype plate, obtainable 
at any photographic supply house. 

Diode Detector.—In checking operation or alignment in a 
single i.f. or r.f. stage, detection must be had before application 
to the oscilloscope. In alignment of the FM receiver, it is 
well to eliminate the discriminator transformer while aligning 
the i.f. stages. The detector attached may be a tube or a 
crystal, as long as it does not seriously introduce capacity into 
the circuit. * 



Television Servicing 285 

CHAPTER 14 

Television Servicing 

Although each receiver is correctly adjusted at the factory, 
rough handling during transit and aging components may cause 
misalignment of the critical circuits. If picture and sound 
defects indicate that a re-alignment is necessary, the manu¬ 
facturers’ step by step procedure should be followed. 

In order to better understand the following detailed align¬ 
ment procedure, it is necessary to explain why this procedure 
has been prepared in this manner. Any receiver alignment 
problem may be classified either as a minor or major. In other 
words, it is either only slightly out of adjustment and therefore 
requires minor adjustments of one or more of the coils; or, some 
of the coil cores have been removed, or are badly out of adjust¬ 
ment, which will necessitate a thorough check of the entire 
circuit. 

In the absence of a screen room, external noise and signals 
may be very troublesome during alignment. Therefore a stage 
by stage procedure is usually followed, in which the signal is in¬ 
jected just preceding the stage under alignment. If it is known 
that the set is not badly out of alignment, it may be possible 
and practical to abbreviate the procedure considerably by 
applying the input signal directly to the antenna input during 
the entire alignment procedure, instead of applying it to the 
different tubes as each individual stage is aligned. 
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One important point should be kept in mind when making 
all adjustments. That is to align all the individual coils at the 
same frequency setting of the generator rather than changing 
the generator setting and having to go back and try to reset the 
generator at the same frequency. For example, when making 
a justments at 31.625 me. do not change the generator setting 
from the time of starting these adjustments until all adjust¬ 
ments on all coils that are to be aligned at this particular fre¬ 
quency have been completed. The exact frequency to which 
the coils are aligned is not as important as it is to be sure that 
all coils of identical frequency be aligned at exactly the same 
frequency. The frequency tolerance of ± 1% in signal gener¬ 
ator frequency can be tolerated if the coils are aligned at the 
same relative frequencies. 

Before attempting to make any alignment and adjustments 
check the physical position of all of the iron core slugs in thé 
different if. transformers and wave traps. Refer to the chart 
for their approximate correct positions. This, of course is not 
necessary if the receiver is not badly out of alignment, or if none 
of the transformers or cores have been replaced. In making anv 
adjustments, be very careful not to turn the cores in too far 
since the threads in the coil forms will be disengaged and thé 
core will drop to the bottom of the transformer can. If this 
occurs, the metal cover on the bottom of the r.f. and i.f sub¬ 
chassis must be removed and a small wire inserted through the 
bottom of the chassis into the coil form to force the iron slug 
back up to the point where it will engage the threads as it is 
turned back out. 

Again it should be emphasized that all pertinent data relating 
to the set to be aligned should be available for reference and the 
manufacturer’s alignment procedure must be followed. 
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General Alignment Procedure.*—To align a television re¬ 
ceiver, or any other receiver or device employing wide band 
circuits, a visual indication of the response of the circuit being 
aligned is required if the alignment is to be considered accept¬ 
able. Visual alignment is fast replacing the older, slower point-
by-point alignment method and is as rapid as it is effective. 
When combined with the use of accurately established marker 
frequencies, it is also precise. 

The test set-up for making a visual alignment when employ¬ 
ing the aforementioned test calibrator, television sweep generator 
and a suitable oscilloscope is illustrated in fig. 1. If the ampli¬ 
fier under test happens to be a wide band intermediate frequency 
amplifier, then the sweep generator is normally connected first 
to the grid of the stage preceding the second detector. 

The vertical input terminals of the oscilloscope are connected 
across the detector load resistor; the horizontal terminals are 
connected to a source of deflection voltage usually supplied by 
the sweep generator. When the sweep generator is tuned to 
sweep the band of frequencies accepted by the i.f. circuit, a 
trace representing the response characteristics of the circuit 
will appear on the oscilloscope screen. A typical trace is 
shown in fig. 2A. From this trace, valuable information about 
the response can be obtained, but if the center frequency of the 
response and its band-width are to be determined to any degree 
of accuracy, a marker must be used. When a source of marker 
frequencies is coupled to the input of the amplifier under test, 
a discontinuity, or “pip” will be observed on the trace, as ill¬ 
ustrated in fig. 2B. If the marker generator be tuned exactly 
to the center of the pass band accepted by the intermediate 
frequency amplifier, then this marker “pip” will indicate the 

♦The alignment procedure described on the following pages is furnished by the courtesy of 
the Radio Corporation of America. The calibrator referred to in the various illustrations and 
in the text matter is shown on page 280. 
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position of that frequency on the trace. Knowing the center 
frequency, the serviceman then adjusts the final tuned circuit 
for a trace that is of maximum amplitude, and is symmetrical 
about the marker “pip" or has the shape recommended by the 
manufacturer of the equipment being aligned. 

Preceding stages are then adjusted progressively by moving 
the sweep generator output cable back, stage-by-stage, toward 
the input of the amplifier while adjusting, stage-by-stage, the 
individual interstage coupling transformers. 

FIG. 2—Typical tuned circuit response. 

Fig. 3 illustrates the position of the marker “pip” relative 
to the response for various conditions of misalignment. It 
must be emphasized that once the market generator is tuned to 
the correct frequency, it is the position of the response which is 
incorrect, and which must be moved over under the marker 
“pip” by adjustments of the tuned circuits in the amplifier. 

The determination of the bandwidth of particular response is 
another important function of marker generators. Fig. 4 
shows how this is performed. After the amplifier is aligned, 
the marker generator is tuned to a lower frequency, so that the 
marker “pip” falls on the 70% response point on the low fre¬ 
quency side of the response curve. The frequency at this 
point is read from the marker generator dial scale, then the 
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generator is tuned toward a higher frequency until the marker 
“pip” rests on the high frequency side of the curve at the 70% 
response point. This frequency is also read from the dial scale. 
The difference between the two frequencies is equal to the band¬ 
width of the amplifier at the 70% response points. 

FIG. 3—Showing improperly aligned tuned circuits. Trace A, indicates 
response good, but resonant frequency of tuned circuit a little low; trace B, 
indicates resonant frequency of tuned circuit correct, but response not 
symmetrical; trace C, indicates response good, but resonant frequency of 
tuned circuit too high. 

FIG. 4 Showing bandwidth measurement. 

Bandwidth of a response curve may be determined in another 
manner with the use of an external variable frequency oscillator. 
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The output frequency of the calibrator should be tuned so that 
its marker “pip” falls on the 70% point on one side of the re¬ 
sponse curve. The output of the external variable oscillator is 
fed into the "MOD IN" jack of the calibrator and tuned to 
the frequency at which a marker “pip” appears on the 70% 
point on the other side of the curve. 

The frequency as read on the dial of the external variable 
frequency oscillator is the bandwidth of the response curve at 
70% response. 

The application of marker generators to alignment problems 
has been discussed in the foregoing in a very general way to 
acquaint the reader with the technique. 

Since various models of television receivers employ different 
coupling and amplifier circuits, any one method of alignment, 
if described completely in this chapter, would be of little value 
to the television serviceman. In all cases, before alignment of 
any television receiver is attempted, the manufacturer's align¬ 
ment instructions should be consulted. However, since the 
application of the television calibrator to alignment techniques 
is in all cases simply and clearly indicated, its use can be de¬ 
scribed in sufficient detail to cover all methods of alignment. 
Accordingly, the following applications will proceed with the 
assumption that the other equipment required is set up and 
operated in conformance with the manufacturer's instructions 
pertaining to the particular receiver under test, and according 
to standard visual alignment technique. 

Aligning Picture I.F. Amplifiers.—The test equipment and 
the receiver are set up as shown in fig. 5. When the sweep 
generator is tuned to sweep the pass band of the picture i.f. 
amplifier, a trace similar to that of fig. 6 should appear on the 
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oscilloscope screen. This trace is typical of the picture i.f. 
response of modern television receivers. Since the inter¬ 
mediate frequencies for most television receivers are 25.75 me. 
for picture and 21.25 me. for sound, these frequencies are shown 
in their proper positions in fig. 6. 

FIG. 6—Showing trace of picture i.f. response. 

Some television receivers, particularly pre-war receivers, use 
different intermediate frequencies. In this case, the manu¬ 
facturer’s alignment instructions should be consulted to determine 
the frequencies used, then the sweep generator is tuned to 
sweep the proper frequency band. 

During the alignment of the picture i.f. amplifier, it is neces¬ 
sary to know the positions of various frequencies along the 
response curve. These frequencies are caused to appear as 
marker “pips” on the response curve. If the television re¬ 
ceiver employs the standard RAÍA intermediate frequencies, 
then the marker frequencies may be obtained directly from the 
television calibrator. If the intermediate frequencies are 
below 19 me. (some receivers employ a picture i.f. of 12.75 me. 
and a sound i.f. of 8.25 me.) then the television calibrator is 
tuned to the carrier frequency of any television channel; the 
receiver is tuned to the same channel and the television cali¬ 
brator output is fed in at the receiver antenna terminals. The 
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signal from the television calibrator, when heterodyned with the 
receiver’s local oscillator, produces the desired i.f. marker 
frequency. When this method is used, the receiver oscillator 
must first be set exactly on the correct frequency as described 
in a following paragraph on local oscillator alignment. 

The following description will assume that the receiver under 
test employs standard RM A intermediate frequencies, although 
under no circumstances does this assumption mean that re¬ 
ceivers utilizing other intermediate frequencies cannot be 
aligned easily with the television calibrator. 

The instrument is employed as follows: 

1. Couple the output cable of the television calibrator loosely 
to the input of the mixer tube (refer to fig. 5). Sufficient 
coupling is usually obtained when the ground lead on the 
output cable is connected to the receiver chassis and the 
hot lead is placed near the wiring of the mixer stage. 
Some television receivers, having comparatively low gain 
i.f. amplifiers may require tighter coupling. Too much 
coupling is undesirable, as detuning of the circuit may 
result. If the curve shape be altered when the marker 
signal is inserted, coupling is too tight. 

2. Set the television calibrator frequency exactly on 25.75 me. 
A marker “pip” should appear somewhere on the trace. 
If the oscilloscope used to observe the response curve has 
a wide band video amplifier, the combination of marker 
“pip” and response curve may look like the curve shown 
in fig. 7A. A sharper marker “pip” may be obtained 
when the high frequency response of the oscilloscope 
vertical amplifier is decreased by shunting the vertical 
input terminals with a small capacitor (about .001 mfdf 
The resulting trace is shown in fig. 7B. 
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3. The position of the 25.75 me. marker (picture i.f. carrier) 
should be at approximately the 50% response point on the 
slope of the response curve, as shown in fig. 7. The 
tuned circuits in the picture i.f. amplifier are adjusted so 
that the response curve is of the proper shape with the 
marker “pip” in the position shown in fig. 7. 

FIG. 7—Showing trace of picture i.f. response. 

4. The position of any frequency on the response curve can 
be determined by placing the marker “pip” at that point 
and reading the frequency from the tuning dial scale. 
One important frequency is that where the response just 
starts to drop off toward the sound carrier frequency 
(see fig. 8). If the variable frequency oscillator of the 
television calibrator is set and calibrated to the picture 
i.f. carrier and the external variable frequency oscillator 
be set to a frequency which is the difference between the 
picture i.f. carrier and the frequency whose marker “pip” 
is shown in fig. 8 two simultaneous markers will appear. 
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These frequencies are most important in the alignment 
of picture i.f. amplifiers and their marker “pips” may be 
kept in sight constantly to eliminate the necessity of 
retuning and recalibrating the signal source. Other 
important frequencies are the trap frequencies shown in 
fig-9. 

FIG. 8—Showing trace of picture i.f. response. 

ADJACENT CHANNEL 
SOUND IF CARRIER 

FIG. 9—Showing trace of typical trap frequencies. 

Since the response of the amplifier is very low at the trap 
frequencies, the marker “pip” will disappear when it is placed 
on these frequencies; however, these points can be determined 
on the response curve by placing the marker “pip” first on one 
side of the trap frequency, then on the other, and interpolating 
the center frequency. During preliminary alignment when 
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the response of the amplifier at the trap frequencies has not been 
tuned to a minimum, a marker can be placed on the adjàcent 
channel sound i.f. carrier or adjacent channel picture i.f.-
carrier. These markers can be obtained from a separate 
variable frequency oscillator tuned to 1,500 kc. and connected 
to the “MOD IN” jack of the calibrator. With variable fre¬ 
quency oscillator of the calibrator set for a main marker at the 
sound or picture i.f. carrier frequency, markers will appear 1.5 
me. away from the main marker. Two simultaneous marker 
“pips” may be provided by the calibrator, one at the sound 
i.f. carrier and the other at the picture i.f. carrier when the 
output of the variable frequency oscillator is tuned to either 
frequency and the 4.5 me. crystal oscillator output is used to 
modulate it. 

This may be accomplished by turning the calibrate selector to 
4.5 me. It is advisable to maintain the “RF OUT” control 
near its maximum clockwise position whenever internal modu¬ 
lation is employed. If the marker amplitude is still too high, 
it may be reduced by looser coupling to the amplifier input 
point. The size of the marker “pip” can be increased by 
turning the “ RF OUT” control clockwise, or by coupling the 
output cable closer to the amplifier under test, or both. Coup¬ 
ling which is too tight, however, may result in detuning of the 
i.f. amplifier and consequent distortion of the response. 

Traps in the picture i.f. amplifier are adjusted by feeding 
the output of the television calibrator, tuned to the trap fre; 

quency, into the if. amplifier. Each trap is adjusted for 
minimum output as indicated by a sensitive vacuum tube volt¬ 
meter connected across the second detector load resistor. If 
the output of television calibrator is modulated by the internal 
audio signal, an oscilloscope or a highly sensitive vacuum tube 
voltmeter may be used as an output indicator. 
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The general procedure in aligning picture i.f. amplifiers is 
first to set the traps and then to align the other circuits in the 
i.f. amplifier. Since any adjustment made on these other 
circuits will in most cases slightly detune the traps, they may 
have to be “touched up’’ during the picture i.f. amplifier align¬ 
ment. The manufacturer’s alignment instructions will again 
determine the exact procedure to follow. 

Aligning R.F. Amplifiers.—The radio frequency stages of a 
television receiver should have a pass band of about 6 me. 
fig. 10. The equipment for producing this is set up and 

FIG. 10—Trace of typical r.f. response. 

operated according to the manufacturer’s alignment instructions 
and the output of the television calibrator is fed into the re¬ 
ceiver antenna terminals. Normally, the television calibrator 
is tuned to the center frequency of the channel being aligned, 
then the tuning adjustments in the r.f. amplifier are adjusted 
to produce a response which is symmetrical on each side of the 
marker “pip”. 

The output frequency of the calibrator is tuned to either the 
picture or sound carriers. When either of these frequencies is 
correctly marked on the r.f. response curve as seen on the 
oscilloscope, a marker “pip” appears at the other part of the 
curve if the output frequency be modulated by 4.5 me. To 
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do this, the calibrate selector is set at 4.5 me. position and two 
marker “pips” one marking the sound earner and the other 
marking the picture carrier are seen on the response curve 
and are spaced exactly 4.5 me. apart. 

Aligning R.F. Oscillators.—The local oscillator in the tele¬ 
vision receiver can be rapidly and efficiently aligned by feeding 
the sound carrier frequency into the input of the receiver and 
adjusting the receiver oscillator to obtain zero output from the 
sound discriminator. This procedure can be followed only 
after the sound ij. system has been correctly aligned. The 
procedure follows: 

1. Couple the output of the television calibrator to the input 
of the receiver. 

2. Connect a zero center voltmeter to the output of the sound 
discriminator (across the discriminator load resistors). 

3. Set the television calibrator to 215.75 me. (channel 13 
sound). 

4„ If the receiver has a fine tuning control, this should be 
set at the center of its tuning range. 

5. Adjust the channel 13 oscillator trimmer for zero output 
from the discriminator. Check this point by turning 
the trimmer through the correct setting. The discrimina¬ 
tor output should be positive on one side of the proper 
adjustment and negative on the other. 

6. Adjust the remaining channels in a similar manner. In 
each case set the calibrator to the appropriate sound 
carrier frequency. Since the order of alignment may 
differ in receivers of different make, the manufacturer s 
instructions should be consulted before proceeding. 
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The r.f. oscillator can also be aligned by using the calibrator as 
a precision heterodyne frequency meter. In fact, this method 
should be used with receivers employing intercarrier sound 
systems because the method outlined in steps one to six on the 
preceding page are not applicable. 

With the heterodyne method, the signal from the oscillator 
in the receiver is fed to the calibrator at the “RF IN” terminal 
by means of a single wire loosely coupled to the oscillator in 
the receiver. This signal is heterodyned against the variable 
frequency oscillator in the calibrator and the frequency of the 
receiver oscillator is then adjusted until the zero beat is ob¬ 
tained. 

In television receivers where the sound i.f. is higher than 
approximately 22 me. and the local oscillator operates on the 
high side of the carrier, the oscillator frequency will be outside 
the frequency bands (19-110 and 170-240 me.) of the calibrator. 
In such cases the variable frequency oscillator of the calibrator 
should be tuned to one-half or one-third of the oscillator 
frequency of the receiver, and the instrument operates on a 
harmonic of the variable frequency oscillator. For example, 
in aligning a receiver with a sound i.f. carrier of 31.25 me. and 
with the oscillator on channel 6 operating at 119 me. the 
variable frequency oscillator is tuned to 59.5 me. and its second 
harmonic is 119 me. heterodyned against the oscillator in the 
receiver. 

Aligning Sound I.F. Amplifiers.—With the exception of the 
response curve shape, the application of the television calibrator 
to alignment of sound i.f. channels follow the same general 
procedure given in the previous paragraphs on picture i.f. 
channels. The alignment equipment is set up as shown in 
fig. 11. The if. response, with the superimposed marker 



TELEVISION 
CALIBRATOR 

TELEVISION 
SWEEP 

GENERATOR 
CATHODE RAY 
OSCILLOSCOPE 

FIG. 11—Showing typical setup for sound i.f. amplifier alignment. 

Television Servicing 



302 Television Servicing 

“pip” is shown in fig. 12 as being indicative of that to be ex¬ 
pected from normal sound i.f. amplifiers. 

FIG. 12—Showing trace of sound i.f. response. 

FIG. 13—Showing typical discriminator response. 

The width of the pass band can be determined as described 
previously under "General Alignment Procedure”. The usual 
discriminator characteristic is shown in fig. 13A. Fig. 13B 
shows the usual discriminator response curve with the center 
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frequency (sound i-f.) modulated by the .25 me. crystal {cali¬ 
brate selector set at .25 me. position). Three simultaneous 
markers are provided by modulating the center frequency with 
the .25 me. crystal oscillator output. These marker pips 
are 250 kc. apart and are used to check discriminator bandwidth. 

FIG. 14—Typical discriminator response. Trace A, shows capacitor shunt 
across oscilloscope output and II, shows capacitor shunt removed. 

The center marker “pip” may not be visible since it is at a 
point of zero voltage and, consequently, the two visible pips 
will be 500 kc. apart. If the small capacitor previously shunted 
across the oscilloscope vertical input is removed, a trace like 
that of fig. 14B will appear. Using this trace, the serviceman 
can determine the important center frequency of the discrimina¬ 
tor characteristic with relative ease. Fig. 15 illustrates various 
conditions of discriminator misalignment. 

Another method of aligning the discriminator or ratio de¬ 
tector of television receivers is to obtain the usual response such 
as that shown in fig. 13A. The center frequency (sound ij.) is 
then modulated by an audio frequency. 

An internal audio frequency is provided by placing the 
volume control to the “MOD ON” position. When the dis¬ 
criminator or ratio detector has been properly aligned, the 
response curve seen on the oscilloscope will be similar to that 
shown in fig. 13A. When the center frequency is other than 
that provided by the television calibrator, the response curve 
will be similar to that in fig. 13C. 
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Television receivers employing intercarrier sound i.f. stages 
may be aligned in a manner similar to that described previously 
Since all receivers of this kind use a sound i.f. frequency of 4 5 
me. it is merely necessary to provide this frequency as the center 
frequency of the response curve. When the variable oscillator 

G. 15 Showing effect of improperly aligned discriminator circuit Trace 
A, indicates correct response; trace B, indicates secondary resonant fre 
quency oo high; trace C, indicates primary resonant frequency too high or 
resonant frequencies of preceding i.f. transformers too high. 

is set to the OFF position, and the calibrate selector is set to 
the 4 5 me. position, the r.f. output frequency is 4.5 me. and its 
output may be controlled by the r.f. “OUT” control. This 
output is fed into the video amplifier ahead of the 4.5 me 
take off pomt. If additional markers be needed they can be 
obtained by connecting the output of an ordinary variable 
frequency oscillator to the “MOD IN" jack 



FIG. 16_Showing typical setup for second detector and video amplifier response check. 
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Second Detector and Video Amplifier Response Check.— 
This test portrays on the screen of an oscilloscope a trace which 
shows the response of not only the video amplifier in a television 
receiver, but of the second detector and its load as well. Equip¬ 
ment for the test is set up according to fig. 16. The method 
follows: 

1. Connect the outputs of the television calibrator and the 
sweep generator directly to the diode element not con¬ 
nected to the diode load. See fig. 16. 

2. Set the sweep generator to sweep an arbitrary band of 
frequencies, say 20-30 me. Tune the television calibrator 
to 20 me. (These exact frequencies do not have to be 
used; it is only necessary to set the television calibrator 
to a frequency which is included near the low frequency 
end of the band swept by the sweep generator). Rectifi¬ 
cation in the second detector will produce, across the 
detector load, a band of frequencies continuously swept 
from 0 to 10 me. This video sweep is used to check the 
video-amplifier response. 

3. The detector probe of the oscilloscope is connected to the 
output of the video amplifier at the picture tube. If the 
oscilloscope be not equipped with a detector probe, then 
an external detector, using a diode or a crystal rectifier 
may be utilized. The detector should have, in addition 
to good 60 cycle square wave response, a low input capaci¬ 
tance to preclude any detrimental effect on the video 
amplifier response produced by capacitance loading of 
the amplifier output. 

When the picture tube is removed from its socket, the 
amplifier can be tested under more nearly actual con¬ 
ditions, since the input capacitance of a well designed 
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detector closely approximates the input capacitance oí 
the picture tube. 

4 A trace similar to that shown in fig. 17 should appear on 
4' herein of the osclloscope. This trace represents the 

freauency vs. amplification characteristic of the video 
Sita and second detector. Particular truena« 
along the response curve can be estimated, since the lengt 
of the entire trace is known to be representative of a video 
Z« bandwidth equal to the sweep width output 
of the sweep generator. 

ZERO FREQUENCY 

FIG. 17—Showing video amplifier and second detector response. 

Adjusting Linearity.—When the calíbrale switch of the 
calibrator is set to .25 me. the r.f. output of the unit is modu¬ 
lated with a 250 kc. signal. If this signal be receivedi on a 
television receiver, a vertical bar pattern (aP^™raJh ' 
bars') will be displayed on the picture tube. Thus, the ca 
Mor Z be employed as a completely self-contained tele¬ 
vision signal simulator to check the operation of any television 
receiver on all channels. The vertical bar pattern will enable 
one to adjust the horizontal linearity of the receiver to a hig 
decree of accuracy. If an externally generated audio signal 
of about 1 200 cycles be fed into the “MOD IN” jack, then 2 
horizontal’^bars will be displayed on the television receiver 
picture tube, and vertical linearity can be adjusted. 
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( hecking Operation of Television Receiver On All Channels 

y ?ne Channd IS °" The Air—The television 
calibrator may be used as a signal source as shown on page 322 to 
provide a signal on all channels if an external video signal be 
available, or if the calibrate control is set to .25 me. position. 

Servicemen will find this feature of the calibrator especially 
of value so that television receivers may be quickly and effi¬ 
ciently checked for proper operation on all channels even when 
only one channel is on the air. 

An external video signal is fed into the “MOD IN” jack on 
the calibrator and the output of the calibrator attached to the 

Xen322 termmalS °f the reCe‘Ver ’ as noted in the diagram 

Both the calibrator and receiver under test are tuned to the 
same picture carrier. A convenient video signal source may be 
obtained at the picture tube grid of a second receiver which is 
tuned to a channel which is being received. The video signal 
input at the “MOD IN” jack must be adjusted for the proper 
percentage of modulation by means of contrast control on the 
receiver. 
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CHAPTER 15 

Trouble Shooting 

In order to facilitate the trouble shooting procedure the 
following trouble shooting charts are given. The charts are 
subdivided according to the symptoms as they affect the picture 
or sound so that it is an easy matter to find the symptoms ob¬ 
served on the particular receiver. The second column of the 
charts indicate the part or section to be checked. Circuit 
components referred to in the text matter are shown on pages 
320, and 321. 

Picture Quality Defects' 

Symptom Check Refer to 

1. Nopicture.noraster.no 
sound. 

a. Power supply. 

2. No picture, no raster, 
sound normal. 

a. Picture tube. 
b. High voltage power supply. 
c. Ion trap. 

3. No picture, no sound, 
raster normal. 

a. r.f. and video i.f. circuit. See Note 1. 
(page 3141 

4. No picture, raster and 
sound normal. 

a. Video amplifier. See Note 7. 
(page 315) 

5. Poor focus. a. Focus coil. 
1 b. Focus coil circuit. 

See Pages 25 
and 26 

♦For picture quality defects see also pages 14 to 44. 
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Picture Quality Defects—Continued 

Symptom Check Refer to 

6. Poor focus and picture 
blooming. a. For gassy picture tube. See Note 14. 

7. Neck shadow. a. Focus coil adj ustment. 
b. Ion trap adjustment. 
c. Yoke assembly adjustment. 

See Notes 33, 
34 and 36. 

8. Ghost. a. Antenna orientation. 
b. Antenna lead-in. 

See Pages 41, 
113, 114, 
119 to 122. 

9. Snow. a. Antenna installation. See Chapter 7. 
10. Poor detail. a. r .f. and video ij. circuits, 

b. Picture control circuit. 
See Notes, 1 

and 4. 
11. Insufficient brightness. a. Ion trap adjustment. 

b. Picture tube. 
c. Pix tube anode or bus volt¬ 

age. 

See Note 34. 

12. Excessive contrast. a. Sync. Section. See Note 30. 
13. Excessive contrast with 

shaky picture. 
a. Sync. Section. See Note 31. 

14. Very bright, fuzzy pic¬ 
ture. a. Picture tube circuit. See Note 16. 

15. No picture on one chan¬ 
nel. a. Channel switch. See Note 6. 

16. Distorted picture. a. Video amplifier. See Note 7. 
17. Smeared picture. a. Video amplifier. See Note 10. 
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Raster Defects 

Symptom Check Refer to 

1. Raster not centered. a. Focus coil adjustment. See Note 33. 

2. Tilted raster. a. Focus coil adjustment. See Note 33. 

3. Excessive raster size. a. Low anode voltage to pix 
tube. 

4. Raster width too small. a. Circuit of horizontal sweep 
output tube. 

b. Width control shorted or 
misadjusted. 

5. Raster height too small. a. Height control circuit. 
b. Circuit of vertical sweep 

output tube. 

See Note 37. 

6. Unsymmetrical, trapezoi¬ 
dal raster. 

a. Deflection yoke position. i See Note 35. 

7. Barrel distortion. 1 a. Deflection yoke position. See Note 35. 

Sweep and Sync Defects 

Symptom Check Refer to 

1. No horizontal or vertical 
sync. 

a. Clipper circuit of V10. See Note 22. 

2. Insufficient sweep width. a. Horizontal sweep circuit. See Note 18. 

3. No raster, one horizontal 
line. 

a. Vertical sweep circuit. 
b. Vertical deflection yoke. 

See Notes 23, 
and 35. 

4. No raster, one vertical 
line. 

a. Horizontal deflection yoke. See Note 35. 

5. Raster not stable. a. High voltage power supply. 
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Sweep and Sync Defects—Continued 

Symptom 

6. Poor horizontal linearity. 

Check Refer to 

a Horizontal sweep circuit. 
b. Horizontal linearity con¬ 

trol. 
See Note 19. 

7. Poor vertical linearity. a. Vertical linearity control. 
b. Vertical sweep circuit. See Note 25. 

8. Picture not centered. 

9. Unstablehorizontalsync. 

a. Focus coil adjustment. 
b. Horizontal sweep circuit. 

a. Horizontal sweep circuit. 

See Note 20. 

See Note 21. 
10. Unstable vertical sync. 

11. Reduction of height. 
a. Vertical sync input. 
-—--- See Note 27. 

a. Height control. 
b. Vertical sweep circuit. 

See Notes 25, 
26 and 28. 

12. Small picture. 

13. Retrace lines increasing 
towards top. 

a. Picture tube circuit. 

a. Picture tube circuit. 

See Note 16. 

See Note 15. 

14. Vertical does not sync. a. Vertical sweep circuit. See Note 24. 

Audio Defects 

Symptom Check Refer to 

1. No sound, picture normal. 

2. Hum or buzz. 

a. Audio section. 

a. Audio section. 

See Note 38. 

See Note 39. 
3. Distortion. a. Crystal Yl. 

b. Audio i.f. alignment. 
-



Television Servicing 313 

Miscellaneous Defects 

Symptom Check Refer to 

1. Sound bars. a. Picture tube circuit. See Note 13. 

2. Light and-dark vertical 1 
bars, poor horizontal j 
linearity. 

a. Damper tube. 

3. Two heavy black hori¬ 
zontal bars across screen. 

a. Power supply (electrolytic 
capacitor). 

4. Excessive contrast with 
bright lines on bottom 
and top. 

a. Sync, section. See Note 31. 

5. Picture distorted and re¬ 
verse action of picture 
control. 

a. Sync, section. See Note 32. 

6. Picture flutters at 60 
cycles rate. 

a. Capactitor C251 in video 
i.f. circuit. 

See Note 5. 

7. Window shade effect. a. Picture tube circuit. See Note 16. 

8. Barkhausen oscillation. a. Drive control R369. 
b. 19BG6tube. 

See Page 40. 

9. “Busy background” on 
trailing edge. 

j a. Video amplifier. See Note 8. 

10. Blacklinesacrosspicture. a. Video amplifier. See Note 9. 

11. Very bright picture with 
black lines. 

a. Video amplifier. ■ See Note 11. 
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NOTES ON TROUBLE SHOOTING 

(RF and Video IF Circuit) 

1. Misalignment of r.f., video if. stages or sound traps will 
cause poor picture detail. If some stages are totally de¬ 
tuned, the signal might not get through at all, failing to 
produce a picture. 

2. If the oscillator circuit fails to produce the required fre¬ 
quencies, no i.f. signal is formed and no signal will get 
through: No picture and no sound will be the result. 
Any defective component in the oscillator circuit may have 
this effect. 

3. Any interruption of the signal path through the r.f. and 
video i.f. stages will result in a distorted picture or no pic¬ 
ture at all. The location of an open component is easily 
accomplished by methods used in radio service work. 

4. An overloading of the stages will result in loss of picture 
detail; check picture control circuit. 

5. In case the capacitor C251 is short circuited, sound bars 
will appear in the picture, and trailing white shadows. If 
this capacitor opens up, the picture will flutter at a 60 
cycle rate and at minimum picture control audio motor¬ 
boating will start. 

6. A defective channel switch will result in intermittent 
reception of one channel or in extreme cases a channel 
might be interrupted completely. Clean switch with a 
cleaning fluid or bend the contacts to increase contact 
pressure. In some cases it is best to replace head-end unit. 
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Video Amplifier 

7. If the path of the signal within the video amplifier is 
broken, the picture will be distorted or wiped out com¬ 
pletely. This may be caused by open chokes, L2o9, 
L261, L262 or coupling capacitor C268. 

8. Misalignment of the 4.5 me trap will cause a “busy 
background’’ effect on the trailing edge of the picture. 

9. If choke L264 or coupling capacitor C275 is open, there 
will be always enough coupling capacity to carry along at 
least a fraction of the signal. The resultant picture will 
have black lines across it. 

10. Open or shorted resistances are easily located. Before 
resistors open up completely, they often show high resist¬ 
ance value. If this happens with the resistors R269 and 
R272 the effect will be a smeared picture. A high resist¬ 
ance of R273 will cause picture distortion at high values 
of picture control. 

11. A shorted capacitor C275 will have the following effects: 
The picture is very bright with black lines across it. 
Brightness control does not reduce the brightness. 

Picture Tube Circuit 

12. A defective picture tube can be the cause of a faint picture, 
a distorted and unsteady picture or no picture at all. 

13. Parts of the electron gun structure might vibrate under 
the influence of a strong loudspeaker output, resulting in 
sound bars in the picture. 

14. A gassy picture tube will cause a blooming picture which 
is out of focus. 



15. In case the capacitor C279 on the cathode of the picture 
tube breaks down, a high voltage will be right on the 
cathode blanking out the picture. If this capacitor opens 
up, horizontal lines appear on the picture increasing 
towards the top. 

16. A leaking capacitor C278 will cause a small picture with 
poor brightness and vertical linearity. If the other 
capacitor C277 becomes defective, the following effects 
will occur: A shorted capacitor will produce a fuzzy and 
ver\ bright picture while an open capacitor will produce a 
bright horizontal area advancing towards the top with in¬ 
creasing brightness control setting (“window shade” 
effect). 

Horizontal Sweep Section 

17. No raster on the picture tube indicates a lack of high volt¬ 
age or horizontal sweep voltage. This may be caused by 
a defect in the high voltage rectifier circuit, or in the hori¬ 
zontal sweep output circuit, the horizontal oscillator may 
not be functioning properly or there may be a short in the 
horizontal deflection circuits. 

18. Insufficient sweep width may be caused by defective com¬ 
ponents in the horizontal deflection circuits. Check the 
secondary^ circuits of T351 for defective components. 
When L353 is shorted or has shorted turns, the picture 
will be too narrow and L353 will have no or little control 
on the width. 

19. Poor horizontal linearity may be caused by a short in 
L3o2 resulting in L352 having no control on the horizontal 
linearity. High leakage in capacitor C370 will cause poor 
linearity and also will increase the width. 
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20. A short in capacitor C377 will change the d.c. component 
through the horizontal deflection coils which will shift the 
picture horizontally such that it may not be centered with 
the focus coil setting. 

21. Poor horizontal sync with good vertical sync may be 
caused by a defect in the circuits of VI1, or V12 or-B. 

22. No vertical or horizontal sync may be caused by defects 
in the clipper circuits of V10. 

Vertical Sweep Section 

23. The vertical sweep generator contains a multivibrator 
circuit which is made inoperative by the defects of the 
following capacitors; shorted capacitor C304, C305 or 
C308. If the capacitor C305 is open, the oscillator is 
stopped. 

24. The frequency of the generator is thrown off by a short 
circuit of the capacitors C301 and C302 with the effect 
that the vertical does not sync. 

25. The linearity of the vertical sweep is impaired when the 
electrolytic capacitor C309 loses its capacity to an ap¬ 
preciable extent. If it opens up completely, the height 
reduces to approx, one-fifth of the normal size. 

26. If the paper capacitor C308 develops any leakage, the 
vertical size is reduced so that the height control R308 
does not suffice to obtain the desired height. 

27. In case the capacitor C302 has an open circuit, the ver¬ 
tical sync becomes less stable. 
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28. If the B4- voltages supplied to the circuit is too low, the 
deflection voltages will not suffice to deflect the beam 
across the entire surface of the tube. 

29. Microphonie tubes might give rise to a very unstable 
operation, resulting in a jumpy picture. 

Common Sync Section 

30. A shorted capacitor C354 on pin 1 of V10 tube will produce 
excessive contrast which cannot be reduced to normal by 
the picture control. If this capacitor opens up, both 
horizontal and vertical sync will be inoperative. 

31. An open capacitor C353 on the plate (pin 5) of tube V10 
will produce a shaky picture with excessive contrast, 
while an open capacitor on the grid (pin 4) of tube V10 
(C351) will produce bright lines on bottom and top 
together with poor horizontal and vertical sync which is 
independent of picture control setting. 

32. Distorted picture and reverse action of picture control is 
caused by an open capacitor C261 on the picture control. 
If C261 is open, increasing picture control will decrease 
picture control and vice-versa. 

Focus Coil, Ion Trap and Deflection Yoke 

33. Io obtain good focus and centered raster, the focus coil 
must be carefully positioned as outlined under “Focus 
Coil Adjustment,” page 29. No sharp picture will be 
possible with an open or shorted coil. A partial short will 
throw the picture out of focus. Before looking for obscure 
trouble, be sure to check the focus control circuit for de¬ 
fective components. 
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34. The correct adjustment of the ion trap will result in 
maximum brilliance and at the same time will insure long 
tube life. For adjustment of this trap, see page 29. 

35. Any unsymmetry of the deflection yoke will cause picture 
distortion. A shorted coil or shorted turns will cause 
barrel distortion and unsymmetric trapezoidal distortion. 
An open deflection yoke will produce a horizontal or ver¬ 
tical line across the screen. An open horizontal deflection 
coil produces a vertical line, while an open vertical de¬ 
flection coil produces a horizontal line. For deflection 
yoke adjustment, see page 30. 

36. The yoke assembly must be pressed against the bell of the 
picture tube to avoid neck shadow. 

37. The correct picture size is obtained by adjusting the 
width and height control, as outlined under “Preset or 
Service Adjustment Controls,” pages 19 to 26. 

Audio Stages 

38. The FM modulated signal can reach the 1st audio tube 
only when the two i.f. transformers are aligned properly. 
In localizing defective components, follow normal radio 
trouble shooting procedure. 

39. In case of improper alignment especially of discriminator 
secondary, a buzz or hum is heard when receiving a tele¬ 
vision station. 

40. In case of no sound output the following components 
should be checked in turn; tubes, output transformer, 
capacitors and defective speaker. 
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FIG. 2—Schematic diagram of General Electric Model 12T7 television 
receiver (for continuation of diagram see opposite page). 
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CHAPTER 16 

Wave Form Analysis 

In servicing and trouble shooting of television receivers its 
absolute operating condition can be best determined by a de¬ 
tailed wave form analysis of each section and comparing it 
with that supplied by the manufacturers of the receiver in 
question. In practice, however, a detailed wave form analysis 
(although desirable in particular applications) is far too time 
consuming for adoption by most service technicians. 

Because of this, the relative check system, where the receiver 
trouble is analyzed and narrowed down to a specific section, by 
the usual sound or visual method is most commonly employed. 

It is therefore only after the trouble has been localized, that 
a point-to-point wave form check is made in that immediate 
stage, and the wave form so obtained is compared to that sup¬ 
plied by the manufacturer. 

By having the manufacturers’ wave form photographs avail¬ 
able along with the peak-to-peak voltage readings for each 
model receiver, a rapid reference check can be made by compar¬ 
ing the resultant wave forms and amplitudes with that obtained 
at the test. 

A comparison of voltage will give the relative loss or gain per 
stage of the receiver, while the wave shape comparison will 
reveal such faults as insufficient band width, non-linearity, 
clipping, hum pick-up, distortion and a number of other irregu¬ 
larities which are the direct result of faulty components or in¬ 
correct adjustment. 
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Oscilloscope Requirements.—In checking wave forms the 
main requirements of the oscilloscope, in addition to its line¬ 
arity and bandwidth, is that it should have a vertical sensitivity 
of 1 volt (peak-to-peak) or better. For wave forms taken at the 
vertical sweep and sync circuits, the oscilloscope must be syn¬ 
chronized at approximately 30 cycles to correspond with half 
the vertical sweep rate. For wave forms obtained from the 
horizontal sweep and sync circuits, the oscilloscope must be 
synchronized at 7,875 cycles, or half of 15,750 which is the hori¬ 
zontal sweep rate. All tests should be made with the same 
signal applied to the receiver terminals. 

For screen calibration, either the graduated scale celluloid 
screen of the oscilloscope, or a strip of linear graph paper may 
be used. As a calibration source the 6.3 volt filament voltage 
of the receiver is frequently employed. In this connection it 
should be noted that this 6.3 volt represents r.m.s. values. To 
read an r.m.s. voltage as peak-to-peak, multiply by 2^2. Thus 
the 6.3 filament winding would actually produce a peak-to-peak 
deflection on the oscilloscope screen of 6.3 x 2\/2 or 17.82 volts. 

Typical Wave Forms. Figs. 1 to 31 are presented to illus¬ 
trate the wave form patterns at various positions within a 
Motorola Model FAT01 Series receiver. These have a direct 
reference to the sync and sweep circuit of this receiver and of 
its associated circuits, including the sync separator, pulse 
limiter, pulse stripper, etc., since it is in these stages that a great 
deal of difficulties are usually experienced. The circuits on 
which the tests were made are shown schematically in figs. 
32 and 33. 



FIGS. 1 to 12—Wave form patterns as taken at various stages of Motorola VK101 Series television receiver. 
For reference points see schematic diagram fig. 32. In the illustration fig. 1, represents detector output 
and first video grid, slow sweep; fig. 2, detector output and first video grid, fast sweep; fig. 3, second 
video grid, slow sweep; fig. 4, sync separator input, slow sweep; fig. 5, sync separator input, fast sweep; 
fig. 6, plate of pulse stabilizing amplifier, slow sweep; fig. 7, plate of pulse stabilizing amplifier, fast 
sweep; fig. 8, grid of pulse stripper, slow sweep; fig. 9, grid of pulse stripper, fast sweep; fig. 10, grid of 
pulse limiter, slow sweep; fig. 11, grid of pulse limiter, fast sweep; fig. 12, plate of pulse limiter, slow 
sweep. 
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FIGS. 13to24—Wave form patterns as taken at various stages of Motorola VK101 Series television receiver. 
For reference points, see schematic diagram fig. 32. In the illustrations, fig. 13, represents plate of pulse 
limiter, fast sweep ; fig. 14, integrated vertical pulse measured at the junction of the 22,000 and 6,800 ohm 
resistors between the pulse limiter 6J5 and the vertical blocking oscillator transformer with the 6SN7 
vertical blocking oscillator tube removed, slow sweep; fig. 15, grid of the 6SN7 vertical blocking oscillator, 
slow sweep; fig. 16, plate of 6SN7 vertical blocking oscillator, slow sweep; fig. 17. plate of 6SN7 vertical 

(continued on page following) 
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discharge tube, slow sweep, fig. 18, plate of 6V6 vertical output tube, slow sweep; fig. 19, secondary of 
vertical output transformer, slow sweep;fig. 20, vertical deflection coil current, slow sweep; fig. 21, center 
tap of horizontal sync discriminator transformer, fast sweep; fig. 22, discriminator diode plate, pin S3 of 
6H6 discriminator tube, fast sweep; fig. 23, discriminator diode plate, pin #5 of 6H6 discriminator tube, 
fast sweep; fig. 24, grid of 6V6 horizontal oscillator tube, fast sweep. 

FIGS. 25 to 31—Wave form patterns as taken at various stages of Motorola VK101 Series television re¬ 
ceiver. For reference points see schematic diagram fig. 32. In the illustrations fig. 25, represents plate 
of 6V6 horizontal oscillator tube, fast sweep; fig. 26, grid of 6J5 horizontal discharge tube, fast sweep; 
fig. 27, plate of 6J5 horizontal discharge tube, fast sweep; fig. 28, secondary center tap of horizontal output 
transformer to ground, fast sweep; fig. 29, bottom primary terminal of horizontal output transformer and 
ground, fast sweep; fig. 30, bottom secondary terminal of the horizontal output transformer and ground, 
fast sweep ; fig. 31, saturated signal on the grid of the picture tube. 

Co 
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FIG» 32 Partial schematic diagram of Motorola VK101 Series television receiver. 
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These wave forms as shown were taken by Motorola engineers 
on a Du Mont Model 241 oscilloscope, using the low capacity 
test probe. It should be noted that some alteration in the wave 
form patterns may occur in receivers of different design, or even 
in receivers of the same model when different oscilloscopes 
are used. 

For the stages in which both horizontal and vertical pulses ap¬ 
pear, two photos were taken, one with a slow oscilloscope sweep 
(30 cycles) and the other with a fast sweep (7,875 cycles). For 
the slow sweep, the synchronizing selector of the oscilloscope is 
set for 60 cycles and the synchronizing control adjusted to ob¬ 
tain a stationary pattern. For the fast sweep, the synchronizing 
selector should be set for “ Y” signal, or internal sync. With the 
frequency range control of the oscilloscope set to the slow 
sweep, the resulting wave form represents one or more com¬ 
plete fields. 

Wave forms taken with the range control on fast sweep will 
represent one or more scanning lines. In addition to the wave 
form patterns, the photos also show the amplitude of the various 
signals. These are based on a 0.7 volt signal at the grid of the 
first video stage. 

To obtain a wave form of the saw tooth current in the deflec¬ 
tion coils, a 5 ohm resistor must be inserted in series with the 
deflection circuit, and the oscilloscope leads connected across the 
resistor. In the horizontal deflection circuit the resistor should 
be inserted in series with the plate supply lead to the 6BG6G 
horizontal output tube at a point below the coupling condenser 
when the Motorola VK101 is being checked. This is done to 
prevent an improper wave form which might result from the 
ripple voltage or damping diode action. In other receivers not 
employing a similar d.c. supply circuit, the 5 ohm resistor is 
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inserted in series with the plate supply lead at the most con¬ 
venient point. Measurement across the 5 ohm resistor is 
necessary in the horizontal sweep circuit since the induced volt¬ 
ages in the plate circuit of the 6BG6G and in the primary of the 

output transformer are on the order of 5 to 9 kv. Extreme care 
must also be employed when making these measurements as the 
oscilloscope ground is actually at the B+ potential of the re¬ 
ceiver. Avoid physical contact with the oscilloscope and re¬ 
ceiver chassis or accidental ground between the two. 

The normal course of the television signal can be traced from 
the detector output to the picture tube grid by following the 
wave form patterns shown in figs. 1 to 31. 

In receivers whose video detector is connected differently, 
the picture phase may be positive (pictures in figs. 1 and 2 
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inverted). The signal at the grid of the second video stage 
ñg. 3 is substantially the same except that it is inverted 180 
degrees and has assumed a peak-to-peak voltage gain of 1.3 
volts. At the second video output this gain has increased to 
6.4 volts. Referring to the schematic fig. 33 the video signal 
is taken from the second video output and fed both to the 
picture tube grid and to the input of the d.c. restorer and sync 
separator. Here the sync pulses are removed from the com¬ 
posite video signal and passed on to the pulse stabilizing ampli¬ 
fier, where they are amplified. 

This stage operates in a manner similar to a compression or 
a.v.c. stage so that the sync pulse amplitude at its output is 
practically constant for a wide range of input voltages. The 
pulse stripper (or clipper) clips the signal at just above the 
blanking level and removes all of the remaining video com¬ 
ponents from the sync pulses. The pulse limiter flattens the 
top of the vertical pulses so that a good, square shaped pulse 
will be applied to the integrator and thus to the blocking 
oscillator. The blocking oscillator and discharge tube feeds in 
the usual manner into the vertical output stage, which converts 
the voltage wave form into a current wave form and applies it 
to the vertical deflection coils. 

In the horizontal deflection system, a.f.c. is used. This 
consists of a 6V6G sine wave oscillator operating at 15,750 
c .p .s . with a 6AC7 reactance tube across its input circuit. The 
horizontal sync pulse is combined with the sine wave voltage in 
the 6H6 discriminator to produce a d.c. voltage which biases the 
reactance tube and causes the oscillator frequency to sync with 
that of the sync, pulses. The horizontal discharge and hori¬ 
zontal output operate in a manner similar to the vertical dis¬ 
charge and output stages, except for the higher frequency and 
the increased voltages involved. 
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Wave Form Interpretation. Proper analysis of these wave 
forms will greatly facilitate servicing. For instance, if a video 
signal be present at the picture tube grid, but no wave form is 
present in either the vertical or horizontal sync stages, look for 
a defective stabilizing amplifier, pulse stripper, or pulse limiter; 
these three stages are all common to both horizontal and vertical 
deflection circuits. Check for the presence of wave forms in 
each stage. Presence of vertical sync, but no horizontal sync 
indicates possible trouble in the discriminator or reactance 
stages. 

Other troubles can be traced in the same manner simply 
by checking for the presence of a wave form and comparing it 
to the standard as previously indicated. By studying the 
operation not only of the sweep and sync circuits, but of the 
entire receiver by the wave form comparison method, the action 
and correlation between each section will soon be understood 
and the service technician will be able to diagnose and correct 
the trouble in the least possible time. 
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CHAPTER 17 

Color Television 

Principally the transmission of television pictures in color is 
based upon breaking clown and re-assembling of the televised 
scene into its three primary colors. These colors are the red, 
blue and green. In order to understand the technique and the 
problems associated with color television a complete under¬ 
standing of the fundamentals of color will be of assistance. 

Color Characteristics.—Color as observed by the human eye 
is a property of light. This fact may simply be ascertained by 
passing sunlight through a glass prism. The colors thus ob¬ 
tained constitute the color spectrum. White sunlight contains 
all colors but due to the limitation of the human eye and the 
fact that colors produced by the prism blend into each other, 
only seven fairly distinct colors may be observed. 

If a close inspection of the foregoing color distribution be 
made, numerous fine graduations may be observed, both be¬ 
tween the different colors and within any one color itself. It 
has been found that all the various tints and shades that are 
contained in the spectrum under observation may be reproduced 
by a combination of the red, blue and green. 

Thus, a certain desired color may be obtained by a proper pro¬ 
portioning of the primary colors. In this manner yellow may 
be obtained by a combination of red and green, orange by a 
different proportioning of the same two colors, white by a careful 
proportioning of red, blue and green, etc. 
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It is these well known facts about colors which have beei 
employed in color television by breaking down the light re 
ceived from a scene into its primary components at the tele 
vision transmitter and recombining them at the televisioi 
receiver. 

FIG. 1—Schematic diagram showing arrangement of apparatus in the 
field sequential system of color broadcasts. 

Present Status of Color Television.—There are at presenl 
several color television systems in various stages of develop¬ 
ment. Among these there are two which will be discussed ir 
this chapter, since each have been developed to a point of c 
public demonstration. These are termed according to the se¬ 
quence in which the colors are presented to make up one single 
whole colored picture, as follows: 

1. The field sequential, and 
2. The dot sequential system. 
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FIG. 2—Schematic diagram showing arrangement of apparatus in television 
receiver to obtain color pictures from the CBS field sequential system of 
color broadcast. 

The field sequential system of color television has been devel¬ 
oped by the CBS (Columbia Broadcasting System) whereas, the 
dot sequential system has been developed by the RCA (Radio 

The CBS Color Television System.*—The CBS color tele¬ 
vision system as presently constituted, employs a rotating color 
wheel in front of the transmitting camera, fig. 1. This motor 
driven rotating wheel, or disk, is made up on alternate segments 
of color filters. 

The sequence of colors passed before the camera are in the 
order of red, blue and green, after which the cycle is repeated. 

♦NOTE.—The Columbia Broadcasting System has been authorized by the Federal Communica¬ 
tions Commission to broadcast color television signals according to certain predetermined 
standards as given. The hours of such broadcast to be determined as agreed upon, are to be 
found in the television broadcast schedule of newspapers within the locality of the CBS systems 
television network. 
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During the time that the red filter segment passes before the 
camera tube, the televised image is completely scanned and 
electrical pulses transmitted which vary according to the red 
light received through the red filter. The same is true of the 
other two primary colors. 

At the receiver, a similar color disk is employed, as illustrated 
in fig. 2, which rotates in synchronism with that at the trans¬ 
mitter. While the red filter is in place at the transmitter, the 
red filter is passing before the picture tube at the receiver, thus 
reproducing the transmitted “red picture” in its proper color. 
The blue and green pictures are reproduced in a similar manner. 

CBS color picture transmission requires two interlaced color 
frames of three fields each. There are 144 fields per second, 
with 24 complete pictures. It was necessary to cut the number 
of lines from the standard 525 to 405 in order to permit trans¬ 
mission of the 144 fields within the regular 6 me. channel. 

This makes the CBS color system “incompatible” with the 
present monochrome picture standards. Therefore, it is neces¬ 
sary to make certain alteration in the sweep circuits of the 
standard 525 line black and white receivers to permit operation 
on 405 lines for colors as well. 

The RCA Color Television System.—In the dot sequential 
system of color television, as developed by the Radio Corpora¬ 
tion of America, the scene to be televised is picked up by a 
special color camera containing three camera tubes, one for 
each of the three primary colors. 

According to RCA engineers, the three tubes work into three 
separate amplifiers and transmitters so that the three primary 
color images are being transmitted simultaneously. Fig. 3 is 
a block diagram of the system. 



Color Television 337 

The light entering the camera is passed through special 
mirrors which possess the property of being able to reflect one 
color but pass all others. These are known technically as 
“dichroic” mirrors. In this manner all light reaching the camera 
is sorted into its primary color components. 

2-4MC 

FIG. 3—Block diagram showing how the RCA dot sequential color system 
operates at the transmitter end. 

The output from each camera tube is now transferred through 
separate low-pass filters (which pass only video signals having 
frequencies up to two megacycles) to an electronic sampling 
tube as illustrated in fig. 3. At the same time this is happening, 
portions of the three color signals from the camera are combined 
in electronic Adder No. 2 and passed through a bandpass filter 
where video frequencies up to 2 me. are suppressed and those 
from 2 to 4 me. are transmitted. 

This system of dividing the color signals into separate low and 
high frequency components and then combining all of the high 
frequency components together is known as a mixed high system. 
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Why this particular method was chosen will be shown in the 
following. 

The mixed high frequencies are fed to Adder No. 1 which is 
also receiving signals from the electronic sampler. However, 
while the mixed high frequencies are arriving in a continuous 
stream, the low frequencies are arriving in spurts, from the 
electronic sampler, in the form of short pulses. 

Within the sampler, an electron beam is revolving at a rate of 
3.8 million times per second. The beam thus comes in contact 

FIG. 4—Showing method of operation employed in the sampler system 
associated with the RCA dot sequential television color system. 
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with the color signal from each camera 3.8 million times in each 
second providing Adder No. 1 with this many samples from each 
color, one sample arriving every 0.263 microsecond (1/3.8 = 
0.263). 

Fig. 4 shows the output of the sampler for a short period of 
time. In fig. 4A the output of the sampler for the green signal 
is shown. A green sample (pulse of voltage from the signal fed 
to the sampler by the camera receiving the green portion of the 
incoming light) appears every 0.263 microseconds. 

At a time 0.0877 microsecond after the first green sample, a 
sample is taken of the voltage from the camera receiving the 
red rays of light. The red samples themselves, however, are 
spaced 0.263 microsecond apart. Blue samples are taken at 
the same rate as the red and green samples and appear 0.0877 
microsecond after a red pulse of voltage. 

The composite sequence of these voltage pulses is shown in 
fig. 4D. For any particular scene, the strength of each pulse 
would depend of course, on the amount and shading of the color 
rays reaching the camera. 

The pulses at the output of the sampler tube are fed to Adder 
No. 1 where they are combined with the mixed-highs signal. 
Both signals are applied now to a low pass filter (passing 0-4 
me.) where the pulses of voltage from the electronic sampler are 
smoothed out. Each of the smoothed out pulses now becomes 
a sine wave having a frequency of 3.8 me. as shown in figs. 4 
E, F and G. 

It should be noted in these sine waves, that when any one 
color signal reaches its maximum value, the other two color 
signals are passing through zero. This is important and insures 
that when the signals are again sampled at the receiver, that 
only one color is obtained during each sampling. 
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While the three sine waves are shown separately in fig. 4 
E, F, and G they are actually combined in the low pass filter to 
form the composite signal shown in fig. 4H. It is this composite 
signal which combines with the mixed-highs signal to provide 
the complete video signal. The remainder of the transmitter 
now follows the usual sequence of amplifying this voltage, im¬ 
pressing it onto an r.f. carrier and sending it out over the air 
to the receiver. 

FIG. 5—Block diagram showing necessary components of a dot sequential 
color television receiver. 

The Receiving System.—At the receiver the transmitted 
color television signal, together with the accompanying sound, 
is received and amplified by a series of stages which up to the 
second detector, are similar in all respects to the same stages 
found in present black and white receivers. 

Thus, there is an r./. amplifier, a mixer, a high frequency 
local oscillator, a series of video i.f. stages and a conventional 
sound detector. The same is true of the audio system with its 
i.f. amplifiers, discriminator, audio amplifiers and speaker. 
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A block diagram of a color television receiver of this type is 
shown in fig. 5. The receiver principles in the previously de¬ 
scribed RCA color television system is approximately as follows: 

The video signal at the output of the second detector consists 
of the composite color signal, as shown previously in fig. 4H, 
plus the vertical and horizontal synchronizing pulses which are 
required to keep the receiver image in step with the transmitter 
image. 

FIG. 6—Operation of the color television receiver sampler system. 

Part of the signal is applied to a sync separator stage where 
the sync pulses are divorced from the rest of the signal and then 
fed to saw-tooth deflecting circuits where they lock-in the sweep 
oscillators. This, again, does not differ from conventional 
black and white television receiver practice. 

The rest of the signal from the video second detector is fed to 
a sampler tube which is similar to the sampler tube employed at 
the transmitter. Every 0.0877 microsecond, the sampler tube 
samples the composite signal producing the narrow pulses 
shown in fig. 6A. The amplitude of each sample will depend 
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upon the strength of the composite wave at that particular 
instant. This same stipulation was true at the transmitter, 
it will be remembered. 

The sampler sends these pulses to each of the video amplifiers 
and its associated cathode ray tube in succession. Thus, look¬ 
ing at fig. 6A, the green pulse goes to the video amplifier system 
which is associated with the cathode ray tube emitting green 
light, the red pulse goes to the red video system, and the blue 
pulse goes to the blue video system. 

The sequence then repeats itself, going from green to red, to 
blue for so long as the equipment is in use. To insure that the 
sampler tube sends the series of pulses to the various video 
amplifiers in proper sequence, the trailing edge of the horizontal 
synchronizing pulse is used to drive both receiver and transmit¬ 
ter sampler tubes. 

When the three colored pulses pass through their respective 
video amplifier systems, they are smoothed out to the sine wave 
form shown in fig. 6B. Note, that while all of the signals are 
shown together in this illustration, only the green signal goes 
to the green cathode ray tube, only the red signal goes to the red 
cathode ray tube, and only the blue signal goes to the blue 
cathode ray tube. The image that is produced on each cathode 
ray tube will thus depend upon how much of the scene being 
sent by the transmitter contains that particular color. 

If, for example, there is a considerable amount of red detail 
in the scene, with little blue and say slightly more green, then 
the amount of detail visible on each separate image tube will 
vary accordingly. The light output of all tubes are combined 
then to form the complete picture, to provide the true shading 
of the original scene. 
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In the receiver shown in fig. 5 the total signal consisting of 
the sampled signal plus the mixed highs has been inserted in the 
receiver sampler and when this unit samples portions of the in¬ 
coming signal, it obtains for each pulse the proper low frequen¬ 
cies for that color plus a combination of the mixed highs. 

Consider carefully what happens to the high frequencies. 
At the transmitter these high frequency components of each 
color were combined, first with each other, and then with the 
low frequency composite signal obtained from the output of the 
sampler. 

At the receiver, when the electronic sampler samples the 
signal, it will obtain not only the particular color wanted, say 
blue, green or red, but in addition, it will also receive a ccm-
bination of the high frequency components of all three colors 
at the same time. 

Thus, each cathode ray tube will have its own color plus 
essentially the same highs or fine detail. Since each image tube 
receives the same amount of fine detail, the combination of 
these three colors in the final image will produce either white, 
black or intermediate shades of grey. 

This is because the combination of the three primary colors, 
in equal amount, will produce white or its equivalent. Thus 
we see that in a “mixed-highs” system, the fine detail of the 
image will appear in black and white, and the larger detail will 
be in color. 

The “mixed-highs” system is similar to the process of color 
rotogravure used in printing newspapers and periodicals. To 
print a color photo, the three primary colors are used, with the 
addition of a fourth plate which is black. 
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This fourth plate adds black, white and the intermediate 
shades of grey to the image formed by the three primary colors. 
It has been found that through the use of this fourth plate, the 
depth, emphasis, and richness of the picture are increased. 
The same results are observed in television. 

Black and White Reception—As previously shown the signal 
which is radiated by the color transmitter consists of a composite 
voltage obtained by combining the low frequency components 
of each color with the mixed high components. 

The total signal therefore, possesses all of the information 
needed to develop a black and white image with full resolution. 

When a black and white receiver is tuned to a color broadcast 
station, the total signal, after the video second detector, is 
passed through several video amplifiers and then applied to a 
conventional cathode ray tube. It is true that there is a 3.8 
me. sine wave superimposed on the picture signal due to the 
3.8 me. sampling frequency at the transmitter. This will 
produce a dot pattern on the black and white image tube in 
highly colored areas, but the dots are not noticeable at normal 
viewing distances. 

When a color receiver is tuned to a television broadcasting 
station transmitting a black and white signal, the picture will 
appear in black and white with full resolution on the color 
receiver screen. The successive pulses delivered to the three 
image tubes will all be of equal magnitude, and hence, will 
produce varying intensities of white—which represents a normal 
black and white picture. 
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CHAPTER 18 

Color Conversion Methods 

In the foregoing chapter, a brief description of the CBS color 
transmitter and receiving principles were given. It was also 
mentioned that the CBS method of color transmission as 
presently constituted is incompatible with the present black and 
white television standards. Therefore, it is necessary to make 
certain changes in the conventional black and white receivers 
in order to be able to receive the CBS color broadcasts. 

The complete conversion of a receiver for reception of the 
CBS field sequential color system, requires two distinctly 
separate devices. They are: 

1. An adapter (Housing the circuit conversion components). 
2. A rotating color disk (Filter wheel). 

At the outset, it should be made clear, that due to color disk 
size and accompanying limitation (the filter wheel must be at 
least twice the size of the screen), only black and white receivers 
with screen diameters of 12)^ inches or less are at present adapt¬ 
able to color conversion. 

Before proceeding with an explanation of the functions of 
the conversion devices, it may be well to enumerate the CBS 
color transmission standards: 

The CBS color television system is a field sequential system, 
that is, colors are changed after each vertical scanning period 
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or field. There are 144 fields per second, and as in black and 
white two to one interlacing is employed. The number of lines 
per frame is 405, or 202.5 per field (262.5 in black and white). 
Thus, the total number of lines per second, or horizontal line 
frequency is 72 x 405 = 29,160 c.p.s. This is slightly less than 
twice the black and white horizontal line frequency which is 
30X525 = 15,750 c.p.s. 

The colors are transmitted in the following sequence: red, blue 
and green. Each color lasts for 1/144th of a second and the 
color sequence repeats itself after l/48th of a second. This 
period is called a color frame interval. Since only one-half the 
number of lines will have been scanned in all colors in 1 /48th of 
a second, twice this period, or l/24th of a second, is required 
for all lines to be scanned in all colors. This period of l/24th 
of a second is called a color picture interval. 

The CBS field sequential system can utilize electronic or 
mechanical means for coloi selection. Thus far, the simplest 
and least expensive method is the use of the color disk. The 
color disk rotates in front of the receiver tube at the rate of 
1,440 r.p.m. When six color filters are employed, it means that 
two sets of red, blue and green filters are used. In addition to 
the tube size, the shape of the filters determines the size of the 
color disk. 

Most ordinary black and white receivers do not have sufficient 
scanning speed range in horizontal scanning; therefore, in order 
to receive a single black and white image with 405 lines and 144 
fields, the horizontal scanning frequency would have to be 
changed to reach the required 29,160 c.p.s. In addition, the 
horizontal flyback time must be properly adjusted. The verti¬ 
cal scanning frequencj7 would have to be extended to cover the 
range from 60 to 144 c.p.s. 
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The Color Disk.—The color disk, shown in figs. 1 and 2 must 
rotate at a speed of 1,440 r.p.m. in front of the screen of the 
receiver. The most effective disk diameter should be somewhat 
larger than twice the width of the picture to be received. Thus, 
for a 7-inch tube screen, the radius of the color disk should be 
seven and three-quarters inches, that is a diameter of 15}^ 
inches, approximately. 

FIGS. 1 and 2—Showing color wheel layout and required dimensions for 
various size receiver screens. The dimensions given are approximate only. 

As shown in fig. 1 the disk employs six color filters, namely, 
two sets of red, blue and green filters. If only three color seg¬ 
ments were used (120° each) the motor speed would be too high 
for successful use. 
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Color Filters.—Several plastic suppliers make available 
colored sheet plastic suitable for color disks. Good results 
can be obtained with Wratten No. 26 for the red; Wratten No. 
47 for the blue and Wratten No. 58 for the green. The fore-

FIG. 3—Typical motor and color wheel assembly. The motor color wheel 
assembly should preferably be mounted in such a manner that it may by 
slid along a rail system running parallel to the screen. This mounti»,, 
method will facilitate its removal for conventional black and white viewing. 

going filters are to become stock items with the Eastman Kodak 
Company in the near future, under the name of “Color Tele¬ 
vision Filters.” Approximately equivalent Plexiglas numbers 
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are: No. 159 or 160, red; 263, blue; 260 or 2004, green; and 
Lucite: No. 10539 red; No. 7456 blue; and No. 3526 green. 

Disk Shapes.—In laying out the disk shapes for color con¬ 
version, the contours should preferably comply with the dimen¬ 
sions given in figs. 1 and 2. It should be observed that for the 7 
inch picture tube, a 15}^-inch color wheel is used. Similarly, for 
a 10-inch picture tube a 24-inch wheel is required. A 12J^-inch 
tube, finally would require a 28^-inch color wheel. 

Motor Types. The size of motor to use will depend upon the 
size of color disk. The larger the disk, the greater will be the 
fractional horsepower motor size required. When receiving 
color television signals originated by a camera whose power 
supply is locked to the 60 cycle supply of the receiver location, 
a synchronous motor will give satisfactory disk synchronization 
provided that the synchronous motor running at 1,800 r.p.m. 
and disk running at 1,440 r.p.m. are properly geared. When 
the camera and receiver do not run on the same power supply, 
suitable synchronizing power can be derived from the vertical 
deflection circuit of the receiver which is running at 144 c.p.s. 
or by extracting the color phasing pulse which is transmitted 
at the rate of 48 per second at the start of the red field synchron¬ 
izing pulse. 

Circuit Changes.—It has previously been mentioned that to 
convert the conventional black and white receiver to color, 
certain changes are necessary in the sweep circuits. It should 
also be noted that with present methods only receivers having a 
screen size of 12 H inches or less are suitable for adaptation to 
color. . , . . 

The complexity of the necessary circuit changes depends 
also upon the type of receiver. Thus, for example, a 7-inch 
electrostatically deflected receiver is comparatively simple to 
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convert. Larger receivers with r.f. power supplies generally 
lend themselves to ease of conversion. Television receivers 
with flyback high voltage systems, on the other hand, will 
require complex circuit changes, and in order to accomplish 
a satisfactory conversion, it would probably be necessary to 
replace the flyback transformer and deflection yoke in many 
instances. 

As previously noted, the frequencies of the deflection oscil¬ 
lators in present black and white transmission standards are 
60 c.p.s. for vertical and 15,750 c.p.s. for horizontal sweep 
frequencies, bor the CBS field sequential color television 
broadcasts, these oscillator frequencies must be changed to 
144 c.p.s. for vertical deflection and 29,160 c.p.s. for the hori¬ 
zontal sweep circuit. To convert the sweeps in any standard 
black and white receiver, it is necessary to adjust the vertical 
and horizontal hold controls to smaller values of resistance. 
The ratio of this change will be the reciprocal of that between 
black and white and color sweep frequencies. 

Sweep Circuit Resistance Values.—Resistance values for the 
vertical will be 60 144 or 1/2.4 of the total frequency deter¬ 
mining resistance of the sweep oscillator in the black and white 
receiver. For the horizontal, the new value for color will be 
15,750 29,160 or 1/1.851 times the black and white value. With 
these fractions it is a comparatively easy task to determine the 
values of resistance necessary for conversion from black and 
white to color. 

In most circuits there is a limiting resistance inserted between 
the frequency determining grid of the sweep oscillator and the 
hold control. This connection is broken and a switch inserted. 
In some of the pre-war receivers there is only a hold control, 
and in some cases no change is necessary other than the proper 
adjustment of the hold control. 
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Whether new resistors are switched into the circuit or an 
adjustment is made directly, the higher sweep frequencies 
usually comes from the oscillator at a lower amplitude than the 
original black and white sweep frequency. This will result in 
a smaller image and will require adjustment of the size control 
each time a change is made from black and white to color, or 
vice versa. 

This problem is overcome by switching separately adjustable 
size controls, at the same time as the hold control values are 
switched. In some cases it may be advisable also to arrange 
to switch in separate linearity adjustment controls if they are 
present in the receiver. 

Switch Requirements—Several of the simpler type of cir¬ 
cuits such as the seven inch Teletone TV 149 requires only a 
4-pole, two-position switch, a diagram showing the circuit 
conversion of this type of receiver is shown in fig. 4. 

In the Teletone TV 149 receiver deflection circuit, the hori¬ 
zontal and vertical oscillation circuits are identical with only 
the values of some components changed to establish the vertical 
or horizontal frequency. 

Circuit changes in certain RCA receivers such as the 630TS, 
which might be considered as representative of the smaller 
picture tube sizes, are shown in fig. 5. For the switching 
arrangement of components of the horizontal a.f.c. system em¬ 
ployed in this type of receiver, three switch points are required 
because of the following changes: discriminator frequency ad¬ 
justing capacitance is changed, horizontal oscillator reactance 
tube frequency adjusting capacitance is changed, and the 
values of horizontal drive RC network are changed. 

The right side of fig. 6 shows the rest of the horizontal system 
changes that will be required for the 6BG6-G and flyback output 
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transformer system. Fig. 6 shows a typical Synchroguide 
system as adapted to the 29,160 cycle sweep. 

Fig. 7 is a new horizontal output transformer with separate 

M -MONOCHROME; 15,750 C.P.S. 

C = COLOR ; 29,160 C.P.S. 

FIG. 4—Showing circuit changes and switch location for color conversion of 
Teletone TV-149 receiver. The switch required is of the conventional 
four-pole, double-position type. 
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FIG. 5—Circuit showing how the components are switched for 
receiver. This is the horizontal a.f.c. section of the receiver. 

M = MONOCHROME; 15,750 C.P.S. 

C = COLOR ; 29,160 C.P.S. 

color reception in the RCA type 630TS 
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Mr MONOCHROME; 15,750 C.P.S. 

C = COLOR ; 29,160 C.P.S. 

FIG. 6—Circuit showing the horizontal deflection and high voltage section of the RCA type 9T-246 type 
receiver. The modifications shown are those required to enable the receiver to receive color broadcasts 
as well as black and white. 

taps for the black and white and color horizontal output connections to the deflection 
coils. The changes are necessary because, when the original system is used, there is a 
deterioration in horizontal output linearity and sweep amplitude in the color position. 

354 
Color Conversion Methods 
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The new transformer has more turns for the color secondary 
connection to the horizontal deflection yoke than for the black 
and white connection. The transformer is wound on a square 
ferrite horizontal output transformer core, with a gap of 0 0 5 
inch in each leg. The primary (1-2) is wound with 800 turns 
of No. 28 single-silk enamel insulated wire. 

3 O 

800 T 

2 O 

800 T o 

1 O 

FIG. 7—Showing horizontal transformer tapped for black and white and color. 

The high voltage winding in series with it consists of another 
800 turns of 10-44 litz or No. 36 single-silk or single nylon enamel 
wire. The secondary is also wound with this wire. Position 
of the windings is the same as on the transformer it replaces, 
as is the method of winding. 

It will be practically impossible to wind such a transformer 
by hand, but they may become available commercially in the 
near future. 

The foregoing diagrams illustrate clearly the changes neces¬ 
sary for a black and white to color conversion. Prior to 
employing any of the foregoing information, however, it is 
recommended that the service technician try out the conversion 
changes on a standard receiver, so that he wdl become thor¬ 
oughly familiar with all the operations as well as with the 
components involved. 



8T^« ng WÍrÍ”g °Lc?m P'cte adapter unit as recommended by the CHS for use with the RCA 
type9 r-246 receiver. This adapter unit may be used with other receivers as well, provided certain 
modincations are made as required. 
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CHAPTER 19 

U.H.F. Converters 

To meet the demand for additional television stations, the 
Federal Communications Commission ^.C-C.) has assigned a 
wave band in the ultra-high-frequency spectrum between 470 
and 890 megacycles for commercial television broadcasting. 
This adds a total of seventy new u.h.f. channels to the existing 
twelve e h.f. channels. U.h.f. channels are numbered fourteen 
thiough eighty-three with each channel occupying six mega¬ 
cycles. 

Since television receivers designed for operation on the con¬ 
ventional v.h.f. channels covering a frequency of between 
54 and 88 me. (low band) and 174 to 216 me. (high band 
will not be able to utilize the new u.h.f. channels without circuit 
modification, it is the purpose of the present chapter to in orm 
the reader of methods presently available to convert theOJ. 
receiver for reception on the u.h.f. channels. 

Experiments and research in the field of u.h.f. have resulted 
in some practical solutions to this problem. Ihus, manu¬ 
facturers have presently developed numerous, simple compact 
and serviceable converters, which when properly affixed to the 
present television receiver, will permit reception on all u.h.f. 
channels. 

Ultra-High-Frequency Converters J57 
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THE NEW UHF CHANNELS 
Í Their channel limits, frequency of sound and pictured carriers, and the equivalent wavelengths in inches./ 

Chan¬ 
nel Me 

Pix 
Carrier 

Wavo-

lengths 
in inches 

Sound 
Carrier 

Wove-

length 
in inches 

14 470-476 471.25 25.0455 475.75 24.8087 
15 476-482 477.25 24.7307 481.75 24.4997 
16 482-488 483.25 24.4236 487.75 24.1983 
17 488-494 489.25 24.1241 493.75 23.9043 
18 494-500 495.25 23.8318 499.75 23.6173 
19 500-506 501.25 23.5466 505.75 23.3371 
20 506-512 507.25 23.2681 511.75 23.0635 
21 512-518 513.25 22.996 517.75 22.7962 
22 518-524 519.25 22.7303 523.75 22.5350 
23 524-530 525.25 22.4707 529.75 22.2798 
24 530-536 531.25 22.2169 535.75 22.0303 
25 536-542 537.25 21.9688 541.75 21.7863 
26 542-548 543.25 21.7261 547.75 21.5476 1 
27 548-554 549.25 21.4888 553.75 21.3142 
28 554-560 555.25 21.2566 559.75 21.0857 
29 560-566 561.25 21.0293 565.75 20.8621 
30 566-572 567.25 20.8069 571.75 20.6432 
31 572-578 573.25 20.5891 577.75 20.4288 
32 578-584 579.25 20.3759 583.75 20.2188 
33 584-590 585.25 20.1670 589.75 20.0131 
34 590-596 591.25 19.9623 595.75 19.8115 
35 596-602 697.25 19.7617 601.75 19.6140 
36 602-608 603.25 19.5652 607.75 19.4204 
37 608-614 609.25 19.3725 613.75 19.2305 
38 614-620 615.25 19.1836 619.75 19.0443 
39 620-626 621.25 18.9983 625.75 18.8617 
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Chan¬ 
nel Me 

Fix 
Carrier 

Wove-
lengths 
in inchei 

Sound 
Corner 

Wove-
length 

in inches 

40 626-632 627.25 18.8166 631.75 18.6826 

41 632-638 633.25 18.6383 637.75 18.5068 

42 638-644 639.25 18.4634 643.75 18.3343 

43 644-650 645.25 18.2917 649.75 18.1650 

44 650-656 651.25 18.1232 655.75 17.9988 

45 656-662 657.25 17.9577 661.75 17.8350 

46 662-668 663.25 17.7953 667.75 17.6754 

47 668-674 669.25 17.6357 673.75 17.5180 

17.3633 
48 674-680 675.25 17.4790 679.75 

49 680-686 681.25 17.3251 685.75 17.2114 

50 686-692 687.25 17.1738 691.75 17.0621 

51 692-698 693.25 17.0252 697.75 16.9154 

52 698-704 699.25 16.8791 703.75 16.7712 

53 704-710 705.25 16.7355 709.75 16.6294 

54 710-716 711.25 16.5943 715.75 16.4900 

55 716-722 717.25 16.4555 721.75 16.3529 

56 722-728 723.25 16.3190 727.75 16.2181 

57 728-734 •729.25 16.1847 733.75_ 16.0855 

58 734-740 735.25 16.0527 739.75 15.9550 

59 740-746 741.25 15.9227 745.75 15.8266 

60 746-752 747.25 15.7949 751.75 15.7003 

61 752-758 753.25 15.6691 757.75 15.5760 

62 758-764 759.25 15.5452 763.75_ 15.4536 

63 764-770 765.25 15.4233 769.75 15.3332 

64 770-776 771.25 15.3034 775.75 15.2146 

65 776-782 777.25 15.1852 781.75 15.0978 

66 782-788 783.25 15.0689 787.75 14.9829 

14.8696 
67 788-794 789.25 14.9543 793.75 

68 794-800 795.25 14.8415 1 799.75 ] 4.7580 

69 800-806 801.25 14.7303 805.75 146481 
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Table (continued) 

Chan-
rrel Me 

Pix 
Carrier 

Wave-
lengths 
in inchei 

Sound 
Carrier 

Wave-
length 

in inches 
70 806-812 807.25 14.6209 811.75 14.5399 
71 812-818 813.25 14.5130 817.75 14.4332 
72 818-824 819.25 14.4067 823.75 14.3280 
73 824-830 825.25 14.3020 829.75 14.2244 
74 830-836 831.25 14.1988 835.75 14.1223 
75 836-842 837.25 14.0970 841.75 14.0217 
76 842-848 843.25 13.9967 847.75 13.9224 
77 848-854 849.25 12.8978 853.75 13.8246 
78 854-860 855.25 13.8003 J 859.75 13.7281 
79 860-866 861.25 13.7042 865.75 13.6329 
80 866-872 867.25 13.6094 871.75 13.5391 
81 872-878 873.25 13.5159 877.75 13.4466 
82 878-884 879.25 13.4236 883.75 13.3553 
83 884-890 885.25 13.3326 889.75 13.2652 

U.H.F. Converter Classification 

Ultra-high-frequency converters presently available, may be 
classified as follows: 

1. Self-contained continuously tuneable converters. 

2. Preset, one or two channel converter units. 

3. Built-in converters. 

Self-contained continuously tuneable converters are com¬ 
paratively easy to install and require only a small amount of 
preliminary field work. 
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They contain their own power supply and require only the 
connection of the output lead between the converter and the 
receiver and the antenna lead-in connections. 

To simplify operation, the converter usually has an a.c. 
receptacle at the rear of the chassis the purpose of which is to 
supply a.c. power to the television receiver. Thus control 
over both units is obtained by a single knob. 

FIG. 1—Block diagram of self-contained continuously tuneable u.h.f. con¬ 
verter. 

This type of converter always employs an if. amplifier to 
compensate for the loss of signal in the preselector and mixer 
stages. In most instances also the preselector circuit s output 
has a bandwidth of twelve megacycles covering the frequencies 
of channels 5 and 6. 

The receiver, therefore, may be tuned to either of these 
channels, depending upon which channel is not used in the area 
of installation. 

Preset, One or Two Channel Converters.—These units are 
designed to provide service in areas where only one or two u.h.f. 
stations are available. Depending upon their design they may 
be small compact units that are fastened to the rear of the 
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receiver chassis, or they may be contained in a cabinet that is 
placed on or near the television receiver. 

When the converters are fastened to the back of the receiver 
the power for its operation is usually obtained from the receiver 
itself, or a cable adaptor socket may be used that plugs into 
the audio output tube socket. 

OUTPUT AT 
CHANNEL 
5 OR 6 TO 

V.H.F. TUNER 

U.H.F. 
SIGNAL 
INPUT 

FIG. 2—Block diagram of preset one or two channel converter. 

The output of the preset converter is usually of the same 
frequency as channel 5 or 6, and whichever of these channels 
is vacant in the receiving area should be used to accept the 
converter output. 

Thus, for example, if the converter output is set on channel 6, 
and it is desired to receive this signal on channel 5, the con¬ 
verter oscillator circuits must be readjusted to provide the 
correct output frequency. 

In a converter unit of this type, all the necessary adjustments 
are made at the time of installation, and since they are of a 
permanent nature, the operation of the converter is automatic 
and is governed only by the position of converter switch and 
the setting of the v.h.f. channel selector to receive any one of 
the two channels. 
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Built-in u.h.f. Converters.—These types of u.h.f. tuning 
units are designed to form an integral part of the television 
receiver and are usually provided for at the factory during the 
assembly process. 

There are two types of these tuning systems in use at present. 
One is employed in receivers equipped with turret tuners, fig. 3, 

DETENT SPRING. 

DETENT SPRING SCREW 

DETENT OSC 
ROLLER 

CHANNEL SELECTOR 
SHAFT 

RETAINING STOP 
SPRING 

TENSION 
SPRING 

FINE TUNING SHAFT COVER PLATE COIL BOARD 

-MIXER 
R.F. AMP. 

CONTACT PLATE 
ASSEMBLY 

SIDE COVER 
PLATE 

RETAINING 
SPRING 

COIL BOARD 

FIG. 3—Typical twelve channel turret type tuner showing channel strips. 
(Courtesy Standard Coil Products Company). 

containing tuning strips. Thus, u.h.f. tuning strips may be 
substituted in place of any v.h.f. strips in positions where v.h.f. 
signals are not received. These u.h.f. strips are supplied for 
any specified channel. See fig. 4. 
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lhe second type of u.h.f. tuning system employs separate 
v.h.f. and u.h.f. tuners, with the u.h.f. tuner output fed into 
the v.h.f. tuner and then to the video if. circuits. 

FIG. 4—Illustrating the simple manner in which u.h.f. channel strips can be 
substituted for the v.h.f. channel strips in a Standard Coil Products tele¬ 
vision tuner. 

If the v.h.f. tuner is unmodified, the u.h.f. tuner output is 
usually accepted on channel 5 or 6 position, whichever is not 
used in the receiving area. 

Switching antennas, and B plus to the u.h.f. tuner, is usually 
accomplished by a linkage assembly operated automatically 
or manually. A separate u.h.f. tuner control is provided in 
this application. 

Some television receivers employing built-in u.h.f. systems 
use a v.h.f. tuner, modified so that it contains more than the 
usual twelve positions. One or two additional positions may be 
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used on this type tuner. An advantage of the additional 
position on the v.h.f. tuner is that a single conversion system 
is feasible. 

I.F. OUTPUT 
TO RECEIVER 
I.F. STAGES 

FIG. 5—Block diagram of built-in u.h.f. system employing v.h.f. tuner as i.f. 
amplifier (Single conversion). 

The u.h.f. signal may be converted in a single process to the 
frequency of the receiver i.f. stages and the v.h.f. tuner then 
becomes a two stage i.f. amplifier. Switching to u.h.f. posi¬ 
tion also disconnects the local oscillator in the v.h.f. tuner since 
it is not required in the tuner s application as an i.f. amplifier. 

U.h.f. channel indication is an important factor when tuning 
in an u.h.f. station. One method is to use a drum type dial on a 
shaft concentric with the v.h.f. tuner shaft and a drum or pulley 
arrangement to control its operation. "I o minimize the number 
of operating controls, the v.h.f. fine-tuning control is usually 
employed to tune the u.h.f. system. 

Connecting B plus, and switching antennas in this type of 
built-in u.h.f. system is effected by, either a switch operated 
by a cam arrangement on an extension of the v.h.f. tuner shaft, 
or by switch controls in the modified v.h.f. tuner. 
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The following circuits are employed in most u.h.f. converters: 

a. Preselector. 
b. Oscillator. 
c. Crystal mixer. 

d. If. amplification. 
e. Power supply. 
f. U.h.f. and v.h.f. selector switch. 

Preselector.—The purpose of the preselector circuit is to 
provide a maximum of selectivity consistent with the required 
bandwidth. Usually two preselectors are used to obtain the 
necessary bandwidth. Radio frequency amplification is not 
employed for the simple reason that no relatively low priced 
r f. tubes are available as yet which can provide gain with a low 
enough noise figure that can be adapted for this purpose. 

Several types of preselectors are used, some of which employ 
lumped constants (inductor and capacitor) while others use 
transmission-line tuning, or r.f. cavity tuning in the tank 
circuit. 

Lumped constants are most generally used in the lower fre¬ 
quency applications. As the higher frequencies are ap¬ 
proached, the physical size of inductors and capacitors will be 
such that efficient control of their operation over a wide band 
of frequencies becomes exceedingly difficult. This factor has 
led to an increasing use of sections of transmission lines in the 
r.f. circuit. 

A transmission line cut to one-fourth wavelength and shorted 
at one end acts as a parallel resonant circuit and may be effi¬ 
ciently employed in r.f. tuner applications. Variable tuning 
is obtained by lengthening or shortening the transmission line 
to provide resonance over the desired frequency range. 

This is accomplished mechanically by means of a slider or 
shorting bar or electrically by capacitance or inductance. 
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Sometimes the configuration of the tuned line is in the form of a 
concentric-shaped element, to minimize the space requirements 
and to facilitate shorting action by sliding contacts attached 
to a radial arm. 

Oscillator.—To provide the required superheterodyne action 
in an u.h.f. converter, a local oscillator operating at the funda¬ 
mental half- or third-frequency is provided. 

The local oscillator usually employs a 6AF4 which is at 
present the most popular tube for this purpose. It was de¬ 
veloped through adoptation of an earlier tube design 6F4, 
whose characteristics and features were essentially those desired. 

One requirement must be met for the use of a 6AF4 tube as an 
oscillator, and that is that the tube socket must firmly secure 
the tube in position and provide good connections to the pins. 
If the tube be not securely held, the resultant oscillator fre¬ 
quency may vary as much as ten megacycles. It is recom¬ 
mended, therefore, that a suitable shield and clamping arrange¬ 
ment be provided on the 6AF4 when used in u.h.f. applications. 

In u.h.f. converters using double conversion, it is customary 
for the oscillator to operate below the frequency of the incoming 
signal in order to provide the correct relationship between the 
video and sound frequencies to the v.h.f. tuner. Oscillator 
injection voltage to the crystal mixer can be maintained 
at a low level. This reduces radiation through the antenna 
and enables adequate shielding to minimize direct oscillator 
radiation. 

In built-in u.h.f. converters of the single conversion type, 
the local oscillator operates above the frequency of the incoming 
signal in the same manner as the local oscillator in a v.h.f. tuner. 
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Another important consideration that must be met by the 
local oscillator in u.h.f. converters is that of stability. This 
is of particular importance when the converter is employed in 
conjunction with a receiver using separate sound i.f. Drifting 
of converter oscillator frequency would necessitate continued 
adjustment of the receiver tuning, which would defeat the 
purpose. A small latitude of oscillator drift would be per¬ 
missible when an intercarrier receiver is used. Since many 
of the converters, however, are designed for all standard tele¬ 
vision receivers, converter oscillators are designed for a maxi¬ 
mum of stability. 

Crystal Mixers.—When the incoming u.h.f. signal and that 
of the local oscillator are fed into the mixer circuit, the resultant 
heterodyne signal is the desired intermediate frequency. 

Crystal diodes used extensively for this purpose are the IN72 
and IN82 and CK-710. These are used in high frequency 
applications primarily because of their simplicity, low cost and 
excellent signal-to-noise ratio. 

Performance of a crystal mixer is influenced by the uniformity 
and amplitude of the oscillator injection voltage. In addition, 
it is important that the impedance presented by the r.f. tuned 
circuit be correctly matched to the crystal input impedance 
and also that the intermediate frequency circuit impedance be 
correctly matched to the crystal output impedance. 

Impedances presented by the crystal mixer is also a function 
of the oscillator injection voltage. It should be noted that 
factors influencing crystal conversion loss and crystal noise 
are the selection of the i.f. frequency and the amplitude of the 
oscillator injection voltage. 
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I.f. Amplification.—Compensation for conversion loss re¬ 
sulting from the use of a crystal mixer and the absence of an 
r.f. stage is provided by an intermediate frequency amplifier. 

Tubes most frequently used as i.f. amplifiers in u.h.f. con¬ 
verters are the dual-triode type 6BK7 or 6BQ7. These are 
usually employed in a cascode circuit, because of their inherent 
low noise characteristics. In certain circuits, one or two 
pentode type 6CB6 tubes are used. 

As previously noted, when an u.h.f. converter is employed 
in a television receiver, the u.h.f. unit is connected in series 
between the antenna system and the v.h.f. tuner. 

One function of the v.h.f. tuner is to amplify the converted 
signal from the u.h.f. unit. If double conversion be employed, 
it has a dual function. It amplifies the applied signal and 
converts it to the frequency of the video i.f. circuits in the 
receiver. For single conversion systems, the v.h.f. tuner 
functions strictly as an i.f. amplifier at the frequency of the 
video i.f. stages in the receiver. 

In addition to the amplification provided by the foregoing 
described method, many units incorporate one or two stages 
of i.f. amplification prior to application of the signal to the 
v.h.f. tuner. Usually, these amplifier stages will be included 
in the separate self-contained u.h.f. converters. 

Power Supply. A self-contained power supply is a common 
feature to all externally connected u.h.f. converter units. 
This simplifies the installation since all inter-connections be¬ 
tween the converter and the receiver are external. 

The power supply usually consists of a power transformer, a 
selenium rectifier or 6X4 tube connected as a half- or full-wave 
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rectifier. Power transformers are used to prevent hum diffi¬ 
culties and to provide filament voltage for the converter tubes. 
High voltage to the rectifier B plus filtering is obtained by a 
conventional RC filter network. 

All built-in u.h.f. converters, and some of the single channel 
preset units receive power direct from the television receiver. 
The employment of miniature tubes and accompanying low 
power requirements place only a slight current drain on the 
receiver power supply. 

Switching Methods. The very-high-frequency ultra-high-
frequency switch, contributes greatly to the ease with which 
the various channels may be selected. This switch is designed 
to select antennas, select the input to the v.h.f. tuner, and 
switch B plus “on” or “off” to the u.h.f. tuner. 

Additional switch positions are provided on separate, self-
contained converters to also turn the power “on” or “off” to 
the television receiver. This last operation is made possible 
by plugging the television line cord into the a.c. receptacle at 
the back of the converter and plugging the converter line cord 
into a wall socket. 

Operation schedules of the switch on most converters are as 
follows: 

Switch in off Position. With switch in off position both the 
television receiver and u.h.f. converter is off. 

Switch in v.h.f. Position.—With the switch in this position 
power is supplied to the television receiver. The v.h.f. an¬ 
tenna is connected through the switch contacts to the antenna 
input terminals of the receiver, and power is supplied to the 
u.h.f. converter tube filament. 
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Switch in u.h.f. Position.— With the switch in this position, 
power is supplied to the television receiver, B plus and filament 
power is applied to the converter. The v.h.f. antenna is dis¬ 
connected (and in some cases grounded) and the converter 
output is connected through the switch contacts to the antenna 
input terminals of the television set. 

Commercial U.H.F. Converters 

The following description of u.h.f. converters has been made 
from data provided by the manufacturers of the units. The 
conversion of a standard v.h.f. television receiver for u.h.f. 
reception is not difficult. As previously noted, it consists of 
either replacing an unused v.h.f. channel strip with a u.h.f. 
version, or adding an external converter that will supply a 
signal to the antenna input of the v.h.f. receiver. Conse¬ 
quently, with a few connections u.h.f. reception can be added 
to a present v.h.f. receiver. 

Standard Coil Products.—After considerable research the 
Standard Coil Products Company has developed an eighty-two 
channel turret type tuner for use in television receivers. Ihis 
tuner is shown in fig. 6 and is designed to tune all the present 
v.h.f. in addition to the seventy u.h.f. channels. 

The Standard Coil tuner employs a switch coil-condenser 
combination instead of the usual type u.h.f. tuned circuit. I he 
tuner consists of an u.h.f. section containing a preselector, mixer 
and oscillator, and a v.h.f. section consisting of a cascode tuner 
very similar to the Standard Coil twelve channel v.h.f. tuner. 
The u.h.f. section employs a two-section dial as noted in fig. 8 
one section counting in tens, and the other in units. Thus, 
for example, to set the tuner on channel 56, the “tens” dial is 
set on 5 while the "units” dial is set on 6. 
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The general plan of the tuner figs. 9 and 10, is to employ eight 
specific u.hj. positions, each approximately sixty megacycles 

FIG. 6 External view of Standard Coil eighty two channel turret tuner. 

wide, covering the entire 470 to 890 me. range as shown in 
table 7. 

Tens Frequency Channels 
1. 470-510 14-19 
2. 510-570 20-29 
3 . 570-630 30-39 
4 . 630-690 40-49 
5 . 690-750 50-59 
6 . 750-810 60-69 
7. 810-870 70-79 
8. 870-890 80-83 

FIG. 7—Table showing how the Standard Coil Products tuner “tens” dial 
is used to cover frequencies in the 470 to 890 megacycle range. 
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FIG. 8 Standard Coil Products turret tuner showing operating control knobs 
in place. 

ANTENNA INPUT 
i 
T 

U H F. OSC. 

FIG. 9—Block diagram of Standard Coil Products turret tuner. 
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The u.h.f. section in accordance with the “tens” dial setting, 
opens the input over a ten channel span of frequencies. Thus, 
for example, it will be noted that if the “tens” dial is set on 3, 
the signal from any channel between 570 and 630 me. reaches 
the u.h.f. mixer. 

V.H.F UHF. 

CHANNELS 14-83 

FIG. 10—Block diagram showing channel selection scheme in a Standard 
Coil Products tuner. 

The table indicates that the u.h.f. local oscillator need not be 
tunable but needs only to be switched to eight preset fixed 
frequencies (plus some limited variation for alignment or fine 
tuning). The actual “unit” channel selection is made by 
shifting the i.f. frequency of the cascode first i.f. amplifier 
rather than the frequency of the local oscillator. 

The output of the cascode i.f. is applied to a second mixer¬ 
local oscillator combination (v.h.f. section) and then to the 
second conventional i.f. amplifier of the receiver. 

For v.h.f. operation, the v.h.f. antenna is attached to the 
input of the cascode if. amplifier which selects channel 2 
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through 13 with the same calibrated dial and without additional 
switching. The entire operation is automatic and the user is 
not aware that v.h.f .-u.h.f. switching has taken place when 
the dual-dial is changed from the u.h.f. to the v.h.f. ranges 
and tice versa. 

The choice of the proper one of the ten channels is made by 
the “units” dial section which sets the frequency range of the 
turnable cascode i.f. amplifier. The cascode i.f. stage can be 
set on any one of the 10 six megacycle ranges that include 
channel 7 through 13. For example, the channels from 
40-49 could fall in, as indicated in table 11, using a fixed u.h.f. 
local oscillator frequency (.one fixed frequency out of a choice 
of eight). 

Units" Channel Local Osc. Cascode I.P. 
Dial Frequency Freq. Frequency 
0.626-632 470 156-162 
1.632-638 470 162-168 
2.638-644 470 168-174 
3.644-650 470 174-180 
4.650-656 470 180-186 
5.656-662 470 186-192 
6.662-668 470 192-198 
7.668-674 470 198-204 
8 . 674-680 470 204-210 
9.680-686 470 210-216 

FIG. 11—Table showing how channels from forty to forty-nine fall in with the 
“tens” dial set on 4. One fixed u.h.f. local oscillator frequency is used 
(one-out of a possible eight). 

A schematic of the u.h.f. oscillator, fig. 12 illustrates the 
eight-position method of switching the local oscillator frequency 
range using incremental coils and condensers. The fixed 
fundamental frequency can be in the 400 megacycle range and 
is resonated at this frequency by two small coils in parallel 
(#16 wire on one-fourth inch form). Higher frequencies are 
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obtained with shunt inductors; lower frequencies with shunt 
condensers. Frequency deviation is not great and a trimmer 
range of ±7 me. on the fundamental circuit position is sufficient 
to correct for tube capacity and component dissimilarities. 

FIG. 12 Oscillator u.h.f. schematic diagram showing the local oscillator 
switching circuit used for the “tens” dial scale in a Standard Coil Products 
tuner. 

The u.h.f. channel plug-in strip arrangement of the Standard 
Coil converter is shown in fig. 13. It should be noted that 
the terminals shown in the diagram correspond to the numbered 
terminals of the Standard Coil tuner. 

The antenna is connected through terminals 8 and 10. The 
antenna coil is coupled to the primary of the double-tuned 
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mixer transformer while the crystal mixer taps off a low im¬ 
pedance point of the secondary and is also coupled to the 
harmonic selector resonant circuit to obtain an u.h.f. injection 
signal. The mixer output circuit is resonated to a high i.f. 
frequency, and the i.f. signal is applied to the grid of the r.f. 
amplifier via terminal 7. 

FIG. 13—Schematic diagram showing wiring arrangement in a Standard Coil 
Products u.h.f. plug-in strip. 

The r.f. amplifier plate, mixer grid and v.h.f. local oscillator 
circuit inductors are also a part of the v.h.f. strip. Ihe local 



Kingston u.h.f. Tuner. The Kingston tuner is an u.h.f. 
com erter of the “continuous tuning” type, tunable from 47U to 
890 megacycles. 1 his tuner may be used as a converter for 
existing v.h.f. television receivers in order to receive u.h.f. 
Alternately, the tuner when assembled in new television sets 
>} the manufacturer, provides reception of u.h.f., which to¬ 
gether with the present twelve channels of v.h.f .', permits the 
entire range of eighty-two channels of both v.h.f. and u.h.f. 

I he tuner is based on a tuned transmission line as the basic 
uning device. I he tuned line is shaped in a radius in order to 

gain compactness as well as to simplify the mechanical structure. 

The cabinet shown in fig. 14 measures 8^ x 5% x 4U 
inches. Three operating controls are employed on the front 
oí the cabinet, namely: station selector, fine tuning, “off”-“on” 
power, and u.h.f.-v.h.f. antenna change over switch. 

The tuner is designed to use conventional type tubes. The 
basic physical layout and construction is suitable for any 
selected if. frequency and is normally supplied with an if. 

oscillator signal must also be applied to the crystal harmonic 
generator through an RC biasing network, the proper harmonic 
being selected by the u.h.f. resonant circuit to develop an 
exciting u.h.f. sine wave for the u.h.f. crystal mixer. 

I he Standard Coil eighty-two channel tuner is of particular 
importance in that the tuner is a complete unit designed to 
form an integral part of a television receiver. Thus, complete 

Over and u-hJ- channel selection is provided by 
the television receiver’s front panel control knobs. In addition 
the turret type method of tuning permits the decimal system to 
be used for channel selection. 

I78_ U1 tra'H igh-Frequency Converters 
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frequency of 195 me. for use as an u.h.f. converter. A rear 
view of the converter, which illustrates panel board connections 
for the u.h.f. antenna, v.h.f. antenna, and input to v.h.f. re¬ 
ceiver is given in fig. 15. 

In cases where sufficient signal is available and the use of an 
u.h.f. antenna is not required, it is necessary to place a short 
section of 300 ohm line between the u.h.f. antenna and v.h.f. 

FIG. 14—Exterior view of Kingston u.h.f. tuner. 

antenna terminals. Also illustrated is the i.f. output trimmer 
adjustment for the user at the time of installation to select the 
desired v.h.f. channel which is free of interferences and images 
as well as matching the output of the converter to the input of 
the v.h.f. set. 
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FIG. 16—Top view of Kingston u.h.f. tuner with shields removed. Shown 
in this view is the preselector Jines and the slider with their respective 
trimmer in place. Back of the line is shown the antenna coupling loop. 
Also shown is a portion of the cascade i.f. amplifier tube. 
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A circuit schematic of the tuner is shown in fig. 17. The 
overall r.f. circuit of the converter consists of a stationary 
balanced transmission line type antenna coupling loop, a tun¬ 
able preselector transmission line, and crystal mixer. The 
transmission line type of antenna loop is mutually coupled to 
a preselector line and this coupling is employed to correct the 
small variation of preselector “Q” with frequency to obtain a 

FIG. 17—Schematic diagram showing wiring arrangement in a Kingston u.h.f. 
tuner. 

near constant loaded bandwidth. This is achieved by physi¬ 
cally locating the loop closer to the preselector line at the high 
frequency end of the range. The oscillator and preselector 
lines are made of one-fourth inch wide curved parallel strips of 
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silver-plated brass. Tuning by means of a parallel line of 
adjustable electrical length allows a large frequency range, 
simplicity and uniformity of tuning which facilitates tracking,’ 
economy and flexibility of design. 

Due to the fact that the antenna coupling loop and the crystal 
mixer are placed at opposite ends of the transmission line, 
direct coupling between the antenna and mixer circuits allows 
the adjustment of input and output coupling to be essentially 
independent of each other. Making the output loaded band¬ 
width slightly greater at the higher frequencies compensates 
for the lower Q s obtained at these higher frequencies for a 
completely unloaded line. 

I he tracking problem is simplified by the employment of two 
trimmer condensers on the preselector lines. One trimmer 
conoenser is used for setting the high frequency end and another 
trimmer condenser is used for setting the low frequency' end 
of the range. This arrangement allows electrical tracking 
of the oscillator with the preselector circuits to be a simple and 
positive alignment operation. The two trimmer adjustments 
are practically independent of each other. To tune the con¬ 
verter with a single control, it is necessary that the preselector 
circuit tune to a frequency which is higher than the local 
oscillator by a constant frequency difference equal to the v.h.f. 
channel which is being used as the i.j. frequency. The pre¬ 
selector tracks the local oscillator within a few megacycles 
throughout the band. 

The trimmers are a special u.h.f. balanced type which were 
developed especially for this type of tuner. All through the 
tuner design special emphasis has been placed on the fact that 
w ide tolerances on materials and methods be incorporated 
without loss of tuner efficiency and the elimination of engi-
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neering specifications which would place an imposition on 
production. 

The preselector circuit is based on a half-wave transmission 
line developing an unloaded “Q” of 600 with complete absence 
of dead spots or spurious responses and having a line character¬ 
istic impedance of 125 ohms. In covering this frequency range 
the line shorting slider has a four-inch travel assuring good 
tracking, stability and maximum travel excursion length per 
u.h.f. channel. The lines are extremely rugged and stable with 
wide spacing between, as well as around, the individual lines. 
The lines are securely supported by means of ceramic standoff 
insulators. A crystal mixer is directly coupled to the output 
shorted end of the lines and antenna is mutually coupled to the 
shorted input end of the lines. 

The oscillator tube and associated circuits are completely 
shielded and adequately meet tentative requirements for os¬ 
cillator radiation. The local oscillator consists of a type 
6AF4 tube capacity coupled to a quarter-wave short-circuited 
transmission line terminated at the inactive end. 

The local oscillator is lower in frequency than the signal in 
order to prevent inverting the frequency relation between sound 
and picture carriers for receivers not having symmetrical inter¬ 
carrier i.f. systems. 

In order to receive u.h.f. stations between 470 and 800 me., 
the local oscillator tunes from 275 to 695 me. when the v.h.f. set 
is tuned to channel 10. The 6AF4 is used as the oscillator tube 
on the basis of cost, preferred type, and necessary frequency 
range. The basic oscillator design has an upper limit of 1,100 
me. which is much higher than required for u.h.f. application 
and being a quarter-wave design is very stable. The oscillator 
generates adequate injection voltage over the entire frequency 
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range 275 to 695 me. without any frequency skips or undesirable 
responses rectifying a crystal current of one to three m.a. 

The B supply is parallel fed through chokes and is satis¬ 
factorily bypassed. The oscillator tuning is positively ganged 
with the preselector line and is accomplished by a sliding silver 
contact which varies the active portion of the line. A trimmer 
condenser across the oscillator plate tank circuit allows the 
frequency range to be set to any desired frequency at the low 
end of the range. 

Due to the ruggedness of construction and quality of com¬ 
ponents, exceptionally high stability is secured in the local 
oscillator circuit. The warm-up drift of the local oscillator 
at the high frequency end of the band is approximately plus 
250 me. and approximately minus 250 me. on the low end of the 
band. 1 lie frequency stabilizes after approximately five 
minutes oi operation. The maximum deviation due to line 
voltage drift is approximately seventy me. throughout the 
range of 95 to 125 volts line change. 

A cascode i.f. amplifier circuit is provided due to its inherent 
low noise. 1 he 6BK7 double triode is used for the i.f. amplifier 
tube due to its cost and favorable noise factor. The i.f. ampli¬ 
fier is aligned to v.h.f. channel 10 (195 me.) and is series coupled 
lO the crystal mixer. 1 his amplifies the output of the mixer 
and allows the converter noise to dominate the noise of the 
i.h.f. receiver as well as isolate the u.h.f. and v.h.f. oscillators 
from each other; provides additional v.h.f. selectivity against 
images of the v.h.f. signal and against other signals which would 
introduce spurious responses; provides extra attenuations to 
radiation of the v.h.f. oscillators. The bandwidths of the 
interstage circuits are very broad and do not require retuning 
whenever an alternate v.h.f. channel is selected. 
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Crosley Ultratuner.—This tuner incorporates an u.h.f. con¬ 
verter continuously tuneable from 470 to 890 me. As noted in 
fig. 18, illustrating the cabinet, two operating controls are 
employed. The tuning control operates a vernier drive having 
a ratio of about 15/1, with tuning indicated by a slide rule type 
dial. The other control functions as a combination "off”, 
“v.h.f.,”and “u.h.f.” switch. 

FIG. 18—Exterior view of Crosley u.h.f. converter. 

A circuit schematic of the ultratuner is shown in fig. 19. The 
input system consists of a double tuned bandpass preselector 
circuit for maximum selectivity. There are three tubes em¬ 
ployed, a type 6AF4 oscillator, a 6BQ7 i.f. amplifier and a 
6X4 rectifier. The tuning unit itself consists of a three-gang 
resonant line type, with each line shaped for correct tracking. 

The excitation of the germanium crystal mixer is provided by 
coupling an oscillator injection voltage from the high side of the 
oscillator tube filament through a 2.2 rn.rn.f. capacitor. 



FIG. 19—Schematic diagram of Crosley u.h.f. tuner. 
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Maintaining the high side of the oscillator filament above 
ground for r.f. is accomplished by the use of a parallel combina¬ 
tion of an inductance and a resistor inserted in series with the 
filament lead. Oscillator radiation is minimized by shielding 
both the oscillator resonant line section and the oscillator tube 
and circuits. 

From the crystal mixer an intermediate frequency signal is 
fed to the input of a low noise cascode amplifier stage employing 
a type 6BQ7 tube The first triode section functions as a 
conventional grid driven circuit employing neutralization. 
The second triode section operates as a grounded grid amplifier. 

Both the input and output circuit of the cascode i.f. amplifier 
are designed to maintain desired bandwidth at a frequency of 
127.5 ± 6 me. Transformer coupling of the cascode amplifier 
to the converter output terminals through appropriate switching 
provides a balanced 300 ohms output impedance. The bal¬ 
anced output eliminates picking up interference on the lead 
to the television receiver. 

The power supply consists of a power transformer and a type 
6X4 tube operating as a half-wave rectifier. Conventional 
RC filtering is used in the rectifier output. 

When the ultratuner is installed, an u.h.f. antenna is connected 
to terminals on the unit marked u.h.f. antenna. The v.h.f. 
antenna leads are removed from the television receiver and 
connected to the converter terminals marked v.h.f. antenna. 
A balanced 300 ohms line is then connected from the antenna 
terminals of the v.h.f. receiver to the converter terminals 
marked “output.” In order to utilize a single control to turn 
power on and off for both the converter and television receiver, 
the receiver’s power cord is plugged into the a.c. power re¬ 
ceptacle on the converter chassis. 
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The combination “off”-“v.h.f.”-“u.h.f.” switch functions 
in the following manner: 

In off position power to both converter and television 
receiver is “off”. 

In v.h.f. position power is applied to the television receiver, 
and the v.h.f. antenna is connected to the receiver. 

In u.h.f. position power is applied to both converter and 
receiver and the converter output is now connected to the input 
terminals of the television receiver. 

One feature of the ultratuner is that the converter output is 
not limited by the frequency of the v.h.f. channels on the 
television receiver. In other words it was thought possible to 
approach nearer optimum operating characteristics by employ¬ 
es an intermediate frequency of about 127 me. which is higher 
than channel 6 (88 me.) and lower than channel 7 frequency 
174 me.). This tuner therefore will operate with conventional 

television receivers since the v.h.f. tuner is tunable through the 
entire frequency spectrum from channel 2 through channel 13 

Zenith Turret Tuner.—This v.h.f .-u.h.f. turret tuner is 
designed for top performance on all television channels. The 
photograph in fig. 20 shows the tuner with external shields 
removed. Two sets of the removable channel strips are shown 
in the foreground. Those nearest the tuner are the u.h.f. 
'trips. The oscillator and interstage circuits are on the right¬ 
hand segments and the antenna r.f. input circuits are at the left. 

By locating the antenna section towards the front of the 
chassis, access is permitted to the oscillator adjusting screws 
at the rear. A plug is provided for the B plus heater and a.g.c. 
leads, and a simple coaxial connector is provided for the i.f. 
output. Thus, the removal of the tuner from the chassis for 
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repair or strip replacement can be accomplished easily without 
removing the chassis from the cabinet. 

FIG. 20—The Zenith separate coil strip tuner with shielding removed. 

Fig. 21 is a block diagram of the tuner circuit with a pair of 
v.h.f. channel strips in position. The triode section of the 
6U8 is the local oscillator; the pentode section functions as the 
mixer. 
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The twin-triode 6BK7 is a cascode if. amplifier. Fig. 22 is 
a block diagram of the tuner with a pair of u.h.f. strips in 
position. All the circuit changes indicated in going from fig. 21 
and 22 are made by simply turning the turret from a v.h.f. 
to an u.h.f. channel. 

Fig. 23 is a simplified schematic of the tuner on u.h.f. chan¬ 
nels. There are two tuned circuits in the preselector and a 

FIG. 21 Block diagram of the Zenith tuner circuit on v.h.f. channels. 

ANT. 

I-«— SHIELD 
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FIG. 22—Block diagram of the Zenith tuner circuit in one of the u.h.f. posi¬ 
tions. Three sets of oscillator and preselector coil strips are required to 
cover all seventy u.h.f. channels. 
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tuned multiplier circuit. These three resonant circuits and the 
two crystals are mounted in a casting. 

FIG. 23—Schematic diagram of Zenith tuner circuit in one of the u.h.f. 
positions. 

To cover all seventy u.h.f. channels the oscillator tunes 
from 172 me. to 234 me. The germanium multiplier crystal 
acts as a harmonic generator to provide u.h.f. oscillator power 
for the mixer. 

The germanium multiplier crystal is capacitance-coupled to 
the oscillator and conducts only on the extreme peaks of the 
oscillator sine wave. The resultant straight-sided pulses in 
the multiplier circuit are rich in oscillator harmonics. 

Tire tuned output circuit of the multiplier selects the desired 
harmonic and applies it to the crystal mixer to beat with the 
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incoming signal. The oscillator’s third harmonic (516-702 me.) 
is used for the low u.h.f. channels and the fourth harmonic 
(688-936 me.) for the high u.h.f. channels. 

The mixer crystal is biased to operate at its point of maximum 
sensitivity, so that minimum oscillator power is required. The 
output of the mixer is at the 41 me., i.f. of the receiver. The 
6BK7 and the pentode section of the 6U8 become additional 
41 me., i.f. amplifiers to make up for the conversion loss in the 
crystal mixer. 

I he u.h.f. tuned circuits are very tiny. They are mounted 
in cylindrical holes in the casting about one-fourth inch in 
diameter and one-half inch deep. 1 he antenna and multiplier 
coils are less than one-half inch long and one-eighth inch in 
diameter. 

Series tuning capacitance for the preselector and multiplier 
circuits is provided by 1-72 machine screws which enter one 
end of each coil through an insulating bushing. The inductive 
coupling between the two preselector circuits is provided by a 
small pin pressed into a recessed hole in the casting between the 
two coils. 

1 he junction between the coils is returned to the casting 
through this pin, which is an inductance common to both cir¬ 
cuits. The casting shields the preselector and multiplier cir¬ 
cuits from each other and from external influences. 

The oscillator-interstage strip holds the oscillator coil with 
its disc ceramic capacitor, the cascode plate coil, and the mixer 
grid coil. The oscillator coil is adjusted to frequency by a 
small screw which enters the coil and changes its inductance. 
Each set of u.h.f. strips tunes over one-third of the band, so 
three sets cover all seventy channels. 
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Raytheon u.h.f. Tuner Model-100 .—This tuner is designed 
for incorporation in their line of television receivers. I he 
general arrangement of the tuner mounted in place above the 
v.h.f. tuner is shown in fig. 24. The tuner incorporates a drive 
gear which allows tuning of both the u.h.f - and i .h.f. unit by a 
common control. 

FIG. 24—Showing arrangement of Raytheon u.h.l. and v.h.f. tuner units, 

Two cables from the u.h.f. tuner are connected to the under 
side of the television receiver to provide the necessary electrical 
connections to the u.h.f. tuner. Sw*chl"J bet^ 
and v.h.f. channels is accomplished by adding a switch to t 
back of the chassis. This requires but a few wiring modifica-
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JunerS “ B plus from one

As noted in the schematic circuit diagram fig. 25, this model 
ner employs a preselector, crystal mixer, local oscillator 

cascode amplifier and a “u.h.f.’’-“v.h.f.” switch. 

It will be further noted that r.f. cavity type tuning is em¬ 
ployed in the preselector circuit with inductive coupling between 
the stages from the antenna to the mixer. Preselector tuninc 

XchStTh 111? ihe Tityilength through the use Of a ribbon attached to the dial cord and tuning mechanism. It is claimed 
this type tuning has the advantages of high selectivity low 
osem t°n Ios,ses ’. uniform bandwidth and good shielding against oscillator radiation. s

Oscillator tuning is provided in a similar manner to that used 
for preselector tuning. However, the length of the oscillator 
cavity is varied by means of a shorting bar instead of the ribbon 
arrangement used in the preselector r.f. cavity. The oscillator 
grid current may be measured by removing ihe jumpe n the 
low side of the oscillator grid return resistor. 

Mixing of an incoming u.h.f. signal and a signal from the 
oscillator is accomplished by a type CK-710 crystal 

Because of the single conversion process the resultant inter-
ediate frequency is the frequency of the receiver’s video i f 

s ages. To provide a signal of adequate amplitude to the video 
i J. circuits, a low noise type 6BQ7 is employed as a cascode-
coupled amplifier. Ihe signal is amplified by the cascode 
amplifier and tuned to a center frequency of 25 me. 

Several interesting features are found in the Raytheon u.h.f -
100 tuner. Among them is the fact that the tuner forms an 
integral part of the television receiver and is tuned by the same 



operating controls as those used for v.h.f. Application of a.g.c. to the input triode of the 
cascode amplifier reduces any tendency to overload in the presence of strong u.h.f. signals. 

Since no r.f. amplification is employed, there is slightly less sensitivity than when the 
v.h.f. signals are received. However, a receiver equipped with this tuner will have an 
overall sensitivity of 150 microvolts. 

FIG. 25—Schematic diagram of Raytheon u.h.f. tuner. 
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DuMont u.h.f. Converter.—This converter in common with 
several others is designed to operate over the full u.h.f. band in 
conjunction with any standard television receiver. This is 
accomplished by making the converter output fall between 
seventy-six and eighty-eight me. on channels 5 and 6. 

FIG. 26 Exterior view of DuMont u.h.f. converter cabinet. 

An external view of the converter is shown in fig. 26. Here 
the control shown on the left contains the “on” and “off” 
v.h.f. and u.h.f. switch, whereas the control on the right is 
employed for coarse and fine tuning. 

The tuner drive reduction ratio is 6.6/1 on coarse tuning and 
20/1 on fine tuning. The tuning dial is marked 14 to 83 for 
indicating u.h.f. channels. When the v.h.f. and u.h.f. antennas 
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are connected to appropriate terminals on the converter chassis, 
turning this switch to v.h.f. position turns the converter power 
off and automatically connects the v.h.f. antenna to the v.h.f. 
receiver input terminals. With the switch in u.h.f. position, 
the v.h.f. antenna is grounded, the power to the converter is 
turned on, and the converter output is connected to the v.h.f 
receiver input terminals. 

A schematic of the DuMont converter is shown in fig. 27. 
The u.h.f. antenna is connected to a high pass input filter com¬ 
posed of an initial M-derived one-half section, two constant 
K-T sections and a terminating M-derived one-half section. The 
input filter is designed to attenuate v.h.f. signals. Cut-off 
frequency is 400 me. with infinite attenuation by the M-derived 
section at 320 me. A double tuned pre-selector circuit follows 
the input filter. This circuit is designed to provide a maximum 
of u.h.f. selectivity. 

The output of the pre-selector is fed to a crystal mixer An 
oscillator injection voltage obtained by a metal strip loosely 
coupled to the oscillator tank circuit is also ted to the mixer. 
The crystal mixer converts the u.h.f. signal toan intermediate 
frequency which is fed to a low noise cascode i.f. amplifier. 

Neutralization of the first triode section of the i.f. amplifier 
is provided by feeding a signal from the first triode output back 
to the grid. The second triode section forms a cathode coupled 
grounded grid amplifier with the output tuned by an i.f. trans¬ 
former. From the i.f. transformer the signal goes to the u.h.f .-
v.h.f. switch and to a terminal board. The converter output 
impedance is designed for either 75 ohms coaxial or 300 ohms 
balanced output to correctly match any television receiver. 

A type 6AF4 is used as the local oscillator. This circuit is 
designed to provide a high degree of oscillator stability and to 



minimize oscillator radiation. The power supply consists of a power transformer, a 
full wave voltage rectifier tube type 6X4, an RC filter network and two 6.3 volts 
filament windings. 

R.C.A. u.h.f. Converters.— The Radio Corporation of America has developed several 
u.h.f. converters which are primarily designed for R.C.A. receivers although they 

FIG. 27—Schematic diagram of DuMont u.h.f. converter. 
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are also readily adaptable for other makes of television receivers. 
These various converters are known as U1A, U IB, U2 and U70. 

Power is obtained from the audio output stage of the tele¬ 
vision receiver chassis by means of a tube socket adapter and 
cable furnished with each unit. Two types of single-selectors 
are available. The U1A unit is supplied with a 7-pin minature 
adapter socket and cable for use with receivers which employ 
a 6AQ5 a.f. output stage. The U1B model uses an octal 
adapter socket for use with 6K6GT or 6V6 a.f. output television 
chassis. In this way, filament and B plus power is available 
to the converter unit. 

R.C.A. Model UI A and U1B.—A. schematic circuit diagram 
of Models U1A and U1B is shown in fig. 28. The u.h.f. 
antenna is tapped on the primary of a double-tuned, coupled 
circuit, and the crystal mixer is tapped on the secondary. 1 his 
provides the necessary selectivity, for the desired signal at the 
crystal, where it is mixed with the local oscillator, coupled 
in by means of a resistor from the oscillator cathode circuit, 
to provide a new sound and picture carrier at the frequencies 
of channels 5 or 6. 

A broadly tuned coupled transformer, preceded by a low-
pass filter, in the crystal return circuit feeds the antenna input 
of the v.h.f. television receiver when the selector switch is in 
the u.h.f. position. Thus, by adjusting the selector oscillator 
to produce signals on either channels 5 or 6, any v.h.f. receiver 
can receive the u.h.f. program by tuning it in a normal manner 
for channels 5 or 6. The channel chosen should be that with 
the weakest local v.h.f. signal. 

When the selector is switched to v.h.f. the v.h.f. receiver input 
from the u.h.f. selector is automatically disconnected and con-
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nected to the v.h.f. antenna. In this position the receiver is 
used in the normal fashion to receive any of the v.h.f. channels. 

The oscillator utilizes a 6AF4 in a modified Colpitts circuit 
in which the feed back is provided by the internal capacitances 

FIG. 28—Schematic circuit diagram of K.C.A. Model U1A and U1B u.h.f. 
converter units. 

of the tube. A simple series tuned circuit is connected between 
plate and grid. Again, an adjustable polystyrene trimmer is 
used, but in the case of the oscillator circuit, it is necessary to 
provide two values of tank inductance to cover the frequency 
range. This is accomplished by providing a short across part 
of the tank coil. If the selector is to be used to receive a 
station in the lower half of the u.h.f. spectrum, the short is 
cutout. 

Because of its small size, the single channel unit permits 
mounting on the back of the cabinet near the top, so that it is 
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readily accessible for switching from u.h.f. to v.h.f. and yet is 
completely out of sight. 

To install the converter power cable, remove the back cover 
of the television receiver, remove the audio output tube, and 
insert the adaptor socket into the output tube socket. Then 
insert the output tube into the adaptor socket. The spade 
lug on one of the cable leads should be fastened under any 
convenient screw to provide the ground connection. Replace 
the back cover on the television cabinet, making sure that the 
power cable is not pinched. 

The next step is to connect the u.h.f. antenna to the u.h.f. 
antenna socket of the converter. Then disconnect the v.h.f. 
antenna leads from the receiver, and connect to the v.h.f. 
antenna terminal strip from the converter. The output leads 
from the converter now connect to the antenna terminal 
strip on the receiver. 

R.C.A. .Model U2- -The U2 Model u.h.f. converter circuit 
is shown in fig. 29. This is a self-contained two-channel 
converter, employing two tubes, a crystal mixer and a selenium 
rectifier. When connected to a television receiver, tuned to 
channels 5 or 6 either of two u.h.f. stations may be received. 
The unit is designed to be preset at the time of installation 
to any two u.h.f. stations within the receiving range. 

Any one of three types of antenna may be employed. In 
locations with a strong u.h.f. signal, it is possible to use the 
present v.h.f. antenna. The Model U2 will also accommodate 
u.h.f. antenna systems employing either a 300 ohms twin-lead 
transmission line or a 72 ohms coaxial line. The three different 
arrangements of antenna connections are shown in figs. 30 
to 32. 



HG. 29 Schematic circuit diagram of R.C.A. Model U2 u.h.f. converter unit 
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The input impedance of the converter is seventy-two ohms. 
A coaxial fitting is provided for connecting a seventy-two ohms 
coaxial transmission line. When this type of line is not em-
oloyed, and the transmission line from the antenna is the 300 
)hms type, a “balun” or matching stub is used. 

VHF UHF 

FIGS. 30 to 32—Showing three available arrangements for different types 
of antenna inputs. Fig. 30 illustrates connections for separate 72 ohms 
coaxial u.h.f. antenna load and standard 300 ohms v.h.f. antenna lead. 
Fig. 31 shows connections required for a common v.h.f. and u.h.f. 300 
ohms antenna lead. Fig. 32 shows connections required for separate v.h.f. 
and u.h.f. 300 ohms antenna transmission leads. 
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The “balun” supplied with the U2 consists of two lengths of 
150 ohms line of fixed dimensions, so connected that correct 
matching between a 300 ohms line and the 72 ohms input im¬ 
pedance of the converter is achieved. 

R.C.A. Model U70.—A schematic circuit diagram of the 
R.C.A. Model U70 continuously tuneable u.h.f. converter is 
shown in fig. 33. It covers the whole u.h.f. spectrum of seventy 
channels. It is designed to operate with any television re¬ 
ceiver capable of receiving channels 5 or 6. Here as in the 
U2 Model three types of antenna systems may be used with 
the converter to receive u.h.f. signals. In strong signal areas 
the conventional v.h.f. antenna may be employed for u.h.f. 
reception. In addition u.h.f. antenna systems may be used 
that have either a 300 ohms transmission line or a seventy-two 
ohms coaxial cable. 

When the 300 ohms transmission line is used, it is connected 
to the appropriate terminals at the back of the unit, and a 
"balun” is connected between the 300 ohms line and the seventy-
two ohms input of the converter unit. 

Converter tuning is accomplished by varying the capacity of 
the pre-selector circuits and by a combination of capacitive and 
inductive tuning in the oscillator circuit. The tuning mechan¬ 
ism consists of brass cores attached to nylon rods which in 
turn are fastened to the adjustment plate. The tuning shaft 
is threaded so that rotation of the shaft moves the brass cores 
in and out of the tuned elements of the preselector and oscillator 
circuits. 

The u.h.f. signal is applied to the converter at the seventy-two 
ohm coaxial input and fed to a tap on the first pre-selector 
circuit. Coupling between the first and second pre-selectors 



is provided by a strip of metal formed into a rectangle shape and riveted in a position 
between the two circuits to provide loop coupling. 

Note the small slot in the top of the coupling loop. This accommodates an alignment 
screw driver blade for rotating the loop to adjust the band pass of the pre-selectors. A 
crystal mixer is tapped into the second pre-selector circuit and its output led to the 
i.f. amplifiers. 

FIG. 33—Schematic circuit diagram of R.C.A. Model U70 continuously tuneable u.h.f. converter unit. 
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The Model U70 oscillator section is contained in a compart¬ 
ment under the chassis. Tapered brass cores, one for varying 
capacitance and the other for varying inductance are used in the 
oscillator circuit. When low frequency u.h.f. channels are 
tuned, the brass core is completely out of the inductance and 
only the brass core for the capacitance is effective in changing 
oscillator frequency. 

As mid-positions are approached, the brass core begins to 
enter the inductance, thus decreasing the inductance, and the 
tapered portion of the capacitor core is employed for decreasing 
the capacitance. An intermediate frequency results when the 
oscillator signal and the incoming u.h.f. signal are beat together 
at the crystal mixer. 

Two stages of i.f. amplification are used in the Model U70. 
Both stages employ type 6CB6 pentode tubes. However, in 
the first stage, the 6CB6 is connected to operate as a grounded-
grid triode while the second tube is connected in the con¬ 
ventional fashion. 
Twelve me. band width is maintained in the i.f. amplifier 

stages to provide an output signal at the frequencies of either 
channels 5 or 6. Band width adjustment is accomplished by 
two capacitors, as shown. They consist of a piece of wire 
soldered to one terminal of each i.f. transformer and the free 
end inserted into a ceramic tube capacitor. 

W hen installing the converter in a television receiver the 
required antenna systems are connected to the appropriate 
terminals on the rear of the converter, and the converter output 
is fed to the v.h.f. receiver antenna input terminals with a short 
length of 300 ohms line. Plugging the television receiver line 
cord into the receptacle at the back of the converter and 
plugging the converter into the a.c. wall socket completes the 
installation procedure. 
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A glossary of television terms most commonly used is pre¬ 
sented on the following pages. These, it is hoped, will assist the 
reader in acquiring knowledge in interpretation of the function 
of the numerous components involved as well as to review the 
numerous technical terms used in the text. 

Accelerator. The second anode of a cathode ray tube. This anode 
operated at a high positive potential with respect to the cathode, increases the 
velocity of the electron stream and is therefore referred to as an accelerating 
anode. 

Active Lines. Those lines which produce the actual picture, aside from 
those which occur during the blanking time. 

Amplifier. This may be a conventional vacuum tube, or secondary-
emissive type, broadband or narrowband. 

Amplitude Separation. Separation of signal components by virtue of 
their various amplitude excursions, usually accomplished by means of a clipper. 

Annie of Deflection. In a cathode ray tube, the angle by which the elec¬ 
tron stream deviates from the path it would follow if undeflected. 

Angle of Divergence. In a cathode ray tube, every electron in the stream 
exerts a repelling influence on every other electron. Therefore, the stream 
tends to spread out or widen. The angle formed by the edge of the stream and 
a longitudinal line through its center is called the angle of divergence. 

Angular Velocity. This refers to the time rate of change of phase of an 
alternating wave. It is equal to 2n times the frequency of the wave. 
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Anoptric. This refers to viewing without optical means, as applied to 
direct view television receivers in which the picture appears directly on the 
cathode ray tube screen, without the use of lens or mirror. 

Antinode. A point along a standing wave which has maximum amplitude. 
The opposite of node, which is a point of zero amplitude in a standing wave. 

Aperture. A small opening or window. The term is also used to describe 
the cross sectional area of the scanning beam in a television camera tube. 

Aperture Compensation. Amplification of those high frequency com 
ponents which have been reduced in amplitude by the aperture, up to the first 
elided frequency or zero frequency. 

Aperture Distortion. Attenuation of the high frequency components of 
the picture signal due to the finite cross-sectional area of the scanning beam. 
When this area is large enough to cover several mosaic globules in the icono¬ 
scope simultaneously, aperture distortion results and the resolution of the 
image becomes poor. 

Array. A combination of antennas. 

Aspect Ratio. The ratio of the width to the height of a television picture. 
Under present television standards, the picture aspect ratio is 4 to 3. 

Automatic Background Control. A device for controlling automatically 
the background illumination of the reproduced image. 

Automatic Brightness Control. A circuit which maintains fairly con¬ 
stant the average intensity of brightness of the television picture. 

Automatic Contrast Control. A circuit which varies the bias on one or 
more variable-mu tubes in such a manner that the intensity and contrast of the 
television picture are maintained at a constant average level. Automatic 
contrast control is to the television receiver what automatic volume control is 
to the sound receiver. The manual contrast control fixes the average level of 
the picture, and the a.c.c. maintains this average even if video carriers of dif¬ 
ferent peak anplitudes are tuned in. 

Background. Average illumination of a scene. 

Bands. -This refers to a group of continous frequencies occupying "room” 
in frequency space. 

Band-pass Filter. An electrical network designed to transmit a band of 
frequencies and to reject all other frequencies. 

Beam. In cathode ray tubes, the stream of electrons passing from the 
cathode to the fluorescent screen. 
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Beam Current. The current in the stream of electrons in the cathose ray 
tube. The beam current rarely exceeds 250^a and is normally less than lOO^a. 
Beam Relaxor. A type of sawtooth current generator consisting of a single 
beam power oscillator which generates magnetic deflection currents on the 
L /R principle. 

Black Level. In the television receiver, the video signal is applied to the 
control grid of the cathode ray tube. Portions of this signal drives the grid to 
cutoff and produce the black portions of the picture. Those portions of the 
video signal which drives the grid beyond cutoff are said to be below the black 
level. 

Black Level Control. A control for varying the amplitude of the portion 
of the video signal which produces the black parts of the picture. 

Blacker than Black. The region of amplitude excursion of the video sig¬ 
nal which corresponds to levels lower than black in the picture. These are not 
seen on the picture tube when the background is correct .This region is occupied 
by sync signals. 

Blanking. The process of applying negative voltage to the control grid of 
the cathode ray tube to cut off the electron beam during the retrace or flyback 
period. 

Blanking Pedestal. A voltage pulse used to drive the cathode ray tube 
beyond cutoff during the time the spot is returning from right to left or from 
the bottom to the top of the picture.These blanking pedestals must be syn¬ 
chronized with the sweep circuits so that the beam is cut off at the right time. 

Blocking Oscillator. A vacuum tube so operated that it is continually 
driven back and forth from cutoff to saturation. If a capacitor is connected 
in parallel with such a tube, it will charge during the time the tube is cut off 
and discharge through the tube when it conducts. This process produces a 
sawtooth voltage wave-form which may be used as sweep voltage for the ca¬ 
thode ray tube. 

Blooming. The defocusing of regions of the picture where the brightness 
is at an excessive level, due to enlargement of spot size and halation of the 
fluorescent screen of the cathode ray tube. 

Brightness. The intensity of the light produced at the screen of a cathode 
ray tube. 

Brightness Control. In the television receiver, the adjustment which 
varies the average illumination of the picture by varying the bias on the ca¬ 
thode ray tube grid. 

Brilliance. Same as brightness. 
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Broadband Amplifier. An amplifier for a wide band of frequencies, 
usually greater than one megacycle wide. 

Caesium. A photosensitive material used in the mosaic of the iconoscope. 

Camera. That component of a television transmission system which 
houses the iconoscope, orthicon or image dissector tube. The scene to be tele¬ 
vised is focused through a system of lenses upon a photosensitive surface. The 
camera breaks down the visual image into a large number of small picture ele¬ 
ments, translating the light intensity of each element into its electrical equiv¬ 
alent. 

Candlepower. A measure of light producing ability of a source. The 
standard 1-candlepower source produces a light flux of 12.57 lumens. 

Catadioptric. The name applied to an optical system employing both 
lenses and mirrors. 

Cathode Input. The use of the cathode as control grid, for applications 
where low input impedance is required. 

Cathode Follower. The use of the cathode load instead of anode load, for 
applications where low output impedance is required. 

Cathode Ray Tube. An electron tube which converts electrical energy 
into light by projecting a beam of electrons upon a fluorescent screen. The 
screen glows at the point where the electrons strike it, producing a spot of light. 
By deflecting the electron stream, the spot may be made to trace a pattern cor¬ 
responding to the deflection voltage. 

Catoptric. This refers to an optical system for projection of images by 
means of mirrors alone, without lenses. 

Centering. The process of moving the center of the image to coincide with 
the center of the cabinet opening which frames the picture. 

Centering Control. An adjustment for moving the raster electrically in 
either a horizontal or vertical direction for framing the image. 

Channel. A region of frequency space assigned for the transmission of 
television images and the accompanying sound. 

Clamper. A circuit which establishes the d.c. level of a wave form (the 
baseline of an a.c. wave with a d.c. component) Clampers are also known as 
d.c. restorers. 

Clipper. A circuit designed to remove all of a wave form above or below 
a given level. 
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Clipping Level. The amplitude level at which a wave form is clipped. 

Co-Axial Cable. A cable consisting of an inner conductor and an outer 
surrounding conductor, with insulation between, which when properly termi¬ 
nated acts as a pure resistance equal to its surge impedance. 

Color Disc. A rotating disc containing red. blue and green windows, 
placed in front of the television camera or cathode ray tube in the CBS color 
TV system. 

Color Sequence. This refers to the order in which color fields follow one 
another in a sequential, color television system. In the CBS system this order 
is red. blue, green. 

Contrast Control. An adjustment for increasing or decreasing the range 
of light intensities of an image by varying the amplitude of the picture signal. 
Contrast control in the television receiver corresponds to gain control in a 
sound receiver. 

Converging Lens. A lens which causes the light passing through it to 
converge to a point. 

Convex Lens. A converging lens which is thickest through the center and 
thinner toward the edges. 

Critical Viewing Distance. The ratio of distance, at which the line struc¬ 
ture of an image just disappears to the height of the picture (about 4 or 5 to 1 
in practice). 

Color Amplifier. A multi-channel amplifier each channel of which ampli¬ 
fies a separate color field, and which has arrangements to blank out in regular 
time sequence all color fields except the one being transmitted. 

Color Field. The time of transmission for one complete field, in which all 
the picture elements are of the same color. 

Color Frame. The time of transmission of the complete information for 
any single color in an image field. 

Compensation. A term which refers usually to the correction of non-
uniform amplification or response with frequency in order to obtain uniform 
amplification or response at all required frequencies. 

Composite Signal. A television signal whose wave form is composed of 
both video and synchornizing signals, each having different amplitude excur¬ 
sions. It is standard practice for the amplitude excursion of sync signals to lie 
in the blacker than black region outside the video signals. 

Composite Sync. A signal composed of horizontal sync signals, vertical 
sync signals, and equalizing pulses when these are needed. 
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Contrast. The total range of light intensities between the darkest and 
brightest portions of an image on the television screen. 

Cut-Off Frequency. A frequency beyond which no signals of other fre¬ 
quency are transmitted or utilized. It may refer to an upper limit, or a lower 
limit, or both. 

D.c. Transmission. This refers to transmitting the background compo¬ 
nent of a television picture. 

Deflection. A process whereby an electron beam is deviated from its 
straight-line path by means of an electrostatic or electromagnetic held. 

Deflection Coils. Coils placed around the neck of a cathode ray tube to 
deflect the electron stream. The magnetic field created by the flow of current 
through the deflection coils causes the electron stream to deviate from its 
normal path. This system is electromagnetic deflection. 

Demodulation. The derivation of a wave form having substantially the 
same form in time as the amplitude or frequency modulation of a carrier. 

Demodulation Distortion. This refers to change in the amplitude ex 
cursion or relative time occurrence of demodulation components relative to the 
carrier modulation. 

Detail. The perceptible structure of an image in regard to the number of 
separate areas or picture elements which can be seen and recognized as dif¬ 
ferent from one another. Details requires contrast for its recognition, and like 
contrast it constitutes information which requires both time and frequency 
space for its transmission. 

Diathermy. This refers to a high frequency signal with strong hum¬ 
modulation. operating usually in a television i.f. or r.f. channel. It is usually 
synchronous with the television field frequency, or drifts very slowly relative 
thereto, and is recognizable as a series of fine structure lines having a semi 
parabolic form. 

Differentiating Circuit. A circuit arranged to derive an output potential 
which is proportional to the time rate of change of the input current. 

Dioptric. The name applied to an optical system employing lenses but no 
mirrors. 

Direct View. The name applied to a television receiver in which the image 
is viewed on the face of the cathode ray tube. This feature distinguishes it 
from the indirect view or projection type receiver, in which the image is optic¬ 
ally projected from the cathode ray tube to a special viewing screen. 
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Dipole. A linear conductor whose length is approximately one-half the 
optimum wave length of resonance, generally used as a television antenna. It 
is usually divided in the middle into two arms, where the impedance is lowest 
(72 ohms theoretically) for connection to a transmission line lead-in. 

Director. A dipole placed in front of a dipole antenna, toward the trans¬ 
mitter, to narrow down the angle of reception in order to obtain greater direct¬ 
ivity. No connection is made to a director. 

Dissector. A type of pickup tute used in the television camera, more 
properly referred to as an image dissector. The scene to be televised is focused 
through a system of lenses upon a photosensitive surface. The electron emis¬ 
sion from every point on this surface is directly proportional to the intensity 
of the light falling upon that point. Since emission takes place simultaneously 
from all points on the surface, an electron image corresponding to the optical 
image is formed. This electron image is deflected in such a manner that a 
small portion of it at a time passes through a window or aperture, on the other 
side of which is an electron multiplier tube. The output contains signal cur 
rents corresponding to the optical image. 

Distortion. The departure, during transmission or amplification, of a 
reproduced wave form relative to the original form. 

Distortion Components. Frequency components, introduced into a 
wave form during transmission, which were not present in the original signal. 

Discharge Tube. An electronic tube arranged to be non-conductive nor¬ 
mally, but to supply high conductivity when properly excited, usually for the 
purposes of discharging a condenser. 

Diversity System. This refers to operation in a television system with two 
or more identical components, such as two antennas set up in different loca¬ 
tions to feed the same receiver, or three television picture tubes having the 
same picture on each and arranged to project these pictures in registry on a 
viewing screen. In the latter case color filters may be inserted between each 
tube and screen, and the pictures on the tubes may be of the same image field 
but with different color content, as in one type of color television system. 

Double Sideband Transmission. The transmission of a modulated 
carrier wave accompanied by waves whose frequency values are represented 
by the sum and difference of the modulation and carrier frequencies. 

Double Sided Mosaic. An array of photo-sensitive elements insulated 
one from the other and arranged for projection of a light image, through 
optional means, upon one side, and for scanning, by electronic means, upon 
the other side. 
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Electrostatic Scanning. The deflection of electrons from a straight line 
path by means of an electrostatic field of force, which depends upon the force 
at a distance between electric charges. 

Equalizing pulses. Horizontal sync pulses occurring at twice line fre¬ 
quency and of half normal duration. 

Extended Image. An electron image moving through space, as in an 
image dissector. 

Fidelity. This refers to the faithfulness of reproduction with which a 
reproduced wave form simulates the original. It may refer, therefore, to the 
band width of a video amplifier, usually expressed in megacycles, which is 
required to give good reproduction of wave form. 

Field. The picture information produced by scanning the image from top 
to bottom in the standard interlaced scanning system. The odd and even 
lines are scanned separately, thus two fields are necessary to produce the 
complete picture. 

Field Frequency. The numbet of fields scanned per second. I nder 
present television standards, this frequency is 60 fields per second. 

Field Period. The length of time required to scan one field. The field 
period is equal to one divided by the field frequency. 

Field Repetition-rate. The number of fields transmitted per second. 

Flat Response. This refers to uniform amplification of a band of fre¬ 
quencies. 

Flicker. The visual sensation resulting from presenting a series of images 
at a slow rate. This rate must be at least 16 per second to enable the per¬ 
sistence of vision of the eye to fill in the time interval between successive 
images. In standard television practice, the fields are presented at a rate of 
60 per second. 

Flyback. In cathode ray tubes, the return of the spot between successive 
sweeps. Flyback is also known as retrace. In some oscilloscopes and in all 
television receivers, the cathode ray tube is biased beyond cutoff during this 
period. 

Flying Spot. This refers to a system of television in which a simple 
photocell replaces a more complex pick up tube at the camera, and in which a 
moving spot of light either by mechanical or electrical means is caused to scan 
the image field which is being transmitted. Reflected light from the moving 
spot across the image field is picked up by the photocell to generate the video 
signal. 
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Flywheel sync. A synchronizing device which responds to the average 
timing of the sync signals, and is not instantly responsive to each sync pulse 
received. 

Fluorescent Screen. The face of a cathode ray tube when the inside of 
the glass is coated with phosphor. 

Focal Length. This refers to a distance in optics or electron optics 
between the center of a lens or an electric field and the plane of focus. 

Focus. The act of obtaining maximum detail in an image; or of increasing 
resolution to its maximum value. 

Focusing Control. The adjustment which varies the potential of the 
first anode in a cathode ray tube. When it is properly adjusted, the stream 
of electrons converges to a sharp point at the exact instant it strikes the 
fluorescent screen. 

Folded Dipole. A dipole antenna in which the outer ends of the two arms 
are connected together by a linear conductor, located at a small distance, 
one inch or so, away. Surge impedance is 300 ohms. 

Foot Candle. A unit of measurement for indicating intensity of illumina¬ 
tion upon a surface. One foot candle is the intensity of illumination on a 
surface located at a distance of one foot from a one candle power source. 

Frame. The total picture information contained in a scanned image. In 
the standard interlaced scanning system, one frame consists of two fields. The 
frame frequency is therefore equal to one-half of the field frequency, or 30 
frames per second. 

Frequency Band. A region of frequencies, extending betweeen limits, 
each frequency being adjacent to another, without gaps. 

Frequency Components. Waves or pure sinusoidal shape and of various 
phase and amplitude which combine or add to from a wave form of greater 
complexity than the sine wave, as a sawtooth or impulse wave. 

Frequency Space. This is an intangible concept which refers to the 
“room” available for transmission of separate, radiated signals, each of dif¬ 
ferent frequency. In our physical universe there is available approximately 
2 X 10 17 megacycles of frequency space to accommodate electromagnetic radia¬ 
tions in different channels. 

Fundamental Frequency. The lowest frequency component of a peri¬ 
odic wave. 

Ghost. A duplicate image on the screen of a television receiver. The 
ghost image is caused by a reflected signal which arrives at the receiver a short 
time after the direct signal. 
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Halation. The glowing of a phosphor on the fluorescent screen, in a 
region immediately surrounding the scanning spot. 

Height. The amplitude of a picture in the vertical direction. 

High Voltage. A potential, usually above 500 volts, utilized usually in 
television equipment for accelerating or speeding up an electron beam. High 
voltages can be dangerous to life. 

High Impedance Circuit. A circuit across which a relatively high value 
of potential is required to produce a nominal value of electric current therein. 

High-Light Brilliance. This refers to the maximum brilliance of a pic¬ 
ture which occurs in regions of highest illumination. 

Hold Controls. The adjustment which control the free running frequency 
of the horizontal and vertical sweep oscillators in television receiver. 

Horizontal. Pertaining to the line structure of a picture in a direction 
parallel to the ground, normally it refers to the dimensions of width. 

Horizontal Blanking. The application of cutoff bias to the cathode ray 
tube during the horizontal retrace. 

Horizontal Centering Control. The adjustment which permits the tele¬ 
vision image to be shifted in the horizontal direction so that it may be centered 
on the screen. 

Horizontal Flyhack. The return of the spot after each horizontal sweep. 
It is also known as horizontal retrace. 

Horizontal Frequency. The number of times per second the spot sweeps 
across the screen in the horizontal direction. It is also referred to as the 
horizontal repetition rate. In standard television practice, the horizontal 
frequency is 15,750 sweeps per second. 

Horizon tal Repetition Rate. The number of horizontal lines per second; 
the horizontal frequency. 

Horizontal Resolution. The number of picture elements which can be 
distinguished in each line of the picture. 

Horizontal Retrace. The return of the beam across the width of the 
image after the scanning of one line. 

Iconoscope. A television pick-up tube consisting of a mosaic of photo¬ 
sensitive elements upon which an optical image may be projected through a 
window, and arranged to be scanned by an electron beam which releases the 
stored charges in the latent image on the mosaic and produces an electrical 
signal in time sequence with the scanning, as an output electrode. 
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Image Dissector. A device for dissecting an electron image, picture 
element by picture element, to derive therefrom an electrical signal arranged 
in a time sequence. 

Image Field. A geometrical area of points, having greater or less illumina¬ 
tion. arranged in the pattern of a visual image on a plane surface, called the 
field of view. 

Image Orthicon. A television pickup tube which embodies the combina¬ 
tion of dissector and orthicon principles to produce a very high value of light 
sensitivity. 
Impulse. An electrical wave having a high peak value of short duration, 

and having substantially zero value elsewhere than at peak. 

Impedance Match. The process of selecting electrical components to 
terminate a line or a vacuum tube output circuit. so that the average impedance 
is substantially equal to the surge impedance of the line or the plate impedance 
of the tube. 

Integrating Circuit. A circuit arranged to derive an output ix>tential 
which is proportional to the stored-up value of the input current over each 
cycle. 

Indirect View. A type of television receiver in which the image is optically 
projected from the cathode ray tube to a larger viewing screen. 

Intensity Modulation. The process of applying a voltage to the grid or 
cathode of a cathode ray tube, varying the intensity of the spot as it sweeps 
across the screen. For instance, in the television receiver, the incoming video 
signal is applied to the control grid of the cathode ray tube to vary the in¬ 
tensity of the spot and produce the dark and light portions of the image. 

Interlaced Scanning. A system of scanning in which only a fraction of 
the image is scanned during each field. In the standard interlaced scanning 
system, the odd lines and the even lines are scanned as separate fields. Each 
field therefore contains 262.5 of the total 525 lines. 

Ion. An atom having more or less than its normal number of electrons. A 
balanced atom has an equal number of protons and electrons. If such an 
atom loses one of its electrons, it assumes a positive charge (positive ion). If 
the atom should gain additional electrons, it assumes a negative charge 
(negative ion). 

Ion Trap. An arrangement of magnetic fields and apertures which will 
allow an electron beam to pass through but will obstruct the passage of ions. 

Jittery. This refers to a tendency toward lack of synchronization in a 
television picture and may refer either to jumpiness or individual picture 
elements, of the whole field of view, or of individual lines in the picture. 



Television Glossary 

Keystone Distortion. A form of distortion which causes the television 
image to take the shape of a trapezoid even though the mosaic in the pick-up 
tube is rectangular. Keystone distortion is due to the fact that the electron 
stream does not strike the mosaic at right angles. This distortion is normally 
corrected in the transmitting equipment. 

Kickback. The counter-electromotive force produced in a coil when the 
current through it is stopped and the magnetic field collapses. 

Kinescope. The commercial name for television cathode ray tubes manu¬ 
factured by RCA. 

L R Circuit. A time determining circuit in which the time constant 
depends on the ratio of inductance to resistance. 

Latent Image. A stored image, as of charges on a mosaic of small capaci¬ 
tors spread uniformly over an area, in television applications. The optical 
image is stored as an array of charges on the photo sensitive islands in a mosaic 
type storage tube, such as the iconoscope, or as a bound electron image on the 
glass plate of an image orthicon. 

Light Flux. The total amount of light produced by a source. Light flux 
is usually measured in lumens. The term is sometimes used to describe in¬ 
visible radiations such as infrared and ultraviolet rays. 

Line. One of the strips which makes up a television image. The scanning 
path across the width of a television raster. 

Linearity. The uniform distribution of picture elements over the total 
area of the image. Such uniformity can be achieved only if the sweep wave 
forms are linear. 

Linearity Control. An adjustment in the vertical or horizontal sweep 
oscillator which controls the linearity of the sawtooth and consequently the 
uniform distribution of the picture elements of the image. If the sawtooth 
be not linear, the spot sweeps across the screen at a varying rather than at a 
constant rate, with the ultimate result that the image is spread out near one 
edge of the picture and crowded toward the opposite edge. 

Line Doubling. The technique of inserting line sync pulses at double 
frequency during the preparatory interval that precedes the field sync signal. 
The pulse width of the doubled pulses is cut in half so that integrating circuits 
will not store up too much energy in this period. 

Line Sync. This refers to sync pulses at horizontal frequency. 

Low Impedance Circuit. A circuit through which a considerable amount 
of current can flow without producing an appreciable potential across it. 
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Lumen. A unit of light flux which is equal to 1.6 milliwatts of power. A 
lumen should be measured by definition, for green light with wave length at 
550 millimicrons. Actually a lumen is usually measured through viscor filter 
which transmits portions of the entire, visible spectrum. The amount of 
power which is present in a lumen is the important fact to remember. 

Magnetic Field. This is an action of space and time, which exerts a force 
only upon a moving electric charge, or upon an electric current which moves 
within its region of influence. 

Magnetic Focus. The technique of causing an electron beam to converge 
toward a small s[>ot by virtue of applying a parallel or a radial magnetic field. 

Magnetic Sensitivity. The relationship between the current passing 
through the deflection coils and the physical distance by which the electron 
stream is displaced. 

Mechanical Scanning. The process of breaking down an image into a 
number of picture elements is called scanning. If this scanning be accom 
plished by mechanical means such as a Nipkow disc, the system is called 
mechanical scanning. Electronic scanning used in modern television practice 
is more satisfactory than mechanical scanning. 

Micro-second. One millionth of a second. Usually written Ms. 

Microwave Relays. A system of increasing the range of television cover¬ 
age by reception and rebroadcast of the signal over a chain of towers located 
10 to 20 miles apart. Each tower contains a receiver to pick up the signal 
from the preceding tower and a transmitter to rebroadcast it to the following 
tower. These receivers and transmitters operate in the micro-wave region, 
which extends from 3,000 to 30.000 me. 

Minimum Resolving Distance. The distance an observer may move 
away from a television image and still be able to distinguish the individual 
horizontal lines of the picture. 

Monitor. In television, this refers to a cathode ray tube and its associated 
circuits, arranged to view a television picture, usually by wire-line. 

Monoscope. A pattern signal generating tube which produces in the 
proper circuit a time sequence of pulses equivalent to a fixed television signal. 
The pattern usually contains a resolution chart. 

Mosaic. A photosensitive surface consisting of a large number of individual 
caesium-silver globules. (See Iconoscope). 

Multiplier. Abbreviation for electron multiplier. 
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Multiple Interlace. This refers to a method of presenting image fields, 
where more than one field is presented for each frame. In triple-interlace 
systems, for example, three fields are presented during one frame, each field 
containing only one third the total picture information; in this case a geo¬ 
metrical pattern of only every third line is transmitted in each field, the lines 
being separated by spaces equal to twice the line width, and the timing of the 
lines being such that the lines in the second and third fields fall in the space 
left between lines in the first and second fields to form an interlaced pattern 
of continuous lines. 
Narrow-band. This refers to a band of frequencies usually less than 

500.000 cycles in width. 
Negative. A video signal in the wrong polarity for producing a positive 

picture on a cathode ray tube. 
Negative Image. A reversed television image in which the dark portions 

of the televised scene appear bright and the bright portions appear dark. 
Negative Transmission. Modulation of the picture carrier, in such a 

manner that the dark portions of the image cause an increase in radiated 
power, and the bright portions cause a decrease. 
Nipkow Disk. A rotating disk containing a series of openings or windows 

and used for mechanical scanning in earlier television systems. 
Noise. The word noise has carried over from audio practice. It refers to 

random signals which produce a "salt-and-pepper” pattern over a picture 
which is called “noisy”. 

Non-linearity. The crowding of picture elements from side to side, or 
the crowding of lines at either top or bottom of the picture. 

Odd-Line Interlace. This refers to a double interlace system in which, 
there is an odd number of lines in each frame, and in which also, therefore 
each field contains a half line extra. 
Open IFire Transmission Line. Two parallel wires of uniform diameter 

spaced at the proper distance to give a desired value of surge impedance which 
acts as a pure resistance when properly terminated. 

Orbit. The path followed by a particle (in television usually an electron 
or ion) in a field of force. 

Orthicon. A television pick-up tube somewhat similar in structure to an 
iconoscojx; but with a translucent mosaic, a collector ring instead of a backing 
plate for deriving output signals, and operated on different principles whereby 
the scanning beam is at low velocity and always at right angles to the plane 
of the mosaic, which practice avoids shading signals usually generated in the 
iconoscope. 
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Over-coupled Circuits. Usually two, resonant circuits tuned to the same 
frequency but coupled so closely as to exhibit two response peaks with a slight 
valley between, in order to obtain broad band response with substantially 
uniform impedance. 

Panning. Scanning a field of view by moving the camera in a horizontal 
plane. 

Pairing. A partial failure of interlace in which the lines of alternate fields 
do not fall exactly between one another but tend to fall nearly on top of one 
another. The cause is usually improper timing of the field deflection oscillator 
but is sometimes due to pick up or stray fields, and the result is a raster con¬ 
sisting of separated pairs of lines rather than with a continuous line structure. 

Parabolic Wave. The shape of this wave is similar to that of an overloaded 
sine wave which has one peak wider than the opposite peak. This wave is 
representative of the shape of the potential across a condenser when a saw tooth 
cun ent flows through the condenser, which acts as an integrating circuit. 

Pass Band. A band of frequencies which is transmitted freely without in¬ 
tentional attenuation, or reduction in amplitude of signals. 

Peaking Coil. A small inductance placed in circuit to resonate with the 
distributed capacitance at a frequency where it is required to develop peak 
response, as in a video amplifier near cut-off frequency. 

Peak Response. This refers usually to the maximum amplitude or ampli¬ 
tudes, of gain, output, photosensitivity, brilliance or other magnitude in refer¬ 
ence to television systems. 

Pedestal. A pulse, such as the blanking pulse, used in television svstems 
(See Blanking Pedestal;. 

Periodic. Having a repetition rate; recurrent in time. 

Persistence of Vision. The ability of the eye to retain the impression of 
an image for a length of time after the image has disappeared from view. It 
is this property of the eye which enables it to fill in the dark intervals between 
successive images and to produce the illusion of motion. 

Phase. Phase is the ratio of the time of an occurrence to the time of its 
recurrence and refers to cyclical phenomena, usually such as alternating 
waves or periodic happenings in time. Phase is a pure number and is ex¬ 
pressed as a fraction of a total cycle, usually as so many degrees out of 360° 
which represents the total cycle. 

Phase Delay. Phase delay refers to time delay, since phase is always in 
reference to timing in a cycle. When the peak of a wave occurs at some 
particular point of a cycle, this means that it occurs at a particular time, in a 
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given position on a television screen, for instance. The phase delay of signal 
components in television pictures will cause certain light values to occur at 
the wrong time, and hence at the wrong place since the received picture is 
synchronized in time with the transmitter, this may result in the occurrence 
of shadows, or ghosts in the picture. 

Phase Distortion. This refers to phase delays at different frequencies 
being of different magnitudes, which distorts peak values of the signal and 
spoils picture contrast and/or resolution. 

Phosphor. The chemical coating deposited on the face of a cathode ray 
tube. This chemical produces light when bombarded by electrons. Various 
chemicals are employed in practice to produce different colors. 

P hosphorescence. Light given off by a phosphor after the exciting light 
or electron stream has ceased to act. The same as persistence and afterglow. 

Photocell. A device for converting variations of light intensity or color 
into equivalent electrical variations. 
Photoconductive. The name applied to a substance which changes its 

electrical conductivity under varying degrees of illumination. Selenium, for 
instance, has approximately eight times as much resistance in the dark as in 
the light. 

Photo Electric. This refers to the ejection of electrons by the absorption 
of light, one electron being ejected for each photon absorbed. Einstein first 
stated this effect in concrete terms, stating that the energy of the ejected 
electron was equal to the energy of the absorbed photon minus the threshold 
energy. If the threshold energy be greater than that of the photon, there is 
no absorption. The threshold energy is equal to that of the longest wave¬ 
length photon which the photo electric substance will absorb, about 1,200 
millimicrons in the present state of research. 

Photoemissive. The name applied to a substance which emits electrons 
when struck by light. Caesium and rubidium are examples. 
Photon. A quantum, or packet of light energy, which moves with the 

speed of light as a distinct physical entity, characterized by having mass and 
wavelength. 

Photosensitive. The name applied to a substance which exhibits photo¬ 
electric properties, that is, converts light variations into electrical variations. 

Photovoltaic Cell. A type of photocell which produces an electromotive 
force when exposed to light. Photovoltaic cells, also called barrier-layer cells, 
find their greatest application in light measuring devices. 
Pickup Tube. A tube used in the television camera for the purpose of 

converting the optical image into its electrical equivalent. 
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tive of the detail of a television image ^For affi^lin'^^ 
maximum detail which can be transmitted ? Th 25 h™; tIevislon picture the 
resolution, or square picture elements) is abo¿t 3«ftctm“ 

Picture Tube. (See Cathode Ray 7'ube.) 

»Ä “l °' « 1«=-M Peak 
of a cathode ray tube means that the nJÍ T”íy °f a Vlde° wave at the £r¡d 
give a positive« SE^e“ re ‘a Ÿ!" “ 
signals, have their peaks in the neeative dir^t \ h pelestals or blanking 
during the occurrence of black Thus in a nr t0 CUt ^eam current 
TO. point should he kep. “„ÄS SS**” 



Television Glossary 

Progressive Scanning. The system of television in which each image 
field constitutes a complete frame of the picture and the lines follow succes¬ 
sively. one directly after the other. A television system without interlace. 

Primary Electron. An electron which strikes a secondary-emissive 
surface and knocks out secondary electrons therefrom. 

Projection-type Receiver. A television receiver in which the image 
is optically projected from the cathode ray tube to a special viewing screen. 

Pulse Width. The duration in time of the narrow part, or peak portion 
of a pulse wave. 

Quadruple Staggered Interlace. A system of interlace in which each 
frame consists of four fields, and in which the fields do not follow in a pro¬ 
gressive order. In this system, line one is the first line of the first field, line 
three is the first line of the second field, line two is the first line of the third 
field, and line four is the first line of the fourth field. 
Quantum. An elementary packet of energy associated with radiation, 

the value in ergs being equal to the product of frequency multiplied by 
6.6 X IO“ 27 . 

Quantum Efficiency. This refers to the percent of light quanta effec¬ 
tively absorbed to produce photo electrons by a photo surface. 

Radial Field. A field of force directed toward or away from a point in 
space. 

Raster. The rectangular area scanned by the electron beam in the picture 
tube. 
Redistribution. This refers to a process which goes on inside of an icono¬ 

scope which is responsible for the operation of this type of pickup tube. There 
is a cloud of secondary electrons knocked out from the mosaic islands by action 
of the scanning beam. These fall back on positively charged portions of the 
mosaic and tend to cancel part of the charge. This results in producing dark 
areas in the electrical image field which are referred to as shading, or spurious 
signals. 

Reflections. This has two meanings in television; it refers to reflected 
waves from structures or other objects, and also to shadows in the picture 
produced by these reflected waves. 

Reflector. A dipole placed behind a dipole antenna away from the trans¬ 
mitter, to intensify the received signal. No connection is made to a retlector. 
It is usually spaced away at one quarter wave length for the desired signal. 

Registry. This refers to the superposition of one image on top of another, 
or of a raster upon an image, so that identical lines fall one on top of another 
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the Registry requires that both the horizontal and 
vertical scanning wave forms in each image be identical one to another. 

Relaxation Oscillator. A relaxation oscillator is a generator of electric 
current waves whose amplitudes vary between negative cut-off and positive 

ad ’ a r ™ uS’ i ln essence ’ a relaxation oscillator is a violently regenera¬ 
tiv e device for which many circuit arrangements exist in practice. 

Äefrace. The return path of the electron beam as it is swept back across 

ray tUb° faCe ato the -ch scanning 

Retrace Ghost. A ghost image appearing on the return lines of a television 
raster due to insufficiently long blanking of the cathode rav tube, also a tele-
hianV- Slgna ’ orlglnatlng on each return line of the camera due to insufficient 
blanking of the camera during the retrace. 1

RC Circuit. This refers to a time-determining network composed of re-

by capaaJitanceaC " constant is the Product of resistance 

Of a televÍ8ÍOn image « enables an observer 

linf-eSOTÍf'°" f ■ A teSt pattern containing a number of converging 
lines. The point on the screen where these lines seem to merge into one 
determmes the maximum resolution of the image. Resolution is normally 
indicated as the number of lines which can be distinguished as individual. ' 

orthicon or víricom^ '° 3 translucent ’ Photo-sensitive mosaic as used in the 

Return Time. This is the time required for retrace or fly back of the 
electron beam at the end of the scansion ot the raster. 

R.F. Response. This refers to the wide band acceptance of signals in a 

ctannel tong Z S. SÍgna‘S lymß °UtSÍde of the

Rhombic Antenna. This refers to a diamond shaped pattern of con¬ 
ductors each ol the same length and each of length one or more wave lengths 
long, joined together at three corners of the diamond with the fourth corner 
open for connection with a transmission line. The impedance of a rhombic 
an enna is approximately 800 ohms. Wires are located all in the same plane 
Ahrhnmb°U d mount.ed Parallel to the ground for best television reception 
A rhombic antenna picks up more signals than a dipole. and is used some 
times m regions of low field strength. 
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Retrace Ghost. An image produced during the retrace period. It may 
be due to improper blanking of the iconoscope at the transmitter. 

Return Period. The time required for the spot to return after each sweep. 
It is also referred to as return time. 

R.F. Power Supply. A type of high voltage power supply sometimes 
used in television receivers. It consists of an r.f. oscillator whose output is 
fed through a step up transformer to a rectifier. The output of the r.f. power 
supply can be filtered with relatively small values of filter components. This 
ease of filtering results from the low current drain and the high frequency of 
the ripple. Oscillator frequencies generally used are from 30 to 500 kc. 
Voltages as high as 5 to 10 kv. are obtained directly with this type of supply. 

RM A. The abbreviation for Radio Manufacturers Association. 

RMA Signal. This is a composite signal composed of video signals and 
RMA sync signals. It has been standardized by the Radio Manufacturers 
Association. 

RMA Standard. Anything in relation to television or radio standard 
which has been standardized by RMA. 

RMA Sync. A composite synchronizing signal standardized for use in 
the United States by the FCC. It consists of horizontal sync signals, line¬ 
doubling sync signals and a serrated vertical sync signal. 

Sawtooth. A voltage or current waveform which rises linearly to its peak 
value and then drops rapidly back to its starting level. The sawtooth wave¬ 
form is used extensively for sweep or scanning in oscilloscopes and television 
equipment. If the sawtooth is not linear, the spot will move across the 
fluorescent screen at a varying rate and the pattern will appear to be crowded 
toward one side. 

Scanning. The process of exploring an image, usually with an electron 
beam, in a predetermined pattern. In standard television practice, scanning 
of an image is accomplished in 525 horizontal lines. 

Scanning Spot. This refers to an electrical window which scans an 
image field. Usually it refers to the size of the cross section of an electron 
beam used in a television pick up tube. In the image dissector it refers to the 
size of the aperture across which the extended electron image is scanned. In 
mechanical systems of television it refers to the cross section of a beam of 
light used to scan the actual field of view being televised. 

Scattering. The tendency of an electron stream to spread out or diverge 
due to the repelling influence exerted on every electron in the stream by every 
other electron. 
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Schmidt Optical System. A method of projecting the image from the 
screen of a cathode ray to a larger viewing screen. The system uses a spherical 
mirror and a correcting lens to compensate for spherical aberration. 

Screen. A surface flat or curved for projecting a television image. This 
refers also to the viewing surface of a cathode ray tube. 

Separator. A clipping circuit used to remove a |x>rtion of a wave form by 
virtue of its amplitude. In the television receiver, a separator circuit is used 
to extract the synchronizing pulses from the composite signal. 

Second Anode. This usually refers in television practice to the highest 
potential connection of a cathode ray tube. Connections to the second anode, 
supply the power for giving the electron beam its final, high level of energy. 

Secondary Electron. An electron which has been knocked out of the 
surface of a metal during bombardment by other electrons, called primary 
electrons. 

Secondary Emission. This refers to the phenomenon of knocking 
secondary electrons out of a surface by means of bombarding that surface 
with primary electrons. Secondary electrons usually have a velocity of three 
electron volts on the average and may be knocked out by primary electrons 
having a velocity between ten and six hundred electron volts. 

Sensitivity of Photo Surface. This refers to the overall photo current 
emitted per unit light-flux falling on the surface. It is expressed usually in 
microamperes per lumen and sometimes in microamperes per watt. 

Sequential Color System. This refers to the system of projecting a 
color image so that each color field contains information of one color only and 
color fields follow each other in sequence, as for instance red, blue and green. 
Thus, three separate and different color fields are projected in the three-color 
sequential system before a color is repeated. This makes the color flicker 
rate only one-third of the field projection rate, but in a double interlace system 
there is an interline color-flicker at one-sixth of the field projection rate due to 
the fact that the second red field, for instance, falls in an alternate interlace 
jreriod to that occupied by the first red field. 

Sequential Interlace. A system of interlacing in which the fields are 
scanned in a progressive order. 

Serrated Vertical Pulses. The wide vertical synchronizing pulse is 
divided into a number of narrower pulses in order to prevent loss of horizontal 
synchronization during vertical fly back. 

Series Peaking. The technique of introducing a peaking coil in series with 
a resistor as the plate load of a vacuum tube to produce peaking at some desired 
frequency in the pass band. 
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Serrated Signal. This consists of serrated pulses for field synchronizing, 
plus a preparatory period in which line doubling pulses are inserted in order to 
pass the integrating circuit ahead of time to give equal peaks on alternate 
pulses. 
Shading. This refers to dark areas in the picture caused by redistribution 

of secondary electrons over the mosaic in a storage type television pickup 
tube. The shading pattern varies from scene to scene and depends upon the 
distribution of light in the scene. 
Shading Generator, A device for reducing shading by generating wave 

forms which are 180 degrees out of phase with the shading signals produced by 
the return of secondary electrons to the mosaic. 
Shadows. This refers to spurious signals created by reflections which 

arrive at the receiver later than the direct wave and produce a secondary, 
fainter image which is slightly displaced from the primary image in such a 
position as to give a base relief or shadow effect. They are usually called 
"ghosts''. 
Shunt Peaking. The use of a peaking coil in a parallel circuit branch to 

feed signals from the output load of one vacuum tube to the input load of a 
following tube, for the same purpose as a series peaking circuit, but with 
the added advantage of splitting up the distributed capacitances of the two 
tubes. 

Signal Plate. An output electrode of a television pickup tube. 
Silver Sensitization. A process of depositing a thin layer of silver on 

photo sensitive surfaces during formation, in order to increase the sensitivity. 

Single Sideband. Transmission of a carrier and substantially only one 
sideband of modulation frequencies, usually the upper sideband in television 
practice. 

Size. This refers to the extension of the raster in the horizontal and vertical 
directions. Adjustment of size is usually provided in a receiver in order to 
make the raster fill the picture frame. 

Spectral Response. This refers to distribution of sensitivity of a photo 
surface over the spectrum. 

Spectral Sensitivity. The relative response of a photosensitive device 
to the different wavelengths within its range of response. For instance, some 
phototubes have a spectral sensitivity which is high in the blue region, while 
other tubes are more sensitive to red. 
Spectrum. The frequency band over which radiations are spread. It 

is usually used in connection with light frequencies, but may refer both to 
visible and invisible radiations. 



Television Glossary 

Speed. This refers to frequency of a relaxation oscillator, usually. Syn¬ 
chronizing controls on television equipments are sometimes called speed 
controls. 

Spherical Aberration. A defect of a spherical mirror which prevents the 
light from coming to a sharp focus on the principal axis. 

Spherical mirror. A curved reflecting surface of such shape that it causes 
the rays of light striking it to focus upon a point on the principal axis. 

Spot. This refers usually to the area on which an electron is focused. 
Spot Size. This refers to the size of the cross section of an electron beam 

or to the size of an aperture in a television tube. 

Spurious Signals. The shading signals produced bv the return of second¬ 
ary electrons to the mosaic of a pickup tube. 

Staggered Circuits. Circuits are said to be staggered when they are 
alternately tuned to two different frequencies, in order to obtain broadband 
response. A complete stage of amplification in a staggered circuit amplifier 
requires two vacuum tubes, the output circuit of each of which is tuned to a 
different frequency. The separation in frequency divided by the mean fre¬ 
quency of the two circuits is a coefficient of staggering and corresponds 
directly to coefficient of coupling in double tuned circuits. 

Staggered Interlace. A system of interlace in which the fields do not 
follow in a progressive order. 

Staggered Tuning. Alignment of successive tuned circuits to slightly 
different frequencies in order to widen the over-all response. 
Standard Lamp. This is a lamp usually operated at 2870° Kelvin scale 

of temperature, which is used to produce illumination for measuring purposes 
in determining the value of a standard lumen. 

Stratovision. A proposed system of increasing the range of television 
coverage by transmitting the signals from an airplane. 

Studio Circuits. These are circuits having to do with the operation of a 
television studio independent of the transmitter itself and of the receiver. 
Surge Impedance. This is the characteristic impedance of a transmission 

line which is dependent on the diameter and spacings of the wire of the line 
and which may be considered to have a uniform resistance value when the 
line is terminated with an impedance equal to the surge impedance for a 
band of frequencies, or with a resistance which is equal to the surge impedance. 
Sweep. Movement of the spot across the screen of a cathode ray tube. 

Sweep is normally accomplished either by applying a sawtooth voltage to the 
deflection plates (electrostatic deflection) or by passing a sawtooth current 
through the deflection coils, (electromagnetic deflection). 
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Sync. This is an abbreviation for synchronization and applies to a timing 
signal for determining the point in time at which an electrical oscillation will 
start. 

Synchronization. Timing of an electrical action or waveform. In the 
television receiver, the horizontal and vertical sweep oscillators are synchro¬ 
nized or locked-in by the synchronizing pulses which accompany the trans¬ 
mitted signal. 

Synchronization Clipper. A circuit designed to remove the synchron¬ 
izing pulses from the composite signal. 

Synchronization Pulses. Pulses transmitted along with the picture 
information and used to lock-in the frequency of the sweep generators in the 
receiver. 
Synchronization Separator. Same as synchronization clipper. 

Tearing. Splitting of the television picture due to improper synchro¬ 
nization. 

Telecast. Abbreviation for television broadcast. 

Telecine Projector. A motion picture projector adapted for use with a 
television pickup tube. 

Telegenic. This refers to suitability for television. 

Telerise. The process of converting an optical image into an electrical 
image for transmission. 

Television. The process of the electrical transmission and reception of 
transient, visual images. 

Television Chart. A test chart for use in checking television resolution. 

Television Receiver. Equipment containing apparatus for receiving r.f. 
signals modulated with television signals, for converting these to picture 
signals, and for reproducing a picture from the converted signals. 

Television Transmitter. Equipment for broadcasting an r.f. carrier 
modulated with television signals suitable for reception by a television receiver. 

Termination. An impedance for loading the end of a transmission line 
so that the input impedance of the line appears as pure resistance equal to 
its surge impedance over a predetermined band of frequencies. 

Test Film. A motion picture film printed with various densities of test 
patterns for checking the resolution of a telecine projector in conjunction with 
an overall television system. 
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Test Pattern. A fixed television image used to determine the quality and 
correctness of adjustment of a television system. See Resolution Chart. 

Tilt. Scanning a field of view by moving the camera in a vertical plane. 

Time Constant. The time required in an electrical circuit for potential 
or current to rise to approximately 63% of its steady, final value or to fall to 
approximately 37% of its initial value. 

Time Delai/. The time elapse between an electrical occurrence at the 
start of a transmission and the reproduction of this occurrence at a remote 
point. 

Time Determining Circuit. A circuit composed of energy-storage 
components having a time constant designed to introduce a predetermined 
amount of time-delay. 

Timer {Generator}. An equipment designed to generate standard sync 
signals for synchronizing all components of deflection apparatus in a television 
system. 

Trace. The path followed by the spot as it moves across the screen of a 
cathode ray tube. 

Trap. A tuned circuit used to eliminate a given signal or to keep it out of a 
given circuit. For instance, in the television receiver, traps in the video 
circuits keep the sound signal out of the picture channel. One type of trap 
is simply a tuned circuit which absorbs the energy of the signal to be eliminated 

Transient Response. This refers to the way in which a circuit responds 
to changing potentials or currents as regards the time-delay reproduced by 
time-determining circuit components. 

Transient Signal. A changing signal or a signal which endures for a 
brief time only. 

Transmission Band. This refers to the band of frequencies utilized for 
transmitting information electrically. 

Transmission Line. A two conductor circuit having uniform character 
istics for transmitting electrical signals. 

Transmitter Characteristic. This refers to the amplitude response 
of the transmitter pass band for a modulated television carrier which employs 
quasi-single-side-band transmission. 

Tungsten Light. This refers to light flux from a tungsten filament 
operated at 2870° Kelvin scale of temperature. The quality of this light, 
that is. the distribution of energy across the visible spectrum, is such as to 
give a proper value to the measurement of a lumen by means of light meters 
employing viscor filters which have the same response as the human eye. 
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TV. A commonly used abbreviation for television. 

Twin-Axial. This refers to a transmission line consisting of two parallel, 
equally spaced wires inside of a cylindrical shield. 

Uhf JFaces. This refers to carrier frequencies in the ultra-high frequency 
spectrum between 50mc. and 500 me. These limits are not very clearly 
defined and are changing with the progress of the electronic art. 

Velocity Modulation. This refers to a system of television in which the 
speed of the scanning beam is changed as it travels across the trace of a line 
on the raster. The intensity of the beam is held constant, and changes in 
contrast are obtained by means of the time that the beam requires to traverse 
any distance rather than by changes in the intensity of the beam itself. The 
system is not in general use. 

Vertical. This refers to the dimension of height in the picture. 

Vertical Blanking. The application of cutoff bias to the cathode ray tube 
during the vertical retrace. 

Vertical Centering Control. The adjustment which shifts the image 
in the vertical direction so that it may be centered on the screen. 

Vertical Hold. The adjustment which varies the free running frequency 
of the vertical swreep oscillator in the television receiver. When this adjust¬ 
ment is properly set. the incoming synchronizing pulses will “lock-in” the 
frequency of the vertical oscillator. 

Vertical Resolution. This refers to the line structure of the image, that 
is the number of lines or picture elements which can be resolved in the vertical 
■direction. 

Vertical Retrace. The movement of the spot from the bottom of the 
image to the top after each vertical sweep. The cathode ray tube is biased 
beyond cutoff during this time. 

Vertical Synchronization. Locking in of the vertical sweep oscillator 
by the incoming vertical synchronizing pulses. (See Vertical Hold). 

Vestigal Sideband Transmission. A method of transmission in which 
■one set of sidebands, is largely, but not completely, eliminated. This system 
is employed in commercial television practice. 

Video. Pertaining to television signals or equipment. 

Video Amplifier. The amplifier stages following the video detector in a 
television receiver. They are designed to have a flat response up to several 
me. 
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Video Detector. The demodulator circuit which extracts the picture 
information from the modulated carrier. 

Video Frequency. This refers to the frequency band necessary to trans¬ 
mit the information in a television picture. 

Video Signal. This refers to a time sequence of electrical pulses generated 
at the signal plate of a television pickup tube. 

Video Waveform. This refers to the portion of the waveform which 
corresponds to the light and dark values in the picture as they are transformed 
into an electrical signal, but does not include the synchronizing waveform. 

Viewing Distance. This refers to the best distance to view a television 
picture from the standpoint of seeing all the detail which the picture is capable 
of resolving. 

Viscor Filter. This is an optical filter having a transmission characteristic 
for uniform, visible light identical to that of the human eye. 

Visible Spectrum. That portion of the spectrum of electro-magnetic 
radiations which is visible to the human eye. 

Wave Form. In general, this refers to the form of a periodic, functional 
relationship between the amplitude of some physical object, (such as electric 
current) and time. 

Wave Shaping Circuit. A circuit which alters the form of an electric 
wave to a different form. 

Wedge. A convergent pattern of black and white lines equally spaced, 
and used as a television test pattern. 

Wide-Hand Amplifier. An amplifier which will pass a wide range of 
frequencies with substantially uniform amplification. 

Width. The horizontal dimension of the television image. 

Width Control. The adjustment which varies the horizontal size of the 
television picture. This is accomplished by controlling the amplitude of the 
horizontal sawtooth. 

Yoke. An arrangement of deflection coils, usually including two sets 
of two coils each, for producing the magnetic deflection field for the electron 
beam in a cathode ray tube. 

Zero Frequency. A frequency at which the amplitude of harmonic com¬ 
ponents of a wave fall to zero, usually called an elided frequency in reference 
to the reduction and elimination of high frequency components in a television 
signal due to aperture or spot size. 
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valves—timing—fuel pumps—fuel injection compressors—starting air compressors—scavenging air 
compressors—pistons and piston rings—cylinders—lubrication—cooling systems—fuel oil—engine 
indicator—governors—engine reversing—semi-Diesel engines—high speed Diesel engines—answers on 

□ AUDELS MECHANICAL DICTIONARY - - - - S4 
A WORD BOOK FOR MECHANICS. COVERING THE MECHANIC ARTS, TRADES AND SCIENCES 
ft very useful book. If constantly referred to will enable the student to acquire a correct knowledge of 
the words, terms and phrases in use in mechanical engineering and its various branches. Included are 
valuable tables, formulas and helps—an encyclopedia as well as a dictionary. 950 Pages. 

□ AUDELS PUMPS, HYDRAULICS COMPRESSORS " $4 
A COMPREHENSIVE GUIDE FOR ENGINEERS, OPERATORS, MECHANICS, STUDENTS, WITH 
QUESTIONS AND ANSWERS. 
1658 Pages—3 Books in one—fully illustrated. Practical information coveting: 
PUMPS: Centrifugal—Rotary—Reciprocating Pumps—Air and Vacuum Chambers—Power & Air Pumps 
—Jet Condensers—Surface Condensers—calcu’ations. Cooling Ponds—Cooi ng Towers—Water Supply 
Hydtaulic Rams—Special Service Pumps—Automotive Fire Pumps—Dredges. 
HYDRAULICS: Physics—Drives—Machine Tool Power—Accumulators—E:evators—Airplane Control— 
Automobile Brakes—Shock Absorbers—Presses—Turbines. 
AIR COMPRESSION: Compression—Work—Compressor Classification—Parts, Types—Inter and After 
Coolers — Regulating Devices — Installation — Lubrication — Operation — Maintenance — Blowers — 
Superchargers—Pneumatic Hand Tools—A Ready Reference. 

□ AUDELS MARINE ENGINEERS HANDY BOOK - $4 
MODERN. PRACTICAL TREATISE FOR MARINE ENGINEERS (ALL GRADES), FIREMEN, OILERS, 
MACHINISTS, HELPERS AND STUDENTS, WITH CALCULATIONS AND QUESTIONS AND AN¬ 
SWERS FOR EXAMINATIONS. J

1246 Pages—23 Chapters, logically arranged—fully illustrated and Indexed for Ready Reference. 

□ AUDELS HOUSE HEATING GUIDE -.$4 
For Heating, Ventilating and Air Conditioning Engineers, Plumbers, Maintenance Men, Contractors, 
Building Superintendents and Mechanics seeking practical, authentic information on Heating, Ventilating, 
Air Conditioning. 1000 Pages—910 Illustrations—57 Chapters explainingthe working principles of all 
Modern House Heating, Ventilation and Air Conditioning systems. Fully illustrated and Indexed. This 
up-to-date book of reference gives answers to 1001 questions. 



□ AUDELS TELEVISION SERVICE MANUAL . , . $Z 
Gives practical information on Installing, Trouble-Shooting & Repairing. This greatly needed fact-finding 

manual is easy to understand, Î84 pages, more than 225 illustrations & diagrams covering operating 
principles of modern television receivers. 

Covers T.V. information at your finger ends. Shows good receiver adjustment and How to get Sharp 
Clear Pictures. How to Install Aerials—Avoid Blurs, Smears and How to test. Explains color systems 
and methods of conversion. 1001 FACTS—IS CHAPTERS. 

□ AUDELS ELECTRIC MOTOR GUIDE.$4 
Covers the construction, hook-ups, control, maintenance and trouble shooting of all types of motors in¬ 

cluding armature winding. Explains entire subject in every detail. A Handy Guide for Electricians and all 
Electrical Workers. 

Over 1000 Pages of Information—31 Instructive, Interesting Chapters—617 Diagrams, hook-uos and draw¬ 
ings. All types of motors fully illustrated and indexed for ready reference-

S AUDELS QUESTIONS & ANSWERS FOR 
ELECTRICIANS EXAMINATIONS.$1 

A PRACTICAL BOOK TO HELP YOU PREPARE FOR ALL GRADES OF ELECTRICIANS LICENSE 
EXAMINATIONS. A Helpful Review of all the fundamental principles underlying each question and 
answer needed to prepare you to solve any new or similar problem, which while being asked differently 
still calls for the same answer and knowledge. 

Covering the National Electrical Code, Questions and Answers for License Tests; Ohm’s Law with 
applied Examples; Hook-ups for Motors; Lighting and Instruments; 250 Pages. Fully Indexed amt 
Illustrated. Pocket Size. Flexible Covers. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS 

□ AUDELS WIRING DIAGRAMS FOR 
LIGHT & POWER.$1 

n^ctricians, wiremen, linemen, plant superintendents, construction engineers, electrical contractor! 
find students will find these diagrams a valuable source of practical help. 
This book gives the practical man the facts on wiring of electrical apparatus. It explains clearly In 
simple language how to wire apparatus for practically all fields of electricity. Each diagram is complete 
»nd self-explaining—210 pages, illustrated. A PRACTICAL, HANDt BOOK OF HO OK-UES. 

□ AUDELS HANDY BOOK OF PRACTICAL 
ELECTRICITY...........__....... , ,.$4 

FOR MAINTENANCE ENGINEERS, ELECTRICIANS AND ALL ELECTRICAL WORKERS. 
1340 pages, 2600 illustrations. 

A quick, simplified, ready reference book, giving complete instruction and practical information on the 
rules and laws of electricity—maintenance of electrical machinery—A.C. and D.C. motors—armature 
Wincing and repair—wiring diagrams—house lighting—power wiring—cable splicing—meters—bat-

—transformers—-elevators—electric cranes—railways—bells—sign flashers—telephone—ignition— 
radio principles-—refrigeration—air conditioning—oil burners—air compressors—welding, and man»* 
modern applications explained so you can understand. 
THE KEY TO A PRACTICAL UNDERSTANDING OE ELECTRICITY. 

□ AUDELS ELECTRONIC DEVICES.___$2 
TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC EYE. 

ce,,s and their applications. Includes easily understood explanations of ithe 
Pu e,ectn.c eye.’ amplifiers, anodes, candlepower, color temperature, illumination, frequen¬ 

cies photo tubes, grid basis, voltage, photo-electric tubes, photocell, vacuum tubes, the oscillator, 
electron tubes, electrons versus atoms, Ohm’s Law. wiring diagrams. • • • • 
4 PRACTICAL BOOK ON ELECTRONICS. siaoMDU. -



□ AUDELS ELECTRICAL POWER CALCULATIONS $2 
275 TYPICAL PROBLEMS FULLY WORKED OUT. 
Gives and explains the mathematical formulae and the fundamental electrical laws for all the everyday 
tactical problems in electricity—Ohm's and Kirchhoff’s laws for Direct Carrent—the generation ansí 
application of alternating current—problems in series and parallel circuits—transformers—transmission 
lines—electrical machinery. Valuable notes on Radio Circuit Calculation. 
With 289 Diagrams, and Tables on Conversion, Wire Gauges and Capacities, etc. Other Data; Symbols 
formulae. 420 pages, fully diagrammed. Two parts (A.C.—D.C.). Indexed. 
EVERY ELECTRICAL WORKER & STUDENT NEEDS THIS MODERN "MATHEMATICAL fOOL.” 

□ AUDELS NEW ELECTRIC DICTIONARY.$2 
FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY. 
The language of your profession in convenient, alphabetical order so you c?n instantly locate ant 
.«ord, phrase or term. To be an expert in any line, you must "talk the language." Audels New Electris 
Dictionary enables you to understand and explain electrical problems so your hearer will thorough^ 
understand you. 
Defines more than 9000 words, terms and phrases in plain and unmistakaole anguage, compiled with tw 
same accuracy and thoroughness that has characterized Audel bocks for 65 years. 
Valuable as an Encyclopedia of Electricity and as a Dictionary. 
AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT. 

□ AUDELS MEW RADIOMANS GUIDE.$4 
A KEY TO THE PRACTICAL UNDERSTANDING Dr RADIO. FOR RADIO ENGINEERS, SERVICE 
MEN, AMATEURS. 
750 pages. 400 illustrations and diagrams. Size 5 x 6V2. 
Features: Radio fundamentais and Ohm's Law—physics of sound as related to radio science—electric» 
measuring instruments—power supply units—resistors, indicators and condensers—radio transformer» 
and examples on their designs—broadcasting stations—principles of radio telephony—vacuum tubes— 
’adio receivers—radio circuit diagrams—receiver construction—radio control systems—loud speakers— 
antenna systems—antenna systems (automobile)—phonograph pickups—puMic address systems—aircraft 
•adio—marine radio equipment—the radio compass and principle of operation—radio beacons—auto¬ 
matic radio alarms—short wave radio—coil calculations—radio testing—cathode ray oscillographs— 
static elimination and radio trouble pointers—underwriter's standards—units ¿»nd tables. 
AUTHENTIC, CLEAR, CONCISE. 

□ AUDELS NEW ELECTRIC LIBRARY SI.50 a vol. 
FOR ENGINEERS. ELECTRICIANS. ALL ELECTRICAL WORKERS. MECHANICS AND STUDENTS 
Presenting in simplest, concise form the fundamental principles, rules and applications of apphe« 
electricity. Fully illustrated with diagrams & sketches, also r-Mculations ¿ tables for ready reference. 
Helpful questions and answers. Trial tests for practice, study and review. Design, construction, operatlo« 
and maintenance of modern electrical machines and appliances. Based on the best knowledge ani 
experience of applied electricity. 
Vol. 1—Principles and rules of electricity, magnetism, armature winding, repairs—700 illustrations— 

480 pages. 
Vol. 2—Dynamos, D.C. motors, construction, installation, maintenance, trouble shooting—573 illus¬ 

trations—418 pages. 
Vol. 3—Electrical testing instruments and tes;,, storage battery construction and repairs—631 lUm 

trations—472 pages. 
Vol. 4—Alternating current principles and diagrams, power factor, alternators, transformers—80, 

illustrations—484 pages. 
Vol. 5—A.C. motors, windings, reconnecting, maintenance, converters, switches, fuses, circdH 

breakers—1489 illustrations—498 pages. 
yo!. 6—Relays, condensers, regulators, rectifiers, meters, switchhoards, power station practice—6* 

illustrations—548 pages. 
/of. 7—Wiring—house, light and power, circuits, high tension transmission, plans, calculations, com. 

marine wiring practice—1218 illustrations—72E pages. 
Vol. 8—Railways, sionals. elevators, ignition—1078 illustrations—812 pages. 
Vol. 9—Radio, telephone, telegraph, television, motion pictures—793 illustrations—576 pages 
Vol. 10—Refrigeration, illumination, welding, x-ray, modern electrical appliances, index—1084 'tos*« 

trations—674 pages. 
Vol. 11—Electric mathematics and calculations—700 pages. 
Vol. 12—Electric dictionary, 9000 words and terms—550 pages. 

IN •<» VOLUMES—FACH VQi UME SOLD SEPARATELY AT 4150 EACH 
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□AUTOMOBILE MECHANICS GUIDE 1800 
□ TRUCK & TRACTOR GUIDE 129? P¿e< 8 ’ * 
□DIESEL ENGINE MANUAL, 575 Pages 8 * 
□WELDERS GUIDE, 400 Pages 8 . 

f ÄInÄ B“°k-1600 
□™Ä^ • : 
□ PLUMBERS & Steamfitters Guides (4 Book Set) 
□ HOUSE HEATING GUIDE, 1000 Pages ’ ’ 
□ OIL BURNER GUIDE, 384 Pages . 
□SHEET M ETAL PATTERN LAYOUTS; M00 Paces’ ' 

WORKERS Handy Book, 388 Page's 
□^'HTERS & DECORATORS MANUAL, 450 Pages ' 
M ATMFMATirc N &,A JT Con‘l'*ioning Guide, 1280 Pages 

□ MATHEMATICS and CALCULATIONS. 700 Pages S 

□ ENGINEERS & FIREMANS EXAMINATIONS 525Pages 
□ POWER PLANT ENGINEERS GUIDE, 1500 Pages 
□ Y>1|ÎlWrÎghtSA&Lm'S|& ̂'r Compressors, 1658 Pages 

□ MECHANICAL DRAWING & DESIGN, 480 Pages 
ENGINEERS Handy Book, 1280 Pages 

□SHIPFITTERS HANDY BOOK, 250 Pages S ’ ' 
□ GARDENERS & GROWERS GUIDES (4 Book sit)' ' 
□ AIRCRAFT WORKER, 240 Pages ( b ' 
□ MECHANICAL DICTIONARY, 950 Pages. 
□ ENGINEERS LIBRARY ,3 Book Set) g ••• 
□ ELECTRIC MOTOR GUIDE, 1000 Pages'. 
□ ELECTRIC WIRING DIAGRAMS, 272 Pages 
PFFF£IE!£'ANS EXAMINATIONS, 250 Pages . 
□ELECTRICAL POWER CALCULATIONS 425 Pages 

ELECTRICITY Handy Book, 1440 Pages 
□ ELECTRIC DICTIONARY, 9000 Terms 
□ ELECTRONIC DEVICES, 216 Pages ... 
□ TELEVISION SERVICE MANUAL, 346 Pages ' ' 
□ RADIOMANS GUIDE. 914 Pages . . . 
□ ELECTRIC LIBRARY, 7000 Pages (12 Book Set)' .' . Is 
Vols. I, II, III, IV,V,V1,VII,VIII, IX, X, XI, XII — »1.50 Each 

MAIL ORDER 
THEO. AUDEL & CO., 49 W. 23 St., New York 10, N.Y. 

Check 
NOW! 
You Can 
Look Over 
Any Guide 
In Your 
Own Homs 

Jiwmí! i"1® i°r 7 dT 1’ f̂ e examination the books marked (X) below. I agree to mail $1 in 7 days on each book 
° furth.,er mail a month on each book set ordered until I have paid purchase price 

lí 1 am not satisfied with Guides I will return them. 
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