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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. The
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.



The 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.

Lvery effort has been made to insure the accuracy of the text
material, and a debt of gratitude is hereby acknowledged to the
various receiver manufacturers, particularly the RC.A4 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 toits 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.

. 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.

WINDOW

TELEVISION
RECEIVER

-

FIG. 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.

. 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.

S
.~ - TURNTABLE =
== TELEVISION =]

L.R.

N r s
) J._J

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.




Placing of Television Receivers 5~

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

T

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
iargely 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
fartber 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 conirols located at the front of the
cabinet, whereas the presel 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.

4. Contrast control.

5. Brightness control.

6. Horizontal hold control.

7. Vertical hold control.

FINE TUNING FOCUS HORIZONTAL PICTURE (Shading)
CHANNEL  CONTROL CONTROL HOLD CONTROL CONTROL
NUMBERS 2/l — — 1 |
\ 6 > 5 & l' L 1
| EN ’ - N
AN | D e
| ‘41 w0 | (AR (Ir Vi /
\ \‘\k"'/ IR /
\ \ -y \ NI A
3 A%/ 11 T’/ ~__~ -
i 2 | (ALEWERES [ ON & OFF SWITCH
& VOLUME CONTROL
CHANNEL SELECTOR BRIGHTNESS VERTICAL HOLD
CONTROL CONTROL CONTROL

FIG. 1—TIllustrating 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 ot
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

scre;vy/y

| I
CONTRAST CHANNEL SELECTOR

CONTROL CONTROL
ON & OFF SWITCH FINE TUNING
& VOLUME CONTROL 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 swiich and the fine tuning control are commonly
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of the dual type. The contrast control and brightness conirol are
similarly arranged, as are the horizontal and vertical hold
controls.

'3

]
1]
]
'
]
[}
'
¥
]

/.

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
brighiness 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 quality.

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 Hold 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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FIG. 4—Test pattern showin

g horizontal movement. To correct, adjust
horizontal hold control.

FIG. 5—Test pattern showing vertical movement.

To correct, adjust vertical
hold control.
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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.

S

_ 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 off the receiver between
the desired programs unless some other station is to be tuned in.

Before commencing the tuning operation, however, 1t 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. The extent to which it is approximated gives a
measure of the quality of the transmission.

The 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, linearily, con-
trast, and brightness in addition to Socus control may easily be
observed by an analysis of fig. 6.

The 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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9. Size of the scanning beams in both the camera tube and
the picture tube.
3. Sensitivity of the camera tube, and other clements 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-
terisiics of the camera and transmitter.

i ; VERTICAL WEDGE TO z 1
| CIRCLES TO CHECK  CHECK HORIZONTAL  ADJUST FOCUS FOR &, |
LINEARITY RESOLUTION BEST CEFINITION HERE ‘

!

/
A /

{
{

LCIRCLES TO CHECK ADJUSTMENT POOR INTERLACE SHOWS
OF CONTRAST AND BRIGHTNESS 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 linearily 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.

I
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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:
Focus control.

Vertical size.
Vertical linearity.
Horizontal size.
Horizontal linearity.
Horizontal drive.
Picture width.
Picture height.

® N O Y 0

PICTURE __ YOKE ADJUSTMENT
CENTERING — THUMB SCREW
LEVER

-FOCUS COIL
J POWER
b oo = e INTT
L -
VERT. Qoo
._ SizE FOCUS _
© © O © ©
VERT.- VERT. BRIGHTNESS
HOLD UIN. D HOR. SIZE
TEST
SOCKET

FIG. 7—Showing preset conirols 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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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 of the picture slightly
right of center when making this adjustment gives the most
aniform 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
control.

Frevew

FIG. 10—Test pattern indicating horizontal distortion. To correct, adjust
horizontal linearity.

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

direction 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.

F1G. 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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adjust

FIG. 12—Test pattern indicating picture too short. To correct,

height control.
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FIG. 13—Test pattern indiceting tilted victure. To correct, adjust

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.

LYY I
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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.

|
|

_§_---.

S

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

A

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.
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ION TRAP ION TRAP
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FIGS. 17 to 19—Tllustrating 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




Controls, Test Patterns and Adjustments 29

of discoloration on the face of the bulb, thus injuring the picture
screen.

fon 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
jon 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
S0 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
1s 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 ielevision 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 smalil
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 irterference are easily
identified by an analysis of the interference pattern as formed
on the screen, and after they are identified, correclive 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 every 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:

Ignition or spark interference.

Diathermy.

Germicidal lamp radiation.

4.5 mc sound-beat pattern.

Police, amateur broadcast and mobile stations.

Two or more TV unsynchronized carriers on same channel.

FM transmitter heterodyning with local oscillator.

Radiation from the local oscillator in a neighboring FM or

TV receiver.

9. Oscillation in video 7.f. amplifier.

10. Barkhausen oscillation from the horizontal deflection
generator.

11. Reflections or ghosts in various forms.
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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 irom 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 7ot be conducted to one of the antenna terminals,
but should be grounded to the chassis of the receiver.
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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.
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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 supplving 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.—F ortunately 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 Mec 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 7.f. carriers.

Corrective Measures.—This interference can be eliminated by
a fairly high “Q’ parallel resonant trap, tuned to 4.5 mc 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 mc and conse-
quently 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
7.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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Correciive 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 hree 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 ¢.f. amplifier
stages or in receivers employing stagger tuned .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 osciilation 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 deflecticn
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.




Television Interference _ 41

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.
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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
directionai 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 tlie receiver.
The 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 a
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 leff 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.

Correciive Measures.—These consist of reducing the direct
pickup in the receiver, by shielding the 7.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 7.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 1.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, but should be resorted to only where all other corrective
measures have failed to remedy the trouble.

Wave Traps.—Various types of interference emanating from
FM 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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Fig. 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.
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FIGS. 1 to 3—Schematic diagram of various types of interference traps.
Fig. 1 shows a common available unit. Fig. 2 is a trap designed for bal-
anced input. Fig. 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 7.f. stage and mixer and therefore curbs the mixer
action which produces the interference in the ¢.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 sigral 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 7.f. energy from feeding
back to the power line and radiating or feeding directly 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.

100 0
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ANTE AMPLIFIER
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@ TO BALANCED
100 3000 INPUT
N an 1000

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
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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

Televisioii 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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Jocations 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
_aite similar to rays of light, in that they do not bend around
corners and are reflected by obstacles in their path.

* TRANSMITTER
TS

“NO
RECEPTION RECEFTION

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

¢ 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 aistance as denoted in television literature is the maximum distance which
high frequency radic waves will reach without being impeded by the curvature of the carth.
Itisillustrated in Fig. 1 and is governed by the relationship
d = 141 (Viy + Vh)
Where d is the distance between antennas in miles
hy is the transmitting antenna height in fect
hy 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. The 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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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.

Y [PruaDELPHIA
WASHINGTON

mo:m“
POLIS,

. n Q OAYTON
ST :.\‘;“' e CINCINNATH
“d 205"

RICHMOND

@RER COAMIAL CABLE NOW UNOER
CONSTRUCTION OR INSTALLED

O COoAXIAL CABLE PLANNED FOR NEXT FEW YEARS
wos EXERIMENTAL RADIO RELAY SYSTEMS

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 televisic
antenna installation are:

1. Antenna.




Antennas and Transmission Lines 57

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 iine, 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
80 is easy to install. Coaxial cable is available in characteristic
impedances of 52, 72, or 150 ohms.

f@

NEUTRAL
WIRE C

D
—

FIGS. 5 to 8—Various types of {ransmission 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 mc.

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
_3x108

f

where ‘‘f”’ 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:

984
)\—f(m—c) ft. (approx.)

A

and
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Because the length of each quarter dipole element in inches
is the dimension most frequently required, we obtain:

2,952 .
4= ns.
f(mc)

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 .
= = inches
f(me) f(mnce)

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

Dipole antennas that are to be used in outside installations
consist usually, of two quarter wavelength sections of 3,3 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.

N4

Example.— 11 is desired 1o determiize the lenglh of a quarter
wave dipole rod suitable for use on channel four, where the frequency
according lo the lable page 131 has an average value of 69 mic.
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

G9

P =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.

(I >\ I I
r«— A — >t A —te— X/ — A —>]
DIPOLE
ELEMENTS
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TRANSMISSION
LINE

- WAVE LENGTH ——— >

FIG. 9—Shewing 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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HALF - WAVE DIPOLE ANTENNA
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FIG. 10—Showing transmission line connection between a half-wave dipole

antenna and television receiver.
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FIG. 11—Ilustrating mounting arrangement and connection of half-wave

dipole 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-
ber, as shown in fig. 12.

REFLECTOR CROSS - ARM

SUPPORT

“U' BOLT

TRANSMISSION — ||
LINE il

<«<—— SUPPORTING
MAST

FIG. 12—Typical mounting arrangement of dipole antenma 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



64 Antennas and Transmission Lines

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

lrL VA >
C / ))l
N
- sPACING
Z 3/s IN. METAL TUBING 170 2 IN. FOR HIGH BZND

270 3 IN. FOR LOW BAND

TRANSMISSION
LINE (3000)

FIG. 13—Dimensional requirements of folded dipole antenna.
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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

‘-—————————————Vz —_— -
]

| H
L 2N

SPACING 1 TO 2 IN. FOR
HIGH BAND - 2 TO 3 IN.
TRANSMISSION —- FOR LOW BAND

LINE - 1 SECTION

[ |

FIGS. 15 and 16—Showing T-matched dipole antennas. In the illusiration
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.

‘TLTRANSMISSION
LINE TO RECEIVER

10 TO 12 NO. 12 B&S
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.

!/ MAGNETIC FIELD

T.V. TRANSMITTING
ANTENNA

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

Television transmitting and receiving antennas in the United
States use horizontal polarizalion 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 =
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 mem
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
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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.

o*

270°

240°

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 toit. 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 toit. 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 cffects. 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 haif-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 Vollage gain
1........... Simple Dipole............1.0 (reference)
2 Dipole and Reflector......1.6
4. 2Bays..................23
6. 3Bays............... ... 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.
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FIGS. 26 and 27—Showing directional response pattern of dipole antenna.
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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 1.01s
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
reflector.
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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 voliage
standing wave ratio, abbreviated SWR. It is obtained numeri-
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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 slanding waves on the transmission
line, 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
wavelength 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.

That is: (Z):=2Z.Z,

Where Z, = characteristic impedance
Z,=input impedance
Z,=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,="T2%300, from which
Z, =V/21,600, or
Z, =147 ohms (approx D).

ANTENNA CONNECTION POINTS

T

W
1.-WAVE MATCHING

SECTION l

ANTENNA

i 3000

L« TWIN-LEAD

I |  TRANSMISSION
b LINE

I
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
of 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. Transmitting 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
antenna system.

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

There are many types of antennas available for fringe area
reception. In general, the stacked dipole and reflector is better
than the canical 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.

l

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.
The 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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YAG! ARRAY DIRECTIVITY PATTERN

FIGS. 42 and 43—Typical Yagi array and associated directivity pattern.
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FOLDED DIPOLE,

-~

REFLECTORS ~—
DIRECTOR i 3000
S TWIN LEAD
.

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.




Antennas and Transmission Lines 87

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.

A
a Small porcelain antenna insulators
< b Metalized -esistor 390 ohm, I watt
2 ¢ Nylon or oiled rope halyards
ANTENNA WIRES
NO.12B&S
HARD DRAWN
COPPER WIRE
a TRANSMISSION 00l B s
¢ LINE TO RECEIVER ¢ 1L d le_
[ b
) —_— (]
DIRECTION OF STATION
Cc

L]
(4

FIG. 17—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=35.5{t. andC=
28.9 ft. Dimensional requirements for a high band long legged rhombic
antenna similarly are A=236.1 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
visuaiize 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. This 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. This 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
casily be able to handle the twenty foot section. By loosening
two bolts, either the ten or the twenty foot section may be
tipped 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
welds.  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
nhecessary so that the complete assembly results in a straight,
‘rue 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-
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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 2 x4 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 line
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
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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.

Forty 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.

To 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.1I.F. These are two terms used for identifica-
tion of television channel allocation. Thus, .A.f. stands for
wltra-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
verv-high-frequency, covering twelve channels extending from
54 to 88 mc. (low band) and from 174 to 216 mc. (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 stalions 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 mc.), most
conventional antennas now in use on the ¢.A.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.
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The multiple major lobes are also usually very narrow, several
i 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 #.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 mc. will be only one tenth of what it is at 55 mc.

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 fairly
elaborate arrays will be more in evidence at ultra-high-fre-
quencies than at the conventional very-high-frequency type.
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U.H.F. Antenna Types.—Ultra-high-frequency antennas
In common with the familiar v.hf. types will differ in their
geometry depending upon signal strength and freedom from
interference. Thus, 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 yag: 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 mc. frequency
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.



FREQUENCY 700 MC
100%

FREQUENCY 500 MC FREQUENCY 600 MG
100% 100%

VERTICAL: = -~

FREQUENCY 900 MC
100%

FIGS. 3 to 7—Horizontal directivity pattern of a triangular dipole antenna covering frequencies from 500
to 900 megacycles.
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When employing a single triangular dipcle 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.

16—
b
TO

RECEIVER

vy

\VAVAV
AVAVAY

_To
TO RECEIVER

I~ RECEIVER

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
u‘VY?.

!
FIG. 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 mc. and 4.2 wavelengths at
900 mc. 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 “V’' type
antenna throughout the #.k.f. band are shown in figs. 12 to 17.




FREQUENCY 450 MC FREQUENCY 3500 MC
100% 100%

FIGS. 12 to 17—Horizontal directivity pattern of stacked V-type u.h.f. antenna.
frequencies between 450 and 900 megacycles.

FREQUENCY 600 MC
100%

The patterns shown cove
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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 typical
of long wire antennas such as treated here. The length cf the
«y” 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 mc. 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./.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 mc. 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 hall 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.hf. 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
w.hf. television signals has provided several antennas of
various design for transmission and reception of w./i.f. signals.



RELATIVE VOLTAGE RESPONSE
FREQUENCY 450 MC FREQUENCY 500 MC FREQUENCY 600 MC
100% 100% 00X

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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The 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.

FREQUENCY 900 MC FREQUENCY 900 MC
100% 100%

0%

— HORIZONTAL

VERTICAL~- -~
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
1s 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.

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

Plain Reflector Antennas.— Reflector antennas for w./.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 {ringe
areas at v.h.f. frequency, for single channel reception, also
provides excellent gain and directivity over a limited band
width in the ».h.f. part of the telecast spectrum.

Because of its smaller size at u.k.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 tbe elements
becomes an appreciable percentage of a wave length and will
modify the element lengths,

= : : ‘_‘l

4

FIG. 31—Commercial type u.h.f. six clement 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
sclected 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
hivh gain characteristics typical of a yoci antenna.  As noted,
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FIG. 32—Showing construction details for u.h.f. yagi antenna.
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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.

FREQUENCY 540 MG FREQUENCY 540 MG
100% 100%

= HORIZONTAL

VERTICAL~= o=

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.A.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

i

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-half 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.
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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.4.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




Ultra-High-Frequency Antennas 96-25

450 ohms open wire line and the 300 ohms input impedance of
the receiver, a quarter-wave line having a characteristic im-
pedance of V300 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.

OPEN LINE TAPERED
GRADUALLY AS SHOWN

] E ) / ,//,/;//,///7/

450 OHMS LINE 300 OHMS LINE

\\\

FIG. 40—Illustrating how a 450 ohms line may be connected t» a 300 ohms
line without causing a mismatch.
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150 OHMS LINES 300 OHMS

e, _Llts L 2l
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 ochms 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.

o 2
/_—_—
T — — N

I I W 12

F'

ir i i
3 N g

T |

' l ! H —_— ] l
2 e i le

FIGS. 44 and 45—Showing transmission line coil and equivalent diagram
for “‘balun’’ illustrated in fig. 44.

Figs. 42 and 43 shows the u.k.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 ochms 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 7; neutralize each other, due to the closely spaced
conductors of the transmission line. The magnetic fields
produced by the unsymmetrical or push push currents ¢; 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-chm 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.

) ! A

TO ANTENNA ———»1«—T9 ANTENNA —»
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OUTLET BOX WITH
TERMINATING
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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.

TELEVISION
RECEPTACLE

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. '

ANTENNAS

|
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TRANSFORMERS‘—l ,
000 0000
() 0] ) (]

O

— — k'_f—J
TO 4-72 OHM TO 4-300 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



102 Master Antenna Systems

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.

¥IG. 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.

/OUTLET PLATE
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° //
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FIG. 11—Showing outlet plate for permanent installations suitable for use
with wire-mold box or standard wall-outlet fiush 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.

ANTENNA
KCOAX'AL CABLES
4 )
[ ]
DISTRIBUTING «——— 1
UNITS

I

.LlL L =

TELEVISION RECEIVERS

Y N

FIG. 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 for 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 eacﬁ
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

ANTENNAS (One for each channel)
—f -

I -y | —

]

Ly COAXIAL

‘_‘__1 ‘J _J CABLES

AMPLIFIER 1 TO 115V. 60 CYCLE
| EQUIPMENT % ' “ShURCE

SERIES CONNECTED
T.V. OUTLETS

T p——

AOOGE

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 Toels.—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 requirements 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.

Machine screw anchor with lead expansion sleeves one-
quarter-20.

Tool for expanding sleeve in machine screw anchor.
Bolts (galvanized or brass) one-quarter inch.
Antenna masts and ground clamp.
Phosphor bronze guy wire and porcelain insulators.
Coaxial transmission line.
10. Twin lead transmission line (300 ohm).
" 11. Rawl plugs and tools.
¢ 12. Transmission line stand-off insulators.
" 13. Staples and tacks.
_ 14. Soldering iron.
. 15. Wood brace and bits.
\; 16. Friction and rubber tape.

+ 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.

S
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FIG. 1—Illustration showing antenna assembly method. (Courtesy Americar
Phenolic Corporation.)
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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 réceiver. 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 OQutdoor 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.




112 Antenna Installation Procedure

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 ouldoor 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

|
|
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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 lightning protection may be obtained by connecting a heavy
copper conductor between the mast of the antenna and a good

ground.
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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 galvanized
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-inch
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
enable it to withstand all loads, not only that of the antenna structure, but
also of additional loads due to wind, sleet or snow. Particular attention
should be directed towards the possibility of turning and excessive swaying,
since this will tend to impede its effectiveness.

Types of 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,
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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 10 ground and its characteristic impedance (300 ochms)
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 of 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 mace 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
and 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-off
insulators depending upon conditions encountered.

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

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 lo use any special lead-in devices at the window.
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After the line has entered the home it should be routed by the
shortest possible path to the receiver, taking special precaution
to avoid contact with pipes, radiators or other metal objects.
The line should preferably be supported by indoor type stand-
off 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.

0%
%

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

Connecting Line to Receiver.—A terminal strip will be found
on the rear of the receiver cabinet. Connect the transmission
line to these terminals. Under certain conditions improved
reception results from reversing the connection of the line to
these terminals, so it is suggested that picture quality be ob-
served for both conditions before making 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 ¢cn 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

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

Antenna Systems—General

S111. 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 t