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R
TO REVISED EDITION

When the first edition of this book was published, T wrote of how much 1
appreciated and recognized the contributions, guidance, and research of the
many who had contributed to the development of a practical television system
and whose work is necessarily a part of this television text. Today I must
extend my gratitude to many, many more organizations and individuals who
have since shared in the refinement and colossal growth of television. Despite
the impressive expansion of television broadcasting during the few years inter-
vening, its present status represents only a small percentage of its potential.

This edition of Television for Radiomen has been revised thoroughly and
enlarged. The book should be even more serviceable in revision because the
author has included information on new developments in television and elimi-
nated sections which have been little used. New sections have been added
and two new chapters included that present comprehensive data on UHF
and transistors. The increasingly important subject of color television occupies
the entire, new, second part of the book.

It is hoped that the book will encourage the student of television to pursue
his studies diligently and that he will not become discouraged over inability
to understand all things quickly and completely. But few things in the universe
are understood with complcte finality. We must learn to work with those phases
of television that we do not understand completely. As we work and observe
results, our knowledge and understanding increase.

It is essential that the television student develop the habit of having his
mind ready to pursue and accept new knowledge, even when he must inter-
pret an old subject differently in the light of new disclosures. He must study
continuously to keep abreast of new products designed tc meet specified per-
formance levels in various price ranges. In a field of so many variables and
cost factors, a “best without reservation” is almost a non-existent product.

Since there are so many differing circuit techniques, as functions of cost and
application, each variation cannot be detailed, even in a text of considerable
length. Our task has been to present materials necessary to the student in
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vidi PREFACE TO REVISED EDITION
building the solid foundation and gaining the wide, thorough background he
will need if he is to progress with the science in the future.

In conclusion I want to thank Stanton Snyderman for preparation of the

fine illustrations for the revised edition and Dorothy Meeder for her helpful
assistance in stenographic work.

EpwarD M. NoLL



PREFACE
TO FIRST EDITION

Television For Radiomen was written to serve as a television text for
practical radiomen, and television students in the final semesters of their
studies. The text assumes a rather thorough busic knowledge of radio circuits,
and, if practicing radiomen have been away f{rom study for some time, it is
advisablc to review a good radio text. The material is arranged for progressive,
orderly study in a sequence which the author has found most effective for
classroom or written-lesson presentation of tclevision. Treatment can be math-
cmatical or nonmathematical depending on the scope of the course or the needs
of the individual studying the text. Chapter 14 is a lengthy chapter on the
mathematical aspects of various television circuits and gives to those who have
the necessary background that added understanding necessary to handle effec-
tively television jobs of a more complex nature. At the same time, practicing
television technicians who do not require an extensive mathematical back-
ground can progress through the book without being impeded by mathematical
formulas, interpretations, and derivations. Reference is made at various points
in the text to the mathematical presentations in Chap. 14. As a further aid
to study, questions and a thorough bibliography follow cach chapter.

A technical author must necessarily feel humble when he reflects on the
creative labor, organization, and toil of the many persons who have contributed
to such a comprehensive field as television and, therefore, have contributed
to this book. And when he considers the numerous persons who have contrib-
uted to his own cducation and abilities, he feels that only a little of himself,
excluding some tedious work, has gotten into the work. This author feels
indebted to many individuals and organizaticns.

For willing cooperation and permission to use manufacturers’ data special
thanks is given to the following men and the manufacturers they represent:
A. W.Bernsohn, A. Liebscher, E. L. Clark, R. S. Burnap of RCA, E. D. Lucas
of Philco, W. L. Parkinson of GE, A. C. Lescarboura representing Dumont,
J. F. Bigelow of Farnsworth, F. L. Uhrus of Motorola, A. B. Friedman of
JFD., R. K. Arbogast of Hickok, L. J. A. van Lieshout of Norelco and
S. Horbach of Brach.
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I thank Mr. Byron Young for the very fine illustrations. For typing and
proofreading, I appreciate the careful work of the Kerner sisters, and Mrs.
Evelyn Bondy.

I am grateful for the help and encouragement of officials and members of
the faculties of Temple University Technical Institute and Trenton Technical
School, and to Mr. Avery Pitt of Old York Road Publishing Company.

It has been my good fortune to have the guidance of the fine group of edi-
tors who manage our radio trade journals—Lewis Winner of Scrvice, Oliver
Read of Radio News, Fred Shunaman of Radio-Electronics, and Sanford
Cowan of Radio Service Dealer. 1 thank them for permission to use again
material which the author prepared originally in article form for these journals.
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Chapter 10

LARGE-SCREEN
RECEIVERS
AND PROJECTION

114. Large Picture Receiver Description and Review

The RCA chassis, Figs. 210 a, b, and ¢, is a typical modern receiver hav-
ing a large screen direct-view picture tube. It consists of a 16-channel turret
tuner—12 VHF and 4 UHF channels. In VHF position, the tuner employs a
6BQ7A cascode r-f stage, a IN82 crystal mixer, a 6AF4 local oscillator, and
a 6BQ7A cascode i-f stage. For UHF operation, a crystal mixer, 6AF4, local
oscillator, and 6BQ7A cascode i-f stage are used.

In UHF position the r-f amplifier tube V1 does not function, acting only as
an amplifier stage for VHF stations. Output from a 45-megacycle i-f stage,
which is a part of the tuner, is applied to a five-stage intercarrier i-f amplifier.
This amplifier has excellent bandwidth and has been trapped thoroughly to
minimize adjacent channel interference. A crystal video detector with a low-
pass filter output circuit transfers video to the grid of the single stage but
high-gain video amplifiecr. The video signal with sync positive is direct-coupled
to the cathode of the picture tube.

Sound is removed from the inductor of a series-resonant sound trap at the
output of the video detector and is coupled to a two-stage 4'2-megacycle
sound i-f amplifier—the second stage of which functions as an amplitude
limiter. A ratio detector and two-stage audio amplifier complete the sound
system.

Composite video is also direct-coupled from the plate circuit of the video
amplifier to separate vertical and horizontal sync channels. Each channel
contains a separator and sync amplifier. A-G-C potential is obtained from the
cathode of the horizontal sync amplifier and biases the grid of the keyed a-g-c
amplifier tube. The plate of the a-g-c amplifier is keyed by positive pulses
from the horizontal sweep output circuit. A-G-C bias is applied to the grids of
the first two video i-f stages and that of the VHF r-f amplifier.

The vertical blocking oscillator and discharge tube excites the vertical sweep
output tube which, in turn, drives the vertical deflection yoke. The horizontal
sweep system consists of a syncro-guide control, a sawtooth-forming circuit,

338
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and a horizontal sweep output tube to supply proper drive for the horizontal
deflection coil. Dual parallel dampers and a high-voltage rectifier complete
the horizontal system.

VHF-UHF TUNER

The RCA VHF-UHF tuner, Fig. 210b, has a 16-position turret containing
12 VHF inserts and 4 UHF inserts. In the VHF position, the antenna is
attached at J2 terminals, and signals pass through the FM traps to a balance-
to-unbalance transformer that is a part of each insert (transformer T6 for
VHF channels 2 through 4). The FM traps are parallel-resonant circuits—
capacitors C! and C2 and inductors L/ and L2. The secondaries of the
antenna input transformers form series-resonant circuits in conjunction with
capacitor C'5 (via terminals 4 and 5 of the turret) to supply signal to the input
grid of the cascode r-f stage.

The plate of the first section of the cascode stage is direct-coupled to the
cathode of the second section. An i-f trap of 43.5 megacycles (center of video
i-f spectrum) connects from the plate to ground. Inductor L6 and capacitor
C'15 prevent re-active feedback into the input circuit of the cascode amplifier,
keeping input impedance and termination constant.

A double-tuned transformer couples signal between the plate of the last
section of the cascode stage and the input of the crystal mixer (terminals 8,
9, and 11 of the turret). A bandwidth capacitor C40 is connected across the
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high-impedance side of the winding and permits a broad flat bandwidth with
a sharp selective skirt for the interstage response curve. Local oscillator injec-
tion to the crystal is made at the low-impedance side of the resonant secondary
via the inductive loop and resistor R7/6. Additional injection voltage on the
low-band VHF channels is obtained with capacitors C42 and C39 on the
insert strip. The local oscillator is an ultra-audion using a 64F4 and turret-
switched inductors. These inductors arc placed across the oscillator tank
circuit and have the proper value to resonate on the desired channels.

The mixer crystal output is applied through transformer T/ to the 45-mega-
cycle i-f amplifier tube V3—also a cascode amplifier stage that increases the
level of the difference frequency and conveys it via transformer T2 to the
video i-f strip. An alignment test point is provided at the low side of trans-
former T/ primary to permit application of scope or to measure crystal cur-
rent. A-G-C bias is applied to the grid of the input cascode stage (pin 7) and
also changes the cathode bias of the second section because of the direct-
coupled voltage drop across resistor R7]. Plate voltage is applied to the plate
of the second section by way of the decoupling circuit and choke L8.

On a UHF position of the turret, the input r-f stage ¥/ does not function
(terminals 3, 4, 5, and 8 are idle). Instead (if the same antenna is used for
UHF and VHF reception), the UHF signal is transformer-coupled via ter-
minals / and 2 to the primary of the double-tuned UHF input transformer on
cach insert. If a separate UHF antenna is used, the signal is attached via the
UHF antenna jack and is applied across the low-impedance section of the
primary resonant circuit. The two windings of the transformer arc scparated
physically and are coupled via a link and its bandwidth-adjustment capacitor
to permit peak off-frequency rejection and maximum transfer with proper
bandwidth for the UHF channel to be received.

The input transformer secondary connects to the crystal mixer. The injec-
tion voltage to the crystal mixer can be regulated to operate the crystal with
peak sensitivity and best noise factor for reception of the UHF signal. On
the much higher UHF frequencies, small capacitors are switched across the
local oscillator tank circuit to form scries-resonant tank circuits at the ultra-
high frequencies to be generated for local oscillator mixing. The output fre-
guency of the crystal mixer is again in the 45-megacycle i-f range, the re.
mainder of the circuit functioning as per VHF reception. Thus, in this type
of UHF conversion, a single mixer is used instead of the usual double-
conversion methods (refer to Chapter 15).

The tuner uses a voltage-regulator tube V4 to set local oscillator plate
current constant at a level that provides optimum injection voltage for the
most sensitive biasing of the crystal mixer over the reception range. The
crystal current can be adjusted for optimum UHF sensitivity with the loop
injection control. Proper sctting of the local oscillator at the specified plate
current permits the most stable operation of the tube and the very least drift,
a difficult problem at the very high UHF frequencies.
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I-F SYSTEM

The output of the i-f amplifier on the tuner is coupled through a tunable
link to the input resonant circuit of the first i-f stage. tube V106. This double-
tuned transformer permits the proper bandwidth adjustment for reception
of both picture and sound signals into the i-f amplifier. An adjacent-channel
picture-absorption trap is a part of this first transformer. The first and sccond
i-f amplifier stages are also coupled with a double-tuned transformer having
two scries-networks acting as mutual coupling elements—the primary and sec-
ondary windirgs being mounted in separate shiclds. A scries-resonant trap
forms a part of the secondary and tunes out adjacent-channel sound interfer-
ence while a series 41% -megacycle trap is used to set the associated sound-
carrier frequency at the proper amplitude level on the over-all video i-f
response. This adjustment permits precise setting of the sound carrier and
minimizes intercarricr buzz and other disturbances. Such a bandpass T-type
of transformer is helpful in making critical adjustments for optimum band-
width for the over-all i-f response. Both grids are biased by the a-g-c system
through suitable decoupling network.

Three stagger-tuncd i-f transformers follow after the second i stage. For
circuit simplicity and eflicient performance, bi-filar windings are used, pro-
viding the maximum transfer of signal at the desired frequencies and good
rejection of off-frequency interference. Each transformer is shunted by a
small-value resistor to obtain satisfactory bandwidth, and each successive i-f
stage has a higher cathode bias than that of the stage preceding to match the
increased signal level as the signal is amplified stage by stage. The bi-filar
windings permit the grid to operate at zero d-c potential and thus make it less
subject to biasing by spurious impulse noises, improving the ability of the
amplifier to follow the video information accurately.

The fourth picture i-f stage excites the crystal mixer connected in the sec-
ondary of the last bi-filar transformer. The crystal circuit is completely shielded
together with the sound take-off transformer to minimize harmonic radiation
and possible intcrference in the VHF range. This type of interference is a
possibility, because even the low-order harmonics of the higher i-f frequencies
falt into the VHF band. The output of the crystal through a suitable low-pass
filter applics the video signal to the grid of the video amplifier. A series-
resonant sound-trap is connected from the high side of the crystal output to
ground and prevents the presence of sound interference in ‘he video signal.
Likewise, it acts as a convenicnt sound take-off, because a strong sound com-
ponent can be developed across the inductor of the series-resonant circuit.
Sound is taken off at tap A4 and applied to the grid of the first sound i-f stage.

SOUND CHANNEL

A two-stage 4.5-megacycle i-f amplifier is employed with the grid circuit
of the sccond stage acting as an amplitude limiter because of grid current
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biasing by network C/04 and resistor R/03. The two-stage sound amplifier
and its sharply resonant circuits minimize picture interference (intercarrier
buzz) in the sound scction. Limiter output is applied to a ratio detector which
in itself is capable of amplitude limiting (particularly when well balanced),
permitting a strong sound-output free of signal interference and intercarrier
buzz. Link-coupling into the ratio detector permits best off-frequency rejec-
tion and least loading of the limiter output. The audio signal is applied
through the de-emphasis network (resistor R//0 and capacitor C/10) to the
input stage of the two-stage audio amplifier which has both a tone-control
system and a phono input facility.

VIDEO AMPLIFIER

The video signal, through a serics-shunt peaking system, is applied to the
grid of a single video amplifier using the new 6CL6 miniature tube. This single
stage provides suitable amplification of the video detector output for proper
drive of the large-screen 21-inch picture tube. The plate output through a
suitable peaking system is dircct-coupled to the cathode of the picture tube.
Thus a negative-going sync signal has been applied to the grid of the video
amplifier, and white compression is eliminated. The picture-contrast control
is an elaborate divider system at the output of the video amplifier. It is a
resistor-capacitor divider that permits signal-level adjustment without influ-
encing frequency response. At the same time, the proper d-c bias to the
picture-tube cathode is also adjusted as the contrast control is varied from
one level of signal to another. In addition, the bleeder networks from the
divider to plus-B and from the plate circuit of the video amplifier to plus-B
permit the proper change in picture-tube cathode bias as a function of the
average brightness of the picture. By suitable choice of bleeder values, the
changes in d-c plate current of the video amplifier (varies with average bright-
ness of picture because the grid circuit is direct-coupled to video detector
output) cause a more natural change in the average brightness of the repro-
duced picture.

SYNC AND INTER-SYNC SEPARATORS

The composite video signal with sync positive is taken from plate resistor
R153 and applied to the two grids of the horizontal sync separator and vertical
sync separator. The individual input stages allow time constants to be chosen
in such a way as to emphasize the frequency components and repetition rates
of the desired pulses and to reject the improper ones as well as impulse noises.
The input to the horizontal sync separator has a short time-constant differen-
tiating circuit that emphasizes the sharp edges of the horizontal timing pulses,
while a longer time-constant integrating input circuit is used for the vertical
in order to reject fast-rate leading edges and to emphasize the longer-duration
vertical pulses. The separators are signal-biased and conduct only during the
sync tip—biased by a charge on capacitor C/60 and by cathode bias on
capacitors C213 and C162. Both sync separators supply signal to the grid of
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the second section of tube V112. This stage amplifics both horizontal and
vertical components, supplying vertical to an additional vertical sync ampli-
fier and horizontal information to the syncro-guide control tube.

A-G-C bias is developed in the cathode circuit of the horizontal separator,
and the bias level is a function of the peak amplitude of the arriving horizon-
tal sync pulses. This d-c bias component varies with fading and other changes
in sync-tip level, causing the d-c bias applied to the grid of the a-g-c amplifier
to vary with the incoming signal level. A sharp positive pulse from the hori-
zontal output circuit, after suitable attenuation, is applied to the plate of the
a-g-¢ amplifier and permits it to conduct only during the horizontal retrace
period. Consequently, the a-g-c bias developed is strictly a function of the
incoming sync level and does not vary with average video information or
interference. A-G-C biasing operations, consequently, occur only during the
sync pulse intervals and are largely unaffected by impulse noises. This pre-
vents sharp impulse noises from taking over in the a-g-c system and biasing
down the amplifier, thus causing picture-signal level to deteriorate. A-G-C bias
is supplied to the first two i-f stages and to the r-f stage of the tuner.

When biasing activities occur only during the sync pulse a much shorter
time constant can be used in the bias-developing circuit of the a-g-c system,
This fast action allows the a-g-c system to be made to respond much more
quickly to fast changes in arriving signal level (aircraft flutter, for example).
Thus the time constant in the cathode circuit of the horizontal sync separator
contains rather small-value capacitors, and the a-g-c system is able to respond
more rapidly to changes in sync amplitude at the grid of the sync separator.

VERTICAL DEFLECTION SYSTEM

Vertical information is applied through capacitor C170, the integrating
network resistor R233, and capacitor C772 to the grid of the cathode-follower
vertical sync output tube. This stage supplies low-impedance signal to the
dual-section integrating network that supplies sync signal to the vertical block-
ing oscillator tube. The cathode-follower output circuit also provides a return
to plus B for the blocking oscillator and permits a sharp discharge curve that
is less subject to erratic firing by interfering pulses or noise. The blocking
tube employs an auto-transformer with a cathode circuit feedback. Sawtooth
is developed in the plate circuit—capacitor C173 charging during the cutoff
period of the tube. Resistor R/91 peaks the sawtooth wave suitably for proper
excitation of the standard vertical output tube. The vertical output circuit is
suitably damped by capacitors across the transformer and by resistor R227
across a portion of the vertical deflection coil. A cathode-bias type of vertical
lincarity system is employed. The secondary of the vertical output transformer
also supplics signal to a resistor-capacitor network that integrates and develops
a pulse of negative polarity which is applied to the grid of the picture tube to
blank out the retrace lines during the vertical retrace period. Pulse is obtained
by integrating the vertical output of the transformer with resistor R207 and
capacitor CI1§2.
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HORIZONTAL DEFLECTION SYSTEM

The horizontal deflection system consists of a conventional syncro-guide
horizontai oscillator and of a control tube, which develops the proper drive
sawtooth for the horizontal output tube across the drive capacitor C/86B.
The output of the horizontal sweep tube supplies excitation to the direct-
drive auto-transformer that develops the sawtooth of current for the horizon-
tal deflection coils. It also develops at the auto-transformer the high-voltage
retrace spike that is applied to the plate of the high-voltage rectifier to develop
the 16,400-volt anode potential. A dual-tube damper is used to remove retrace
oscillations and to develop a boost voltage across capacitor C203 that adds
to the supply voltage and permits application of a higher voltage to the sweep
output tube and sawtooth-forming section of the horizontal control tube. A
width link is used where it is not possible to obtain adequate horizontal drive
or where line voltage is down. When this link is connected between terminals
1 and 2, the width control is removed from across the deflection coils and a
higher supply voltage is applied to the plate of the horizontal output tube.

114a. Large Picture Methods
ENLARGING LENSES

An cconomical approach to a larger picture for owners of small-screen
SEALED FIT television receivers has been

TO TUBE FACE the enlarging lenses, which

' simply magnify the image

ENLARGING  Which appears on the small
LENS picture-tube screen. These
prove satisfactory because of
the higher brilliance of the
present-day picture tube, par-
ticularly the aluminum-backed
picture tube which can be ad-
justed for higher illumination
to compensate for light loss in
enlarging lens. The disadvan-
tage of the enlarging lens is, of
course, its limitation on the
field of view and, for best pres-
A== entation, the picture must be

A ToTS—— viewed directly in front of the
large lens. The lens, of course,
must be optically good to pre-

P'.FJE’ERE vent distortion or eventual dis-
coloration. Magnification of

—

Fic. 210d Lens of Liquid Lens Corporation
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the usual lens is approximately 1%2 or somewhat less, doubling the useful
picture area.

Most of the new lenses are made of plastic instcad of glass, consisting of
clear plastic sheets treated with a clear mineral oil. One unusual development
has been the liquid lens which permits wider angle viewing, less weight, and,
depending on type of mounting, an absence of air spacc between the picture
tube and lens. Because of the differing transmission characteristics of air and
glass there is blurring and diffusion of reproduced image by many lenses. In
the liquid lens (Fig. 210d) the collar fits over the base of the tube and clear
oil is present between the face of the tube and the lens. This oil has the same
transmission characteristics or refractive index as the glass or plastic, the
combination effectively removing two refractive surfaces to prevent distortion
of the image.

DIRECT PROJECTION OR REFRACTIVE SYSTEMS

The direct approach to a larger picture by means of projection is the use
of a refractive sysiem such as employed for movie projectors. However, in
contrast to the abundance of light available in a movic projector the average
picture-tube screer is larger in arca and lacks light intensity. If sufficient bril-
liance is to be obtained the system (Fig. 211) must be carefully designed to
overcome the very low cfficiency of the lens system.
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Fic. 211 Direct and Reflective Projection Systems
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The advantages of the direct projection system as compared to a reflective
system are simplicity of optical mounting and ability to obtain a fairly large
range of screen sizes to meet specific needs.

REFLECTIVE PROJECTION SYSTEMS

Reflective projection systems (drawing B, Fig. 211) employ a spherical
mirror to magnify the presentation on the screen of a small-projection picture
tube. To prevent distortion a correction lens must also be used to bring the
image to sharp focus on the viewing screen. The advantage of the reflective
projection system is more complete utilization of the light available from the
screen of the picture tube, although the system, per given design, is limited to
a fixed-viewing screen dimension. Although its efliciency is better, its design
and production tolerances are more severe.

115. Light and Basic Optics

Light is measured in candlepower or foot-lambert. Candle power is meas-
ured on the basis of a standard candle which, under a certain prescribed sct
of fixed conditions, delivers a definite amount of light. In application, when
an incandescent lamp is said to have 60 candlepower it means its illumination
is sixty times greater than that of a standard candle.

A foot-candle is the intensity of illumination which falls upon a surfacc at a
point which is 1 foot distant from a source of one candlepower, the surface
being perpendicular to light rays at that point (Fig. 212). The foot-candle,
therefore, is a measure of light intensity while another term, the lumen, meas-
ures quantity of light. One lumen is the amount of light falling on a surface
which has an area of 1 square foot, every point of this surface being 1 foot
from the source of light of one candle. Radiation of light from a point source
in space emanates in a sphere and, therefore, as the light spans outwardly the
density of the light or the lumens (illumination per square foot) decrease.
Inasmuch as the expansion is spherical the illumination decreases as the
square of the distance from the light source. If there is a lumen per square
foot of light available 1 foot from the light source, 2 feet away from the
source the amount of the light will have decreased to % lumen per square
foot. The intensity of the light at any point 2 feet away from the light source,
therefore, is ¥4 foot-candle, and it can be said that intensity of illumination
at a point varies inversely as the square of its distance from a point source
of light.

The amount a point is illuminated, therefore, is dependent on the flux
density of the beam which strikes it (number of foot-candles). An object so
illuminated may reflect, transmit, or absorb light which falls upon it. If the
object reflects or transmits light (a refractive lens transmits light and a spher-
ical mirror reflects light), it in turn becomes a light source, called a secondary
source. Candlepower of the secondary source is measured in candles per
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square foot or in lamberts (1 foot-lambert equals 1 foot-candle reflected or
emitted). The illumination of the primary source of a projection system
(fluorescent screen of picture tube) is given in foot-candles or foot-lamberts
and illumination at the secondary source (viewing screen) is given in foot-
lamberts. Thus, if a projection system is said to have a primary intensity of
1,000 foot-lamberts and the brightness of the secondary image on the view-
ing screen is 50 foot-lamberts with a magnification of 6 (viewing screen six
times the arca of the picture-tube screen) over-all efficiency of the projection
system is approximately 30 per cent (6 times 50 divided by 1,000). Magnifi-

1 SQUARE FOOT
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AT POINT A AT POINT A
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FiG. 212 Mecasure of lllumination

cation, of course, has to be considered in determining efficiency of the pro-
jection system and, although illumination varies as the square of the distance
from the source, the reproduced image is six times larger than the original
and light flux is distributed over a larger area. Efficiency of the system, how-
ever, is a measure of now much of the total flux leaving the projection tube
screen reaches the viewing screen. In other words, if the viewing screen were
reduced to the same size and area as the picture-tube screen the quantity of
light arriving would be 300 foot-lamberts, demonstrating an efficiency of
30 per cent. Nevertheless it is apparent and, of course, to be expected, that as
the viewing screen is made larger (longer light path between light source and
image) apparent illumination of the screen decreases.

REFLECTION OF LIGHT

When a beam of light strikes a polished or silvered surface nearly all of the
light is reflected while the same light striking clear glass would be largely
transmitted through it. In a direct projection system using lenscs, the light is
transmitted through the lens system while with a reflective projection system
the light is reflected off the silvered surface of a spherical mirror.

If light is directed toward a reflecting surface and arrives at a point on that
surface at an angle, the light ray is reflected from this point, as shown in
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Fig. 213. If a line, called a normal, is drawn perpendicular to this point source,
the angle it makes with the arriving ray is the same as the angle it sets off with
respect to the reflected ray. Therefore, these two rules appiy to reflected
waves: (1) incident ray and reflected ray form equal angles with respect to a
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perpendicular drawn to the surface at that point where the ray strikes; (2)
angle of incidence is equal to angle of reflection.

A source of light, such as the object point in Fig. 214, when positioned in
front of a mirror radiates a bundle of light rays which leave the light source
and strike the mirror at many points. Rays strike representative points 4 and

AR B, an‘d from these poir)ts, a reflected

INCIDENT ray will leave toward points A’ and B’.
The angle of departure of these rays
is the same as the angle of the incident
rays. Now the ray paths, if extended
supposedly beyond the mirror, will con-
verge at an image point seemingly within
the mirror. Thus, when looking into the

,,'SFRLEE%!}JIL&SS mirror an in.1age. of the l.ight source is
<7 apparent. Likewise, an image of any
- s other light source or object is also im-

P aged in like manner in the mirror.

IRREGULAR If a surface is irregular instead of

SURFACE  flat, the reflected rays will not leave in

Fic. 215 Reflection from Irregular  a regular pattern but will scatter off
el the surface in accordance with the angle

of arrival of the rays and the angle of the surface at which individual rays
are arriving (Fig. 215). When a group of parallel rays strike an irregular sur-
face, rays are reflected from that surface with the angle of each reflected ray
always equaling the angle of its associated incident ray as compared to the
angle of the surface at the point light ray arrives. It is possible, therefore, with
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a controlled surface to concentrate reflected light at prescribed vertical and
horizontal angles. Thus, it is possible with a directional screen to distribute
light emanating from it to a confined area from which seated or standing
persons view it comfortably.

REFLECTION OFF A SPHERICAL MIRROR

It is possible by means of a spherical mirror to obtain a magnified image,
light rays all coming to focus in bundles at a prescribed distance from the
mirror. For example, in drawing A4, Fig. 216, the light rays leaving point O
are reflected off the spherical surface and converge again at a point /, some
distance behind object. Or if a number of point sources are taken, second
drawing, along the object (7, 2, and 3) the ray bundles from each source all
converge along the image line at points /, 2, and 3. If the object is in form of
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Fi6. 216 Reflections from Spherical Mirror
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a near plane as for television projection systems, the light sources will come
to focus in a plane. Also, notice there is magnification of the object, and image
is also inverted, as might be expected, in the same manner as image is inverted
in a conventional lens system.

Point C is known as the center of curvature of the mirror and is the center
point of an imaginary complete sphere, actual spherical mirror forming a sec-
tion of that sphere. The distance from this center of curvature is the same to
all points of the mirror and that distance is known as the radius of curvature.
The mid-point M of the mirror is known as the vertex and a line drawn
through the center of curvature from the vertex is the principal axis of the
mirror. Point F, midway between the center of curvature and the mirror
along the principal axis, is known
as the principal focus, and it is
a point through which all re-
flected rays would pass if a series
of parallel rays parallel to prin-
cipal axis strike the mirror.

If spherical mirror represents
an appreciable section of the im-
aginary sphere with its center of
curvature at C (Fig. 217), rays

7( emanating from the point source
IMAGE POINTS do not come to focus after re-
ouT-orFocus flection at exactly the same point.
Fig. 217 Spherical Aberration Reflected rays from outer section
of spherical mirror do not pass
through same image point. This defocusing action is called spherical aberra-
tion. If all reflected waves are to come to a sharp focus at the same point, a spe-
cial correction arrangement is necessary. In a television projection system
spherical mirror is made as large as possible with respect to the object (screen
of projection picture tube) in order to reflect as much light as possible and,
therefore, increase the efficiency of the system. However, as the size of the
spherical mirror is increased, spherical aberration also increases, and it is
necessary to use a correction lens if the object is to be brought to sharp focus.
Likewise, the radius of curvature is held down because this means more
complete utilization of the light from the object and a greatcr magnification
for a given distance between image and spherical mirror. This system in which
the spherical mirror represents an appreciable section of the sphere represented
by a specific radius of curvature is known as a wide-aperture reflection system
because it utilizes an appreciable amount of the light from the object source.
In like manner a lens which transmits substantial light from the object is
known as a wide-aperture lens. It is important to understand that in a wide-
aperture reflection system it is necessary to correct for spherical aberration to
bring the light rays converging from wide angles into focus at one point.

MIRROR




§115] LIGHT AND BASIC OPTICS 353

The distance between the principal focus point F and the mirror, along the
principal axis through the mirror, is the focal length of the spherical mirror.
Focal length depends on the radius of curvature because the principal focus
exists midway between center of curvature and mirror. The distance between
mirror and object point 4 is known as the object distance, and the distance
between the mirror and the image point is known as the image distance. The
quotient of image distance divided by the object distance represents the mag-
nification of the reflection system. To obtain magnification it is important to
observe that the object must be placed at some point between the center of
curvature and the principal focus, these two positions representing two
extremes; namely, if the object is positioned at the center of curvature the
image will also appear at the same point and the magnification is unity. How-
ever, if the object is located at the principal focus it will be refiected to infinity.
The object must be positioned properly between center of curvature and prin-
cipal focus to obtain the desired magnification at a practical object distance.
At the same time the radius of curvature of the spherical mirror is properly
chosen to obtain satisfactory brightness because, as the object distance
increases, magnification and image size increase while brightness decreases.

In summation, a spherical-mirror system used as a reflective projection sys-
tem is dependent on the following requirements:

1. It must be a wide-aperture system to fully utilize the limits set by the
fixed amount of light available from the fluorescent screen and the required
viewing-screen brightness for the television projection system.

2. A wide-aperture system requires correction to bring the object into clean
focus at the image puint.

3. A substantial amount of magnification is desired for a practical image
distance and without undue sacrifice of brightness.

REFRACTION OF LIGHT

When a light ray arrives at a boundary between two different mediums (such
as air and glass), a light ray does not continue on its siraight path but is bent
in accordance with the differing velocity of light travel in the new medium as
compared to the old. For example, in drawing A, Fig. 218, rays are traveling
at a certain velocity into a second medium which slows down the velocity of
light travel. Inasmuch as the light rays are crossing the boundary between the
two mediums at an angle, side 4 of the light rays will enter the new medium
first and, therefore, will be slowed down while the B section, which has not as
vet reached the boundary, is still traveling at its initial velocity. Consequently,
the front of the light ray is bent and actually travels through the new medium
at a new angle. In drawing B the light ray is traveling with a certain velocity
to a new medium through which it can travel at a higher velocity; therefore,
as section A4 enters the new medium it is speeded up, while side B still travels
at the old velocity until it reaches the boundary between the two mediums.
Consequently, the entire front of the light ray is bent away from the so-called
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“normal” (line XY). Thus, in traveling from a higher to a lower velocity the
beam is bent toward the normal while it is bent away from the normal going
from a low to a higher velocity medium.

It is apparent, therefore, that if a light ray goes through a medium which
has its two sides parallel (Fig. 219) the light will enter ore side and be
reflected away from the normal, lower to higher velocity. Upon leaving the
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Fic. 218 Refraction of Rays Traveling between Two Media
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other side it will, of course, be moving from a higher to a lower velocity
medium and it will once again be reflected back to the same angle at which it
originally arrived at the input side. However, the output rays will be dis-
placed to the right with respect to the input rays.

It is also possible to have the light rays leave the medium at a different
angle by changing the shape of the exit side. For example, in drawing B the



§115] LIGHT AND BASIC OPTICS 355

ray leaves the new medium at approximately the same angle it is traveling
through and, therefore, different with respect to the angle at which it arrived
at the input side. This refraction of light rays, as they pass between two
mediums, is the basis of operation of the conventional lens. The lens serves as
a method of transmitting light and becomes, therefore, a secondary light
source, transmitting a substantial portion of the light arriving at the input side
of the lens. In order to control the angle at which the light rays leave the lens,
the shape of the lens can have a number of different figurations according to
application.

LENSES AND LENS SYSTEMS

A refractive optical system using lenses, although not as eflicient as a reflec-
tive system, still has advantages when abundant light is available because of
its ability to focus at various distances over a given range by simple adjust-
ments. In addition, its alignment and

physical construction are not nearly I* _ FOCAL "l
so critical as a reflective system and LNGTH
its closer tolerances. . _

Two basic lenses, biconcave and — —

biconvex, are shown in Fig. 220. The ——— _
5 = N

concave lens is called a diverging B
lens because light which enters it is V POINT
scattered and fans out when leaving BICONVEX CONVERGING LENS

the exit side, while light entering the
biconvex lens converges into a focus
point. This point at which all the
emanating rays converge from a
paralle! beam of light entering the
entrance side is cailed the focal point,
and the distance between this point BICONCAVE DIVERGING LENS
and the center of the lens is known
as the focal length. Speed of a lens
or its aperture represents the amount of light conveyed from an object through
a lens to form an image. The greater the diameter of the lens the shorter the
focal length of the lens, the less magnification, and therefore the greater the
image illumination. The focal length of a lens is shortened by increasing the
thickness of that lens and, therefore, a wide-aperture system is a thick lens of
substantial diameter ard consequent short focal length.

The lens specd or aperture equals focal length divided by diameter of
lens: f = F/d.

A convex lens can be used as a magnifying lens producing an inverted
image, as shown in Fig. 221. If the object is placed between center of curva-
ture and focal point of the lens, magnified image is formed on other side of
lens. Convex lerses suffer from two defects, namely, spherical aberration and

Fic. 220 Basic Lenses
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chromatic aberration (drawings A and B, Fig. 222). Spherical aberration,
particularly in a thick lens (short focal length and high speed), causes the
marginal rays to converge at a different point than other light rays which enter
the lens. Likewise each coler which makes up light has a different wavelength
and velocity and, therefore, will be refracted at a slightly different angle when
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Fic. 222 Correction of Spherical and Chromatic Aberrations

passing through the lens, so the various colors will not come to focus at the
same point. Both chromatic and spherical aberrations can be corrected to a
limited extent with a so-called “doublet lens,” drawing C, which consists of a
biconvex lens and a plano-concave surface which is being used as a correction
lens. This spherical surface along with its different refraction angle causes the
light rays to converge on a single point. Thus an aspherical correction lens
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as used in a projection system consists of a very thin lens positioned a short
distance away from the spherical mirror, correcting for its spherical aberration.

116. Commercial Projection Systems

A refractive system (Fig. 223) is used in a direct projection system. A
special multiple lens with an f 1.9 aperture and a focal length of 5 in:h
is used. This lens 1s corrected for spherical and chromatic aberrations. Th:
magnification of system is between 5 and 7%2, variable over fairly wide lirits
by simple movement of the lens position.

TRANSLUCENT
S
N\
FRONT N
SURFACED|
MIRROR
| —
| [ ——‘// - o } //
= ~_
TUBE  LENS ~
\\\
‘ |
| PROJECTION
TUBE
TRANSLUCENT OR

S REFLECTING SCREEN
FiG. 223 Direct Projection

The lens is focused on a front-surfaced mirror which reflects the light
through a transmissive screen. A front-surfaced mirror is used instead of a
silver-backed glass mirror to reduce the double-reflection distortion usually
produced by the glass of the mirror. If light rays are reflected immediately by
a front-silvered surface, no diffusion and reflection is introduced. A 5-inch
projection tube with a 27-kilovolt anode supply produces a high-light bright-
ness on the viewing screen of about 17 foot-lamberts. There are two screen
sizes—15 by 20 inches and 22%2 by 30 inches.

REFLECTIVE SYSTEMS

There are three basic reflective systems, all of which use a so-called
“Schmidt optical system.” In such a system (Fig. 224) a picture tube is
mounted at the center of curvature of a spherical mirror ard the light emanat-
ing from it is reflected on the spherical mirror. The reflected rays are brought
to focus, after passing through an aspherical correcting lens on a viewing
screen. A viewing screen can be a reflecting directional screen, as Philco uses,
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or light can first be reflected off a mirror and then through a translucent view-
ing screen as used by RCA. Still another type used by North American Philips
(drawing C) uses an extremely small tube (only 2% inches diameter) and a
so-called “folded Schmidt system.” In this system, light first reflects off
spherical mirror to a 45-degree plain mirror, which reflects the light through a
spherical corrective lens to a viewing screen. A folded Schmidt system of this
type can be mounted in a small area as a packaged unit.
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Fic. 224 Modified Schmidt Projection Systems for Television

117. Philco Projection System

Basic components and pertinent dimensions of the Philco projection sys-
tem are shown in Fig. 225. Philco projection tubes have a 4-inch diameter and
are mounted 6 inches in front of the mirror. Light from projection-tube screen
is thrown on spherical mirror and then to the aspherical correction lens which
is mounted at the center of the curvature of the spherical mirror. This center
of curvature is approximately 11 inches from the spherical mirror, or the
radius of curvature of the spherical reflection system is approximately 11
inches, with principal focus of mirror located 5%2 inches down the principal
axis. The projection-tube screen is about Y2 inch from the principal focus and,
therefore, its magnification will be substantially great but not infinity. In the
case of the Philco system the magnification is approximately 6% and there-
fore the image on the viewing screen is that many times larger than the scan-
ning raster on the projection-tube screen.

To prevent multiple reflections between fluorescent screen of the projection
tube and spherical mirror, a 4-inch-diameter section at the center of the
spherical mirror is blacked out, and no light is reflected from its back to the
object. Therefore, the contrast range of the object is not affected. Inasmuch
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as a spherical mirror would focus an object in the form of a rectangular plane
as a curved field (edges of field nearer mirror than center), it is necessary that
the fluorescent screen of the projection tube have proper curvature to bring
entire object to focus at plane of viewing screen.
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Fic. 225 Basic Plan of Philco Projection System

Proper shaping of spherical mirror and correction lens overcomes spherical
aberration of the wide-aperture system (Fig. 226). The correction lens consists
of a concave and convex section; concave surface bends light rays away from
the normal while convex surface bends rays toward normal. As shown in
Fig. 226, with ray 2 as a reference, observe that ray 3 in passing through the
correction lens is bent away from the normal while ray / passes through the
concave section and is bent
toward the normal, all three rays
intersecting at the image point.

If the correction lens were not 1

(X
O

present the various rays would FO | ]
come to focus at different points
o . ] RAY #2 NORMAL
along the principal axis. Of RAY #1 BENT TOWARD PRINCIPAL AXIS
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FiG. 226 Correction cf Spherical Aberration
by Corrector Lens at Center of Curvature

course, this same correction ap-
plies to all object points of the
fluorescent screen of the projec-
tion tube and the proper ratio of curvature of the tube and curvature of the
spherical mirror would cause all the object points to come to focus at the
plane of viewing screen. Radius of curvature of the picture-tube screen has
specific relation with radius of curvature of the spherical mirror for optimum
performance at the finite distance between correction lens and viewing screen,
or so-called “throw” of the projection system.

MECHANICAL LAYOUT OF PHILCO SYSTEM

The physical plan of the projection unit (Fig. 227) is arranged for ease of
mounting, conventional cabinet size, and placement of screen at proper eye



360 LARGE-SCREEN RECEIVERS AND PROJLECTION [Ch. 10

level for comfortable viewing. Thus, the main components of the projection
unit, consisting of tube, spherical mirror, and correction lens, are mounted in a
Custproof metallic case to prevent dust and injury to the lenses and consequent
distortion and loss of brightness. The projection barrel is mounted at an angle
of 45 degrees with respect to a front-surfaced mirror, which is mounted ver-
tically in the front of the cabinet and there reflects the light from the projection
barrel to a viewing screen. When the receiver is in operation, image is reflected
from viewing screen at eye level, viewing screen being on underside of lid.
Screen is tilted forward ap-

proximately 222 degrees and

light is emitted from it horizon-

2 16" tally at eye level. There is a slight
b \/ angle of approximately 1'2 to 2
degrees with respect to eye level

— 225 to permit comfortable viewing by
persons standing in the rear of a
large room or auditorium. Angle
is also satisfactory for correct
viewing by persons seated in front
~—aaemner  Of the receiver.
One problem encountered with
this type of folded Schmidt sys-
——Semeat  tem is that the top portion of
viewing screen is at a different dis-
tance from the top portion of

Fi16. 227 Mechanical Layout Philco Projection image on the projection-tube
System

VERTICAU
MIRROR |

™~ MARGINAL
(APPROX.) ~——] RAYS

CORRECTION —___|
LENS

THIS END NEARER
SPHERICAL —
MIRROR

screen than the bottom of the
screen is from the bottom of the picture on the projection tube. Inasmuch as
there is a difference in ray path length it would at first appear that either the
bottom or top of image on viewing screen would be out of focus. However, this
difficulty is circumvented by mounting the projection tube in the barrel slightly
off center with respect to the optical center of the projection system (Fig. 227).
‘This displacement of almost 4 degrees positions the bottoms of the projection-
tube screen (top of picture) nearer the focal point of the spherical mirror than
the top (bottom of picture), side A. As a result the portion of the image coming
off side B (actual top of picture because of inversion by spherical mirror)
reaches focal point over a greater distance to top of viewing screen than for
the rays emitted at side 4, which has the shorter path to the bottom of view-
ing screen. It is apparent, therefore, that both top and bottom of image on
the screen are in focus; however, magnification at top is greater because of
increased image distance. Consequently, if the scanning raster is rectangular,
its reproduction on the viewing screen will be trapezoidal, sides tapering
inward top to bottom.
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To compensate for this keystone pattern, it is necessary to form a trape-
zoidal or keystoned raster (Fig. 228) on the fluorescent screen. Despite
additional magnification of the image at top, its reduced size on the pro-
jection-tube screen produces a rectangular image on the viewing screen. One
method of decreasing sweep width at top of image would be to generate
a horizontal sweep which has an increasing amplitude as beam reproduces
the picture on the scanning raster of the projection tube. As the beam
scans from top to bottom of picture it would have an increasing sweep width.
Another method in which to accomplish this effect as far as a television
receiver is concerned is to put the scanning beam under the influence of fixed
magnets mounted ncar to face of the projection tube.

Magnetic-pole pieces generate
2 magnetic field which passes from
side to side of tube and, there-
fore, causes scanning beam to be
deflected upward (motion at right

angles to both forces). Thus the 45°
APPROX.

path length the beam travels from
the electron gun to top of the tube {
is greater than the travel from the

gun to bottom of tube. This in-
crease in path length, of course,
increases the sweep width at the
top in comparison to the bottom FiG6. 228 Position of Keystone Magnets and
. . . Keystone Pattern

in the same manner as increasing

the distance between screen and electron gun also increases sweep width
(deflection sensitivity). One disadvantage of this method is that the entire
scanning raster is pulled unevenly and displaced upward; it is necessary to
generate a compensating but weaker magnetic field which first causes the
electrons to dip down, then up, increasing the path length and at the same
time not causing displacement of the image vertically. Tne weaker magnetic
field is generated by small magnets which for optimum performance must be
mounted at a 45-degree angle with respect to axis of the projection tube
(mounting angle determines strength of weaker magnetic field).

INTENTIONAL
KEYSTONE

TOP OF
OBJECT
MAGNET ~ MAGNET
POLE

DIRECTIONAL VIEWING SCREEN

Directional viewing screen of the Philco projection receiver produces sub-
stantial illumination and contrast at viewing level and a reduced illumination
at other angles. Concentration of the emanated light through a 60-degree
horizontal angle and a 15-degrec vertical angle results in amplification of
approximately 15 with respect to the illumination (normal viewing angle)
from a nondirectional screen. Another advantage of such a directional screen
is the fact that light which originates in a brightly illuminated room, while it
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strikes the screen, is reflected at angles dominantly outside of the normal
viewing angle. Thus reflections from other light sources do not affect contrast
of the picture.

Viewing screen is a reflecting sheet which is a cylindrically concave
(Fig. 227) partial cylinder with its axis horizontal. Many thousands of verti-
cal grooves extend from left to right across the screen. A slightly concave
screen, along with the tilt of the viewing screen and the position of the mirror

(angle of reflection equal to angle

XEE’;LfggED of incidence), concentrates the

illumination verticaily. The verti-

cal grooves spread the illumina-

—<— SCREEN tion over an ar'lgle approximately

60 degrees horizontally. Actually,

Fic. 229 Vertical Grooves Disperse Light the vertical grooves represent

Horizontally . . q

many small vertical cylindrical

sections and, therefore, depending on where the light rays strike the screen,

reflect a ray at the same angle as the arriving ones with respect to a normal

to the surface. The normal is, of course, at various positions depending on

what section on the vertical groove light strikes. The presence of the vertical
groove (Fig. 229) causes the reflected rays to fan out horizontally.

We might conclude at first that if the center of the spherical mirror were
blacked out to prevent multiple reflection between picture tube and mirror,
portions of the image on the fluorescent screen of the picture tube would not
reach the viewing screen. This is not the case, however, because each object
point on the screen radiates light in a partial sphere to all sections of the
spherical mirror; the ray energy from each object point strikes the center and
ends of the spherical mirror. The presence of the dark spot at the center of the
spherical mirror, therefore, does not reduce illumination for any one point of
the screen, but does so for all points, lowering the transmission efficiency of
the reflection system approximately 10 per cent,

Likewise, it would appear that the presence of the picture tube and asso-
ciated deflection coils and mounting would also interfere and completely black
out sections of the image. It must be remembered that light rays emanating
from any one object point on the screen of the picture tube deliver light to
all sections of the spherical mirror, and although some of the reflections
coming off the mirror will not reach the viewing screen because of the pres-
ence of the tube and its associated components, most of the rays will pass
through correction lens and onto screen. One defect, however, is apparent on
the viewing screen because of the angle at which the rays are arriving at the
central portion of the screen. The presence of the picture tube and associated
components prevents arrival of light rays at the central portion of the viewing
screen which have an angle nearly perpendicular to the viewing screen. How-
ever, rays which arrive at the central portion of the viewing screen are reflected
at the same angle at which they arrive, and if they arrive at an angle substan-
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tially off the perpendicular they will also be reflected at the same angle. Con-
sequently, if the viewer observes the picture when his eyes are physically level
with the center of the screen, the central portion of the image will appear
dimmer than the image on all other sides. If the viewer stands at any other
position within the normal viewing angle, screen illumination will be abso-
lutely uniform because there will be an abundance of light collected from both
the central and outer sections of the screen. While you stand at the center level,
however, there are no perpendicular light rays coming toward you from the
central section of the screen. To circumvent this difficulty on the Philco screen,
a thin, light special lacquer is sprayed over its surface to cause some dif-
fusion of the light which permits some sharp light reflection from the central
portion of the viewing screen. In addi-
tion, the defect is not nearly so notice-
able from a directional screen because 7
of the horizontal fanning action of the INCUNED //
vertical ribs, Al /"

The special Philco projection tube,
TP400A, requires a peak signal swing
of some 80 volts and has a high-light
brightness of 2,000 foot-lamberts.

R

With an optical efficiency of 30 per aserericar ]\

. CORRECTING | VIERING
cent, gain factor of screen an a mag- o ] e
nification of approximately 62, the PlASTlC)/ & \

projection system products a viewing-
screen brightness of 100 foot-lamberts =

— e
KINESCOPE
or better. (RECEIVING

118. RCA Projection System

In the RCA projection system (Fig.
230) the projection tube, spherical
mirror, and aspherical correcting lens
are again used. The three components
previous menticned focus image :
through a 45-degree inclined mirror to ~ SPHERICAL MIRROR
a translucent viewing screen. In the Fic. 230 Arrangement of Components of

. RCA Projection System

RCA system, the center line of the

projection tube is centered on the vertical axis of the projection system. It is not
necessary to use an eccentric mounting for this type of projection system,
because distance from any object point of the image on projection-tube screen
to its corresponding point on the viewing screen is the same. The aspherical
correction lens is made of molded plastic to lower the cost of production as
compared to optical grinding methods used in manufacture of a glass correc-
tion lens.
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Specific features of a well-planned optical mounting assembly are: Optical
alignment adjustments must be accessible and simple. The assembly must be
dustproof to prevent loss of contrast and brightness by dust collection. It must
be electrically shockproof to provide protection from the high voltage of the
projection tube, permitting safe manipulation of the optical adjustments while
viewing screen is observed. The optical barrel must be metallic to prevent
radiation of the X-rays generated by the very high voltage cathode-ray pro-
jection tube. It must lend itself to an inexpensive manufacturing process.

COMPONENTS OF THE RCA PROJECTION SYSTEM

The components of the RCA projection unit are shown in the photograph
of Fig. 231. At the left is the optical barrel with second-anode cable to be fed
through protrusion on the left-hand side of the barrel. Optical adjustments can

r‘A

—

Fi1c. 231 Components of RCA Projection System

be seen on the front of the barrel. Left to right on the photograph, the next
component is the corrector lens, followed by the spherical mirror. In the rear
is the translucent viewing screen, and next in order is the picture tube and
front-surfaced 45-degree inclined mirror.

One very unusual component of the RCA projection system is the translu-
cent screen upon which the reflected image is thrown. This screen is direc-
tional and causes the light to emanate from the other side in a 55-degree cone.
If a ground glass or similar screen were used, light would emanate in all
directions and the light efficiency of the screen would be very poor. The
actual translucent screen is constructed in three sections, a 1/16-inch section of
lucite, a 1/1000-inch midsection of vinylite, and another outer 1/16-inch sec-
tion of lucite.

In this composite viewing screen, the section of hicite near the mirror is a
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Fresnel zone lens, which diverges the image into a cone of light with a
55-degree angle. A Fresnel lens, although only 1/16 inch thick, produces an
equivalent lens having a thickness of 3 inches and extremely short in focal
length. A zone leas consists of small ridges, 50 to the inch, as shown in
Fig. 232, which become progressively deeper toward the periphery. To pro-
duce an equivalent of a 3-inch lens, the lucite is broken up into zonal ridges,
each with a radius of curvature the same as the curvature of a 3-inch lens
at its periphery, as demonstrated in the second drawing of Fig. 232. The ridges
are very deep at the edges and almost smooth at the center of the screen, at
which point a 3-inch lens would also be flat.
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Fi1G. 232 Fresnel Lens System

The light is first diffused, after leaving the back lucite section, before it
reaches the front viewing section. The front lucite secticn consists of vertical
ridges, 100 per inch, which diverge the light rays into an ellipsoid, taking the
55-degree cone and producing effective radiation over a 55-degree angle, left
and right, and only approximately 20 degrees above and below. The thin
midsection is necessary to diffuse slightly the light passing between the two
lucite sections, to prevent an interference pattern between the spirals of the
back section and the ribs of the front section, and to diffuse the light to remove
a dark spot at the center of the screen when image is viewed with cye level
at the center normal axis of the viewing screen.

QUESTIONS

What is spherical aberration?

What causes halation?

Differentiate between reflective and refractive projection systems.
Compare various types of large-screen television systems.

In what manner does illumination vary with distance from light source?
How does a sphericai mirror bring an object point to focus?

EATD BR[O 5=
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Explain magnification by a spherical mirror.

What is relation between placement of object with respect to principal focal
point and magnification in a reflective optical system?

What angle rule applies to the reflection of light?

Explain formation of an image by a spherical mirror.

What are meant by radius of curvature, center of curvature, focal point, and
principal axis?

What is meant by refraction of light?

Explain magnification by a lens.

How is spherical aberration in a reflective system corrected?

Describe in detail a commercial projection system.

Compare the three Schmidt optical systems discussed.

What is meant by a directional screen?

How is it possible to bring an optical surface into focus although one section
of screen is farther from spherical mirror than other?

Detail alignment procedure for a commercial projection unit.

What is a Fresnel lens?

What is keystone correction?
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119. General Antenna Types

The antenna type for television reception can be simple or complex depending
on height, signal strength, signai-to-noise ratio, and receiver sensitivity. For a
good location in the primary area of the transmitter a simple dipole and good
low-loss transmission line is satisfactory. In fact, if the receiver has a resistive
input which matches the transmission-line impedance the antenna need not
match the transmission line. This means there is some attenuation, and a iower
signal-to-noise ratio, depending on the extent of the mismatch and line atten-
uation, but the antenna system will have approximately vniform sensitivity
over a wider band of frequencies. To be free of transmission line reflections,
however, the receiver must present the proper resistive termination to the
transmission line.

In arcas in which the signal is weak or there is difficulty keeping the signal
above the noise level, a properly matched antenna is essential. A correctly
designed and matched antenna not only results in peak signal strength so far
as the match is concerned but it can be further improved, with the use of
larger and/or additional clements, to have better horizontal and vertical direc-
tivity, resulting in better signal sensitivity and higher signal-to-noise ratio.

Antennas as used for television are either resonant or nonresonant. The
dimensions of the resonant antenna are critically dependent on frequency of
signal to be received and have, in most cases, a physical length less than a
wavelength, generally 2 half wave for most common types. An example of the
resonant or tuned antenna is the simple dipole (Fig. 233), the physical length
of which is approximately a half-wavelength at the frequency to be received.
Other tuned antennas, most of them dipole elaborations, are the folded
dipole, V-antenna, farned, and conical antennas.

The shape and dimensions of tuned antennas affect their bandwidth and,
to some extent, their horizontal directivity. The more elaborate variations have
greater bandwidths. The horizontal directivity of these resonant antennas can
be sharpened with use of reflectors behind the antenna and directors ahead of

367
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the antenna. The directors and reflectors are generally parasitic elements and
have no electrical connections to the main antenna element. In TV station relay
and remote services higher gain reflectors, such as corner reflectors and para-
bolic reflectors, are used.

The vertical directivity of the antenna system can be narrowed to low angles
by stacking antenna elements a half-wavelength apart. A typicai stacked sys-

tem consists of two dipoles and

reflectors stacked one above the
S ~ other. Any type of resonant antenna
S D'REgFUON can be stacked with or without
L] ~ STATION parasitic elements with a substantial
STATION h Z#\  concentration of the antenna sensi-
tivity vertically.

The nonresonant or aperiodic
antenna is sensitive to an ex-
tremely broad band of frequencies

TRANSMISSION provided certain minimum dimen-

LINE sions are maintained. The length of

Fi6. 233 Dipole Antenna Properly Oriented such an antenna is at least three
for Reception .

wavelengths. Both bandwidth and

sensitivity rise as this dimension is increased. Typical aperiodic antennas

are the rhombic and long wire. These long antennas, only occasionally used

for home receivers, do find application in television relay and remote systems.

120. Antenna Directivity and Space Patterns

The television receiving antenna is wideband because it must have equal
sensitivity to all frequencies in the channel. There are a number of good wide-
band antennas which have reasonably uniform sensitivity over a single channel.
There are also some few which, although more elaborate, have uniform sensi-
tivity over a number of channels.

The television receiving antenna is generally directional and is oriented
to have maximum sensitivity in the direction of the transmitting station. Gen-
erally, the more directional the antenna is, the better its sensitivity becomes,
in the sensitive direction, as compared to a nondirectional antenna. Another
advantage of the antenna with pronounced horizontal sensitivity in the direc-
tion of the staticn is its insensitivity to noise which strikes the antenna from
other directions. Thus, the directional antenna has improved sensitivity and
reduced noise pickup.

Still another point to be considered is vertical directivity (angle at which
antenna is sensitive with respect to the surface of the earth). Inasmuch as the
frequencies used in commercial telecasting are extended line of sight, the ver-
tical angle of radiation at transmission antenna is held down (20 degrees and
under). Energy radiated at higher angles penetrates the upper atmosphere and
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does not return to earth. It represents lost power which might well be used at
lower angles to improve signal strength. Thus, a feature which a good receiv-
ing antenna should have is a pronounced vertical directivity (angle at which
antenna is most sensitive with respect to the surface of the earth) at low angles
(20 degrees and under, same as for transmitting antenna). Here again, ver-
tical directivity concentrated at low angles produces a more sensitive antenna
than one which has no appreciable vertical directivity and further reduces noise
pickup from above and beneath the antenna.

To improve vertical sensitivity at low angles, the antenna can be mounted
one-half wave above good ground surface (this may be actual ground or a
metallic surface, such as the top of a building which is efficiently grounded).

In the radiation of the signal from the TV-station antenna the energy is
concentrated at low vertical angles, radiation spraying more or less horizon-
tally over the surface of the earth. There is only limited radiation at high
angles, and therefore little energy is lost to ionosphere penetration. The low-
angle radiation skims over the surface of the earth to the receiver points.
This same energy also strikes the earth at various points in accordance with
its angles, terrain, curvature of earth, obstacles, and distance from station—
striking the earth or obstacle at a low angle and glancing off at a similar
angle to proceed on to various receiver points.

It is important to realize that any reflected signal at a given receiving
point can add to or subtract from another signal which arrives at the antenna
over a direct path (radiated at a slightly higher vertical angle initially than
the reflected wave). This condition produces very definitc areas of signal
loops and nodes (space pattern). Of course, when an antenna is positioned
in a so-called “space loop” more signal is picked up than if it were in a
“space node.” Actually, therefore, it is every bit as important to favor a
weak station by placing antenna at a space loop as it is to have antenna
orieated properly. Space loops in the direction of the station from receiving
antenna occur approximately a full wave apart and in an open area loops
are spaced uniformly. Presence of other reflecting surfaces (actual back or
side reflection) or any other refractive or ionospheric conditions changes
spacing at times and varies intensity ratio between loops and nodes. Except
for occasional sporadic conditions loops remain in fixed positions. Loops
and nodes of decided intensity separation exist even at altitudes far above the
height of the higher receiver antenna installations.

121. Dipole Antenna

The simplest and one of the most common antennas is the simple dipole
(Fig. 233), which is a half-wave antenna opened at the center for feeding
and, consequently, divided into quarter-wave sections. It is important to
realize that a quarter-wave in free space is longer than the physical length
of dipole, which represents an electrical quarter wavelength. Thus. to make
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a dipole element resonant at a given frequency, it is necessary to shorten its
length (because of capacitive end effect) with respect to any free-space calcu-
lation using a standard wavelength formula. For this reason, most tuned
antenna elements are cut somewhat shorter. Likewise, it is necessary to cut
tuned sections of transmission line (with other-than-air dielectric) shorter
than free-space dimensions in accordance with dielectric constant of line. Spac-
ing between various elements of the antenna is based on free-space wavelength
formula.

The following extremely simple formulas can be uscd to calculate the physi-
cal and free-space lengths.

Length of a quarter-wave for antenna dimensions after considering end
effect is:
2770

%/4 ininches = - ——
frequency in megacycles

Length of a free-space quarter-wave to be used in calculating spacing and
matching section lengths is:

Ble - X velocity constant

%/4 in inches = — e
frequency in megacycles (1 for air)

In Fig. 234, a chart has been compiled which gives the actual element
lengths as computed for the center frequency of each of the 12 channels,
and for the mid-frequency of the low-frequency channels and high-frequency
channels.

ANTENNA EQUIVALENT

The dipole and other resonant half-wave antennas, when current fed at
the center, have characteristics very much like a series-resonant circuit. The
antenna has a certain Q, a reactive component, anc a resistive component.
At the resonant frequency of the antenna, its impedance is largely resistive
and constant over a certain bard of frequencies, depending on the Q of the
antenna. For a wider band television antenna, a low Q is preferable because,

I 300 OHM
Z RISES OFF RESISTIVE
ANT C OF RESONANCE RECEIVER
/ TERMINATION
L

300 OHM LINE

ANT

ANTS R

PRESENTS MAJOR PORTION
OF SERIES ANTENNA
CIRCUIT RESISTANCE

73 OHMS AT RESONANCE
Fi6. 235 Equivalent Antenna Circuit—Current Take-Off
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as in a conventional lumped-constant tuned circuit, the lower Q tank circuit
has a broader bandwidth. In a high-Q antenna, the reactance is appreciable
(Q equals reactance over resistance) and rises rapidly off the resonant fre-
quency of the antenna. Consequently, the impedance of the antenna, which is
now resistive and reactive, increases and a mismatch occurs.
However, if a low-resistance antenna is made to feed a higher impedance
transmission line, the equivalent antenna circuit (Fig. 235) shows us that
the mismatch does not affect the relative sensi-
~——#\ tivity of the recciver over a wide band of fre-
i quencies. A common antenna used by television-
=di set manufacturers is a simple dipole connected to
300-ohm line (Fig. 236). The characteristic
300 OHM resistance of a dipole at resonance is 73 ohms
LINE and, consequently, there is a 4: 1 mismatch at the
frequency at which maximum signal is induced
into the antenna. Off the resonant frequency, the
| signal pickup is less but the antenna impedance
A increases (impedance is now the vector sum of
FiG. 236Mg£§t‘§h';‘$‘e""a— reactive and resistive components) and the mis-
match is not as severe. Thus, at a sacrifice in
gain, this antenna presents a reasonably flat response over a number of
channels and permits a simple antenna to be used on a number of channels.
It is important that we realize the satisfactory operation of this system
depends on three factors:
1. Strong signal from transmitter.
2. High signal-to-noise and interference ratios.
3. Receiver presents a 300-ohm resistive component on all channels. As
shown, a mismatch of 2:1 causes only a slight attenuation.

A

/A

Impedance ratio of mismatch to 1 11 13 1.5 175 2 25 3 5
1% additional power loss 0 1 45 10 18 27 45 66 160

FiG. 237 Power Transfer Loss Caused by Mismatch

Actual attenuation caused by mismatch can be observed in Fig. 237. Mis-
match is based on standing-wave ratio or antenna resistance/line resistance
(place higher value as numerator). It is important to realize that the effects
of mismatch are more pronounced as line length increases—the additional
loss is a prescribed percentage of an initially higher attenuation (more decibel
loss because of line length).

122. Transmission Lines

The transmission line conveys the signal from antenna to receiver input.
To reduce loss, attentive consideration must be given to the choice of a trans-
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mission line—type of line, physical dimensions, over-all length, and imped-
ance match.

The television transmission line is an untuned feeder system because in
any tuned system there is a definite impedance-frequency characteristic which
would limit the wide-band response. Consequently, an untuned line which
approximately matches transmission line to antenna and matches transmission
line to receiver is necessary. This match is determined by the physical dimen-
sions of the line, for every line, according to its composition, spacing, and
size, has a characteristic or surge impedance.

There are two common types of lines—the parallel open-wire line and the
coaxial line. In a parallel line wires are spaced a prescribed distance from
each other; spacing is held constant by insulated spacers placed conveniently
along the length of the line or by continuous low-loss flexible insulation. The
parallel line has low loss and matches relatively high impedance (75 to
700 ohms); however, it is more susceptible to stray pickup, and for that
reason the receiver input must be perfectly balanced and matched to reduce
noise pickup. The surge impedance of a parallel line can be conveniently
calculated from the formula

276 2s
= —— log = ohms
VK~ d
where s is the wire spacing and d the diameter of the conductor. Any unit
of dimension can be used so long as the same unit is used for both s and d;
k is the dielectric coastant (1 for air).

A common transmission line for the television receiver is the coaxial line.
Its advantages are the effective shielding afforded by the ocuter conductor,
which prevents stray pickup, the fact that it is little affected by its proximity
to other surfaces and matches a low impedance (50 to 150 ohms) which is
characteristic of a dipole antenna. The ideal coaxial line has maximum Q
and minimum resistance; however, these characteristics are in opposition to
each other and an optimum value must be chosen.

A coaxial line has four parameters—resistance, capacity, inductance, and
Q. The larger the inner conductor, the lower the resistance. A large con-
ductor, however, means a low-value inductance and a high capacity, reducing
the Q. A condition of maximum @ and minimum attenuation occurs for an
air-dielectric coaxial line when the ratio between the diameter of the outer
conductor to the diameter of the inner conductor is 3.6:1. With this 3.6-to-1
ratio the characteristic impedance is 77 ohms, which conveniently enough
matches the resonant impedance at the center of a dipole antenna. Conse-
quently, the dipole antenna (half-wave antenna opened and fed at the
center) and coaxial transmission line form a much-used combination for
television.

The above-mentioned ratio may be varied from 2.5 to 7 without increas-
ing attenuation more than 10 per cent. Thus, at times, to secure a greater
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transfer of signal and a minimum noise pickup, the coaxial line is of some
other impedance higher or lower than 77 ohms (varies between 50 and 150
ohms); the small increase in attenuation being counterbalanced by the
increased signal amplitude delivered to the receiver. For the most common
flexible coaxial lines, which use a polyethylene dielectric, the impedance is
50 to 90 ohms.

The surge impedance of the coaxial line using air dielectric is given by
the formula:

D is the inner diameter of the outer conductor and d is the outer diameter of
the inner conductor.

Inasmuch as the surge impedance of a coaxial line with other—than-air‘
dielectric is dependent on the type of dielectric, the surge impedance of this
type of line must be obtained from the manufacturer.

A special parallel-line flexible cable with polyethylene insulation (diclec-
tric constant 2.29) has been developed as a lead-in for television and FM!
receivers. The parallel line has dual stranded conductors ard a character-,
istic impedance of 300 ohms. The dielectric is continuous, maintaining a con-
stant conductor separation, plus flexibility. A 300-ohm parallel line withi
outer shield is also available. Many television receivers are cesigned with a
standard 300-ohm input circuit to match this type of line.

Choice of a 300-ohm standard transmission line was dependent on a num-
ber of factors: impedance match, bandwidth, attenuation, noise pickup, flexi-
bility, and cost. The simple dipole has a resistance of 72 ohms on the channel
for which it is cut, and impedance of this antenna rises to a few thousand
ohms on television channel frequencies removed from this channel. A 75-ohm
coaxial line is an ideal match on this one channel but presents a serious
mismatch on adjacent and remote channels. Use of a higher impedance line,
300-600 ohms, provides a better match over a number of channels. This
improvement in bandwidth is obtained at a sacrifice of peak gain on a
single channel. A 300-ohm line was decided on in preference to a 600-ohm
line, despite the lower internal losses of the high-impedance line (loss
inversely proportional to impedance), because of cost, adaptability to standard
hardware, and reduced width. On the higher channels the wide separation
between conductors of the higher impedance line becomes an appreciable
percentage of a wavelength and additional losses arise due to radiation from ‘
the line.

The coaxial line, although it has effective shielding, has greater loss and
a higher cost. The flexible 300-ohm polyethylene line costs less than inferior
grades of coaxial line. Coaxial lines have a loss of 2 to 5 decibels per hundred
feet at 50 megacycles as compared to 0.75 decibel per hundred feet for the
300-ohm line. At 200 megacycles losses are approximately the same.
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For special applications where some of the characteristics of a parallel
line plus the shielding of a coaxial line are desired. dual conductor coaxial line
is used or two individual coaxial lines are run parallel to each other with their
outer conductors tied together and grounded. For dual coax

| I
2= 28 g (2) (2
VK d o

where K equals dielectric constant (1 for air); d, diameter of inner conductor;
h, spacing between centers of inner conductor; D, inside diameter of outer
coaxial conductor.

Although most transmission lines are approximately matched to receiver
input, and perhaps to the antenna too, some standing waves still exist on the
line. Thus, for most satisfactory reception of the weaker signals it is advisable
to consider the line as a tuned line and to control the over-all length of line
in such a manner that peak signal is delivered to receiver input for those
stations to be favored. The presence of standing waves on twin lead can be
readily detected by grasping the line at various intervals and noting the change
in signal strength which results.

If the line is considered as a tuned line, which it must be to deliver peak
signal when standing waves are present, the antenna functions as the gen-
erator and the receiver input as the termination for the line. Thus, if any
reflections exist they start from the receiver end and set up standing waves
with loops and nodes spaced a quarter wave back to the antenna. If maxi-
mum signal is to be delivered to the line from the antenna the impedance of
the line (Z = E/I) at paint it attaches to antenna must match antenna
resistance. Inasmuch as this impedance is a function of the phase of the
standing wave, it is possible by changing the over-all effective length of the
line to reflect to the generator (antenna) the proper matching impedance.
Since this impedance repeats every quarter wave the addition of a short
length of line at the receiver of some critical segment of a quarter wave
can produce a noticeable increase in signal strength. The correct length can
be ascertained by observing signal strength on the picture-tube screen as
various additional lengths are tried.

The section can be added between incoming line and receiver, or effective
length can be changed by simply adding stub across antenna terminals of
receiver and progressively clipping and shorting the stub until peak signal
is delivered. Length of stub will vary with each iastallation (function of line
length) and with channel frequency. Thus a stub is necessary for each weak
station, or perhaps with considerable cut-and-try one stub can be found
(quarter wavelength or less on lowest frequency channel) which improves
results on two or more channels.



376 TELEVISION RECEIVER ANTENNAS [Ch. 1l

123. Weak-Signal Dipole

If the signal is not strong, noise components strong, or receiver not too
sensitive, a properly matched antenna is essential. The dipole can be matched
by either of the two systems shown in Fig. 238. In the first drawing a quarter-
wave matching section of 150 ohms matches the standard 300-ohm line to
the 75-ohm antenna resistance. Impedance of quarter-wave matching sections
can be calculated with following simple formula:

Matching Z;; Section = \/Transmission Line Z; X Antenna Z,

Be certain to consider the velocity constant of the dielectric when calculating
the physica! length of the matching section. Velocity constant is the reciprocal

of square rcot of dielectric constant or 1/\/k.
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In the second drawing the antenna is properly matched by attaching a
75-ohm coaxial line. This matched system is excellent as far as noise rejection
is concerned because of the shielding of the outer conductor. However, for a
very long span the 300-ohm line has less attenuation. When a 75-ohm line is
used, be certain the receiver has a 75-ohm input. Receivers are now designed
with 300-ohm inputs although some few have a 75-ohm input in addition,
to be used in noisy locations. Some models have 90-ohm inputs to match
90-ohm coaxial line.

When the dipole is properly matched its bandwidth is narrowed consider-
ably, and it performs best on only one channel because now the sharply rising
reactance off resonance influences matching seriously (sharp, higher Q sys-
tem). Consequently, it is important that the antenna Q is held down. In
effect we wish to reduce the reactive component of the antenna while the
resistive component is held essentially constant. This reduction in the reactive
component is accomplished by increasing the diameter of the antenna elements



§124] FOLDED DIPOLE AND MODIFIED TYPES 377

(larger surface and less inductance per given length of dipole) causing a
slower rate of reactance increase off resonance.

For a mismatched dipole it is permissible to use a small-diameter dipole
clement because the Q of this system is inherently low. When a higher gain
matched dipole is used the element diameter should be more than one-half
inch to obtain a good bandwidth.

Antenna Q can also be reduced by causing an increase in the resistive
component of the antenna. This method is used to increase bandwidth in a
number of the antennas to be discussed. At the same time the sensitivity of
the antenna is not reduced.

A dipole antenna type cut for a given frequency will also function well on
the third harmonic of this frequency (odd harmonic will be at a current maxi-
mum at point of feeder attachment). For example, a dipole or folded dipole
sensitive to channel 3 band of frequencies will also be sensitive on channels
8, 9, and 10. Third harmonic of channel 4 frequencies falls in channels 71,
12, and /3; third harmonic of channel 2 falls in channel 7.

124. Folded Dipole and Modified Types

The folded dipole (Fig. 239) is ideal for television because of its higher
resistance and broader bandwidth. The folded dipole has a more constant
impedance and uniform sensitivity over a wide band of frequencies because its
clectrical equivalent is represented by not only a series resonant circuit (as
discussed for simple dipole) but a parallel resonant circuit in shunt with it.
The parallel resonant circuit is contributed by the two quarter-wave elements
shorted at the ends. Combination of series and parallel resonant circuits means
the rate of impedance shift off resonance changes less rapidly because the
reactance changes in both circuits balance each other. Its resistance is approxi-
mately four times greater than the resistance of a dipole element and, there-
fore, conveniently matches a 300-ohm line. If a shielded line is required, two
150-ohm coaxial lines can be used with their outer conductors common.

The folded dipole is a full wavelength of line bent around to form an
antenna approximately one-half wavelength long. The spacing between the
elements for best performance should be 1/32 of a wavelength or less.

The most common folded dipole is the antenna of Fig. 239. However, a
number of other versions find wide application. One of these is the folded
dipole constructed of three elements which has an impedance nine times that
of a single dipole or 675 ohms (Fig. 240). In the second drawing a folded
dipole with unequal element diameters is shown. When the element diameter
of the fed element is decreased with respect to the other clement the resistance
increases; when the diameter is increased the resistance of the antenna
decreases. Inasmuch as the side of a folded dipole directly opposite point at
which transmission line is attached is a maximum current or ground point, it
can be directly attached to the mast, putting the antenna at ground potential
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so far as lightning is concerned (if mast is grounded) but does not disturb
antenna characteristics.

Another folded dipole often used for temporary or test installations is a
folded dipole constructed of 300-ohm twin-wire line (Fig. 241). This type of
covered antenna again should be approximately 0.95 /2 so far as signal
pickup is concerned. However, so far as the currents in the antenna are con-
cerned the dielectric constant is less than air and, consequently, it is neces-
sary to shorten the antenna at 86 per cent,

»|*

\ OHM

675 S
ANTENNA RESISTANCE

/J 86% POINT
| soo' OHM
A i LINE
THREE SECTION f
L1
-
SHORTED AT
86% POINT =
B A
oy
ELEMENTS \W
FiG. 240 Special Folded Dipoles FiG. 241 Twin-Wire Folded Dipole

Therefore, as shown, the antenna is made the correct length, but it is
shorted at a point 86 per cent from the ends. The ends may or may not be
shorted togcther.

Some basic dipole types, Fig. 242, illustrate the various shapes that assist
in obtaining specific characteristics and, in the case of television, a broader
bandwidth. A circular-type construction improves the vertical directivity
characteristics of the antenna and permits a reasonable bandwidth. A very
common commercial antenna construction is found in the two fanned types
or bi-conical construction of the next types. Higher impedance and greater
bandwidth (as compared to a folded dipole) can be obtained with this type
of construction. A still greater bandwidth can be obtained with the true conical
or bat-wing construction used by some transmitting stations. However, this
type of construction represents a much more expensive physical structure and
is not widely employed for television-receiving systems.

It is significant that all these basic dipole types have approximately the
same gain at the channel for which they are cut. For example, if we cut a
straight dipole, a folded dipole, or a biconical for channel 3, each will have
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the same sensitivity (assuming p-oper match) on channel 3. However, at
channels removed from the cut frequency the relative sensitivities of the three
basic dipoles will not be the same. In our example the dipole would have the
least pickup in chanael 6, with the fanned biconical types having the highest
sensitivity and the folded dipole’s sensitivity falling between dipole and
conicals,

TYPE REMARKS
l [ 72 OHMS AND LIMITED BANDWIDTH

- ) 300 OHMS AND GREATER EANDWIDTH
( 300 OHMS AND REDUCED NOISE AND SIGNAL
\ INTERFERENCE PICK-UP FROM ABOVE AND BENEATH

> '< 150-250 OHMS AND EROADBAND

>| l< 200-300 OHMS AND BROADBAND

b‘ I<) 200-600 OHMS AND VERY BROADBAND
\ { 50 OHMS AND VERY BROADBAND

/ 11 \
L \

F16. 242 Modified Dipole Types

125. Antenna Patierns and Forward Tilt of Elements

The polar pattern of an antenna is not difficult to interpret and tells much
about the performance of the antenna. It indicates the direction or directions
toward which the antenna is most sensitive with respect to the physical posi-
tion of the antenna. Fig. 243. At resonant frequency a dipole has a figure-
eight pattern—a line through the lobes of the figure eight indicates the two
directions of peak sensitivity. These directions are broadside to the antenna
element. The dipole has minimum sensitivity in the direction of the clements.

At frequencies higher than the cut frequency of the dipole, the antenna
picks up additional lobes anc becomes sensitive in more directions than the
initial two. For example, at the third harmonic frcquency of the antenna it
becomes sensitive in six directions. This means an antenna system is sensitive
in many directions and if the antenna is positioned physically to have either
one of its lobes face the station, it is able to pick up appreciable energy. How-



380 TELEVISION RECEIVER ANTENNAS [Ch. 11

ever, the presence of the additional lobes in the pattern means the antenna is
sensitive to reflections and interference pickup at other angies, and conse-
quently, co-channel and adjacent-channel interference problems can be mag-
nified with this type of antenna and its multi-lobe pattern.

The directional pattern of an antenna that is to operate on higher fre-
quencies than those for which it has been cut can be improved by proper
tilting of the antenna elements. For example, if the dipole elements men-
tioned are tilted, the lobes are aligned to forward direction as indicated by the
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Fic. 243 Antenna Patterns

polar pattern of the tilted dipole. It can be seen that the lobes have been
maximized in the direction of the tilt and that the back and side lobes have
been reduced by a limited amount. Although this tilting does not completely
remove secondary lobes, it does result in improved gain in the direction of
the tilt.

An antenna pattern can also be used to depict the sensitivity of the antenna
in the vertical plane. The patterns just mentioned have to do with the direction
of signal arrival in terms of compass point or in relation to the bearing of the
station with respect to the receiving location and the physical positioning of
the antenna elements. However, an antenna system can also be judged in
terms of its sensitivity to a signal arriving from above, in line with, or beneath
the antenna itself. Inasmuch as the high frequency signal arrives at a low
vertical angle (almost at zero in most locations), it is preferable to have the
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antenna sensitive at these vertical angles and not sensitive to interference
signals that could pessibly arrive from above or beneath the antenna system.
It is possible to improve the vertical sensitivity pattern of a basic antenna by
properly stacking a number of antennas one above the other.

126. Reflectors and Directors

To improve the horizontal directivity of the television antenna and to
reduce noise pickup from the back, directors and/or reflectors can be used.
The reflector is positioned in back (drawing A, Fig. 244) of the main antenna
element approximately a quarter-wave and is 5 per cent longer than the dipole
element. A director is generally positioned a quarter-wave ahead of the dipole

r
DIPOLE AND DIPOLE AND FOLDED DIPOLE-
REFLECTOR DIRECTOR DIRECTOR AND

REFLECTOR
Fic. 244 Reflectors and Directors

element (with respect to the location of the transmitting station) and is 4 per
cent shorter. Use of both reflector and director with a simple dipole is not
recommended because of bandwidth reduction. If a director and reflector are
used to obtain still better sensitivity a folded dipole should be used as the
main element which is inherently broad and will prevent a serious reduction
in bandwidth (drawing C). A dimension chart for directors and reflectors is
tabulated in Fig. 234.

When a director or reflector is spaced a quarter-wave ahead of or behind
a dipole or folded dipole element the antenna resistance decreases only 10
per cent to 20 per cent and, consequently, has little effect on the antenna-
transmission line match. It is true, however, if the parasitic element is moved
closer than a quarter-wave spacing, the antenna gain increases somewhat but
the antenna resistance and bandwidth decrease considerably. Thus, if a simple
dipole is used with close-spaced parasitic elements the bandwidth is occa-
sionally too narrow. It is important to remember that the antenna resistance
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also decreases and a lower impedance transmission line must be used for a
close-spaced parasitic element. In the case in which a parasitic element is
spaced 0.15A instead of 0.254, the antenna resistance is approximately halved.

When a folded dipole and a parasitic element spaced 0.12 is used antenna
matches a low-impedance coaxial line. It is apparent, therefore, that antenna
resistance and transmission-line impedance required can te varied by chang-
ing the spacing of the parasitic element. Three considerations are given to
choice of parasitic element spacing: gain, impedance, and front-to-back sensi-
tivity ratio. If antenna is to be attached to a high-impedance 300-ohm line,
spacing must be 1/4 to have least effect on impedance. For peak sensitivity
and gain parasitic elements are brought near to main element. A substantial
reduction in impedance occurs and antenna must be matched with a low-
impedance coaxial line or an open quarter-wave matching section used. In
some locations antenna is designed to prevent noise pickup from the back,
and spacing is somewhat different from that required for peak gain to obtain
a greater ratio between forward sensitivity and back pickup.

For least impedance change, parasitic spacing should be 1/4. Best gain is
obtained with reflector spacing 0.15% and director spacing O.1A. This close
spacing reduces antenna impedance to less than 20 ohms for a dipole. Highest
front-to-back ratio is obtained only at frequency for which antenna is criti-
cally cut. Therefore, if noise is particularly severe on one station, cut antenna
and adjust spacing for peak gain on this channel.

-

127. Stacked Array

The stacked array is used to concentrate sensitivity at low vertical angles.
The use of parasitic elements concentrates the antenna sensitivity in one hori-
zontal direction and reduces side and back noise pickup. A stacked system
reduces noise pickup from top and bottom and, therefore, further improves
reception sensitivity in the desired direction.
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Fic. 245 Stacked Dipoles and Feed Methods
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A simple stacked system consists of essentially two dipole elements spaced
a half-wave vertically and excited in phase—that is, signal arriving in the
preper direction to induce in-phase voltages into the antenna which add in-
phase in the transmission line. Noise signals arriving from top or bottom
induce voltages which cancel at the transmission line. There is a limited
increase in gain—perhaps 40 per cent with an ideal match.

A simple stacked array and two methods of feeding it are shown in Fig. 245,
In the method of drawing A transmission line pcint of attachment is centered
and at the same distance from the dipole elements. Consequently, the signals
from both dipoles always appear in-
phase at the input to the transmission
line. A transposed feeder system can
also be used (drawing B), the signal
from the top element appearing in-
phase, through the transposition, with
signal at bottom element where the
transmission line is attached. How-
ever, the spacing has to be exactly a
half wave and, therefore, the method
supplies in-phase voltages over only a
limited range of frequencies.

When two dipoles or similar an-
tennas are stacked and excite the
transmission line in-phase the antenna
resistance is halved. Thus, if two
simple dipoles are stacked the an-
tenna resistance is cut down to less
than 40 ohms. These stacked dipoles,
along with a pair of reflectors, are
often used in a mismatched system,
as discussed earlier. An ideal stacked folded dipole with reflectors, shown
in Fig. 246, ideally matches a 150-ohm line. Only a slight loss occurs using
300-ohm line. A 300-ohm line connects elements. Another arrangement
would be to use a 420-ohm scction between dipoles, which matches 300-ohm
transmission line. To use a 300-ohm line two 600-ohm points must parallel
where line attaches. Thus each A/4 section between center and dipole must
match 300-ohm dipole to 600 ohms, or a 420-ohm section.

In summation, most any type of resonant antenna can be stacked with a
resultant improvement in vertical directivity. A stacked antenna can also incor-
porate parasitic reflectors and directors. If the receiver has only a 300-ohm
resistive input, always use a 300-ohm line and let the mismatch occur at the
antenna where it does least damage.

An antenna system with additional clements alters the directivity pattern
cf the simple, driven, dipole-type antenna. In general, a group of horizontal

FiG. 246 Stacked Folded Dipoles and
Parasitic Reftectors
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elements which are either driven (connected to transmission lines) or para-
sitic (no connection to line) and which are mounted in the same horizontal
plane as the initial driven elements, sharpen and concentrate the horizontal
sensitivity pattern and make the system more unidirectional than bidirectional,

FOLDED DIPOLE
DED REFLECTOR

HORIZONTAL PATTERNS

, —

VERTICAL PATTERNS
Fic. 247 Horizontal and Vertical Plane Directivity *

Fig. 247. With additional elements positioned in the same vertical plane as
the initial, simple, half-wave antenna it is possible to concentrate the vertical-
sensitivity pattern of the system. In still more elaborate systems additional
clements are mounted in both horizontal and vertical planes, concentrating
both horizontal- and vertical-sensitivity patterns.

128. Phased Antennas

A phased antenna system or phased array consists of a proper grouping of
antenna elements to obtain a higher gain or a prescribed directional pattern.

* From Noll and Mandl; Television and FM Antenna Guide, copyright 1951 by The Mac-
millan Company and used with their permission.
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Parasitic clements are at times used along with phased elements. Generally
speaking, a phased antenna system can be made to have a broader bandwidth
for a given gain as compared to a directional system using parasitic elements.
Antenna resistance need not fall to the exceptionally low value obtained with
groupings of parasitic elements.

There are three basic phased antennas, Fig. 248, broadside, collinear, and
end-fire. Two brozdside elements can be stacked one above the other and fed
in-phase, producing a broadside vertical sensitivity with a figure-eight pattern.
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Broadside clements are most often found spaced a half wavelength apart.
Collinear clements are positioned in the same vertical plane, side by side
instead of being stacked one above the other. Collinear antennas are also fed
in-phase and produce a sharpened figure-eight horizontal pattern, while ver-
tical patterns remain essentially the same as for a single dipole. By comparison,
the broadside elements obtain their additional gain by sharpening the vertical
pattern, allowing the figure-eight horizontal pattern to remain essentially the
same as for a single dipole.

End-fire elements are positioned in the same horizontal plane but are fed a
hundred and eighty degrees out-of-phase. This type of antenna produces a
sharpened figure-cight horizontal pattern and also sharpens the vertical direc-
tivity pattern. A number of the commercial phased systems use special com-
binations of phased elements to produce desired patterns. As far as compara-
tive performance of the three phased systems is concerned, the broadside array

* From Noil and Mandl: Television and FM Antenna Guide, copyright 1951 by The Mac-

millan Company and used with their permission.
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ANTENNA TYPE REMARKS OVER DIPOLE ANTENNA IMPEDANCE
Straight dipole Narrow bandwidth 0 s
Folded dipole Limited bandwidth 0 300
Circle Limited bandwidth 1 300
Short V Wide band 0 200-300
Fanned Wide band 0 200-300
Forward tilt dipoles Extends bandwidth —_ —
(any of above types)
Cone Impedance changes with 1 200-600
angle of revolution—
wide band
Driven element and Director 4 per cent
director shorter than driven
2./4 spacing element 3.5 0.75R1
0.1, spacing 5.5 0.2R
Driven element and Reflector 5 per cent
reflector longer than driven
3./4 spacing element 4.5 0.83R
0.15). spacing 5.5 0.35R
Driven clement with Reflector 5 per cent
director-reflector longer—director 4 per
7./4 spacing cent shorter 6 0.35R
close spacing 8 0.14R
Four-clement Yagi Close-spacing 9 0.1R
Collinear Close end-to-end Voltage feed  Current feed
spacing of elements
Two-element 2 1500 —_
Three-element 3.2 1000 300
Fanned 43 300 —_
Spacing 0.4R
End fire Fed 180 deg /2 2./4
Two-element 22 3.8
Spacing
Broadside Elements in-phase w2 3/4).
Two-element 3 4 0.5R
Three-element 5 7 0.35R
Four-element 6 8.5 0.25R
Two-element broadside  2./2 spacing broadside— 7 0.4R
with parasitic reflectors  2./4 spacing of reflectors
Lazy H Two collinear elements Midpoint feed End feed
broadside 6 10G 2000
Corner reflector Driven elements /2 10 2R
from apex—reflectors
one wavelength at 90
deg
Long wire Sk 103, High Z at voltage loop and
4 7.5 low Z at current loop
Rhombic 3% Sk
10 12 800

1 R = Resistance of driven element if no parasitic elements were present.

FiG. 249 Antenna Performance Chart *

* From Noll and Mandl: Television and FM Antenna Guide, copyright 1951 by The Mac-
millan Company and used with their permission.
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seems to be beneficial in those areas subject to noise pickup because of the sub-
stantial sharpening of the vertical directivity pattern. A grouping of collincar
clements which sharpen the horizontal directivity could be definitely advan-
tageous in areas subject to reflections and ghosts. In end-fire grouping there is
some sharpening of both patterns. End-fire elements, however. are the most
critical as to proper length and spacing and have a somewhat narrower band-
width than have other phased systems.

129. Antenna-Type Performance Chart

A performance chart, Fig. 249, lists the various types of basic antennas
with their gain and impedance characteristics. In most cases the impedance
is given in terms of the normal resistance of the driven element. For example,
with a driven clement with quarter-wave spaced reflector, the impedance
factor is 0.75R. Thus if the driven element is a straight dipole, antenna resist-
ance drops to 0.75 > 72 cr 54 ohms; if the driven element is a folded dipole
antenna resistance drops to 0.75 > 300 or 225 chms. For some of the arrays
and phased antenna systems it is not possible to give specific impedances
because of the many variables which contribute to the amtenna resistance
such as element size, spacing, phasing, and number of elements. Only approxi-
mate figures are given, and the optimum matching can best be obtained exper-
imentally by using matching stubs or Q sections. Gain and impedance figures
are, of course, given for the frequency at which the antenna is cut. Antenna-
gain figures are given in terms of decibel gain over a simple matched dipole
cut to the same frequency.

[t is quite difficult to calculate the decibel gain of the elaborate phased
antennas becausc of the influence of mutual couplings between elements and
various amounts of spacing. An approximation can be obtained by simply
adding the decibel figures. For example, if a certain three-clement antenna
consisting of a driven element, director, and reflector has a gain of 6 decibels,
the gain jumps, when two of these are stacked, to approximately 9 decibels
(6 plus 3) because two antennas stacked one-half wavelength produce an
additional 3-decibel gain. Stacking of four groups broadside and in phase
increases the gain by 6 decibels, four such similar elements producing a total
gain of 12 decibels.

130. Commercial Antenna Tvpes

Perhaps the four most common television antennas are the folded dipole
and reflector, Fig. 250, the high-low folded dipoles with reflectors, Fig. 251,
the biconical dipole with X reflector, and the fan-type dipole with single
reflector. The folded dipoic and reflector which is generally cut for channels
3 or 4 has an average gain of 3 to 4 decibels, which gracually drops off at both
ends of the low-band spectrum, declining to approximately onc decibel at



388 TELEVISION RECEIVER ANTENNAS [Ch. 11

channel 6. It has a reasonably good impedance characteristic over this band
of frequencies and a satisfactory response pattern. This type of antenna does
not generally employ any forward tilt to its driven element, and consequently,
the gain and response pattern are none too good on the high-band channels.

In areas where high-band channels are in operation a second, smaller,
folded dipole and reflector are often mounted above the low-band antenna to
permit reception of these higher-frequency channels. Often both antennas are

|
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Fic. 250 Ward Folded Dipole and Reflector (Courtesy of The Ward
Products Corporation) #

fed by the same transmission line through a suitable length of interconnecting
line. However, if maximum gain and best pattern are to be derived from each
of the antennas, a separate transmission line and a small double-pole double-
throw slider switch at the recciver are advisable. This approach prevents
mutual coupling between antennas and the resultant loss of gain or poor
response patiern that could make the system more subject to ghosts, signal
interference, and gain reduction.

A very common antenna, Fig. 252, is the biconical driven element with
reflector. This type of antenna has a broader bandwidth and, when cut for

* From Noll and Mandl: Television and FM Antenna Guide, copyright 1951 by The Mac-
millan Company and used with their permission.




§130] COMMERCIAL ANTENNA TYPLS 389

channels 3 or 4, has less drop-off in gain at the low-band ecxtremitics. In
addition, the conical clements are tilted forward. producing a good gain and
an in-line lobe pattern on the high-band channels. Thus in many arcas where
reflections are not particularly bothersome, a second high-band antenna is not
necessary. This type of antenna has gains of 2¥2 to 4 decibels on the low
band and from 4 to 6 decibels on the high band. The reflector element which

FI1G6. 251 Snyder HI-L.O Folded Dipoles *

is spaced approximately at a quarter wavelength somewhere on the low band
adds significantly to the gain on the low-band channels. However, its influence
on the high-band channels is not as pronounced, and high-band gain is largely
a function of the longer, driven elements (in tcrms of wavelength) and their
forward tilt. The response pattern on the low band is good, but the response
pattern on the high-band channcls is only fair becaase of the many multiple
lobes of rather high sensitivity. Consequently, it is sensitive to reflections and
to possible interference of the co-channcl or adjacent-channel types.

* From Noll and Mandl: Television and FM Antenna Guide, copyright 1951 by The Mac-
milkin Company and used with their permission.
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FiG. 252 Telrex Conical V-Beam Antenna
(Courtesy of Telrex Incorporated) *
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The six-element fan-type conical
antenna with straight reflector has a
somewhat more uniform impedance
characteristic over the VHF band and
also an improved gain at the high ends
of the low- and high-band channels,
particularly at the high-frequency end
of the high band. This type of con-
struction, Fig. 253, is often somewhat
lower in gain at the low end of the low
band.

The gain of the conical-type antennas
can be raised and the vertical directivity
pattern improved by using a stacked
broadside combination of the basic
style, Fig. 254. The normal stacking
dimension of approximately a quarter

\

FiG. 253 Channel Master Fan Conical (Courtesy of Channel Master Corporation)

* From Noll and Mandl: Television and FM Antenna Guide, copyright 1951 by The Mac-

millan Company and used with their permission.
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wavelength on the low band permits a limited increase in gain on the low
band (up to 2V2 decibels) but a decided improvement in high-band gain
(up to 5 decibels). A quarter-wave stacking dimension on the low band means
a spacing of about 34 of a wavelength on the high band and, thercfore, a
more optimum spacing dimension. Stacking on the low band can be improved
by approximately doubling the stacking dimension (%2 wavelength spacing)
but only with less improvement in the high band because of a now greater
than optimum separation in terms of high-band wavelength.

U

Fic. 255 In-Line Type Antenna *

* From Noll and Mandl: Television and FM Antenna Guide, copyright 1951 by The Mac-
millan Company and used with their permission.
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In general, the conical-type antennas must be oricnted carefully on the low
band to prevent picture smear at the low end of the band or echoes in the
received picture at the high-end channels. High-band orientation is critical
because of the sharper directional lobes and the presence of strong minor
lobes that can introduce reflection or signal interference.

A very good response pattern is obtained with the Amphenol in-line
antenna style. In this type, Fig. 255, two end-firc low- and high-band folded
dipoles are employed, the shorter folded dipole helping to obtain a broader

main lobe on the high band and to reduce minor

%ELEMOEE”:&D\}POLES lobes. Consequently, sensitivity at odd angles
MODIFIED TYPES 1s'reduccd, and a maximum major lob'e is ob-
tained on all channels in a single direction. The

gain of this type of antenna averages from 1%
to 3 decibels on the low-band channels and
from 4 to 5 decibels on the high-band channels.
N \ The end-fire V construction, Fig. 256, has twr

-:‘—LOW BAND\ tilted V secctions connected end-fire. Spacing

betwcen driven elements is approximately a
quarter-wave-length on the low band. This type
of antenna has a good response pattern on the
high band and is often used where there is dif-
l' ficulty in receiving high-band channels because
of multiple reflections. The low-band gain of this
Fig. 256 End-Fire V Antenna style of antenna is limited, and orientation is
‘ﬁ‘;ﬁg;ﬁj{es"fng‘r‘;oﬁ?gﬁ§“§? P rather critical if picture smear is to be prevented
on low-band channels in certain areas. This
same style of antenna with a sharper tilt of its driven elements can be used as
a UHF antenna in certain areas.

131. Yagi Antennas

The Yagi antenna provides the most cconomical and simplest means of
obtaining a high gain and an ¢xcellent antenna pattern. However, its onc limi-
tation is bandwidth, which to a degree is overcome with a number of the new
Yagi designs. The Yagis presently available for television reception consist
of from 5 to 10 element types, Fig 257, having a gain of from: 8 to almost
13 decibels as a function of the number of elements. This antenna when
positioned carefully is able to make the best use of a received signal and has
minimum pickup at other angles.

The wideband Yagi has many inviting features for obtaining peak per-
formance on all channcls and is of modest cost, representing a custom installa-
tion in terms of performance. With the increases in the number of stations,

* From Noll and Mandl: Television and FM Antenna Guide, copyright 1951 by The Mac-
millan Company and used with their permission.
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in transmitter powers, and in rising receiver sensitivitics, the problems of
interference from co-channels, adjacent channels, and other signals have
increased. The pure pattern of the Yagi antenna minimizes these disturbances.
However, in many locations the single-channel type of Yagi is outmoded
because of the greater number of channels now occupied, and therefore the
wideband Yagi types have been developed by a number of manufacturers.
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Fic. 258 Snyder Wideband Yagi

The basic plan of the wideband Yagi is to use twin-driven or end-fire
folded dipoles as driven clements. The folded dipoles can be of the same or
differing over-all length but are properly spaced and fed to make the system
resonant and of constant impedance over a much broader band of frequencics.
Length of element must be properly dimensioned to provide wideband scrvice,
with the reflector system generally favoring the lower end of the spectrum to
be passed and the director system peaked at the high end of the spectrum to
be received. A typical wideband Yagi, Fig. 258, employs two folded dipoles
of differing lengths fed by a transmission-line phasing section between dipoles.
It consists of a double reflector, designed to obtain the most suitable front-
to-back ratio over the wide band of frequencies to be received. A group of
from two to four directors can be placed in front to obtain peak gain and
good front-to-back ratio at the high-frequency end of the spectrum to be
received. An additional parasitic element is inserted between the driven
dipoles and acts both as reflector and director, as a function of channel to
be received—as reflector at the high end of the band and as director at the
low-frequency end of the pass band.
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It is possible to cover the entire television spectrum (channels 2 to 83)
with 3 or 4 wideband Yagis and to have the benefit of high gain and, what
is equally important in the present state of television development, a much
better response pattern, making the system less subject to interference. To
derive full benefits from a Yagi installation, it is advisable to use scparate
transmission lines for each Yagi. Choice between antennas can be made at
the receiver with the new miniature-type slider switches or, as recently devel-
oped, antenna-mounted slider switches that can be remotely controlled by a
small switch-box mounted near the receiver. This seems to be a trend in many
arcas where both weak and strong signals are to be received with the best
quality of picturc and the least interference.

132. Directronic Antennas

In most television locations, the individual signals arrive from a number of
directions. In a strong-signal arca it is possible to obtain a strong signal when
the antenna is not directed exactly at the station, but this same picture, strong
as it might be, can contain reflections, smear, or be subject to interference,
Conscquently, to obtain the very best picture, it is advisable that the antenna
system should be capable of orientation for peak results. In weaker-signal
areas and fringe districts, with the incrcase of the number of stations, both
weak and strong signals can be arriving at the receiving site from a substantial
number of directions. Thus it is to be expected that some means of instan-
tancously switching the directivity of the pattern has definite advantages. A
Directronic-type antenna that permits changing of the beam directivity with-
out physical rotation of the element has a number of inviting features in terms
of low cost, instantancous switching, and small size.

A better understanding of the Directronic system can be obtained by
reviewing some basic characteristics of antennas. Peak sensitivity of the stand-
ard half-wave dipole as mentioned carlier is broadside to its elements. Such
an antenna has a figure-eight pickup pattern or is sensitive in two major
directions (180 degrees related). The acceptance angle of such an antenna
permits reception over a range of approximately 80 to 90 degrees. Thus there
can be an appreciable error in orientation without too serious loss in signal
level—an error of plus or minus 30 degrees maximum would result in only a
10-to-15 per cent decline in sensitivity. Such a slight loss goes unnoticed on
the modern recciver with the a-g-c circuit in operation. Therefore, one pos-
sible method for receiving signals from any bearing through 360 degrees is
that of mounting three scparate dipoles on a mast, running three separate
lines, and making a switch-mount at the receiver, thus permitting any line to
be selected. The three separate dipoles, however, are mounted 120 degrees
apart, producing a lobe maximum every 60 degrees (6 lobes). Desirable orien-
tation advantages are thus secured, but the system has three separate lead-ins
to contend with, and besides, is costly and inconvenient.
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It is possible to obtain the benefits of such a system with a relatively simple
installation—by mounting three quarter-wave conical elements 120 degrees
apart in the same horizontal plane, as shown in Fig. 259. A single three-wire
line connects the three elements to a switch at the receiver, and the switch
selects any two of these antenna elements to form a half-wave antenna with a
specific direction of orientation in exactly the same manner as can be done with
the three entirely separate dipoles.

S E - .

FiG. 259 Snyder Directronic Antenna

With the 120-degree mounting relation between quarter-wave elements
there is a forward tilt to these elements—a tilt that does no harm to low-band
performance and has the advantage of improving reception and raising gain
on the higher channel by properly aligning the lobe pattern of the antenna.
The Directronic antenna is generally cut for channel 3 and has the same
broad acceptance angle through channel 6. On the high-band channel, the
lobes narrow, but the forward tilt of the elements increases gain. In a critical
location for a particular high-band station, some slight initial orientation is of
help in obtaining maximum results. Such an antenna lends itself to stacking
for higher gain in fringe areas and reduces pickup from above and beneath.
It has a balanced physical construction with weight centered at the mast.

There are numerous applications for such a lobe-switching antenna system.
In metropolitan and near-fringe areas it solves orientation and interference
problems. This is one way of minimizing the influence of noise, since it makes
signals as strong as possible for each station without a compromise in antenna
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orientation. It should also be mentioned that in a strong-signal area good
results can be obtained on at least two positions of the switch, due to overlap
of lobes. The antenna can thus be helpful in minimizing not only local oscilla-
tor interference but reflections and other types of interference as well.
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Fi16. 260 High-Gain Fringe Directronic

A newer higher-gain Directronic
has been designed specifically for
use in fringe areas where signal
level is lower. As shown, Fig. 260,
it consists of three sets of fanned
dipoles with reflector elements that
are joined electrically and fan out-
ward from the center of the struc-
ture. Fanned dipoles are spaced
120 degrees apart from each other
while the reflector elements are
interspersed with the same spacing.
The ends of the fanned dipoles are
joined electrically to provide higher
gain at the low end of the low band
and better impedance-matching to
the transmission line with the close
physical spacing of the reflector.

A special tubular three-wire
transmission-line cable is used with
a six-position switch at the receiver,
permitting any pair of the driven
elements to be chosen. In addition,
there are three more switch posi-
tions that combine two antenna ele-
ments and use them in conjunction
with the remaining element. The
Directronic can be used either as a
single bay or as an array with from
two to four stacks, the number
being a function of the gain re-
quired in a specific fringe area.

In many locations the Direc-
tronic type of antenna need not be
oriented at the time of installation,
although in overcoming certain dif-

ficulties and in obtaining the very best signal, orientation by the installer can be
helpful. In particular, if a weak high-band station is to be received, orientation
to favor this channel is obtained by directing two of the tilted driven elements
in such a way that an imaginary line bisecting the angle they form is in the
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direction of the station to be received. On occasion, low-band smear can be
introduced by the proximity of nearby obstructions. In this case, the antenna
should be oriented in ten-degree steps and positions switched until the smear
has been eliminated. In all antenna installations it is best to mount the
antenna high and clear of nearby metallic surfaces. Adding even a few feet in
order to get the antenna over the apex of a roof will materially improve the
signal level. The transmission line should always be routed as direct as pos-
sible and as little lead as possible used. Line should not remain curled up in a
roll. These rules apply for all types of antenna.

133. Long-Wire, Rhombic Antennas

A long-wire antenna, commonly called an aperiodic antenna, is not critical
as to length so long as it is a number of wavelengths long. Long-wire antennas
can be made highly directional—the directivity increasing with the number
of wavelengths. The most common long-wire types used for television are the
rhombic and long V antennas. The V an-
tenna (Fig. 261) is made of two lengths of
wire fed at the apex of a V. Maximum di-
rectivity is in a line passing through the center
of the V. It is bidirectional.

A rhombic (Fig. 262) is formed by further
extending the V into a diamond-shaped con-
struction. The rhombic has improved hori- EIFLAENSMISSION
zontal directivity and a lower vertical angle Fic. 261 Long V Antenna
but requires more space for erection. It is
also bidirectional when it is not terminated, but can be made unidirectional by
terminating the far end in an 800-ohm noninductive resistor. The antenna
resistance of the rhombic is 800 ohms and can be suitably matched to a 500-
800-ohm line or to a 300-ohm line through a matching section.

Irasmuch as the rhombic and V antenna are sharply directional, they must
be staked with a compass before construction. The angle of the antenna legs
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must be considered in the layout. For satisfactory scrvice the tilt angle (angle
between antenna wire and direction of wave propagation) is considered satis-
factory if the length of cach antenna leg is made a half wavelength longer

DIRECTION
OF STATION

HORIZONTAL ———>
POSITION OF
ANTENNA WITH
RESPECT TO DIRECTION
OF STATION

> TILT ANGLE-AT

| THIS ANGLE ANTENNA

[} HAS MAX.SENSITIVITY
| TOWARD STATION

Fic. 263 Tilt-Angle Layout

than a line which starts at the
apex and is stepped off toward the
station to a point where a right-
angle line will meet the other end
of the antenna. (Refer to Figs.
263 and 264.) It is apparent,
therefore, that the longer the an-
tenna is in wavelengths the smaller
the tilt angle becomes. The long-
wire antennas have exceptional
bandwidth, and one antenna will
will take in all television chan-!

nels if it is made at least three wavelengths on a leg on the lowest frequency
channel. Long-wire antennas requirc considerable space and are used only for|
extended range reception and television-station relay systems.

CONSTRUCTION
OF A RHOMBIC

In the construction of a
rhombic the first step is to esti-
mate just how many wave-
lengths on a leg can be crected
on the space allotted. The more
wavelengths that can be used
the sharper and more sensitive
the antenna will be. The next
step is to lay off a string line
from the near end to the far
end in the direction of the sta-
tion (Fig. 264). If it has been
decided that the space will ac-
commodate 5 wavelengths to a
leg, step off 412 wavelengths
from the near end (end to
which transmission line will be
attached) along the station-
direction line. At the 4Va-
wavelength point (to be center
of entire rhombic), lay off a
perpendicular line. The proper
tilt angle is being used when
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F1G. 264 Rhombic Construction
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the very end of a S-wavelength scction of line attached to the ncar end just
coincides with this perpendicular.

With the above procedure, the positions of two points of the diamond-
shaped rhombic have becn located and two poles can be crected. A similar
procedure can be used to locate the third point
(pole 3). The fourth point is now another 45 /
wavelengths down the station-direction line from:

the point at which the perpendicular crosses the (&‘;\
station-direction line. ‘{\\{@“

SINGLE LONG WIRE

A single long wire is also highly dircctional off
its end if it is 10 wavelengths in length or better
(Fig. 265). This is really understandable when
we consider that the tilt angle becomes smaller FiG. Zfsme%ggg‘wm
and smaller as number of wavelengths increases.
This, too, is a high-impedance type and must be attached to a receiver which
has high-input impedance facilitics.

134. Multi-Outlet Antenna Svstems

A number of factors influence the choice of & satisfactory multi-outlet
antenna system:

1. Frequency of station or stations to be reccived.

2. Absolute and relative strengths of signals (dependent on transmiiting
and receiving antenna heights, transmitting power, and distance separation).

3. Direction of various stations.

4. Number of receiver outlets.

5. Proximity of other objects and antennas.

All of the above factors must be considered in the choice of a system and,
therefore, cach location presents its own problems. They can, however, be
grouped into a number of general classifications.

A. Strong Signals—Less than Six Outlets—Stations in Same General
Direction.
Under these conditions a single wideband antenna for low- and high-channel
groups, such as a folded dipole or conical antenna, is satisfactory. To prevent
interaction between receivers and receiver local oscillations an outlet pad,
such as shown in Fig. 266, is used. This pad, although it attenuates the signal,
prevents interference between receivers.

B. Weak Signals—Less than Siv OQutlets—Stations in Same General
Direction.
If signals arc weak it is nccessary to use booster amplifiers (wide band) to
amplify the r-f signals from the antennas befere distribution to the variou
outlets. '
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DISTRIBUTION LINE
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FiG. 266 Outlet Pad

C. Less than Six Outlets—Stations Not in Same General Direction.
If the stations are not in the same general direction it is necessary to use
antennas, such as circular folded dipoles, which have equal sensitivity in all
directions. In areas where signals are weak or reflections particularly trouble-

/ some, separate antennas must be
/ used for each station or specific
|_ R-FAMP. | groups of stations. Each antenna
e GAIN system feeds a mixing stage the
yZ ¢ DISETSLUETSION output of which feeds the various

\_ R-F AMP. — outlets.

GAIN [ | i
y ) D. Multiple Outlets—Various
yd I_ YUV MIXeR |E==p> Directions and Signal Amplitudes.
GAIN STAGE The only really satisfactory multi-
y pie-outlet system which provides
A = =—4 + proper signal levels and minimum
L R-(l;:;mP. —] interactions is one which uses a
b= | separate antenna and, in most
I cases, an individual amplifier for
b R'GF:‘ImP' r—J each station. Outputs of the am-
S plifiers feed a mixer, which in
etc.

T s turn feeds the distribution system
IG. tiple-Outlet System. 1 .
S AL (Figs. 267 and 268).

OUTLET PAD

At each point where a receiver is connected an isolating outlet pad is used
to isolate the receiver from the common distribution line. The pad (Fig. 266)
consists of a series isolating resistor of a comparatively high value and two
small resistors which serve as a match to the receiver input. A 300-ohm input
receiver is attached between points a and b; a 75-ohm input receiver, between
a and b (shorted together) and c.
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It is apparent that the serics resistor attenuates the signal, but at the same
time it prevents local oscillator feed between receivers and prevents one
recciver from loading the other receivers which are fed by the distribution
line. Conscquently, receivers can be attached and detached, turned on and
off, or tuned from channel to channel without affecting the remainder cf the
receivers on the line.
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FiG. 268 Receiver Feeding With Outlet System

Outlet pads are spaced at, at least, 20-foot intervals along the distribution
line to further minimize interaction. The special requirement of the system is
to supply a strong signal to the line, enough signal that the pad attenuation
cuts down the signal to a level for suitable excitation of the receiver.

TYPICAL MULTI-OUTLET SYSTEMS

Typical multi-outlet systems are shown in Figs. 267 and 268. In Fig. 268
a system is shown for use with only a few outlets. One folded dipole is used
for the low-frequency sct of channels; a second dipole for the high-frequency
set. Each antenna has its own wide-band amplifier which feeds a circuit which
has no gain but serves as an extremely wide band-pass stage which mixes all
the television signals (same as a broadcast studio mixer that mixes all the
various microphone outputs) and feeds them to a terminated coaxial line.
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Along this distribution line the various outlets are attached with a minimum
spacing of 20 feet.

A more elaborate distribution system is shown in Fig. 267, and can be
designed to feed 50 or more outlets. In this system a separate antenna is used
for each station. Each antenna feeds an individual amplifier with a gain con-
trol. Consequently, the signal amplitudes from all stations can be equalized
and constant amplitude signal fed into the distribution line from all stations,

QUESTIONS

1. What factors influence choice of antenna type and complexity?

2. What factors influence vertical and horizontal directivity of an antenna?

3. Give all dimensions for a dipole and director cut for channel 6—element
lengths, spacing, and quater-wave matching section to a 300-ohm line (veloc-
ity constant of dielectric = 0.67).

4. What are the advantages gained by mismatching a dipole to a 300-ohm line?

5. Discuss the importance of a good low-loss transmission line.

6. Compare characteristics of open-wire and coaxial transmission iines.

7. What are the advantages of a folded dipole?

8. Give all dimenstons for a folded-dipole director-reflector antenna to be used

on the high-frequency set of television channels.

9. Design a stacked array to be used for channels 3, 6, 10, and 12 (use folded

dipoles and reflectors).

0. How does a stacked antenna cancel noise pickup from the street?

1. What are the characteristics of a fanned antenna compared to a conventional

dipole?

12. Design a cone antenna to be used on low set of TV channels.

13. What are the characteristics of long-wire antennas?

14. Design an omnidirectional antenna to be used on the high set of TV channels.

15. Discuss a rotating antenna system.

16. What would be dimensions of a rhombic antenna if it is to be 31 on a leg on
lowest frequency TV channel?

17. Mr. A lives 2 miles from one TV station and 10 miles from the second,
which is in just the opposite direction. Describe an economical antenna and
reason for your choice.

18. Mr. B lives 10 miles from both stations in a noisy congested area. The stations
are not in the same general direction. What type of antenna would you install
and what tests would you make?

19. Mr. C lives 36 miles from transmitters in a rather crowded section of a small
city. What antenna would you recommend?

20. Mr. D lives 80 miles from station concentration. What antenna would you
recommend?



Chapter 12

INSTALLATION,
ADJUSTMENT,
AND OPERATION

135. Installation Procedure

Many television receivers are delivered and unpacked; some are competently
installed and adjusted. Many TV antennas arc fastened to roofs; some are
erected to give pcak performance and rigidity. The performance of a televi-
sion recciver is a function of the installation as well as the receiver proper.
A poor installation and one requiring frequent return calls reflects on dealer,
manufacturer, and. what is most detrimental, on television itself. Installation
crews, both independent and those of manufacturers, must realize that a pains-
taking installation is the most cconomical path to customer satisfaction.

Customer confidence gains with cvery inconvenience removed and every
precaution taken to prevent property or defacement damage. There is no need
to make the customer’s house a receiving department or his living room an
assembly linc. His home is not a testing point for a defective receiver. All tele-
vision receivers should be assembled at the shop and given a lengthy test
before they are delivered. In transit between the shop and customer they can
be wrapped in moving blankets and should ride so they are not subject to
shock.

INITIAL SURVLY

Initial survey of location is of paramount importance and involves a number
of decisions—what type of anteana, antenna position and tentative orienta-
tion, type of support and guying, location of receiver, and path of transmission
line. The choice of antenna itself is often a difficult task because it is depend-
ent on relative signal strengths, the number and frequency of stations, direc-
tion of stations, and signal-to-noise ratios. In general the antenna is either
a wideband type or cut to favor the weak channels in the area. In areas in
which all signals are weak separate antennas are often necessary. Like-
wise, antennas must be directed away from noise sources, whenever pos-
sible. The type and height of the mast depend on location and building

403
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structure. Support and guying of mast to withstand high winds is very impor-
tant. Likewise, the antenna mast should lock in tightly after oricntation to
prevent a shift in antenna-element position and antenna directivity over a
period of time (a frequent cause of gradually degenerating performance).

The general positioning of the receiver in the house should be ascertained
and a plan evolved for running the transmission line unobtrusively and rigidly.
Transmission line should be tied down and isolated from metallic and other
surfaces against which it may rub or transfer signal.

On many jobs the survey and antenna installation proceed concurrently in
the hands of an experienced two-man crew. The most important consideration
in the ercction of the antenna is rigid support and effective guying so it will
withstand wind and will not shift position. The antenna should be high and in
the clear. It is worthy of note that in city arcas the signals often seem to be in
layers and an increase in signal strength is often encountered when the antenna
is lowered. This condition is attributed to a wave pattern in space, reflections,
and a shift in the vertical angle directivity of the antenna as its wavelength
above a ground is changed.

In city areas and noisy locations the best antenna position can be found
only by scarching for it. This is particularly the case when optimum perform-
ance is desired on a number of stations. To assist in this task a phone link is
established between the roof and the test receiver at the tentative receiver
location in house. The antenna is shifted to various positions and perform-
ance checked as to signal strength, noise, and reflections. When the optimum
point is found, the antenna is securely clamped in that position.

The antenna installation should be ncat and as little an eyesore as possible.
Erect the antenna without damage to the customer’s property.

RECEIVER INSTALLATION

The actual antenna installation and orientation can be made with the assist-
ance of a test receiver or field intensity meter, which in the hands of the crew
permits a thorough check of antenna performance. In addition the receiver is
tuned and adjusted for peak performance before it reaches the customer’s
house.

The customer’s cooperation must be obtained in choosing a position for
the receiver. Place it where it does not require shifting of furniture whenever
it is to be used. It is preferable to have it away from intense lighting at night
and away from bright sunlight for daytime viewing.

A responsible member or members of the family must be taught, not told,
complete operating procedure. This is cxtremely important if they are to
receive optimum results and you are to be freed of unnecessary call-backs for
minor adjustment. The installation man should now observe and guide the
customer as he goes through tuning procedures. Concise written instructions
can be prepared and left with the customer to augment verbal instructions.

The above procedures, if followed, present a direct approach to TV instal-
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lation. They do not require any increase in man-hours and most definitely cut
down return calls and installation uncertaintics. The customer’s house is not
used for receiver assembly and there is no collection of debris to be carted
away. At the instant the customer’s recciver is turned on he will see a clean
picture, which is likely to remain so for a considerable period of time.

136. Test Chart

The station tcst chart transmitted by various TV stations contains a wealth
of information useful in judging the performance of television receivers. At
present the charts have not been standardized and vary from station to station
with respect to the type of data presented and the accuracy and extent with
which the performance of the receiver can be judged from the chart.

A standard chart has been designed by the Radio-Electronics-Television
Manufacturers Association (Fig. 269), which, if adopted by all television sta-
tions, will permit uniformity in station charts and presentation of more infor-
mation than is transmitted on the present test charts. With the RETMA
standardized chart it is possible to check resolution of the pattern at all sections
of the scanning raster. Other checks which can be made with the received test
chart are contrast, lincarity, aspect ratio, interlacing, low- and high-frequency
response, brightness, and shape of the scanning beam spot. Thus, the data on
the standardized RETMA chart permit a thorough check of receiver per-
formance, presenting substantially more data than the charts which are on the
air today. It is unlikely that any station will use a chart which contains any
more information. Therefore, a thorough study of this RETMA chart is signifi-
cant because each station chart contains some of the data present on this
standard but, at present, only a few special charts can compare with it.

RESOLUTION CHECK

Resolution is measured horizontally and vertically. The horizontal 1esolu-
tion is dependent on the frequency responsc of the system and the amount of
detail which can be conveyed as the beam scans one line left to right. The
faster the television system responds to an abrupt change from black to white
or white to black the better the resolution becomes and the more distinctly
this system can present a very thin line or sharp detail. It is evident, if a serics
of thin, vertical, white-and-black lines are transmitted, that the rate at which
the signal changes, as these lines are scanned, is dependent on the width and
nearness of the lires to each other—the narrower the lines the faster the
system must respond to a sharp change in brightness. Thus, a series of vertical
lines are used to judge the horizontal resolution of the television system and,
more specifically, the performance of the recciver under check. The narrower
the lines and the nearer they are to each other the faster the signal voltage
must rise and fall in a given amount of time, because the scanning beam moves
at a constant velocity, left to right, across the screen.
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Thus, as shown at the center of the RETMA chart, a series of vertical lines
converge toward a point, and it is to be noted that the numerical calibration
increases as the lines become thinner and closer spaced. These lines represent
resolution lines, and the system is said to have a certain numerical definition
in accordance with the highest number (lines definition) at which point the
separation between lines is discernible. For example, if it were possible to
discern the line separation up to the point calibrated as 400, and after that
the lines blended together, the system or receiver would be said to have 400-
line resolution. The horizontal resolution can be checked at the top center and
bottom of the screen, as well as at the four corners of the screen, by means
of the smaller circles and their associated resolution wedges.

The horizontal resolution wedge at the bottom—vertical converging lines—
is calibrated in terms of lines of resolution and in terms of frequency response
in megacycles. The left-hand side is calibrated in terms of megacycles and the
right-hand side in terms of lines of resolution. For example, to transmit a
350-line resolution requires a bandwidth of approximately 4 1/3 megacycles.
Likewise, if the receiver has a 4-megacycle response it will produce a picture
with 325 lines of resolution.

The vertical resolution is judged by means of horizontal wedges at the right
and left and at the four corners. The vertical definition is determined mainly
by the active lines, interlace, Kell factor, and size of the picture-tube spot,
determining the sharpness of the line separation as the beam gradually scans
down.

In tuning the receiver, with help of the resolution chart, focusing and other
adjustments are made for clean-line separation as far down the vertical wedges
as possible, thereby tuning the receiver for best horizontal resolution. This
procedure is used at the receiver because the vertical resolution is generally
good, and determined largely by the number of active lines and the size of
picture tube itself. The horizontal resolution, however, is determined by the
frequency bandwidth and, therefore, the response of the r-f, i-f, and video
section of the television receiver. At the transmitter, however, a compromise
adjustment between best horizontal and vertical resolution is made. Best
horizontal resolution is obtained with a very small-diameter camera-tube spot,
increasing the number of elements along each horizontal line. So far as the
receiver is concerned, however, it is more difficult to obtain good horizontal
resolution compared to vertical resolution, which is an inherent result of the
fixed characteristics of the television system.

CENTERING

The small arrowheads on all sides of the standard chart are used to properly
center the pattern and to indicate boundaries of the chart on the scanning
raster at the receiver. Thus, width and height adjustments can be made by
causing the arrowhead to be located at the very ends of the scanning raster.
Likewise, as is done in many small receivers, the sweep can be somewhat
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extended in order to obtain a larger picture of the central portions of the
screen which carry the most interesting information. This is done by increas-
ing the width and height an amount which will make the circumference
of the circles in the four corners tangent with the end of the scanning
raster.

In some receivers considerable width and height expansion is used to blow
up center action. This can be a fixed adjustment or a switching choice. Still
other receivers attempt to fill the entire surface of a circular tube by width and
height expansion or intentional nonlincarity and just height expansion. The
disadvantages of such systems are the limitations they impose on studio acuvxfy
(alrcady limited) and creation of atmosphere.

White crosses at top and bottom and black crosses on the sides permit case
in adjustment of optical systems of projection television receivers. They indi
cate exact center of all four sides of scanning raster.

ASPECT RATIO

The aspect ratio is properly set when the contrast squares within the ccntcr
circle set off a perfect square. Thus, if a ruler is used to measure the helgh
and width of the contrast square a like dimension for both horizontal and
vertical measurements indicates proper 4:3 aspect ratio.

-

CONTRAST

The contrast squares or so-called “light scale™ permit a check of the contrast
performance of TV receivers. The light or half-tone scale is composed of 10
stcps which vary in an approximate logarithmic manner from maximum white
to approximalcly 1/30 this value. Actually, the number of half-tonc squares
chosen is greater than the pcrformancc of any of the television systems of
today, and the television receiver is adjusted until as many individual squares
as possible (tonal range) are visible. This is done by proper setting of bnght-
ness and contrast controls of television receiver.

LINEARITY

A scrics of small horizontal lines at top, center, and bottom of the chart
are used to indicate vertical lincarity and, if there is any nonlinearity at any
point (top, center, or bottom), the lines will tend to crowd together com-
pared to the same type lines found in other arcas. If lincarity is very poor the
lines will blend together. Actually, the lines which make up the scctions thdt
indicate lincarity represent a definition of 200 lines.

A series of vertical lines at left, center, and right are used to check horizon-
tal linearity. A dissimilarity in vertical-line groups at left, center, and right
indicates crowding or stretching of picture horizontally and therefore presents
an indication of horizontal lincarity. Again, the width of the lines represents
200 lines of horizontal resolution.
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FREQUENCY RESPONSE

The heavy black lines at the top and bottom of the center circle are used to
check low-frequency response. Poor low-frequency response causcs streaking
to follow after a long black interval as the beam scans across the screen. Thus,
if the low-frequency response of the receiver is poor, streaking occurs to the
right of the black bar. What is actually occurring can be scen in Fig. 270,
which shows that actually cach horizontal line that makes up the heavy black
bar represents a relatively long duration squared wave (white to a long black
interval and back to white again), and if the low-frequency response is poor
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FiG. 270 Frequency Response and Its Effect on Portions of Picture Signal

the squared-wave signal which represents the line will be differentiated. Thus,
the top or flat top of the squared wave which represents the black bar slides
down or tilts, and its light range shifts from black to a dark gray. However,
the television recciver is generally adjusted at a brightness and contrast setting
which brings the black level at a lower amplitude. Thercfore, the entire black
bar reproduces as a black line. The streaking is caused by the negative sweep
which follows and first drives a good deal beyond the actual white level, caus-
ing a saturated white to be developed which gradually declines into a light
gray as the beam progresses farther to the right. Thus, a white tail follows
after the black bar which gradually fades from white to gray. The various
lengths of the horizontal bars detcrmine the severity of the low-frequency
deficiency, it being more noticeable on the longest black bar (longer duration
of the top of the pulse which represents the transmission of the black line).

OVERSHOOT AND TRANSIENTS

[t is to be noted that at the top right and lower left portion of the center
circle short isolated vertical lines are present, calibrated at the bottom from
50 to 300 and at the top from 350 to 600. Thesc isolated lines, although they
can be used to check resolution, produce a clear indication of any resonant
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rise or oscillation in the television system. As far as resolution is concerned,
the limit of the response is indicated at the point where the succeeding and
supposedly thinner lines blend together to form lines of approximatcly the
same width. Thus, if the limit of the resolution of the system is 350 lines, all
the isolated lines from 350 to 600 would appear with approximately the same
width (not necessarily same blackness).

The most important function of these isolated lines is to show presence of
transicnts in the receiver. For example, if in the video amplifier section there
is a decided hump (resonant rise and high Q circuit), the very sharp change
in voltage represented by such an abrupt change from black to white and
back to white again would, if applied to a high Q resonant circuit, cause it to
gencrate a singe transient or a series of damped oscillations (Fig. 270, second
drawing). These oscillations would gencrate a scries of shadows or echoes
behind the isolated line which represents a frequency of transmission nearest
to the resorant frequency of the high Q circuit. Therefore, a scries of black,
vertical lines would follow immediately behind the first line, all with a grad-
ually decreasing brightness as indicated by the decreasing amplitude of the
transient oscillation in the drawing. If resonant rise is not scvere and just
causes a single transient alternation to be gencrated, a sharp white line would
follow immediately in back of the black line—this is commonly called a
white-following-a-black and is an indication that a transicnt is present but
not severe enough to generate a serics of damped waves.

INTERLACE CHECK

The diagonal lines in the center square are used to check interlace. If the
interlace is not correct a jagged line appears because of the displacement of
the even-numbered lines with respect to the odd-numbered lines. The cause of
the jagged lines is indicated in Fig. 271, which demonstrates in a few lines
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FiG. 271 Effects of Interlace on Diagonal Line

what would happen if even-numbered lines in the first drawing were raised
up to a point where they did not fit midway between the odd-numbered lines.
As shown in the third drawing, if the odd- and even-numbered lines coincide
the diagonal lines again interlace. Thus a complete loss of interlace is indi-
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cated by a serious less of resolution (widening of lines) and a less serious loss
of interlace produces a jagged diagonal line.

VARIOUS OTIIER CHECKS

Resolution and proper focus cannot only be determined at the center of
screen but also at the four corners of the chart. The central resolution wedges
at the apex indicate a maximum resolution of 600. With present standards
only a 300 to 350 maximum is obtainable. Resolution is considerably poorer
at the ends than at the center of the screen, and by means of the outer circles
the extent of the degradation can be shown.

The resolution circles at the center of the screen and ir the center of the
corner wedges can be used for testing spot cllipticity. If the picture-tube scan-
ning spot is circular the concentric circles which make up the circular resolu-
tion chart will be uniform; if the spot is not, the width of the lines which make
up the circle will be nonuniform.

The gray background of the chart produces a signal with an average bright-
niess very similar to the usual television studio set. Therefore, if the receiver is
adjusted for peak performance with the chart it should perform satisfactorily
and should be pleasing to the eye for the average studio show without receiver
rcadjustment. The charts used today are dominantly white. It is often necessary
to readjust brightness and contrast when the studio show begins, to obtain the
most satisfactory picture.

At present the commercial television stations transmit charts which do not
contain the abundance of test markings preseat on the RETMA chart. The
transmitted charts are not so critical of the performance of the television
system. A good receiver will completely resolve the segments of the horizontal
resolution wedge since it is calibrated to cut off at a point corresponding to
about 3.5 megacycles. Gradation scales are limited to about five tones.

LINE RESOLUTION AND MEGACYCLE BANDWIDTH

It is customary to speak of picture resolution with respect to the number of
lines of resolution instcad of frequency response of the system necessary to
transmit a picture with the resolution of that number of lines. The association
between the response and number of lines is not always clear. Likewise, the
association between the number of active lines which make up a picture and
the lines of resolution is not immediately apparent. The association between
these various aspects can be more clearly presented with a series of step-by-
step considerations.

The standard RETMA chart is 18 inches high, and therefore, assuming an
aspect ratio of 4:3, the chart also has to be 24 inches wide. The basis of our
calculations will be in relation to this 18-by-24 chart, but it is to be stressed
that, regardless of the size of the original chart, if aspect ratio of 4:3 is
rctained throughout the system, the same frequency-response requirements
and number of lines of resolution will be imposed. For cxample, the lines of
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resolution on the large chart will impose the same restriction on the reproduc-
tion of the chart by any size of picture tube. For example, the same frequency
response is required to reproduce the picture on a 10-inch tube as on a 20-
inch tube, because all elements of the picture, including the size of the beam
and its velocity, have been reduced a corresponding amount.

As an example, let us assume a line which is 0.075 inch in width is posi-
tioned on our standard chart, which is 24 inches wide. Let us assume this is a
series of black vertical lines interspersed with white vertical lines of the same

WHITE
ELEMENT
BLACK
ELEMENT
S \_i_
EQUIVALENT SINE WAVE AT AV WHITE
SIGNAL-TWO ELEMENTS ———— >
PER CYCLE \
™~ BLACK

>

BEAM TRAVELS LEFT TO RIGHT
OVER 24 INCHES IN 53.34u SEC.
OVER TWOQ ELEMENTS IN.333u SEC.

FiG. 272 Scanning of Three Equivalent Eiements of a Line of Picture

width. This means that one high-frequency cycle is generated as the beam
scans from a white line to a black one and back to a white one again. This can
be compared with a sine wave that is going from minimum to maximum and
back to minimum again.

Thus, the time required to scan over these three lines representing two com-
plete picture clements is actually the period of the sine-wave signal which rep-
resents change in brightness when transmitting these elements. In reproducing
this change from white to black and back to white again the beam scans over
a width of two elements, and if the time required to cover these two elements
is calculated the frequency of the representing signal can be found.

If the chart is 24 inches wide and it takes the beam 53.34 microseconds
(active horizontal-trace interval) to scan 24 inches (Fig. 272), the time
required to cover two elements along this line (two times the line width of
0.075) can be easily calculated as shown:

24 0.15

5334 T X = 1/3 microsecond
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The frequency of the comparing sine wave, therefore, is 1 over the period.
or, 1 over 1/3 microsecond equals a sine-wave frequency of 3 megacycles.
The frequency responsc necessary to convey a series of lines 0.075 inch wide
on a 24-inch chart is therefore 3 megacycles. Now, if all parts of the chart
were reduced a corresponding amount, let us say to 12 inches, the number of
lines of resolution and frequency response nccessary would remain unchanged,
because both the width of the lines and velocity of the scanning would now
be reduced by a factor of V2. It would therefore take the beam the same time
to scan the very same two elements in the smaller picture. It is important to
understand that the same frequency response is necessary to reproduce a
given number of lines of resolution on a small picture tube of 10 inches as
compared to a large-screen picture of 20 inches or larger.

The number of lines used as a gauge of system resolution is always with
respect to the number of lines of equivalent width which could be placed
vertically from top to boitom of the screen. For example, if the line width
of 0.075 inch on the RMA chart is divided into the height of the chart of
18 inches, the total number of lines of resolution is 240, representing the total
number of these lines that could be placed on the chart in the space from top
to bottom. Again, it is intcresting to point out that if the size of the chart is
reduced by a factor of Y5 the width of ecach line is cut in half and therefore
the same number of lines fits from top to bottom of the screen.

If a line width of 0.0562 inch is used on the RETMA chart it requires a fre-
quency response of 4 megacycles to convey this line. This represents a total
number of lines of resolution of 320, or 18 inches divided by 0.0562 inch.

In summation, it is the width of the line, whether it is a vertical, diagonal,
or horizontal, which determines the frequency response necessary to convey
that line in the case of horizontal resolution and, in the case of vertical reso-
lution, it is determined by the number of active lines and the picture-tube spot
size. Nevertheless, the number of lines of reselution is represented by the
number of these lines which can be traced vertically down the screen, whether
they are horizontal or vertical lines. The maximum lines of resolution hori-
zontally is determined by the frequency response of the system and is limited
to not more than 350 lines, which requires a bandpass of 42 megacycles. It
might be expected that the maximum lines of resolution vertically would be
the number of active scanning lines. However, this is not the case because of
finite spacing between individual lines and position of image detail with respect
to scanning line. If the spot size is large without having one line overlap its
adjacent lines it might be expected that the maximum lines of resolution can
approach the number of active lines. However, the spot is not of uniform
brightness, and sharp gradation from black to white or white to black vertically
depends on the position of image change with respect to center of the scanning
line. The vertical resolution is often in excess of 300 lines but does not reach
the total number of active lines because of spacing between those lines. A
near enough approximation is 64 per cent of the number of active lines.
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137. Pre-Installation Checks

It is a good practice to assemble the components of the television set and
check its performance before it is delivered to the customer’s home. Some
manufacturers who deliver their receivers from a central distribution point
for all dealers pre-check the receiver at the center before it is delivered; all
should. Others deliver equipment as it is received from the production plant
and assemble and check the recciver in the customer’s home. Most dealers,
however, who deliver scts right from their shops, check the complete set
before delivery to reduce the number of call-backs and speed the installation.

The manufacturer’s procedure should be followed to the letter with respect
to the mounting of the picture tube and the placement of the deflection coils,
as well as the focusing and ion-trap assembly on the neck of the tube. It is
important that the service shop have an ideal antenna installation which can
receive satisfactory noise-free signal from all stations in the vicinity. Thus,
any defect which shows up in the recciver is not caused by the antenna system
and can be isolated to the receiver under check. It is particularly important
that the microvolt signal strengths are known for signals in the vicinity and
also that the performance of representative models of the receivers are known
on each of the signals. Thus, if an insensitive recciver is placed in position
the defect will immediately show up. At present there seems to be a con-
siderable variation in receiver sensitivity of like models. Sensitivity is a very
important factor in the fringe arcas of the station and in locations where
antennas are crowded or noisc level is high.

In checking the performance of the television receiver, the transmitted sta-
tion chart will be of great importance because it indicates many character-
istics which the recciver should have.

The many installation adjustments and performance checks that can be
made during the pre-installation procedure are: Signal strength, receiver
sensitivity on all channels, aspect ratio, resolution, linearity, picture width and
height, brightness, and contrast. The recciver should be left in operation for
a number of hours and its components should be checked for overheating
or potential brecakdown. In addition, the stability of the receiver should be
checked during this period, and if possible the performance of receiver under
noise reception should be tested. Many receivers of like models have varying
susceptibilities to noise and the dealer should know how various models
should react upon reception of noise.

138. Picture-Tube Installation

The modern picture tube, although it is many times more rugged than the
carly models, should still be handled with care. It must never be forced into
its mounting nor should undue strain be placed on the neck of the tube.
Danger from implosion when the front of the tube is jarred sharply is still
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present although the severity of the implosion and the likelihood of its occur-
rence has been very much reduced by rugged design. Nevertheless, it is
advisable to wear shatterproof goggles and heavy gloves when handling pic-
ture tubes. Whenever the tube is not in its mounting or is being prepared
for mounting, place the tube face down on a soft pad to prevent rolling or
scratching of the front surface.

In some receivers the deflection and focus coils are a part of the picture-
tube mount, and it is necessary only to slide the picture tube into position;
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while in other models the tube is placed face down and the coils are slipped
on, after which the tube and coils arc fastened to the mounting assembly.
Two typical mounting arrangements are shown in Fig. 273. The deflection
yoke is generally placed over a rubber cushion and both are slipped on the
tube, or the tube is slid through them, until the cushion and yoke are as far
up the neck of the tube as they will go. Focus coil is next in order, and it is
mounted on a smaller cushion or corrugated paper and is slid into position,
resting against the deflection-yoke cushion. lon-trap assembly, if used, is the
final coil mounted on the neck of the tube. It must be placed on the tube in
proper relation to the screen and gun; therefore, the manufacturer provides
some sort of guide or flag to indicate correct positioning. No ion-trap assem-
bly is necessary (second drawing, Fig. 273) when an aluminum-backed screen
is used.

Inasmuch as the outer coating on the picture tube forms the ground side
of a high-voltage filter capacitor, it must be grounded by the mount assembly
cither by means of grounding springs or clamps. The shiclds surrounding any
of the other coils prevent stray pickup and interference and must form a part
of the same grounding system (Fig. 273).

The ion-trap assembly used must not only be placed over the gun at the
proper point but must be positioned on the tube with the weaker magnetic
field nearer the screen end of the tube. In the RCA picture tube, ion-trap
flags mounted internally on the second section of the electron gun (Fig. 274)
have been provided to indicate the correct position for ion-trap coil. The
coil is slipped in position over the flags with the smaller coil positioned nearer
the screen. When permanent magnets are used to generate the ion-trap field
(second drawing, Fig. 274) the larger magnet is mounted nearer the tube
base.

A typical mounting procedure would be as follows:

1. Insert the tube into mounting after placing coils in the proper position
as recommended by the manufacturer. Second-anode contact for most pic-
ture tubes is a recessed metal well in the bulb, and the tube must be posi-
tioned properly to permit application of second-anode lead. For example, in
many RCA receivers the tube is inserted with the contact approximately on
top. The final position of the tube is determined by location of ion-trap flags.
These metal flags are placed to appear as shown in Fig. 274 when Jooking
down on the chassis.

2. Insert the tube through deflection and focus coils until the tube base
protrudes an indicated distance beyond focus coil.

3. Slip the ion-trap assembly on neck of tube and place it over flags with
stronger magnetic ficld (larger coil or magnet) near base of the tube. When
a permanent magnet is used the gaps in the two magnets can be moved readily
if the gap assembly is pulled apart slightly with the fingers.

4. Connect the picture-tube socket to the tube base. Center and fasten the
entire assembly properly with respect to the viewing mask.
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5. Slide the cushion firmly against flare of the tube and slide deflection
yoke as far forward as possible. Connect high-voltage leads.

6. Turn on the recciver. Sct contrast to minimum and brightness full on.
Move the ion trap forward and backward and at the same time rotate it
slightly until raster is brightest. Fasten in position firmly.

7. Reduce brightness to average level and focus for clearest line structure.

8. Turn centering controls to mid-position. If a corner of the raster is
shadowed, rotate the focus coil about its axis until entire raster is properly
centered and free of shadows. When permanent magnets are uscd as ion traps
it is at times necessary to shift the position of the front magnet slightly with
respect to the rear one to obtain a shadow-free raster.
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9. If the lines of the raster are not squared with the picture mask, rotate
the deflection coils until this condition is obtained. In some receiver models
no centering controls are incorporated and positioning of focus and defiection
ccils must be made carefully to ensure proper centering of the raster.

The mount positions and adjustments for a General Electric assembly are
shown in Fig. 275. The shielded deflection yoke is mounted at the screen
end of the picture-tube neck. There are two yoke adjustments—one is a center-
ing tilt lever that permits positioning of the raster correctly with respect to
the mask, and a second adjustment is a small trimmer capacitor that permits
proper balancing of the yoke to eliminate wiggle and motion of the horizontal
sweep lines. The focus coil is in the second position on the neck of the tube,
and it also has two adjustments. A set of three wing nuts can be adjusted to
move the focus coil up or down and right or left to center the picture properly,
while a second wobble-plate lever is adjusted until the tube-neck shadow is
removed from the raster.

The ion trap is mounted ncar the base of the picture tube and is, of course,
adjusted for maximum brightness in accordance with standard procedure. The
illustration also shows the clectrode connector, picture-tube sockets, and
deflection-yoke plug, as well as the various mountings and strap assemblies
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Fic. 275 G.E. Picture-Tube Mounting Assembly

that hold the picturc tube firmly in place. A typical Sylvania mount for a
Jarge-screen picture tube is shown in Fig. 276. Notice that the picture tube
has a slight forward tilt. This arrangement minimizes the effect of room glare,
and reflections from bright objects in the room are directed downward instead

of toward the viewers’ eyes.
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. When a large picture tube is used, it is necessary to correet the raster for
pincushion defect at top, bettom, and sides. Consequently, corrector magnets
are used near the deflection yoke to remedy this disturbance. Large-screen
picture tubes with wide-angle deflection are most subject to pincushion dis-
turbance, the sides of the raster bowing-in, because of the much greater dis-
tance over which the beam travels in order to reach the extremities of the
raster and its nearness to the edges of the deflection ficld in its passage. The
fixed magnets pull out the beam at these extremities and, when properly
adjusted, correct exactly for the bow in the top, bottom, or sides of the raster.
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FiG. 276 Sylvania Picture-Tube Mount

The complete positioning and adjustment procedure for a typical Sylvania
picture tube is as follows:

The ion-trap magnet, focus-magnet, and centering-shutter adjustments are
interdependent and must be checked at the same time.

Before any adjustments are made, the function of cach magnet should be
noted as follows:

1. The ion-trap magnet is used to obtain maximum brilliance of the raster
or picture and should be adjusted as described below.

2. The focus magnet is used to obtain correct focus of the picture.

3. The centering shutter is an integral part of the focus-magnet assembly.
Its function is to position the picture both horizontally and vertically.
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Before making any adjustments, check to assure that the deflection yoke is
positioned in such a way as to press against the flare of the picturc tube. To
ensure this, loosen the wing-fasteners located at cach side of the yoke, and
push the yoke as far forward as it will go. If the picture is not square with the
screen mask, rotate the yoke and then tighten the wing-fasteners.

Next, check to see that the focus magnet is firmly held in position.

In adjustment of the focus of the receiver, it is to be noted that optimum
focus of the picture is not necessarily attained when either the vertical or
horizontal definition is adjusted to maximum. Optimum focus is frequently a
compromise between these two settings. It is highly desirable, therefore, that a
transmitted picture, containing both vertical and horizontal lines, be availabl
for correct focusing of the recciver. T

Make sure the ion-trap magnet is correctly adjusted before proceeding with
the receiver-focus adjustment.

Adjust the picture control on the chassis to approximately three-fourths of
maximum position. Position the jon-trap magnet on the picture-tube neck
approximately ¥2 inch forward of the tube base. Set the brightness control on
the chassis to maximum.

Do not operate the receiver longer than necessary with brightness at maxi-I
mum. Rotate and move the ion-trap magnet backward and forward on theI
picture-tube neck until the picture or raster is visible on the screen. Continue,
adjustment of the trap until the greatest possible brilliance is obtained. Adjust
brightness to less than normal, and readjust the ion-trap magnet for maximuml
brilliance.

The adjustment screw on the focus magnet should now be turned to obtain
a picture which is focused—this preliminary adjustment will not be necessary
if the picture is already in focus.

If the picture is not centered on the screen, properly position it by adjust-
ment of the centering shutter, and with brightness at a low level, check to see
that no corner-cutting exists.

Adjust contrast and brightness controls to obtain a normal picture, and
then adjust the ion-trap magnet to obtain the highest possible brilliance level.
The focus should now be adjusted to obtain the best horizontal and vertical
focus, as previously mentioned.

a. In some cases optimum adjustment of the ion-trap magnet may be
obtained with the magnet located on either side of the diagonal slot in the
picture-tube electrode assembly; it is permissible for the magnet to be located
cither between the slot and the tube base or over the slot. Do not locate the
magnet between the slot and the focus magnet.

b. Optimum adjustment of the ion-trap magnet may be obtained irrespective
of which way it is placed around the picture-tube neck. It should be noted,
however, that in some cases one way will result in a better focus characteristic
than will the other.

c. Some receivers may have the facility to allow the focus magnet to be
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rotated. On such receivers a better focus characteristic may be obtained by
rotating the focus magnet to a different angular position and again adjusting
the focus screw. This will require a check of the centering shutter to make
sure that there is no corner-cutting when the picture is properly centered on
the screen. Recheck the ion-trap magnet, as previously mentioned, with bright-
ness and contrast adjustments set for a normal picture. Carefully adjust the
focus for the best possible compromise between horizontal and vertical focus.
Since these adjustments are interdependent, recheck all three until the best
possible picture is obtained.

DEFLECTION YOKE
ADJUSTMENT
\ hl '
V23 |
27AF4A . ;'3 i ]
/ BEAM BENDER
PICTURE CENTERING

ADJUSTMENT

CORRECTOR MAGNET
(4 USED)

F16. 277 Zenith Picture-Tube Mount

The pincushion-corrector magnets eliminate curvature of the edges of the
raster. Move the centering shaft on the focus magnet to a position where one
edge of the raster is approximately 2 inch from the edge of the picture-tube
screen. Adjust the pincushion-corrector magnet on the corresponding side of
the picture tube until the edge of the raster is a straight vertical line. Repeat
this procedure for the other edge. using the magnet on the opposite side of
the picture tube. Move the picture up and then down the screen to check the
top and bottom edges. The pincushion-corrector magnets should be adjusted
for the best over-all compromise.

A typical arrangement for picture-tube components on the neck of an
clectrostatic-focus picture tube is illustrated in Fig. 277. Inasmuch as it is a
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large-screen picture tube, corrector magnets are again used and are fastened
to the deflection yoke assembly. In this arrangement a magnetic centering
adjustment is used; it consists of a bar magnet, the position of which is
adjustable with a knurled control. Centering is accomplished by adjusting this
control and by the relative position of the entire assembly on the neck of the
tube. It is placed approximately Y& inch in back of the deflection yoke. A
single magaet beam-bender is used.

DEFLECTION /

ADJUSTMENT YOKE
TABS l

©

YOKE RETAINER

SPRING
WWWW»

110

ION TRAP
MAGNET

POSITIONING \
MAGNET ( : ) \
DEFLECTION YOKE
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Fic. 278 DuMont Picture-Tube Mount

A simple arrangement of components is possible with the self-focus type
of picture tube, Fig. 278, in which the ion trap must be adjusted carefully,
because proper focus and maximum brilliance occur with the correct setting
of this magnet. Consequently, brightness and line sharpness must be observed
carefully as the magnet is set. An adjustable magnet is used for proper center-
ing of the picture. Associated with the centering magnet are two adjustment
tabs that can be moved in relation with each other; the entire centering
assembly can also be positioned to center the raster properly at the mask.

139. Pre-Set Control Adjustments

The next adjustments in order are those pre-set controls which the cus-
tomer does not use but which must be carefully set by the dealer if good
performance on all stations is to be obtained. Typical procedures for check-
ing pre-set controls are as follows:

1. Adjustments can be best made when a test chart is received. Turn on
receiver and set “station selector” to desired channel.
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2. After a warm-up period, begin adjustments by advancing “sound vol-
ume” to mid-position and “contrast” to minimum.

3. Turn “brightness” until a glow appears on the screen and then back
off slightly just until glow disappears.

4. Advance “contrast” control until glow or pattern appears on screcn.

5. Adjust “finc tuning” for best sound clarity and “sound volume” for com-
fortable hearing.

6. Adjust “vertical frequency” or “hold™ control until pattern stops verti-
cal movement (““flopping over™).

7. Adjust “horizontal frequency” or “hold” control until pattern stopL
horizontal movement (‘“tear-out™). ',

8. In many rcccivers the three controls mentioned in steps 5, 6, and ’ll
are not controls which the customer tunes; in other receivers, they are front
panel controls. When automatic frequency control is used a “finc tuning”
control is not necessary. In other reccivers the two frequency controls are
pre-set adjustments the technician should set very carefully to permit thé
best sync stability on a weak signal.

9. Touch up “brightness” and “contrast” settings for most comfortable
viewing and best possible contrast range, as indicated by greatest number of
discernible contrast squarcs.

Typical patterns received when the set is not properly adjusted are given i
Fig. 279, the NBC station chart being used as an example. Photo 1 shows
the receiver properly adjusted. Improper setting of the brightness control is
indicated by photo 2, which shows an absence of illumination. “Contrast”™
sct too high produces the overexposed picture of photo 3. Notice the center
two of the contrast circles and the outer two blend together. Compare with
photo 1.

Vertical displacement of pattern (photo 4) indicates improper adjustment
of “vertical hold” control. Tear out of the picture (photo 5) Fig. 280 shows
improper setting of “horizontal” frequency.

A received-station chart is also helpful in positioning the focus, deflection,
and ion-trap coils. For example, photo 6 shows improper positioning of focus
coil and consequent displacement of picture. This photo also shows im-

proper ion-trap positioning as indicated by the shadow at lower left. The ion

trap should be sct for peak brightness always. When “focus™ control is not sct
properly the entire image becomes blurred (photo 7).

When the deflection coil is improperly rotated the image does not line up
with the mask (photo 8).

10. After the receiver has been on for some time, it is often necessary to
readjust the “finc tuning” control for best sound fidelity. The above-mentioned
controls are operating controls, except as stated in number 8, and arc
used by the customer in adjusting his receiver properly. The following con-
trols are strictly pre-sct adjustments and must be carefully set by the tech-
nician.
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11. Adjust “height” control until height of pattern extends to end of the
mask at top and bottom. Set “vertical linearity” control for best lincarity
vertically (use linearity squares present in station chart or observe any large
circle in pattern and adjust control until circle is not flattened at top or
bottom). Distortion of the circle in the station chart by improper setting of
the lincarity control is shown in photo 9, Fig. 281.

“Height,” “linearity,” and “vertical centering” controls interact on each
other, and it is necessary to rcadjust all three controls to find the optimum
setting. Displacement of pattern vertically by incorrect setting of “centering”
control is shown in photo 10. Improper height-setting is shown in photo 11.

12. Adjust “width” control until the image just fills the mask horizontally.
Adjustment of horizontal lincarity requires manipulation of a number of
controls. One typical procedure for a magnetic deflection system is as follows:

a. Turn up “horizontal drive” control as far as possible without crowding
picture at right (photo 12). “Width” control is readjusted to have the image
just fill the mask.

b. Adjust “horizontal lincarity” control until the image is lincar, left o
right.

c. Some receivers have two lincarity controls in the horizontal output
stage—one control affects lincarity on the left, the other at the center.

Image defects created by incorrect settings of horizontal deflection controls
are shown in othcr photographs. Photo 13, Fig. 282, shows too much sweep
width; photo 14, improper setting of “horizontal centering,” and photo 13,
incorrect setting of “horizontal linearity.”

13. When an automatic sync system is used in the horizontal, a number
of additional adjustments must be made. Adjust “horizontal hold” control
until picture locks in. If the horizontal blanking bar appcars on screen
(photo 16) it is necessary to adjust the “horizontal phase” adjustment until
retrace of the horizontal sawtooth occurs at same instant horizontal blanking
pulse arrives on grid of the picture tube.

14. The final preinstallation check to be made is to observe the performs-
ance of the receiver on all active channels in the arca. Make certain the “fine
tuning” control can tune in each station and is not crowding the end of its
capacity range when it does so. If an a-f-c system is used it is nccessary to
preciscly tunc the r-f oscillator on each station. In the Philco model reccivers
a convenient output jack is incorporated for this purpose, measuring the d-c
component of discriminator voltage. The oscillator inductor is tuned for
proper reading on all channels cither with received or crystal-calibrated
signal generator set on sound-carrier frequency of channel.

The photos of Fig. 283 demonstrate spurious signal defects which may
hamper recciver adjustments. The dual image showing in photo 2 indicates
arrival of a reflected signal at the antenna. Photo 3 shows the cffect of inter-
ference from near-by diathermy equipment, while photo 4 shows the effect
of hum on picture such as might be caused by power-supply ripple.
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140. Operating Instructions for the Layman

If the customer is to obtain satisfactory performance from his receiver, con-
siderable time should be spent instructing him and his family in the proper
operation of the recciver. This not only benefits the customer but prevents
many call-backs attributed to improper tuning procedure. Not only should the
technician demonstrate the operation of the receiver thoroughly but should
guide various members of the family as they go through the very same opera-
tions. A satisfactory operating and demonstrating procedure is as follows:

1. Turn the receiver on and put the channel “selector switch” on the chan-
nel to be received. Show the customer the positions of the various stations
which can be received in his area. Demonstrate the procedure of going from
station to station. Turn “contrast” control fully off and turn up the “bright-
ness” control until a visible scanning raster appears on the screen. Then back
off the “brightness” control until illumination just disappears. Vary the
“brightness” control through its entire range showing the customer the effect
it has on presentation of the illuminated area of the picture-tube screen.

2. Advance “contrast” until presentation appears on the screen.

3. If “fine-tuning” control is used vary it until the picture contains the
greatest amount of black. Again demonstrate to the customer, showing him
when the “fine-tuning” control is not properly set and what to expect when
“fine-tuning” control is set at the proper point. The “fine-tuning” control in
most receivers is adjusted for best sound reproduction, though occasionally
there is only a limited variation of tuning over which the sound is satisfactory
and, at times, a better picture can be obtained by closely observing the ilu-
orescent screen until the picture has the best resolution.

4. Now readjust the “contrast control” for the most satisfactory picture.
Demonstrate to the customer the improvement in picture which can be
obtained by slightly readjusting the “contrast” and “brightness” controls for
the most presentable picture. Demonstrate the tune-up procedure on the
program material and also on the station chart. If station chart can be received,
demonstrate the use of resolution wedges in adjusting fine tuning and the use
of contrast squares for contrast and brightness settings.

5. If the focus control is a front-panel adjustment show the effects of
improper setting of “focus” control on the reproduced picture and how the
resolution wedge in the test pattern can be used properly in setting this con-
trol. When the front-panel “hold” or “frequency” controls arc a part of the
receiver, demonstrate their functions in obtaining a stationary pattern on the
screen. Show the effects on the reproduced picture when one or the other or
both of these frequency controls are out of adjustment.

After the operating procedure is demonstrated have the customer and mem-
bers of the family go through a similar operating procedure. Advise them of
any mistakes or improvement which can be made in their methods, Finally
leave thorough and complete operating instructions with the customer and
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impress him with the importance of using them until he is familiar with
receiver operation,

Ii at all possible, demonstrate the operation of the receiver when there is
noise interference to show the effects of such interference on the reproduced
image, particularly ignition noises or any other sparking noises prevalent in
that arca. Finally, go through operating procedure once more and at the same
time show the appearance on the screen when any one of the controls is not
properly set.

141. Antenna Types

The choice of antenna type, design of the antenna, and quality of the com-
ponent parts of which the antenna is constructed is of utmost significance in
obtaining good receiver performance in weak-signal areas, noisy locations, and
for extended-range reception of television signals. In weak-signal and extended-
range areas the choice of antenna type and the quality of that antenna are the
difference between a satisfactory signal and no signal. It has been the author’s
experience, in one long-range test where two antennas of exactiy the same type
were used, that one antenna received the signal and the other did not because
of the quality of the insulation that isolated the two sides of a folded dipole.
This demonstrates the importance of the dielectric material which is used to
insulate some portion of the antenna from other sections. Of course, the same
two antennas positioned within the primary arca do not produce any notice-
able difference in signal strength, but out in the fringe areas of rcception it
means the difference between receiving signal and not. The choice of antenra
and the antenna type is dependent on the following factors: direction and
range of the station or stations to be received, channel frequency of the sta-
tion, noise and interferences prevalent in the arca, space-loop distribution,
reflections, and relative signal strength, Thus, there is no definite rule to be
laid down in the choice of an antenna and in most conditions compromise tac-
tics must be employed. Let us treat each factor as a separate subject and indi-
cate the influence the other factors have on optimum choice of antenna for
that factor.

CHANNEL FREQUENCY AND SPACE-LOOP DISTRIBUTION

The antenna tvpe, and particularly its dimensions, are dependent on the
distribution of channels in a given area. The farther separated the channel
frequencies are (for example, channel 2 and channel /3, which are widely
scparated), the more diflicult it is to obtain a single antenna which will per-
form satisfactorily on all channels. If channels 2 and 22 were assigned in your
area a satisfactory antenna for one channel (54 to 60 megacycles) would not
always be satisfactory for the other (518 to 524 megacycles), and either one
signal or the other would suffer in respect to signal strength delivered to the
input of the receiver.
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Antenna dimensions arc a function of the channel frequency allocations in
the arca and the relative signal strengths of the stations received in your dis-
trict. Still another factor is the space-loop distribution of these signals in the
immediate vicinity of the antenna erection site. Stations can be definitely
favored by correct positioning of the antenna at a space loop. This is a par-
ticularly important factor when trying to obtain the very best signal and
performance possible from a normally weak station.

RANGE

Locations within service arca of the television stations generally fall into
one of the following categories:

I. In a strong-signal arca of all stations any type antenna may be purchased
(such as a simple mismatched dipole) to deliver sufficient signal for all sta-
tions (if the antenna is cut for any frequency in the low-frequency set of
channels). In fact, in strong signal arcas in which all stations deliver a sub-
stantial signal, a simple antenna would permit reception on all channels. The
one stipulation which applies in this case is that the stations would have to
be in the same general direction, or at least in a general direction broadside
to either side of the dipole elements.

2. Inastrong-signal area where perhaps one or two of the stations are deliv-
cring a substantially weaker signal it is advisable to cut the antenna tor the
weaker station and to direct it for maximum signal strength in that direction.
Thus, the antenna would be most sensitive to the weaker station and still
would receive substantial excitation from the stronger stations on differing
frequencies.

If all stations are delivering approximately the same signal strength to a
given location the antenna is often cut to the low-frequency side of the ex-
tremities of the frequency allocations in that arcas. For example, if channels
3 and 12 were the extremities for a given area the antenna would be cut for a
median frequency between 60 and 66 megacycles, being tilted to permit recep-
tion of channel /2. If signal strength in the arca favors a high- or low-frequency
station it is advisable to cut the antenna to a frequency somewhere near the
end of the frequency spectrum for the weaker. Likewise, if possible, the antenna
could be directed toward those stations which deliver the weaker signals.

3. In suburban districts where signal strength is still substantial, stations are
most often found in the same general direction, and it is at times possible to
purchase a so-called “broadband antenna” which has a wide acceptance band
and delivers to the receiver substantial signals from all stations. Otherwise
same considerations apply as per above example.

4. In weaker signal areas where most signals are weak and perhaps one or
two stations deliver a medium or strong signal, a broadband antenna with a
high dircctivity in the direction of weaker stations is satisfactory but oftentimes
very elaborate. Another requisite, of course, is that the weak stations must be
in same general direction from the receiving location. If signals are weak and
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the stations are not in the same general direction, more than one antenna must
be employed. This expedient does not necessarily make the antenna installa-
tion unduly elaborate; the antennas can be stacked on the same mast with the
higher frequency antenna at the top. In most cases two separate antennas will
sufficc and only occasionally is it necessary to use as many as three. Generally,
onc antenna cut for the mean frequency of the low-channei stations and a
second cut for the high-frequency channel stations perform satisfactorily when
directed toward weaker stations. The stronger station or stations will deliver
satisfactory signal although in a direction which might not always be the most
sensitive angle for the particular antenna. Be certain to position the antenna at
the space loops of the weak stations.

In all weak signal areas it is advisable to cut the antenna dimension as ncar
as possible to the dimensions which indicate optimum performance for a
given channel or channels and to make the antenna as sharply directional as
possible (parasitic directors or reflectors). Also reduce the sensitivity of the
antenna to noises arriving from other directions to increase signal-to-noise
ratio {parasitic clements and stacking).

DIRECTION

A confusing problem, which in many cases can be answered only by actual
tests, is the choice and orientation of the antenna which is to receive signals
from a number of directions. The problem is not too difficuit in strong signal
areas and can be best decided by actual test. The antenna to be used is either
a wideband antenna or one which has been cut to give satisfactory perform-
ance on the channels allocated within the arca. The antenna itself, after it is
positioned on the building, is oriented to give satisfactory performance on all
stations and at the same time have best rejection of noise and absence of
reflections. Thus, it is more or less of a cut-and-try method to find the correct
point of positioning and orientation,

If any particular station is considerably weaker than others in a given loca-
tion, the antenna is positiored, cut, and directed toward the weaker station
and performance is checked for the other stations in the area. In case the
antenna is found unsatisfactory on one of these stronger stations because of
insensitivity or reflections in that direction, the antenna is shifted slightly
unti! better performance is obtained without sacrificing too much sensitivity
in the direction of the weaker station. In using test tactics, particularly in
built-up areas, changing the antenna’s position a short distance occasionally
has an appreciable effect on signal distribution. An increase in antenna height
under most circumstances means an increase in signal strength. However, in
some few locations a lowered antenna will still maintain line of sight and give
improved performance in the presence of surrounding buildings or objects,
space pattern, or a change in the vertical angle of directivity of the antenna
(number of wavelengths above the ground). Medium signal strength areas
require more carcful choice of the antenna type, its position, and orientation,
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particularly if the antenna is erected in a noisy district. Fortunately again,
most stations are located in the same general direction, and one good antenna
(properly matched to the transmission line, and the transmission line
matched to the recciver) will give good performance if it is a wide-band
antenna (broad and/or with harmonic relations) or cut for a mean frequency,
preferably favoring the weaker stations. If stations are not in the same gen-
eral direction an cxperimental approach can be used in the oricntation of the
antenna, favoring the weaker station again.

If a single antenna does not produce satisfactory performance a dual-antenna
installation must be made, both antennas mounted again on the same mast
(with high-frequency antenna at top and each antenna directed toward the,
station or stations for which it has been cut). Two such separate antennas, if
mounted on the same mast, arc generally spaced at least a half-wave at the
lowest frequency to be received. There is no objection to using two cntircly
scparate antennas on scparate masts cxcept for the additional elaborations
necessary.

In weak-signal areas antenna design and choice are extremely important
if a good signal and good signal-to-noisc ratio arc to be attained. If stations
are not in the same general direction, the only recourse is a different antenna
for each direction. Fortunately, most weak-signal areas receive ail stations from
the same general direction, and a good highly directional wide-band antenna is
generally found to be satisfactory although at times an additional booster
amplifier is necessary. The use of Directronic-type antennas or antenna rotators
is especially effective in arcas where stations are not in the same direction.

NOISE AND INTERFERENCE

In noisy locations it i; important that the antennas have maximum sensi-
tivity toward the stations to be received, maximum rejection of signals arriv-
ing in other directions and angles. Inasmuch as nearby sources of noisc gen-
erally feed signal from beneath the antenna and occasionally from above, a
stacked antenna in a noisy location always produces an improvement in signal-
to-noise ratio. This is particularly important in areas where the,signal is weak
and every expedient must be used to advantage to bring that signal out of the
masking noise.

As far as horizontal directivity is concerned, it must be maximum in the
direction of the station. Parasitic directors and reflectors are not only an
improvement with relation to signal strength. They are also an improvement in
areas in which the signal is relatively strong. The sharply directional antenna
has an improved signal-to-noise ratio, because in addition to making the
antenna more sensitive in the given direction it also makes it less sensitive
at other angles and, therefore, less sensitive to noise arriving from these angles.

In certain localities there is interference from nearby television receivers
(local oscillator radiation and proximity of antenna), harmonics of FM sta-
tions, and other sources. In these areas it is also advisable to keep the antenna
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sharply directional toward the desired stations and also to choose an antenna
type and dimension that is ieast sensitive to the frequency of interference. In
some sections, therefore, a wide-band antenna is not desirable because of the
sensitivity to stations on other frequencies which enter the receiver and beat
with local oscillater fundamental or harmonics. It is expected within the next
few years that considerable improvement will be made in the front ends of
television receivers themselves to improve spurious frequency rejection and to
make them more scnsitive on the respective channels to which they are set
and less sensitive to other frequencies. At present the interference problem
must be overcome by properly orienting and designing the antenna or by
means of trap circuits within the receiver or at the point the transmission iine
is attached to the receiver.

REFLECTIONS

In weak-signal areas the problem is to extract enough signal from the various
stations to excite the receiver, while in the strong-signal areas the problem
is prevention of interference between stations and multipath reception. It is odd
that improvement in both arcas involves the same changes in an antenna sys-
tem. The more sensitive the antenna is in a given direction and the less
scnsitive it is in other directions, the more effective the antenna system is
in delivering a strong signal (of primary importance in weak-signal arcas),
and likewise the more effective it is in preventing reflections and interference
in the strong-signal areas.

Thus, in strong-signal areas it is often necessary to employ a highly direc-
tional antenna to prevent reflections from surrounding structures and conse-
quent multiple images. Maximum suppression of reflections is, in most cases, a
matter of experimer:tation, positioning, and orientation of the antenna until the
reflected signal is at a minimum and the desired signal is substantially higher
in level.

SIGNAL STRENGTH

It is a fact that medium-to-weak signal areas sometimes produce the least
problems in antenna choice and orientation. In such an area reflections are
generally at a minimum and antennas by and large can be oriented and
designed for maximum sensitivity toward all stations. In weak-signal arcas the
problem is getting the signal out of the noise while in strong-signal areas the
problem is the prevention of interference between stations. Thus, antennas in
the strong-signal areas, while not always more elaborate than antennas used
m the medium-signal areas, are much more difficult to erect and orient to
obtain ideal performance on all stations that may be of varving signal strengths
and in a number of differing directions. In weak-signal areas the antennas are,
of course, more elaborate, and must be designed to attain maximum scnsi-
tivity to signal and maximum rejection of noises if satisfactory performance
is to be had.
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LONG-RANGE RECEPTION

Satisfactory reception of a television signal over distances in excess of 50
miles taxes the ingenuity of the television technician. Not only must he cope
with weak signals but with noise and the surrounding terrain. Each new sta-
tion to be received, although in the same general direction, is a problem in
itsclf, particularly if there is a wide separation in frequency between stations.

The only satisfactory antenna is one with exceptional horizontal directivity,
such as obtained with reflector and director assembly. It is very important
to mount it at a space loop. In addition, the antenna should be stacked with
at least two sections (occasionally as many as four are employed), which
improve antenna sensitivity by concentrating it at low vertical angles. At thd
same time noise pickup is substantially reduced and the signal can be brought
out above the adjacent noises. It is very important, if maximum signal is to
be delivered, that the antenna matches the transmission line. So far as choice'
of lines is concerned, if the lead-in must cover a substantial span, a parallel‘I
line (or shielded parallel line) is preferable because of its higher impedance,
and consequent lower distributed capacity and attenuation. In a particularly
noisy location it is necessary to take advantage of the shielding characteristics
of coaxial lines. Choose a line with the least capacity, least attenuation, plus
good quality dielectric. There is no point in having an claborate, sensitive
antenna and lose the signal between the antenna and receiver. Likewise, it is
important that we choose the antenna of proper dimension and height to
deliver a strong signal and with that choice, make sure that the diclectric of
the insulating portion of the antenna and mast be of the very best for high-
frequency application. Again, an antenna type which has unusual sensitivity
is valueless unless the component parts which make up that antenna are
low in loss.

In extended-range reception a wide-band antenna is not always satisfactory
because it does not deliver peak performance on any one channel. It is very
difficult to design an antenna which would have a uniform and, at the same
time, peaked sensitivity for the wide range of frequencies associated with the
television spectrum (low set and high set of channels). Thus, for extended-
range reception involving stations on both the high- and low-band set of chan-
nels it is often advisable to use separate antennas, onc ideally designed for the
low set of channels, and the second for the high set. It is generally feasible to
mount a highly directive three- or four-element parasitic antenna for the high-
band set on top of the mast which supports an array used for the low-band set
of stations. At any great distance it is better to use separate transmission lines
for both antennas instead of a mid-point tap to reduce loading effects by the
antenna not being used. To go a step further, if a wide-band antenna has been
purchased which is designed for reception on both high- and low-frequency
channels, and it is only desired to receive the low-frequency channels, removal
of the high section of the wide-band antenna (such as a folded dipole with
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high-frequency wings) produces an increase in signal strength for the low-
band stations.

A booster amplifier is almost essential in most extended-range locations if
the signal is to be brought above the masking noise or so-called “snow.” The
choice of a booster amplifier is an important consideration because its function
is to amplify a very weak signai before it is applied to the input of the television
receiver. To make full use of the signal the anterna system must be matched
by the input of the booster amplifier and, likewise, the output of the booster
amplifier should match the receiver input.

If the booster amplifier is to be effective on a weak wide-band signal its
inkerent tube and thermal noises must be extremely low; otherwise the
booster itself will introduce noise which is comparable or stronger than
reccived signal.

Just amplifying signal, therefore, is not the only function of the booster, but
also improved signai-to-noise ratio if masking noisc is to be cut down. This it
cannot do if the boostcr noise itself is great. Although the stage gain is higher
when a pentode r-f ampiifier is used for narrow-band work, in wide-band
operation it is possible to realize as much gain from a triode because of the
relatively lower impedance of the output circuit. A noted advantage of the
triode is the lower level of tube noisc and consequent improvement in signal-
te-noise ratio. Thus, a low-capacity high-g,, triode is often preferable to a
pentode in an r-f stage used to amplify an extremely weak wide-band signal,

142. Space-Loop Positioning and Antenna Orientation

Correct positioning and antenna orientation are important factors if the
very best performance is to be obtained. Not only must the antenna be oriented
in the direction of the staticn, but at this angle the antenna should be moved
along an imaginary line toward the station until it is located at a space loop.
Thus, before the exact mounting position is finally decided the antenna or a
portable test antenna should be moved about the tentative site while receiving
signal reports from an observer at the recciver or test set. A weak station,
therefore, can be definitely favored by the moving antenna until a strong signal
position is found.

The space loops are of course recurrent, depending on signal frequency.
Inasmuch as the loop spacing differs with the channel frequency, it is very
possible that one position can be found which is at a space loop or near a
loop for two or more stations. It is definitely possible with only a little effort
in positioning to favor a single weak station. Space-loop positioning is every
bit as important as correct antenna orientation in favoring weak stations.

It is advisable to employ a two-man crew to position and orient the antenna
system, one man observing the effects on the tclevision screen and a second
man shifting the position of the antenna. Sclf-powered phones can be attached
to the transmission line at cach end and communication can be established.
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In orienting the antenna, rotate the mast until maximum signal strength is
obtained as indicated by best contrast.

In many localitics the antenna has to be oriented for optimum performance
on all stations insofar as signal strength, noise pickup, and reflections are con-
cerned. Seeking a position which will give satisfactory performance on all
stations being received reduces to an experimental procedure.

In suburban or long-range reception, all stations are often in the same
direction and antenna can be oriented simply with a compass. Be certain to
consider magnetic declination in your area. A most troublesome defect which
appears on the television screen, particularly in built-up areas, in multiple
image or ghosts on the screen when reflections are present. At times as many
as two or more images will appear on the screen. Actually, the displaced
images are caused by arrival of identical signals at short intervals later. Thus,
as the scanning beam travels across the screen a double signai is supplied to
the grid of the picture tube, one signal delayed with respect to the other and,
thercfore, a double image will appear on the screen. When the reflection is
from a nearby point the reflection affects the resolution of the picture, although
it is not always evident as a double image. The antenna should be located at
a point at which reflections are absent or at a minimum,

One common source of reflected signal is a signal bouncing off a reflecting
surface (metallic surfaces in particular) in the rear of the antenna (Fig. 284,
drawing A). The actual distance over which the reflection is carrying can be
calculated by measuring the separation between the images on the screen of
the picture tube. At times this procedure in calculating distance is helpful in
locating source of a reflection. Another type of reflected signal is one which
arrives in an indirect path, such as shown in drawing C. In this example, the
reflected signal arrives at an angle from some large, massive reflecting surface,
such as a bridge or an extremely large metallic structure. In this case, a differ-
ence in arrival time is the difference in time required to travel from the trans-
mitter to the reflecting surface and on to the receiving antenna compared to
the time required for the direct wave to travel between the station and the
antenna.

For example, on a 10-inch picture tube, the active scanning width is
approximately 8 inches, and it requires a scanning beam 53.3 microseconds to
travel this distance. Thus, the time required to travel 1 inch is approximately
625 microseconds. A radio wave travels through the air at the rate of 186,000
miles per second and is, therefore, traveling at the rate of 0.186 mile per micro-
second. Thus, if the reflected signal requires 625 microseconds longer to reach
the antenna it means it has traveled over a path length 1.24 miles longer than
the direct path between station and receiver (624 multiplicd by 0.186). If the
source of reflection, therefore, is directly behind the antenna it would be sepa-
rated from the antenna one-half of this distance, or 0.62 mile. Insofar as the
type of reflection indicated in Fig. 284, drawing B, is concerned, a differ-
ence between reflected and direct paths (sum of A, B, and C, minus A-C,
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the direct path) is 1.24 miles. Thus, if there is a massive structure in the
area, it is possible by means of a calibrated map of the city, and with tests and
calculations, to ascertain where the reflection is coming from. The easiest
figure to remember as far as the 10-inch tube is concerned is that the beam
travels 1 inch in 624 microseconds, and a 1-inch displacement between direct
and reflected image on the screen represents a path difference of this amount,
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or 1.24 miles; while on a 7-inch tube the beam travels one inch in 9.6 micro-
seconds, and for a 20-inch tube, requires 3.9 microseconds per inch. As is to
be expected, reflected signal path displacement of the image and reflection
on the screen are also dependent on size of the screen. It is important, there-
fore, in making any measurements that the width control of the receiver is
adjusted to scan the full active width of the scanning surface of the fluo-
rescent screen.

143. Antenna Installation

A television antenna installation, in addition to being electrically effective,
must be rigid and as unobtrusive as possible. Physical size of the antenna
generally is such that it can be a single-mast-supported system, lending itself
to ease of mounting on most all types of structures and in various positions.

One of the first jobs to perform in erecting the antenna is positioning of
the mounting base or bracket, the style of the bracket depending on the posi-
tion at which the antenna is to be mounted on the roof or side of the build-
ing. Two types of base mounting systems (Fig. 285) show the mast mounted
at different points on a building. In drawings A and B properly shaped brackets
are used to support the masts to sloping portions of a roof or to peak; the
actual mounting base of each mast is then bolted to bracket. A universal
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base mount by Brach is shown in Fig. 286, along with a view of it attached
to the side of a building. This universal base mount serves as both bracket
and base and can be swung into various positions for mounting on the side or
top of the building. It can be fastened to roof or side of a house, chimney, or
beneath the caves, and can be tilted and secured in any position to hold the mast
upright. On stone or masonry buildings
the basc mount is first attached to a
2-by-4 block of wood and then secured
MOUNT  to the masonry. Another feature of the

AND base is that the antenna itself can be ro-
BRACKET  {ated for correct orientation even after the
mount has been secured.

After the mounting site has been chosen
the bracket has to be secured to the struc-
ture—the method being dependent on
composition of the material which must
support the bracket and antenna mast. If
the antenna is to be supported on a flat
roof the mast base or bracket is secured
to a wooden platform, Fig. 287, and the mast is then guyed properly. This
method is preferable because drilling in the roof is not necessary. A platform
can also be used on the apex of a roof if the proper lengths (according to
slope of roof) of wooden dowels are attached to the four ends of the
platform.

If no guying is to be used and a metal mast base is to be secured to the roof
(either on slope or apex) drill holes with care—the bolts should preferably
pass through the roof and be secured tightly on the underside with lock-
washers and nuts. Seal lube should be poured into all holes, and bolts or
screws should be coated before they are inserted. No drilling or antenna

C. SIDE MOUNT

Fic. 286 Side Mount
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mounting should be attempted on a tile roof (use side-mounting bracket)
and proceed cautiousiy when erccting antenna on a slate roof. When drilling
slate use light pressure; at the same time hold the drill firmly to prevent crack-
ing.

If it is necessary to use a side mounting in brick or masonry, special tools
are needed to drill the holes for the antenna support. When attaching a sup-
port to a brick wall or chimney the holes must be drilled into the brick and
not the ccment between bricks, to prevent water leaks and loosening of the
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bricks. Either a star drill or a slow-speed clectric drill with a masonary bit
is used. When using an electric drill the hole can be started with an awl tool.
Next, a lead expansion fitting is now inserted into the hole and the lead ex-
pansion sleeve hammered (use an Ackerman-Johnson tool) until it becomes
embedded in the hole. After the holes arc drilled and fitted the mast clamps
can be bolted to the lcad expansion fittings. Smaller holes for mounting in-
sulated screw eyes, etc., can be made with awl tools and then supplied with
an awl plug for insertion of the screw eye.

144. Eliminating and Reducing Reflections

As the desired signal arrives at the receiving antenna from a given direction,
it is often a relatively simple matter to ctiminate a reflection by making the
antenna more highly directional in the direction toward the station and to
reduce its sensitivity at other angles. Thus, a dipole element with parasitic
elements, particularly a reflector, will eliminate reflections coming from rear
of the antenna and will make the direct signal dominate the reflected signal
to the extent that the reflected signal is invisible. Likewise, if the reflected
signal is arriving at an angle other than from the rear of the antenna, it is
possible, by shifting the antenna position or adding parasitic elements. to
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reduce reflection by placing the most insensitive angle of the antenna toward
the reflected signal path, the antenna remaining reasonably sensitive in the
direction of the station.

The most difficult reflections to eliminate are those encountered when the
dircct signal is severely attenuated by an intervening structure. For example, in
Fig. 288, the intervening structure is immediately in front of the antenna
and severely attenuates the signal arriving from the station, while the reflected
signal is nearly as strong as, and sometimes stronger than, the direct signal. The
type of refiection in which the two arriving signals are of approximately the
same signal strength is the most difficult to eliminate. The solution, of course,
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is to try and make the antenna as highly directional as possible toward the
transmitter station. At the same time the angle of arrival of the reflected signal,
should be ascertained and the antenna system made lcast sensitive in that direc-
tion. In some cases, the easiest solution under these conditions is to direct
the antenna toward the reflected signal, hoping that it will have little sensi-
tivity toward the direct path. Of course, the changing of position of the an-
tenna in many cases will assist in finding a spot in which the reflection is at
a minimum and where it can be overcome by the direct signal. However, if
the reflected signal is coming off a massive structure and the attenuation of
direct signal is severe, changing antenna position over a limit set by the build-
ing is not always sufficient. Elimination reduces to an experimental method,
and best results can be obtained with a two-man crew and observation of
the screen as changes are made.

The elimination of reflections in a built-up area where the stations are
located at various angles from the receiving antenna is more difficult. If reflec-
tion cannot be removed on the various stations by orientation or shifting the
position of the antenna a multiple antenna installation must be made. With
such an installation the antenna can be cut with peak sensitivity in the direc-
tion of the station or stations and, therefore, will have a decided improvement
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in sensitivity toward the various stations and a decrease in sensitivity at the
various angles at which reflections are arriving. Another important factor in
the reduction of reflections is properly matching the antenna system and occa-
sionally using a coaxial line because of its shiclding properties when the trans-
mission line is long. This expedient eliminates those reflections which enter
the system by pickup of the transmission line itself when it is not properly
matched or shielded.

A very peculiar reflection encountered in apartment houses or hotels in
which an antenna distribution system is used to supply signa! to the various
receiver outlets is a “leading reflection.” This defect is caused by a signal arriv-
ing directly at the input to the receiver which is actually leading the signal
striking the antenna and arriving at receiver outlet through a lengthy distri-
bution system. Ottentimes, particularly in the higher floors of a building, the
signal which arrives cirectly at the receiver is comparable in strength to the
signal which arrives through the distribution system. It is often possible to
climinate this stray pickup by properly shielding the transmission line system
and receiver input at its location. Thus, a distribution system to be cflective
must be properly designed and matched at all points and should employ
matched and shielded transmission lines to prevent excitation of the transmis-
sion line by path other than through the antenna itself.

In summation, the elimination of reflections reduces to the following pro-

edure:

1. Design the antenna system with maximum sensitivity toward the station
and least sensitivity at other angles to reject the arriving reflection.

2. Position the antenna high and clear not only to extract the most signals
from the direct path but to get it free of intervening buildings and other
obstructions from which the reflected waves bounce. Position the antenna on
the building at a point where the desired signal most completely dominates
reflection.

3. Design the antenna system to properly match the transmission line, and
properly match transmission line to the receiver. This reduces sensitivity of
the receiver system to stray pickup through the transmission line or at the
receiver input.

4. When a single antenna installation will not ciiminate reflections, treat each
station and its associated reflection as an individual problem. At times this
means resorting to an individual antenna for each station troubled by a
reflection,

145. Interference Problems

Interference problems can be separated into signal interference and impulse
noises. The sources of signal interference are many: adjacent television chan-
nels, commercial FM signals, mobile, amateur, special services, local oscilla-
tors of nearby receivers, and interference in the i-f frequency range. Radiation
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from diathermy equipment can also be considered signal interference, although
the signal radiated serves no useful purpose whatsoever and should be com-
pletely suppressed. The most common impulse noises which affect television
receiver performance are: auto ignition systems, sparking machinery and
motors, elevators, high-voltage leakage associated with neon and germicidal
lamp installations, and various home electrical appliances. There are two basic
methods of combating interference, by filtering the source of the interference
and by making the receiver insensitive to the interfering signal.

ADJACENT CHANNEL INTERFERENCE

The television receiver is subject to adjacent channel interference because
of its extremely wide bandwidth and poor sclectivity, which means that the
sideband tapers off slowly over a substantial span of frequency spectrum. Inas-
much as its selectivity at the portion of the spectrum to which it is tuned is low
in comparison with what can be obtained with a peaked response, it is also
subject to interference from signal frequencies far removed. So far as adjacent
television channels are concerned it is necessary to employ resonant traps in
the i-f system to remove interference from this source. Other interfering
services are radio amateurs near channel 2, the FM stations between low and
high television bands, plus the various government and mobile services
between both high and low bands and below and above the television spectrum].
If a transmitter in this spectrum is very near a TV recciver often the only
manner in which interference can be held down is by means of trap circuit
inserted into the television receiver. T

IMAGE RESPONSE

The sensitivity of the television receiver to image frequencies is high, but
fortunately the use of the higher i-f frequencies has removed some of the
potential image-response difficulties. For example, with the 25-megacycle and
higher i-f spectrum, as shown on the chart, the local oscillator frequencies in
the television receiver are such that image frequencies are outside of the tele-
vision channels and outside a greater portion of the FM band.

Image frequency is calculated simply by adding the i-f frequency to the
frequency at which the local oscillator is set on a specific channel. For exam-
ple, if we are tuned to channel 2 and the picture i-f frequency is 25% mega-
cycles, the image frequency will be the oscillator frequency, 81 megacycles on
channel 2, plus the picture i-f frequency of 25% megacycles, to give an image
frequency of 106.75 megacycles. Thus signal from any station which transmits
on 106.75 megacycles beats with the local oscillator of the receiver set on 81
megacycles to produce an i-f of 25%. Thus an FM station located near this
frequency (FM band extends to 108 megacycles) produces interference on
the pattern, depending on its signal strength plus proximity and sensitivity of
the receiver to the image frequency. Of course, all the television channels have
their own image frequencies, and if the recciver is near any station using that
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image frequency there will be interference on the received image which can
be climinated with a trap system at the receiver or highly directional an-
tenna.

TRANSMITTER PROBLEMS

Another source of interference is the harmonic output (second, third, and
higher) of various transmitters. For example, if channels 6 and 7 are assigned
in a locality the second harmonic of the channel-6 transmitter would fall into
channel 7’s spectrum. The only solution to harmonic interference is to suppress
the harmonic at the transmitter. This can be successfully accomplished except
in a limited area near the transmitter. Here even low-percentage second-
harmonic radiation enters the receiver and interferes with the desired signal
because harmonic and desired signal both arrive in the same frequency spec-
trum and a trap system cannot be employed to tune out the harmonics. So far
as the high set of television channels is concerned, second harmonics (of com-
mercial FM stations) and some harmonics (third) of the old low-band trans-
mitters fall into this spectrum. Likewise, harmonics of the amateur band and
other services fall within the frequency spectrum of the low-frequency set of
television channels. Here again, it is a matter of suppressing harmonic radia-
tion from the transmitter, and in the case of a nearby transmitter it is often
impossible to suppress it sufficiently to eliminate all interference.

LOCAL OSCILLATOR RADIATION

In a wide-band amplifier, the sensitivity of the system to the frequency
spectrum to be received is relatively low. At the same time it is more sensitive
to frequencies removed from the desired spectrum compared to a more selec-
tive system. Thus, it is possible to have signals enter the recziver far removed
from the channel to which the television receiver is tuned, and it is also pos-
sible to have the local oscillator signal in part pass through the mixer or r-f
stage on to the antenna, where it is radiated. If any other television receivers
are in the immediate vicinity they will pick up this local oscillator signal and
produce interference on the channel to which the second receiver is tuned.
Local oscillator rad:ation is a difficult problem to overcome where many tele-
vision receivers are grouped, as in a crowded section of the city or apartment
building. Not only is the fundamental frequency of the local oscillator a source
of interference, producing loss of resolution on some other receiver, but its
harmonics can also develop a disturbing pattern on 2 television receiver set
on some other channel. For example, if the local oscillator on channel 3 is set
on 87 megacycles any other receiver in the vicinity tuned to channel 6 will
pick up this radiated signal. Likewise, its second harmonic produces a signal
at 174 megacycles, or on channel 7. If a higher frequency i-f is used, such as
26.4, the second harmonic of the local oscillator frequency is almost on the
picture carrier frequency of channel 7. This particular problem is best licked
at the source by suppression of local oscillator radiation both by proper
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receiver design and proper transmission line system between antenna and
receiver.

HARMONIC MIXING OF LOCAL OSCILLATOR AND SIGNAL

Inasmuch as the front end of the television receiver is not yet an ideal sys-
tem, the receiver has a certain amount of sensitivity to frequencies far removed
from the channels to which it is tuned. In fact, it is possible for a signal to enter
the receiver and beat with the second harmonic of the local oscillator to pro-
duce the proper i-f frequency to interfere with a signal on the screen. Folr
example, the channel /0 picture-carrier frequency is 193%4 megacycles.
If our television receiver is tuned to channel 6, the local oscillator is on 109
megacycles and has a second-harmonic component on 218 megacycles!
This second-harmonic component of 218 megacycles beats against thé
picture-carrier frequency of channel 70, which enters the receiver when it
is set on channel 6. The second harmonic produces an i-f frequency of
exactly 24¥% megacycles and superimposes the picture of channel 70 on that
of channel 6. The problem, again, is not so much the second harmonic of the‘
local oscillator but the fact that the receiver itself is sensitive to a frequency,
so far removed from the desired frequency. This type of interference can be
suppressed by means of wave traps in the front end of the television receiver.
This same type of interference can be caused by double conversion. For|
example. 109 megacycle local oscillations reaching r-f amplifier can beat with
incoming channel /0 signal to produce a difference of approximately 84 mega-
cycles creating interference in channel 6.

|
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495.5

Fic. 289 Signal Frequencies for Typical Allocation

These spurious frequencies produced by mixing action with the second har-
monic of the recciver local oscillator not only cause interference between
television channels but between television channel and the FM spectrum
again. For example, the harmonic of the local oscillator, when the receiver is
on channel 2, will beat with the stations at the high end of the commercial
FM channel to produce an i-f frequency component in the picture i-f system
of the receiver.
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DIATHERMY

Diathermy radiation produces a broad-band signal with hum modulation,
producing a herringhone pattern on the screen. as shown in photo 3 of
Fig. 283. Diathermy is of such a broad-band and indefinite frequency spec-
trum that a trap system is not particularly uscful in the receiver. Instead,
suppression of radiation should occur on the diathermy equipment since radi-
ation serves no useful purpose in diathermy treatment.

146. Suppression of Signal Interference

The many possibilities for signal interference are demonsirated in the fre-
quency spectrum chart of Fig. 290. With the receiver set o1 channel 3 it is
possible to obtain interference from any of the frequencies so indicated. It is
helpful to draw up such a chart for each station in your locality to assist in
the diagnosing of signal-interference possibilities.
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Interference by stations on the same frequency as the channel to which the
recciver is tuned, such as would be obtained from the fundamental of an inter-
fering signal, second harmonic of an interfering station, or local osciilator
radiation from a nearby television receciver, is often difficult to suppress.

The antenna system that is being interfered with, of course, shouid be
directed away from the source of interference. if at all possible, and made
more sensitive in the direction of the desited station. However, in the case of
local oscillator interference, more than likely both antennas are directed at the
same angle. In this case, booster amplifiers between antenna systems and
receivers add another stage of rejection to each receiver, reducing the amount
of local oscillator radiation with the addition of one or more tuned circuits.
The ultimate solution to image interference and mixing with the second har-
monics of the local oscillator is to design the front end of the television
receiver with a much improved signal sensitivity and improved image rejec-
tion. Again, a high-gain, highly directional antenna is preferable for rejection
of image and spurious signal interference because it not only has peak sensi-
tivity for the desired frequencies but it can be directed in 2 manner which will
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reduce the sensitivity of the antenna system to interfering signals which arrive
at other argles.

INSERTION OF WAVETRAPS

Wavetraps can be inserted into the transmission line at the receiver termi-
nation or in some cases at the mixer grid circuit to suppress undesired signals
(Fig. 291). They are often series resonant and inserted in one or both con-
ductors of the transmission line and tuned to any undesired frequency. Reso-
nant circuits can be in the form of suitable lumped constants (drawing A) or
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Fic. 291 Input Traps to Remove Spurious Signals

sections of actual transmission lines (drawing B). In the case of the inter-
ference previously mentioned between channels 6 and /0 (picture carrier of
channel 70 beats with second harmonic of local oscillator on channel 6 to
produce a signal in the i-f spectrum of the receiver), it can be e'iminated by a
half-wave section of line open, tuned to the picture carrier frequency of chan-
nel 70. It forms a parallel resonant circuit in series with the sigral path to the
r-f amplifier of the receiver. It prevents the entrance of channel /0 picture
carrier into the receiver. This system would also attenuate channel 70 signal
when the receiver is set on channel /0. However, at that time the end of the
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half-wave section transmission line can be shorted together to form a series-
resonant circuit tuned to the picture carrier frequency of channel /0 and,
therefore, the passage of the signal into the r-f stage is not impeded. A simple
shorting switch on the end of the transmission line would do the job. Keep in
mind that the actual physical half wave of the transmission line section being
used as a tuned circuit is shorter than a half wave in space by the velocity
constant of the line. A quarter-wave section of line open or half-wave shorted
can be attached directly across antenna input to do the same job—shorting
input at undesired frequency.

It is possible to employ groups of resonant circuits in such a suppression
system to eliminate a number of spurious signals which interfere with opera-
tion of the receiver (drawing C). Suppression circuits can also take the form
of a parallel resonant circuit in series with a single path between the r-f ampli-
fier and the mixer grid; the parallel-resonant circuit (drawing D) prevents the
transfer of the undesired signal to the grid of the mixer and, thercfore, curbs
the mixing action which produces the interference in the i-f system.

Concerning interference from international short-wave stations and other
transmitters in the frequency spectrum between 20 and 25 megacycles, many
receivers use an inductance which is center-tapped and grounded at the input
to the receiver. Such a reactance is very small at the lower i-f frequency
ranges, therefore shunting off to ground any of these undesired short-wave
signals. At the higher frequencies of the television band the inductive react-
ance would be very large and, therefore, its effect insignificant. Again it is a
matter of designing the front end of the receiver with a peak sensitivity at the
desired frequency and good rejection at undesired frequencies as well as
proper shiclding of the receiver to prevent direct pickup into the i-f system.

In summation, the following steps can be taken to reduce interference from
spurious signals:

1. Orient and design antenna to have peak sensitivity toward the desired
signals. This means a wide-band antenna is not always feasible because of its
sensitivity to signals over a wide frequency spectrum. In the climination of
interference from FM stations and other services and their harmonics, it is
better to use an antenna which is only sensitive over the spectrum of the fre-
quencies desired. Again, if interference is severe it is a matter of treating each
station desired as a separate problem and perhaps using a scparate antenna
on those stations which are the most interfered with.

2. If the difticulty is a result of second-harmonic radiation, try to cooperate
with the station if at all possible in the suppression of their second harmonics.
If the second harmonic is particularly strong and station cooperation is not
forthcoming, report to the FCC. All cases of diathermy interference should
be reported immediately if this type of interference is to be eliminated.

3. Interchannel interference can be eliminated with wave traps. First, cal-
culate the frequency of the interfering wave and construct or purchase a wave
trap which can be inserted and tuned until the interference disappears.
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Booster amplifiers, because of their added selectivity, are also very effective
in the removal of spurious signal interference. In strong-signal areas you will
occasionally find a booster amplifier in operation for this recason.

147. Suppression of Impulse Noises

The reduction of interference from impulse noises, which cause streaks of
black and light to run across the screen in a random pattern, and in the case
of severe noise cause the receiver to go out of synchronism, is obtained in a
number of ways. So far as the receiver itself is concerned effective rejection
of impulse noises is attained with a properly designed and matched antennh
system as well as a shielded lead-
in which is routed away from
sources of noise. Inasmuch a
JORE. many noises can enter the re-

ceiver through the power line, a
filter inserted between outlet and
receiver does a lot to cut down
noises from home appliances or

ANTENNA
INPUT
TRANSFORMER ~a

™ Nom equipment operating on the samé

_>._6_ _T:_._—" .
ANTENNA 0m COAX. 10 saanceo power lines. The antenna should
f ¥ be positioned high and clear and
hd 1001 well away from any source of
B noise. In addition to that, if lo-
__________ cated in a noisy district a coaxial
ANTENNA e e feed-in should be used to shield

B the transmission line from noise.
T This coaxial line can be in the
15lh kR I\L"‘éggi'v"e% ?r?slft"“l SRR form of a simple line with the
proper matching system at the
termination to match the input to the receiver. Or a dual coaxial line can be
used (Fig. 292). If the coaxial line covers a considerable span its shield
should be grounded at various points to reduce any tendency for line pickup.
It is, of course, extremely important that a good low-loss line be used because
with a poor quality high-attenuation line, reduction of noise pickup is con-
fronted by additional attenuation of the signal and nothing is gained. If 300-
ohm line is used noise pickup on the line can be reduced considerably by
twisting the line every foot or two,

Impulse noises can also be attacked at the source by means of proper sup-
pression systems like those used on neon lights and other high-voltage installa-
tions. After locating a source of noise try to cooperate with the owner of the
radiating equipment to suppress noises with a filter or specially designed
commercial suppressor. The manufacturers of such equipment should be
notified so that they may include as a part of the particular device a means of
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suppressing radiation. So far as home appliances are concerned, as well as
electric cash registers, office equipment, electric shavers, etc., a considerable
reduction in the noise component which reaches the receiver can be obtained
by simply inserting a small 0.03-microfarad capacitor across the line at the
input to the device. For complete suppression of noises from heavier industrial
cquipment there are several types of commercially available filters consisting
of serics-inductor and shunt-capacitor combinations which prevent r-f energv
from feeding back to the power line and radiating or feeding directly into
radio equipment.

In summation, the procedure for eliminating impuise-noisc interference at
the receiver is as follows:

1. Erect the antenna high and clear, of course, and as far away as possible
from sources of noise such as a busy street, elevator shaft, ctc. Again, design
the antenna to have low-angle directivity and, therefore, have least sensitivity
to noise arriving at other angles. Design the antenna to extract the most signal
possible and shield the transmission line which feeds the antenna to the
receiver, thereby improving the signal-to-noise ratio.

2. Insert high-frequency filters in the power mains between the outlet and
the recciver proper to prevent direct excitation of the receiver by noises.

3. Try to locate filters at the point where the a-c line feeds the device which
is causing the noise. So far as auto ignition is concerned, capacitor spark
suppression can climinate this source of interference.

The television receiver of today, because of its wide acceptance, makes it
susceptible to interference and noise. As the number of stations increases in
all high-frequency services and as the number of receivers increases, an under-
standing of noise-prevention methods and interference will earn dividends for
the television technician.

QUESTIONS

Explain in detail relation between frequency response and lines of resolution.

Differentiate between vertical and horizontal resolution in respect to: a) limita-

tions and b) methods of checking resolution on a test chart.

What apparent defect does poor low-frequency response produce in repro-

duction of test ckart?

What apparent defect does poor high-frequency response produce?

List performance checks which can be made with RETMA test chart.

Give a step-by-step procedure in attempting to minimize reflections at a receiv-

ing site.

Detail all considerations which should be considered in installation of an

antenna in a weak signal area.

8. Detail a logical installation procedure to be followed in the interest of cus-
tomcr satisfaction.

9. Discuss importance of antenna positioning and oricntation.

10. List many sources of signal and impulse interference.
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Chapter 13

ALIGNMENT AND
TROUBLE SHOOTING

148. Alignment Objectives

Alignment and trouble shooting of a television recciver are greatly facilitated
with proper and accurate test equipment. A vacuum-tube voltmeter or high-
resistance voltmeter is necessary to make various clectrode and circuit meas-
urements, particularly those in conjunction with high-impedance circuits in
the sweep and sync systems of the television recciver. An a-c vacuum-tube
voltmeter, one which can be used to measure peak amplitudes of various non-
sinusoidal waveforms, assists in location of more obscure troubles. A versatile
oscilloscope is a timesaver in trouble shooting the video amplifiers and sync
and sweep systems. Even an inferior oscilloscope in the hands of a capablc
technician can be used to isolate most of the defects which arise in the tele-
vision receiver.

A number of test instruments arc necessary to perform a complete align-
ment of a television receiver. A sweep oscillator is used to align or make the
final alignment adjustments on most all television receivers. An oscilloscope
is used to obtain a visual presentation of the response curves. A simple and
inexpensive oscilloscope can be used to obtain these response curves because
of the extremely low rate at which they are presented on the screen (60 or
120 cycles). A reliable and accurately calibrated signal generator is a very
important instrument in adjusting the critically tuned traps and oscillator of
the television receiver. A complete alignment of a television receiver is a
tedious process and, fortunately, most of the systems are wide band and
stable, requiring only infrequent alignment. Those circuits which do require
occasional alignment can be adjusted simply. The scctions of the television
receiver which occasionally require alignment or an alignment check are:
the picture and sound i-f systems, the r-f section, and some special circuit
such as an a-g-c or automatic sync system.

Insofar as trouble shooting is concerned, a simple signal-tracing method
can first be employed in localizing defective i-f or r-f stages with a signal
generator. An oscilloscope is used to isolated trouble in the video amplifier
or sync and sweep systems; it locates the more obscure troubies in the sync

452



§148] ALIGNMENT OBJECTIVES 453

and sweep systems by comparing the fidelity of the wave with manufacturer’s
recommended standard waveforms. The most convenient device for trouble
shooting the television receiver is the picture tube itsclf because every defect
will evidence itself as a deformed or irrcgular presentation on the screen of
the picture tube. As for speed of trouble shooting, the capable technician
who understands thoroughly the theory of operation of the various component
circuits of the recciver will find his knowledge enhancing his ability to locate
troubles efficiently and quickly.

In summation, the following equipment is necessary for alignment and
effective trouble-shooting of the receiver:

SWEEP OSCILLATOR

A sweep oscillator assists in alignment of the picture r-f and i-f sections of
the recciver. It can also be used for alignment of the narrower band sound
i-f system, particularly alignment of the discriminator.

VACUUM-TUBE VOLTMETER

A vacuum-tube voltmeter can be used to check the d-c voltage at various
points in the circuit; because of its high impedance, it is particularly useful
in checking the voltages of high-impedance plate and grid circuits. It also
assists in alignment of various circuits in the receiver; namely, discriminator,
wave traps, a-f-c, and so forth. A high-frequency probe attached to the volt-
mecter can be used to advantage in checking the a-c voltages at various points
in the recciver. H the meter is designed to read peak voitage of non-sinusoidal
wave forms, it can be used to measure the amplitudes of the various sync and
sweep waveforms.

OSCILLOSCOPE

An oscilloscope is necessary when alignment is performed with a sweep
oscillator. 1t also can be used with a modulated signal generator to align wave
traps and other narrow-band circuits. An oscilloscope can also be used in
the sync and swecep systems of the television receiver to observe the fidelity
of the various waveforms or to ascertain their presence at various points. A
good oscilloscope with a wide-band vertical amplifier can be used to check
the absolute fidelity of various waveforms and thus assist in locating obscure
trouble. An inexpensive oscilloscope can be used to obtain approximate wave-
forms; in the hands of a good technician, it can be used to isolate most
defects.

SIGNAL GENERATOR

An accurately calibrated signal generator is necessary in the alignment
of critically tuned traps and other sharply tuned circuits. In addition, if the
sweep oscillator does not incorporate an internal marker systcm, an accurate
signal generator must be used to calibrate the response curves on the oscillo-
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scope screen. A r-f signal generator can also be used to signal-trace the r-f
and i-f systems to locate a dead stage.

149. Test Oscilloscope

The characteristics of a test oscilloscope itself must be considered when using
a particular model for alignment and trouble shooting of a television recciver.
Although a relatively inexpensive oscilloscope can be used for a great number
of checks and procedures, a more advanced design oscilloscope permits more
precise observation of operating characteristics. Some of the characteristic%
to be considered in using an oscilloscope for television applications are dis-l
cussed below.

OSCILLOSCOPE LOADING

Oscilloscope loading must be ronsidered in use of an oscilloscope for
checking waveforms across a high-impedance circuit. For example, if an
oscilloscope is said 1o have an input impedance of 1 megohm and 10 micro-
microfarads, it means that the presence of oscilloscope across any circuit adds
an impedance consisting of a l-megohm resistor shunted by a 10-micro-

el OSCILLOSCOPE EFFECTLY
ADDS THIS SHUNT

COMBINATION ACROSS

ANY CIRCUIT TO WHICH

IT IS ADDED
. , IMEG
S 10
o MMF

Fi6. 293 Loading Effect of Scope

microfarad capacitor (Fig. 293). Inasmuch as reactance of capacitive element
varies with frequency, the oscilloscope will have more of a loading effect at
high frequencies than it does at lower ones. Actual amount of loading is
also dependent upon the impedance of the source across which observed
waveform is present. For example, as demonstrated in Fig. 293, the oscillo-
scope across a 50,000-ohm source will reduce the impedance of this source
30 per cent at the frequency at which the reactance of the oscilloscope capacity
equals the ohmic value of the resistor. This frequency is approximately 320
kilocycles. Thus if a 320-kilocycle signal is present across the 50,000-ohm
source, the presence of the oscilloscope reduces the amplitude of this fre-
quency 30 per cent. If this signal is a part of a non-sinusoidal waveform, the
loss in amplitude affects the fidelity of the composite waveform; conscquently,
a true indication is not shown on the oscilloscope screen. Higher frequencies
are more scverely attenuated. Likewise, if oscilloscope is connected across
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a higher impedance circuit, its effect will be felt at even lower frequencies.
In summation, although an oscilloscope has a high impedance so far as its
resistive component is concerned, the high-frequency loading effect is caused
by the low capacitive rcactance that the oscilloscope shunts across the circuit
under test. It is important, therefore, when observing signals or waveforms
which contain high-frequency components, that they be observed across as
low an impedance point as possible.

If the same oscilloscope is attached across a 2,000-ohm source, the 30 per
cent loading point is not felt until the frequency is 8 megacycles or higher.
It is apparent therefore that although an oscilloscope can be attached across
high-frequency or high-impedance circuits when observing television wave-
forms, which contain high-frequency components, to preserve absolute fidelity
of waveform, it is necessary that these waveforms be observed across as low
an impedance point as possible. If a certain television waveform contains
high-frequency components and if the point at which it is observed is of rela-
tively high impedance, the presence of the oscilioscope will distort the wave-
form and possibly affect operation of the circuit.

If the oscilloscope is attached across a very high impedance circuit, not
only the reactive component is important but also the resistive one. For
example, if the oscilloscope is attached across a 1-megohm resistive source,
the resistive component of the oscilloscope shunted across same source
reduces its effective resistance to 500,000 ohms. This reduction exists at all
frequencies. For example, if we are measuring the frequency of a vertical
blocking oscillator, operating at 60 cycles, the grid circuit has resistance in
excess of 1 megohm, and if we attach the oscilloscope to this point, the resis-
tive component of the grid circuit will be substantially lowered; therefore, the
frequency of the oscillator itself will change and along with it the shape of
the grid waveforms. It is important, therefore, that the television technician
know the characteristics and limitations of the oscilloscope he uses and that
he understand the loading eflect of the resistive and capacitive components
presented by this escilloscope. It is a wise policy to locate the lowest imped-
ance point from which a particular waveform can be cbserved to prevent
distortion of the waveform or changing of the operating characteristics of the
circuit under observation.

The more expensive oscilloscopes incorporate a high-frequency probe and
generally contain a large valuc resistor shurted by a very small capacitor
which effectively isolates and reduces the loading of the oscilloscope. At least
it makes the loading of the oscilloscope a known quantity and not dependent
on the proximity and the manner in which the lead connects to the oscillo-
scope. When a scope without a high-frequency probe is used, the loading it
presents to the circuit is not a fixed quantity but is dependent on the capacity
of the test leads uscd—their length and their proximity to other component
parts and ground. The high-frequency probe, with its isolating components
at end of the probe which attaches to circuit to be observed, keeps loads
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ing constant. In addition, stray pickup is reduced because probe lead is
shielded.

OSCILLOSCOPE SENSITIVITY

Another important factor when choosing an oscilloscope for a specific
purposc is sensitivity—the ability of the oscilloscope to cope with the ampli-
tude levels of the signals to be observed. If an oscilloscope has an exceptional
sensitivity, it is also important that an attenuator or switching arrangement be
present to permit observation of higher voltage signals. If an oscilloscope is|
to be used for alignment in particular, it must have a very good sensitivity
to be able to observe the very weak output of a video detector when a sweep
oscillator is being used as a signal source. The output of the average sweep'
oscillator is sufficiently high to permit observation on the conventional oscillo-
scope only after signal has passed through two or more stages. However, in
some cases it is necessary to check the response of a stage or two which has
relatively low amplification; therefore, if the response pattern is to be obtained,
the oscilloscope must be capable of amplifying a very weak signal.

Oscilloscope sensitivity is generally measured in rms volt-per-inch vertical
deflection on the screen. For cxample, if a specific oscilloscope has a sensi-
tivity of Y2-volt rms per inch when the gain control for the vertical amplifier
is set on maximum, it means that upon application of a signal of Y2 volt, a
l-inch high deflection is observed on the screen. Sensitivity of commercial
oscilloscopes for television and special servicing use vary from approximately
a few millivolts rms per inch to a few volts rms per inch.

In television, it is also nccessary to obscrve complex waveforms which
may be in the order of a few hundred volts peak; therefore, it is necessary
that the oscilloscope also be capable of handling a relatively high amplitude
voltage by insertion of an appropriate attenuator.

FREQUENCY RESPONSE

The frequency response of the vertical amplifier of the oscilloscope must
be broad if the various complex waveforms associated with a television signal
are to be observed with fidelity, because the individual waveforms not only
contain their fundamentals but harmonic components up into the megacycles.
If the waveform is to be reproduced on the oscilloscope screcn as it occurs,
the vertical amplifier of the cscilloscope must be capable of transferring all
its frequency components.

So far as alignment alone is concerned, the oscilloscope need not have good
high-frequency response because the repeating waveforms, which represent
the response characteristic of a specific amplifier, occur at a very low fre-
quency. An oscilloscope with a rather limited response can be used to trace
most of the defects inherent in the complex waveform circuits of television
receivers, particularly if the technician makes certain that he applies his
oscilloscope to low-impedance circuits which are not severely loaded by the
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oscilioscope. His knowledge of what constitutes the high- and low-frequency
components of a complex waveform will assist him in finding those deformi-
ties which are likely to be present on observed waveform because the oscillo-
scope has a limited frequency response. For example, when an extremely
sharp leading cdge is applied to an oscilloscope with poor high-frequency
response, it is to be expected that the leading edge will appcar rounded off
on the oscilloscope screen. Nevertheless, a rather limited oscilloscope with
poor response can be used to obtain an approximate waveform at various
circuits in the receiver and to still give a satisfactory indication of correct or
incorrect operation.

Commercial oscilloscopes, dependent on price and design, have a low-
frequency limit, which is sct ai some value between 10 and 100 cycles, and
a high-frequency limit, which is sct at some value between tens of thousands
of cycles and one to two megacycles. Although the oscilloscopes are approxi-
mately linear over the frequency ranges mentioned, many oscilloscopes are
capable of reproducing a signal at much higher frequencies, although with con-
siderable attenuation, and it is not unusual to find an oscilloscope that will
amplify, to a certain extent, frequencics as low as 5 cycles and as high as
S megacycles.

Although an oscilloscope is said to have a specific frequency response, it
does not necessarily mean that you can apply that particular frequency from
the source and expect to get it on the screen of the oscilloscope tube unless
specific impedance requirements are met. It is true that if a specific frequency
is delivered to the amplifier, it will be reproduced on the screen. However, if
that signal is attenuated before it reaches the amplifier, frequency response of
amplifier is of no benefit. Thus, if the signal to be observed has high-
frequency components, try to observe that waveform across some low-
impedance circuit where the input impedance of the oscilloscope is substan-
tially larger. Under these conditions, the entire signal is delivered to the
vertical input of the oscilloscope, and the frequency response of the amplifier
will be instrumental in producing a truc likeress of the waveform on the
screen.

If the technician owns an oscilloscope with a limited frequency response
not good enough for reproducing the television waveforms, it is possible to
improve response at a sacrifice in gain by shunting the vertical amplifier plate
load resistors with smaller value resistors. Fidelity of the waveform repro-
duction is thereby improved though restricted to a small fraction of the screen
Seight. When attempting to observe the relatively higher amplitude waveforms
encountered in the sweep circuits, it is also possible to use an attcnuating
cable and probe which reduce the input capacity and loading to the scope
although again sacrificing gain. Such a homemade cable could consist of a
series resistor of approximately 1 megohm shunted by a S-micromicrofarad
capacitor mounted in the probe, with the other end of the cable connecting
into the regular scope input.
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HORIZONTAL SWEEP RANGE

Sweep range and fidelity of horizontal sawtooth are important if the wave-
form to be obscrved is to be reproduced with fidelity. For example, many
complex waveforms are checked with reference to time which should be laid
out linearly by the horizontal sweep line. To do so, the horizontal sawtooth
must be lincar to keep the beam moving from left to right across the scope
screen at a constant velocity. Also, if the waveform to be observed is a
repeating signal, it is necessary that the horizontal sweep be adjustable to its
frequency or some subharmonic of it. For television application alone this does
not place any strict requircments on the horizontal sweep system of the test
oscilloscope because the field rate is only 60 cycles per sccond and the line ratd,
£5,750. Thus, if the oscilloscope has a linear sawtooth from 30 cycles to
approximately 15,000 or even 8,000 cycles, it will be quite satisfactory
because for true obscrvation of waveform it is always best to have 2 or
complete cycles showing on the screen to counteract any loss of waveform
by the retrace of the oscilloscope. ‘

In television practice, for observation of a frame or two fields of a tclc-\
vision signal, the oscilloscope is set on 30 cycles, producing two fields of the
60-cycle repeating vertical rate on the screen. For observation of two lines
of the television signal, a horizontal sweep is set on one-haif of 15,750-line.
rate or 7,785 cycles. Thus, in the time required for the beam to sweep left to

right across the screen and back, two lines of picture occur and can be,

observed on the screen.

150. Typical Commercial Oscilloscope

An excellent oscilloscope for routine television servicing is the Triplett
3441, Fig. 294, which can be used as an alignment scope and as a signal-
tracing instrument in the sync and sweep systems of the television receiver.
It contains push-pull vertical and horizontal amplifiers to obtain balanced
deflection, high resolution, and high sensitivity. A cathode-coupled multi-
vibrator gencrates the horizontal sawtooth that is applied to a two-stage
resistance-coupled amplifier and then to the push-pull output stage that pre-
sents a balanced feed to the horizontal deflection plates. The vertical amplifier
consists of a high-impedance cathode-follower input stage, a pentode ampli-
fier, a triode phase-inverter, and balanced vertical output stage that supplies
the signal to be observed to the vertical deflection plate of the scope. A Z-axis
input provides a means of applying signal to the cathode of the scope tube
and therefore permits intensity-modulation of the scanning beam with specific
applied signals.

The vertical amplifier input has an impedance of 2 megohms shunted by
22 micromicrofarads of capacity with a 10-millivolt-per-inch deflection sensi-
tivity at a 2-megacycle bandwidth and a 20-millivolt-per-inch deflection sensi-
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tivity when the vertical amplifier is set on the 4-mcgacycle bandwidth position.
Bandwidth of the amplificr is controlled by a switch at the rcar of the scope
and is normally sct on the 2-megacycle position for routine use and on the
4-megacycle position for more pre-
cise observation of waveform. The
bandwidth control is in the plate
circuit of the vertical output stage
(Fig. 295) and adds resistance to
the plate load on the 2-megacycle
position in order to increase volt-
age output to the deflection plates.
Of course, the added plate resist-
ance reduces the bandwidth of the
amplifier, as compared to the 4-
megacycle setting. The vertical gain
control is located in the cathode
output circuit of the input stage,
tube V3, and supplies signal to the
pentode amplifier, tube VS5, which
employs scries-shunt peaking in
order to obtain a satisfactory fre-
quency response. This videco am- .
plifier supplies signal to a triode L
stage having cathode and plate
ouiput terminals, thus permitting a
choice of signal polarity (plate and cathede output are of opposite polarity) for
excitation of the two grids of the balanced output stage wita switch 7 choosing
proper polarity,

The vertical amplifier is conveniently calibrated with a built-in sine-wave
source and an a-c meter; it can be used to measure sinc-wave input as well as
peak amplitude of non-sinusoidal waveforms. Calibration is accomplished
by applying a known sinc-wave voltage to match the amplitude of any signal
to be measured. This voltage is then measured on the voltmeter, calibrated to
measure peak voltage. The voltage-measuring circuit is very useful in checking
the pcak amplitude of the various television waveforms in the television re-
cciver. In operation, a signal to be measured is applied to the vertical input;
the attenuator and gain control are then sct to obtain a suitable vertical deflec-
tion on the screen. The scope is next switched to calibrate, and the calibration
control R/3 is adjusted until the calibrating sine wave occupics the same
vertical spacing on the screen. Peak voltage of the appiied signal is indicated
on the voltmeter scale.

The sawtooth gencrator has a frequency range from 10 cycles to 60 kilo-
cvcles, and there is a 60-cycle sine-wave source for alignment use. Some of
the other features of the scope are as follows—retrace blanking, sawtooth-

Fic. 294 Triplett Oscilioscope
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output terminal, phoncjack, and phased 60-cycle sweep position with phasing
control.

151. Vacuum-Tube Voltmeter

A vacuum-tube voltmeter or at least a 20,000-ohms-per-volt voltmeter is
used to make the general run of voltage and resistance measurements neces-
sary when trouble-shooting a defective stage of a television receiver. It is
important that the meter be a high-resistance one to permit measurement of
d-¢ components of voltage in high-impedance circuits. To improve versatility
of mcasurements which can be made, an a-c probe can be of considerable
benefit because it can be used to measure a-c components of signal over a
prescribed frequency range.

In the use of an a-c probe and vacuum-tube voltmeter, it is necessary to
know the impedance of the instrument at various frequencies and to prevenﬁ
loading of circuits under measurements, resistive and reactive compongnts.
The actual capacitive component changes with frequency because of Miller
effect; resistive components change with transit time. Again, it is very impor-|
tant to know your instrument and all its features and characteristics if you|
are to use it to advantage.

So far as frequency response and loading are concerned, when using the
instrument, obscrve the same cautions you would in the use of an oscilloscope.
When measuring high-frequency signals for a true reading and for a com-
parison with measurements at other frequencies, attempt to obtain the read-|
ings across a low-impedance circuit to prevent loading. Again, if a high
frequency is to be measured, it is important that it is delivered to the instru-
ment and not shunted by loading effects of meter.

METER SENSITIVITY

Another important characteristic of a meter is its sensitivity and range scales;
choice of instrument, again, is dependent on what mecasurements are to be
made. If weak radio-frequency signals are to be measured, the instrument
must be extremely sensitive. This is a very important consideration when the
instrument is used for alignment purposes and for mecasurement of received
signals.

152. Commercial Vacuum-Tube Voltmeter

A typical commercial voltmeter (Fig. 296), which can be adapted for
many television applications, is the RCA WV-75A. This instrument includes
an external diode probe for measurement of a-c signals and can be used as
an a-c or d-c vacuum-tube voltmeter or as an ohmmeter.

A voltmeter consists of a vacuum-tube bridge; tubes ¥/ and V2, which
have a constant plate voltage when no signal is applied to either grid; meter
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connected from plate to plate reading zero. Upon application of a d-c com-
ponent of signal positive to grid of V1 or negative to grid of V2, the plate
voltages change and a d-c component of current flows through the meter in
accordance with the potential applied to one grid (which grid is dependent on
whether the voltage to be measured is positive or negative). An unusual fea-
ture of the instrument is the zcro center adjustment, R40 and associated cir-
cuits, which permits adjustment of the plate circuit of the bridge to have the
meter indicator read at the center for certain d-c measurements (particularly
for alignment of a discriminator). In this position of the meter, the indicatorl
deflects to right or left depending on the polarity of the direct voltage to b
measured. The meter is centered with no signal applied by slightly unbalanc-
ing the bridge with potentiometer R40.

In measuring a-c, a diode miniature tube, built into a probe, is attache
almost directly to the point from which the signals to be measured are taken;
thus, the high-frequency signal is rectified immediately, and the lead betwcen
the probe and meter does not affect the loading of the a-c signal source. The
rectified voltage is applied to the grid of tube V7, and meter is calibrated to
read an rms equivalent of the peak voltage rectified by the diode probe.

To prevent fluctuations in circuit components and line voltage from affect-
ing zero centering position of the meter and d-c component of rectified current
contributed by the a-c probe rectifier, an additional rectifier tube similarly
connected, but internal, supplics a d-c component of current to the lower tube
of the bridge which balances out any average change in the d-c component
of current contributed by the probe.

A specific advantage of the vacuum-tube voltmeter is that the diode probe
rectifies a peak current and develops voltage proportional to peak voltage of
the signal measured and, therefore, would also rectify a voltage proportional
to the peak amplitude of a transient waveform. Thus, the peak amplitude
of a complex waveform can be obtained by simply multiplying the rms
reading on the meter by 2.83 (1.414 times 2). Consequently, with this instru-
ment, if duration of various pulse waveforms is held at a minimum with
respect to their interval spacing, an accuracy within 2 per cent is obtained.
Most of the tclevision waveforms likely to be observed fall within these
requirements; therefore, the instrument can be used to measure complex
waveforms with reasonable accuracy. Some of the characteristics of this
instrument are as follows.

1. Eleven-megohm input resistance for all d-c scales. On lowest voltage
seale (0 to 3), sensitivity is 3.7 megohms per volt.

2. The input impedance presented when using the voltmeter for a-c meas-
urements with the diode probe connected directly—at 1 megacycle, 625,000
ohms, and 15.6 micromicrofarads; at 10 megacycles, 32,000 ohms and 14.5
micromicrofarads; and at 25 megacycles, 100 ohms and 13 micromicro-
farads.

It is apparent, therefore, that the loading effect of the meter becomes
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more pronounced at the higher frequencies. Consequently, it is important to
understand that if a higher frequency signal is to be measured and delivered
to the input of the meter, it must be taken off at a relatively low-impedance
point if rcadings arc to be entircly accurate and if loading effect on the device
to be measured is to be insignificant.

3. The frequency response of the instrument, when the diode probe is used
directly, is 30 cycles to 200 megacycles; when the diode probe is used with
supplied lcads, 30 cycles to 30 megacycles. It is apparent, therefore, that
instrument is well adapted to work on vidco amplifiers and can be con-
veniently used to take frequency-response measurcments on a video ampli-
fier because it is capable of reading with accuracy those frequencies likely
to be present in a video amplifier.

4. As an a-c vacuum-tube voltmeter—zero to 3, 10, 30, and 100 volts
with the a-c probe; with a special multiplier—zero to 300 and 1,000. As a
d-c meter—zero to 3, 10, 30, 100, 300, and 1,600 volts.

153. Sweep Oscillator

A sweep oscillator is an essential and cffective test instrument for wide-
band amplifier alighment. In conjunction with an oscilloscope, a visual repre-
sentation of the response of such an amplifier is obtainable. This response
curve can be conveniently calibrated in frequency with an accurate marker
system, which will permit immediate observation of any cne frequency with
respect to all other frequencies of the bandpass; likewise, it is possible to
locate instantly frequencies of various abnormalities, dips, or rises in the
response characteristic. A sweep oscillator and its marker system, therefore,
permit spot frequency checks as well as over-all response characteristics and
indicate, at a glance, bandwidth (range of frequencies which the amplifier
can pass) and linearity of the response (flatness of response over a desired
spectrum).

To obtain a visual representation of a response characteristic, it is neces-
sary that a wide band of frequencies be applied to the input of the wide-band
amplificr and that this frequency band be not applied simultancously but in
a progressive sequence, starting from some high frequency and proceeding
to a lower one, or vice versa. Frequencies are again presented from low to
high, and then a new cycle of frequency sweep begins. The rate at which the
frequencies are scanned is generally 60 or 120 times per second. A simple
method to gencrate such a varying frequency signal is to usc a variable
capacitor driven by a motor. Thus, as the capacitor plates rotate from an
open position to a fully meshed point at a prescribed rate (capacitor is part
of oscillator tuncd circuit), the frequency generated by an associated oscil-
lator varies from high frequency to low frequency; as the plates begin to
move toward full open position, the frequencies generated vary from low to
high. Other methods of generating a sweep frequency are by means of a react-
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ance tube modulator or a speaker motor which drives a metallic surface toward
and away from the inductor of a tuned oscillator circuit.

An important consideration in generating a sweep of frequencies is that
amplitude of all frequencics generated should be uniform to obtain a truc
responsc curve. Likewise, the rate at which the frequencies are varied must be
such to cnsure a reasonably lincar time spacing on the oscilloscope screen.

The sweep frequency output of the oscillator is applied to the input of the
wide-band amplifier under test, and its output frequencies are made to sweep
over a range of frequencies which the amplifier should be capable of passing,
plus an additional band of frequencies on cach side of the bandpass of the
amplifier to obtain a complete response. A sweep oscillator, therefore, must
incorporate two adjustments—one to sct a center frequency or the frequency
about which deviation occurs and one to control the extent of the frequency
deviation on cach side of this center point.

When the sweep frequency is applied to the amplifier under test, each fre-
quency, as it is instantancously presented to the amplifier, is amplified in
accordance with the gain of the system at that particular frequency. If this
signal is then presented to a detector, a signal component is rectified in
accordancc with the strength of the signal at cach instant. Thus, the signal
output of the video detector varies as cach new frequency having a different
gain is presented to the amplifier and remains constant if the gain is the same
at the new frequency. If the amplifier has no gain at a certain frequency at
that instant, there will be no signal component rectified by the diode detector.
If the amplifier has a maximum gain at a specific frequency or frequencics,
maximum diode current will flow; for frequencies at which the amplifier has
less than maximum gain, a lower amplitude diode current will flow. It is
apparent, therefore (Fig. 297), that instantancous diode current varies in
accordance with the gain of the amplifier at the many frequencies presented
to it. If these frequencics are presented at a constant amplitude to the input,
the variation in the diode current output (and voltage across diode resistor)
represents the variation in gain of the amplificr over a prescribed frequency
range.

For example, if a conventional signal generator were sct on 25 megacycles
and a d-c¢ vacuum-tube voltmeter placed across the diode deicctor of an
amplifier having response of drawing A, Fig. 297, maximum diode current
would flow and there would be maximum voltage across the diode load resis-
tor. If the signal generator is now shifted toward 24 megacycles and the same
output amplitude from the gencrator retained, a similar amount of diode
current and diode voltage would be read. However, if the output of the signal
gencrator were placed on 25 megacycles and its output held again at its con-
stant value, meter reading would be less. If the signal generator were put on 28
megacycles, at which frequency the amplifier has no gain, minimum current
would be read on the meter attached across the diode load resistor. Now, if
the signal generator were made to sweep over the range of frequencies from 30
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to 20 megacycles and back again, the instantaneous diode voltage would vary
in accordance with the response of the amplifier. Furthermore, if the signal
presented to the input of the amplifier were to sweep over this range of fre-
quencies at a prescribed rate, the diode voltage would trace out the response
curves that many times per second. Thus, if the frequency at the output of the
sweep oscillator varies froni hizh to low and back to high again 60 times per
second, the instantancous voltage across the diode resistor traces the response
curve that many times per second.
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Fic. 297 Diode Current and Response Curve on Scope

If this signal is applied to the vertical deflection system of an oscitloscope,
the beam is deflected vertically in a corresponding manner this many times
per second. What is more important, if oscilloscope beam moves left to right
across the screen at same rate the frequency at output of the sweep oscillator
varies from high to low, the horizontal axis of the oscilloscope becomes cali-
brated in time and frequency. For example, if it takes the oscilloscope 1/120
second to move from left to right across the screen (it would do so if the
horizontal waveform increased from minimum to maximum in 1/120 of a
second), time t, on the oscilloscope trace would occur when output frequency
of the sweep oscillator is 30 megacycles. Exactly 1/120 of a second later, at
time 1,9, the output frequency of the sweep oscillator would be 20 mega-
cycles. At time t; frequency of the output of sweep oscillator was 25 meg-
acycles. Thus, as the beam sweeps horizontally from left to right, it is setting
off equal segments of frequency; if scope vertical input is attached to output
of the video detector, signal output of the video detector deflects the beam
vertically in accordance with gain of amplifier for cach frequency instantane-
ously applied.

It is very cvident that to meet these relations it is necessary for the hori-
zontal motion of the beam to be synchronized in frequency and phase with
the sweeping frequencies at the output of the oscillator. For example, in a
typical sweep generator, the oscillator is frequency-modulated by a sine wave
of 60 cycles; consequently, the oscillator frequency is deviating about center
frequency sinusoidally. When the sine wave is at minimum (Fig. 298) time
ty, let us assume that the output of the sweep oscillator is at its highest fre-
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quency (for a prescribed center frequency setting). At the instant this highest
frequency is applied to the amplifier under test, a similar 60-cycle sine wave is
being applied to the horizontal deflection system of the oscilloscope, which is
also at minimum and is holding the beam on the far left side of the screen at
that instant. As time progresses from time ¢, during the period of the sine
wave, it is frequency-modulating the sweep oscillator in such manner as to
have frequency decrease. Likewise, the similar sine wave applied to the
oscilloscope horizontal is increasing in amplitude and thercfore moving the
beam left to right, horizontally. In like manner, the output of the video detector
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has been adjusted. As its sine
wave continues to increase in am-
plitude, the frequency at the out-
put of the sweep oscillator now decreases on the other side of center the
same amount as the deviation on the high-frequency side. In one cycle of
the modulating sine wave, frequency has varied the oscillator from high fre-
quency to low and back to high again. In the same time, the sine wave
applied to the horizontal deflection system of the oscilloscope has varied
from minimum to maximum and back to minimum; therefore, the beam has
moved from left to right across the screen and back again at the same rate
from right to left. Thus, the beam traces across the screen and back again over
the same path.

To make the trace and retrace precisely overlap, and therefore properly
phased with respect to the output of the video detector, a phasing adjustment
is generally included with the sweep oscillator to be adjusted until the two
patterns overlap precisely Actually, the phasing adjustment is setting the
phase of the sine wave at the horizontal deflection plate to match the phase
of a similar sinc wave which, at the sweep oscillator, is generating a sweep
frequency by frequency modulation. Inasmuch as the horizontal sweep for the
oscilloscope is also gencrated in the sweep oscillator, it is occurring at the
same frequency as the rate at which the oscillator is being swept; conse-
quently, when properly phased, a stationary, rigid pattern is formed on the
screen of the oscilloscope.
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Another consideration is the shape of the frequency-modulating wave and
the wave at the horizontal deflection system. For example, if a sine wave is
used to frequency-modulate the oscillator, the rate of frequency change when
the sine wave passes through zero is faster than the rate of change at the
peak of the positive and negative alternations of the sine wave. Thus, if a linear
frequency scale is to be set off on the oscilloscope screen, it is necessary that
the velocity of the beam horizontally vary identically. This is actually the
case when a sine wave is also used to deflect the beam horizontally, for the
rate of horizontal motion of the beam is lower at the peak of the sine-wave
alternation than it is when the sine wave is going through zero or when the
bcam is crossing the center axis of the scope screen. In the older, motor-
driven type of sweep oscillater in which a variable condenser was driven by
a motor, it was necessary to distort horizontal sweep waveform intentionally
10 obtain a linear pattern. The amount that the horizontal waveform was
distorted to produce a linear frequency scale was dependent on the changing
rate at which the rotating capacitor varied the oscillator frequency. Most
capacitors have a faster rate of frequency change as the capacitor plates
approach the open position, and thus the horizontal deflection wave form had
to be compressed and the beam velocity speeded up whenever the rotating
capacitor approached the fully open position.

MARKER SYSTEM

The response waveform on the screen of the oscilloscope is only approxi-
mateiy calibrated, the center of the trace representing the center frequency
at which the sweep oscillator has been set. Extremities of the sweep can be
approximated by adding and subtracting from the center frequency the maxi-
mum frequency deviation for which the sweep oscillator has been adjusted.
A more accurate means of calibrating the response curve is to employ an
accurately calibrated sigral source, which can be internal or external to the
sweep oscillator. Sometimes this calibrated source takes the form of crystal
oscillators of various frequencies which can be switched in and out to cali-
brate the curve with a low-amplitude oscillation or notch or it can be a
continuously variable signal generator (accurately calibrated, of course) pro-
ducing a tunable riotch which can be run across the actual response curve,
its position on the response curve representing the frequency to which it is
set. Thus, any frequency point on the response curve can be ascertained by
setting the signal generator on that frequency. The presence of the continuous-
frequency signal in the wide-band amplifier under test adds to or subtracts
from the sweep frequency whenever it sweeps past this frequency. The marker
frequency is generally set at a very low amplitude in comparison to the sweep
oscillator signal, producing only a slight niche or two-sided spike in the
response curve. Whenever the signal generator is varied, the niche moves
about the response curve, calibrating the various frequency points.

It is also possible to put a niche in the curve by simply positioning a reso-
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nant circuit near the output circuit of the sweep oscillator to absorb a small
amount of signal at the frequency to which it is tuned whenever the sweep
oscillator passes through this particular value.

In summation, the sweep oscillator and associated components have the fol-
lowing features:

1. The sweep oscillator emits a frequency-modulated signal which varies
above and below the prescribed center frequency at a low audio rate. It is
essential that the output of each frequency over which the oscillator sweeps
have a constant output, thereby applying frequencies of constant amplitude
to the input of the amplifier under test. It is also important that the sweep
oscillator be well shielded and spurious radiation kept at a minimum to prevent
interference in nearby receivers.

2. The sweep oscillator should generate an audio frequency which has the
same wave shape as the frequency modulation which deviates the sweep oscil-
lator. This waveform will cause the horizontal motion of the oscilloscope
beam to follow the variation in the rate of frequency change, setting off a
iinear frequency scale on the oscilloscope. A means should be incorporated
to set the phase of the horizontal deflection waveform to have it phased prop-
erly at the deflection plate with the frequency swing at the output of the sweep |
oscillator.

3. The output of the sweep oscillator must have proper atteruation control
to supply sufficient signal to check response of a low-gain system as well as
a weak signal output so as not to overdrive a high-gain system.

4. If possible, an accurate marker system should be incorporated to permit
precise calibration of the response waveform appearing on the scope screen.
An accurate center frequency adjustment of the sweep oscillator output has
many advantages.

5. A sweep width adjustment must be incorporated to control the devia-
tion of a sweep oscillator in accordance with the bandwidth of the system
under test. It is very advantageous to have this calibration accurate also.

6. The sweep oscillator should have a low-impedance output for television
application because it prevents any circuit to which it may be attached from
affecting the linearity of the sweep frequency output.

154. Sweep Oscillator Tvpes

A number of basic oscillator systems are employed. They can be segre-
gated into two specific categories—a mechanical system and an electronic
frequency-modulation system. The two basic mechanical systems are shown
in the block diagram of Fig. 299.

The first mechanical sweep oscillator type consists of a high-frequency
oscillator, the tuned circuit of which contains a motor-driven capacitor which,
as it rotates, varies the resonant frequencies of the tuned circuit. The output
of the oscillator sweeps in frequency from some minimum value to the maxi-
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mum value at a rate set by the number of revolutions the motor makes. By
means of a selector switch which changes the inductance of the tuned circuit,
oscillator output on the VHF television channels can be obtained.

When it is desired to sweep in the i-f frequency range, the output of the
oscillator sweeps over a range from 80 to 90 megacycles. This output is
applied to a detector mixer. To this same mixer another output from a fixed
oscillator is also applied and beats with the swept frequencies to produce an
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Fic. 299 Mechanical Sweep Oscillators

i-f frequency sweep. This new frequency sweep is applied to a cathode follower
clipper and then to an output jack. By proper choice of fixed oscillator fre-
quencies to mix with the sweeping frequencies from the main oscillator, the
various television and commercial FM i-f ranges can be obtained.

The output frequencies of the sweep oscillator are swept over the desired
frequency range at a prescribed rate depending on the rotation of the motor-
driven capacitor, which is gencrally 60 or 120 times per second. A second
output from the sweep eoscillatcr, therefore, must be a 60- or 120-cycle sine
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wave, which is applied to the horizontal input of the oscilloscope. Its phase
is properly regulated to have the start of the oscilloscope sweep from the left-
hand side of the screen coincide with the start of the r-f or i-f frequency sweep
at output of sweep oscillator.

A second mechanical system is used by Hickok, block diagram of which
is shown in drawing B. In this system the deviated oscillator has its tuned-
circuit inductor positioned near a dynamic-speaker motor drive which moves
a metallic surface away from and toward the inductor. Consequently, the
frequency of the oscillator is deviated. Center frequency of the oscillator is
controllable over a range of 75 to 115 megacycles.

To permit setting output frequency at any point over the television spec-
trum, an additional 75-megacycle oscillator is incorporated. This oscillator
mixes with output of the deviated oscillator and either sum or difference
frequencics, or harmonics can be chosen at output. A cathode-follower output
of the mixer-limiter stage applies the signal to the attenuator which controlsl
the signal output amplitude over a wide range. ‘

An internal marker system is incorporated in this unit; cither a choice of
crystal oscillator signals on chosen frequencies or a variable oscillator tunable
from 20 to 30 megacycles can be used for the television i-f spectrum. Either
of these oscillators can be tone-modulated and used to obtain (amplitude
modulation) a continuous frequency output from the generator, obtained by
turning off the dynamic drive. Speaker drive, of course, is under control of a
60-cycle sine wave; a similar 60-cycle sine, after passing through a phaser,
contributes the horizontal deflection waveform.

ELECTRONIC FM SWEEP_ OSCILLATORS

Two basic electronic types arc shown in Fig. 300. In the U.S. Television
oscillator (drawing A), a reactance tube is used to frequency-modulate a
135-megacycle oscillator, actual frequency modulation consisting of a 60-cycle
sine wave. Deviation of the oscillator is controlled by regulating the ampli-
tude of the modulating sine wave applied to the reactance tube. To permit
center frequency adjustment over a wide range, a tunable oscillator, which
can be set at any frequency between 135 and 245 megacycles, is applied along
with output of the frequency-modulated oscillator to the mixer, difference
frequency constituting the output of the sweep oscillator.

An internal marker system is incorporated. It consists of two crystal oscil-
lators, one on | megacycle and another on 10 megacycles. Each or both
oscillators can be used to supply marker calibration, putting a calibrating
niche every 1 or 10 megacycles along the response curve.

An extremely versatile sweep oscillator (drawing B) has been developed
by Kay Electric. It consists of two 3-centimeter (10,000 megacycles) klystron
oscillators. One 3-centimeter oscillator is called the signal oscillator and sets
the center frequency of the output; a sccond 3-centimeter oscitlator, called
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a local oscillator, supplies the frequency-modulation signal. Local oscillator
is frequency-modulated by applying a sawtooth sweep to its repeller plate.
This is the customary and a convenient method to frequency-modulate a
klystron.

Klystron local and signal osciilators feed through appropriate attenuators
to a crystal-mixer stage which passes the difference frequencies to the output.
Thus, output of sweep oscillator is actually a difference frequency between
the two microwave oscillators. This output is the useful signal output of the
sweep oscillator, and it is, of course, frequency-modulated because the local
oscillator is frequency-modulated by a low-frequency sawtooth voltage.
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Associated with the attenuator at the output of the signal oscillator is a
so-called “directional coupler” which attenuates the signal oscillator output
substantially and prevents interaction between the two oscillators. This expe-
dient prevents the local and signal oscillators from interacting on each other
and consequent frequency pulling. A reduction in amplitude of the signal
contributed by this oscillator makes it dominate in the output, as the weaker
signal always does in a mixer circuit. Thus, it is the signal oscillator fre-
quency which is varied manually to determine the difference frequency that
appears in the output to act as center frequency. and it is the local oscillator
which is frequency-modulzated and usually set at a fixed frequency. This fixed
frequency is frequency-modulated and in turn frequency-modulates the dif-
ference frequency of the output, center frequency of which is controlled by
setting of signal oscillator.

A crystal meter is associated with the crystal mixing circuit to permit set-
ting of oscillator frequencies for efficient operation. An absorption coaxial
wavemeter is used to measure the oscillator frequencies wkhich appear at

output.
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155. Commercial Sweep Oscillators

An effective sweep oscillator for the television technician is the Triplett
model, shown in Figs. 301 and 302. One-half of a 6J6 miniature tube is used
as a frequency-modulated oscillator with its center frequency adjustable to any
frequency between 60 and 120 megacycles. It is an ultra-audion oscillator,
and its plate-tank circuit (tuned circuit between plate and grid) is placed in
close proximity to a moving metallic surface driven by a dynamic motor.

e - i i |

FiG. 302 Triplett Sweep and Marker Generator

When there is no excitation to the motor, the oscillator has a single-frequency
range between 60 and 120 megacycles. However, with excitation applied (the
extent of which can be controlled by resistor R/ that connects to a 60-cycle
sine-wave source), this oscillator can be deviated to a maximum of 12 mega-
cycles. The oscillator is capacitively-coupled to a diode mixer and clippe},
tube V3, which limits amplitude variations of the sweep-frequency output.
The sweep signal is then applied to a triode clipper-limiter with a cathode-
follower output that feeds a low-impedance attenuator circuit. Sweep-fre-
quency output is available on the fundamental range from 60 to 120
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megacycles and over the second harmonic range from 120 to 240 megacycles.
A 0- to 60-megacycle sweep range is obtained by beating the output of the
sweep-oscillator tube with a 60-megacycle fixed-frequency osciliator, tube V2,
at the input to the diode clipper—the signals meeting at the junction of capac-
itors C11 and C13.

A fundamental marker-oscillator is provided to supply an accurate marker
signal over the useful ranges required in television alignment—3.5 to 4.9
megacycles, 19.5 to 29 megacycles, 24 to 48 megacycles, and harmonic ranges
up to 240 megacycles. Marker output is supplicd through resistor R32 to the
sweep-signal output. A separate marker-output terminal is also provided for
applying the marker signal directly into specific circuits for stronger indi-
cation. The variable marker is augmented with both a Pierce crystal oscillator
and its external crystal jack into which specific crystals can be inserted for
calibration and for dual accurate marking of response curve. Fundamental
crystals with oscillating frequencies in the 30-megacycle range can be inserted
also, providing harmonic output well up into the VHF- and low UHF-
frequency ranges.

Inasmuch as a 60-cycle sine wave is used to excite the motor drive, a similar
60-cycle sine wave must be applied as horizontal sweep to the oscilloscope if
the scope does not have an internal 60-cycle sine-wave source. Furthermore,
the phase of this sine wave applied to the horizontal sweep must be correct
with respect to the phase of the deviation of the oscillator. A phasing control
R31 permits adjustment of the phase of the sine wave applied to the scope and
consists of resistor R3/ and capacitor C34, their relative reactance and
resistance ratios determining the phase of the sinewave. This type of gencrator
is an idcal instrument for alignment, because it is built as a compact sclf-
contained unit which incorporates the various types of signals necessary in the
alignment of a television receiver. It contains sweep oscillator output in r-f
and i-f ranges and, in addition, can be used as a single-frequency generator
with accuracy over the same frequency ranges. Additional features are a
600-cycle audio oscillator for modulation of marker and added clarity and
an absorption-marker circuit that can be used on the low-frequency marker
range with the oscillating marker turned off.

RCA SWEEP OSCILLATOR AND TELEVISION CALIBRATOR

The television sweep oscillator and calibrator (Figs. 303 and 304) form a
versatile combination which can be used for alignment adjustment and trouble
shooting of television reccivers. The sweep oscillator has a frequency sweep on
cach of the 13 television channels, an i-f frequency sweep between 5 and 15
megacycles, an i-f frequency sweep between 20 and 30 megacycles, frequency
sweep between 20% and 22' megacycles for sound i-f alignment, a 10-to-
11%2 megacycle sweep for commercial FM receiver sound i-f.

A 6-megacycle sweep can be obtained at any point within the 25-to-50
megacycle range with center frequency adjustable to any point within that
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range. To check video amplifier response, a special zero-to-10 megacycle
sweep is also available and can be used to obtain the response curve of a
video amplifier in a television receiver. The output voltage of the sweep oscil-
lator is at some level between 0.1 and 0.18 volt.

The main oscillator consists of a 6J6 connected as a push-pull oscillator
with a tuned-plate circuit consisting of a motor-driven capacitor and a series of
inductors that are switched across this capacitor in accordance with the fre-
quency range desired. Thus, on each new channel a new inductor is switched
across the rotating capacitor to produce the frequency sweep required. Sweep
width can be controlled by regulating the current through coil L22, whicH
determines the frequency change caused by the rotating capacitor. Output of
the oscillator is taken off a resistor divider and coupled through a capacitive
attenuator to the r-f output jack. Output cable for the r-f section is termi-
nated in a 300-ohm balanced resistive load.

A special shaping tube, V5, is excited by a sine wave applied to its gri
which is amplified and applied to the diode rectifier section of the tube. Dur!
ing the positive alteration, the rectifiers draw current and place a negatnve
charge on capacitor C9 which cuts off the oscillator. Thus, the frequency
sweep is from some minimum frequency to a definite maximum value. Afte{
it reaches this maximum, the tube is cut off while the driven capacitor con-
tinues to rotate until it reaches the point at which the oscillator is again tumeq
on to begin a new frequency sweep at the minimum value. Consequently, the
frequency sweep is in only one direction, simplifying adjustment and preventt
ing a dual trace on the oscilloscope screen. The blanking phase control, R60|
must be adjusted (a pre-set adjustment) to have the oscillator turn on when
the capacitor is at its minimum frequency point and to have the oscillator
turn off when the capacitor rotates to its maximum frequency point. A
60-cycle output is also present at jack J3 for application to the horizontal
sweep of the oscilloscope. This phase is properly adjusted with phase contro
R59, which ensures that the start of the sweep on the left-hand side of the
screen coincides with the minimum frequency point of the frequency sweep at
the output of the oscillator.

When the selector is turned to one of the i-f ranges, the 80-10-90 mega-
cycle sweep frequency signal is coupled through coil L3A to the cathode cir-
cuit of the 6C4 detector tube, V3. At this setting, the fixed-oscillator tube,
V2, is also turned on and supplies signal to grid of detector tube. This fre:-
quency is chosen to have the proper i-f frequency present in the plate circuit
of the detector (as a difference frequency) when mixed with the r-f frequency
sweep being applied to its cathode. The tuned-plate circuit of the detector 1s
coupled to the grid of the cathode-follower output tube, which has a lowl—
impedance output to match the 100-ohm termination of the i-f and video cable.
The i-f attenuator control is in the cathode circuit of the detector, setting the
level of the positive external bias applied to its cathode.

One unusual and very helpful characteristic of this sweep oscillator is the
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zero-to-10-megacycle sweep range which is obtained when an 80-megacycle
signal from the fixed oscillator is applied through the detector to beat with
the 80-t0-90 megacycle swept range applied from the main oscillator. Differ-
ence frequencies represent, of course, a range of frequencics from zero to 10
megacycles. The zero-to-10-megacycle sweep range is calibrated with a
3-megacycle marker by means of absorption trap L2/ and C28 which absorb
some of the 3-megacycle components through L.20A4, putting a dip in the
response curve at 3 megacycles.

A companion piece to the sweep oscillator is the television calibrator which
serves as an accurate marker generator for the sweep oscillator for sweep
alignment procedures and as an accurate single-frequency generator with or
without audio modulation. It can be used to calibrate the sweep oscillator
properly.

It can be set accurately on any frequency between 19 and 110 megacycles
or between 170 and 240 megacycles. The output voltage is at least 1/10 volt
rms at 100 ohms. The unit contains a variable-frequency oscillator plus two
crystal oscillators on 2.5 megacycles and 0.25 megacycle to be used as stand-
ards. These crystal stages can be used to check frequency of the variable-
frequency oscillator, permitting a very accurate marker frequency signal when
the generator is used for sweep oscillator alignment procedure. A heterodyne
detector and audio amplifier permit use of the instrument as a heterodyne
frequency meter to check unknown frequencies which fall within the frequency
range of the instrument.

Scale accuracy of the instrument is within ¥4 megacycle from 19 to 110
megacycles and within ¥2 megacycle from 170 to 240 megacycles. In addition,
with the 2V5-megacycle crystal oscillator turned on, a beat note will be heurd
(small built-in loudspeaker) every 2% megacycles which can be used to set
the oscillator precisely on any 2Y5-megacycle harmonic over the entire fre-
quency range of the variable-frequency oscillator. In addition, after locating
one of these 2%2-megacycle points, the V4-megacycle crystal oscillator can be
turned on and an intermediate point accurately located. Thus, it is possible
to set variable-frequency oscillator precisely on the picture- or sound-carrier
frequency of the various television channels quickly and accurately. For
example, in locating the picture-carrier frequency of 61% megacycles for
channe! 3, the 2V2-megacycie calibrating crystal is turned on, and the variable-
frequency oscillator is shifted until the beat note is found at approximately
60 megacycles. Now the Y4-megacycle calibrating crystal is turned on and
the frequency of the variable-frequency oscillator is increased until the fifth
beat from the 60-megacycle point is found on the dial scale; this should be
exactly on 61%4 megacycles. The same method can be used accurately to
locate any frequency point over the entire frequency range of the instrument.

The second schematic diagram (Fig. 304) shows the component parts of
the calibrator. The first tube at the top left is the 14 -megacycle oscillator con-
nected in a cathode-coupled arrangement and output of which is coupled to
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a 6AKS clipper and modulator. The clipper and modulator square the wave
to produce a Y4-megacycle signal which is rich in harmonics and thercfore
produces beat notes to a very high frequency. Output of the clipper ties the
Ya-megacycle component to 2 grid of the multigrid 6BE6 tube. The same tube
also incorporates the 2%2-megacycle crystal oscillator and a means for insert-
ing an external r-f signal to one of the other grids of the combination crystal
oscillator and detector.

The variable-frequency oscillator is a push-pull connected 6J6 with a
band-switching and variable-tuning system to cover the desired frequency
range. Output is taken off the plate 2 side of the oscillator and through an
isolating resistor, R31, is coupled to the r-f output jack and cable. Oscillator
can be modulated by an external source of audio or video through jack J6|.
The second output is removed from the top plate 1 of the oscillator and is
coupled to the cathode of the 6BE6 crystal oscillator and detector.

It is interesting to note that the crystal oscillator and detector tube has four
signal input possibilities. When any two frequencies are simultancously applied
to this tube, a difference frequency will appear in the plate circuit which is
coupled through the two-stage audo amplifier to the small loudspeaker. For
example, if the 2%2-megacycle crystal signal and the Y4-megacycle crystal
signal are both applied the tenth harmonic of the Y4 -megacycle crystal, fre-
quency will compare with the 2V2-megacycle crystal frequency to produce an
audible difference frequency in the output. The V4-megacycle oscillator iF
adjusted to precise frequency by zero-beating this harmonic with the Pz
megacycle crystal frequency. When the variable-frequency oscillator output is
beat against either one of these two crystal frequencies, the harmonics of the
crystal frequencies will zero beat with the variable-frequency output at various
points, the zero-beat point, of course, representing calibrating points through-
out the entire variable-frequency range. Furthermore, it is possible to apply ar:l
unknown frequency through the r-f input jack, J7, and then zero beat th
variable oscillator frequency against it to determine the frequency of the
unknown signal. This is the method by which the local oscillator in a television
receiver can be precisely set on frequency. Do so by first setting variable oscil-
lator on proper frequency and then make the local oscillator adjustment until
a zero beat is heard in the output of the small speaker. The combination of the
television sweep generator and television calibrator is ideal for the television
technician and along with an appropriate oscilloscope can be used for adjust-
ment, alignment, and trouble-shooting of the r-f and i-f sections of the tele
vision reeeiver.

156. Alignment Checks

The sweep oscillator is not only a test instrument by means of which a wide-
band amplifier can easily and effectively be aligned, but, in addition, it can be
used to perform alignment checks simply. In most wideband amplifiers, actual
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alignment because of drift in the resonant circuit frequencies is seldom
required. In most cases, there is a defective component part or some part has
changed in its capacity or inductive characteristics. For example, a defective
tube might cause a change in distributed capacity thereby affecting the band-
pass of the amplifier. Replacement of the bad tube with a good one results in
proper response curve again. Thus, if there is an incorrect response curve, as
indicated by a simple alignment check, the defective component can be iso-
lated and, if replaced, response curve returns to normal. It is very important
for the technician to realize that an incorrect response curve is generally not
an indication of incorrect alignment but of a defect produced by a bad part.

Occasionally if a tube burns out and is replaced by a new one with a differ-
ing interclectrode capacity, the response curve changes shape and realign-
ment may be necessary. Often it is possible to replace the defective tube with
a number of substitute tubes and to choose one which does rot change the
shape of the response curve. By means of alignment check, therefore, it is
possible to ascertain if alignment is necessary by obscrving the over-all
response of the amplifier under test and by checking it with the responsc curve
recommended by the manufacturer. When the curve is found to be defective,
make absolutely certain that alignment is necessary and that the defective
response curve is not a result of a defective part. In practice, a good service
man will always touch up the alignment of an AM receiver to obtain maximum
performance whenever a receiver is repaired. However, do not attempt realign-
ment of a television receiver unless it is necessary. More than Hkely it is not.

Successful application of sweep oscillator for alignment, alignment check,
or even as an instrument to trouble-shoot for obseure defects is a function of
proper utilization of the oscillator and an understanding of the curves pre-
scnted on the oscilloscope screen. If the instrument is improperly used and the
technician’s knowledge of what to expect is vague, a sweep oscillator is uscless
as a test instrument.

PRECAUTIONS FOR TESTING

In connecting the sweep oscillator for operation, the following precautions
should be taken if desirable response curves are to be obtained. First connect
the test equipment to the amplifier under test as indicated in Fig. 305.

1. Use the balanced or unbalanced output of the sweep oscillator in accord-
ance with the input needs of the amplifier under test. Never apply unbalanced
output of a sweep oscillator to a balanced input. A few wide-band amplifier
response curves are aflected by the input termination, and therefore it is
nccessary to match output of the sweep oscillator to the input circuit. A
100-okm unbalanced output sweep oscillator can be approximately matched
to a 300-ohm balanced input as shown in Fig. 305. The output of the sweep
oscillator feeds into 100 ohms, but the total resistance across the terminals of
the input circuit is 300 ohms.

2. A solid and complete grounding system must be used if uniformity of
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response curve and accuracy are to be obtained. At the very high television
frequencies, even a rather short interconnecting lead has appreciable induct-
ance and is subject to a stray pickup. If such a ground is not available, it is
absolutely essential that a heavy ground wire be used to interconnect all
units; the grounding system should be confined to as small a space as pos-
sible. This is one definite advantage to a sweep oscillator which has all
its essential components self-contained, reducing the number and length of
interconnecting leads. A poor ground is indicated when shape of response
curve changes when ground points are touched or when output amplitude of
sweep oscillator is varied (not enough to causc overload).

HORIZONTAL
oo 005
uF 03 SWEEP OFF
SWEEP o0 \ WIDE-BAND SCOPE
OSCILLATOR AMPLIFIER
7 .
2 | amd our
l' IN v o
t
MARKER  QUTPUT e : *
4 | OFF ON
i
, : H, SWEEP
. OFF _ON
DON'T 1
KEEP OVERLOAD L@ H. AMPg
MARKER AMPLIFIER VERT. H.R,
AMPLITUDE
DOWN /
HORIZONTAL
AMPLIFICATION
COMPLETE
UNBALANCED TO LOW RESISTANCE
BALANCE-100.~ GROUND

TO 300~
FiG. 305 Intcrconnection of Units for Sweep Oscillator Alignment

3. Be certain that oscilloscope controls are set for proper operation. The
internal sweep must be shut off because the sweep signal is generated by the
sweep oscillator. Only occasionally will a sweep oscillator be used which gen-
erates a pulsc to synchronize the internal sweep of the oscilloscope. If so, it
will be indicated on the instrument. The now available television alignment
oscillators generate their own sweep voltage. It must be applied to the hori-
zontal input of the oscilloscope, and the internal scope sweep must be turned
off. Do not turn off the horizontal amplifier of the oscilloscope.

4. Inasmuch as the response curve is painted on the screen of the oscillo-
scope at a very low-frequency rate (at the most 120 times per sccond), the
output of the instrument under test can be shunted with a rather large capacitor
and can thereby prevent pickup of spurious signals which would disturb the
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clarity of the response curve. Try to kill all other signals which might enter
the amplificr under test and disturb or add fuzziness to the pattern. For exam-
ple, in the alignment of the i-f system of television recciver, removal of local
oscillator tube as well as horizontal and vertical sweep oscillator tubes helps
to improve clarity of the curve.
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Fic. 306 Sweep Oscillator Interconnections for TV R-F and I-F Alignment

5. Do not overload amplifier under test by applying too much signal from
the swecp oscillator. Apply only a minimum of signal required to obtain a
clearly visible curve. Overloading of the amplifier will cause an untrue curve
which is flattcned off or actually compressed.

6. Do not apply too much marker signal, which will also distort pattern and
give an incorrect curve. It is best to have marker amplitude at absolute mini-
mum until response curve is obtained and then to apply just sufficient marker
amplitude to produce a marker which is visible and which will not disturb
fidelity or amplitude of the desired response curve.

Interconnection of equipment to obtain a television picture i-f alignment
check curve is shown in the block diagram of Fig. 306. In this circuit, the
unbalanced output of the sweep oscillator is attached to the grid of the first
picture i-f stage or, whenever possible, to the grid of the mixer tube. Encrgy is
coupled through a small capacitor to prevent shunting any bias circuits with
low resistance output of the sweep oscillator. Horizontal output of the sweep
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oscillator is applied to the horizontal sweep input of the scope horizontal
amplifier. Signal, representing the response curve, is taken off the video detector
load resistor. It is shunted by a large capacitor to filter out spurious higher
frequencies.

In the second drawing, the sweep oscillator is applied to a TV receiver to
obtain r-f unit response curve. A 50-ohm unbalanced output is balanced and
matched to a balanced 300-ohm input with resistors. Signal for oscilloscope is
generally removed at the grid of the mixer. In some receivers the response is
checked frem antenna input terminals through to video detector. When an
sscilloscope is attached to the mixer to prevent shunting that mixer with'
capacity of the oscilloscope and probe, a 10,000-ohm series resistor is always
inserted for isolating purposes.

When an external marker generator is to be used (accurately calibrated
signal generator or resonant trap), it must be applied through a small capacitor
and series isolating resistor. Proper isolation prevents the presence of the
marker generator from aflecting the response of the stages in the ampliﬁer.‘
It is also important that the marker oscillator output is kept at the minimum
necessary to give a just visible indication on the response curve to prevent an
improper indication. The marker oscillator is often attached at the same pointI
that the sweep signal is being applied although occasionally, for a clearer
marker indication, it is applied to an earlier stage.

OPERATING PROCEDURE

Typical operating procedure for use of a sweep oscillator is as follows:

1. Permit amplifier and sweep oscillator to warm up for at least 15 to 20
minutes.

2. Properly interconnect equipment and make certain a satisfactory ground
has been incorporated. Set sweep oscillator on desired center frequency.

3. Turn vp sweep oscillator output to about 34 full. Turn up deviation in
accordance with approximate bandwidth of amplifier under test. Marker
amplitude should be at minimum,

4. Adjust oscilloscope controls until pattern appears on screen. Adjust
phase control to obtain overlap of dual pattern. Now turn down sweep oscil-
lator output to minimum and gradually increase output, observing pattern on
screen. Pattern should increase in amplitude, but its shape should remain
uniform. If shape of pattern changes appreciably as the sweep oscillator output
is gradually increased, the grounding system is not satisfactory. After the ampli-
tude is increased too far, pattern will be seen to flatten and eventually com-
press, showing that some of the stages of the amplifier under test have been
overloaded. Never keep the sweep oscillator output at this high level. It is
preferable in the alignment of most wide-band amplifiers that the minimum
sweep oscillator output be used to give a visible pattern on the oscilloscope
screen (least attenuation by the vertical amplifier of the oscilloscope).

5. Turn up marker amplitude until marker indentation is visible on the
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response pattern. Keep marker amplitude at a level which will keep it dis-
cernible and which will not affect fidelity of the response curve.

6. Adjust center frequency output of sweep oscillator and deviation until
entire response curve is visible on the screen, extending to a point where the
response drops to a minimum. It is important to consider the number of ampli-
fiers present in the oscilloscope as well as the polarity of the response curve
at the point it is taken off amplifier output. Under some circumstances, the
response curve will appear negative on the screen of the oscilloscope; at other
times, depending on polarity of output and number of vertical amplificrs in the
scope, it will appear positive.

If the television test bench is properly organized, it shouid bz a simple
matter to set up the equipment quickly for performing alignment check, wide-
band amplifier trouble-shooting, or alignment. The advantage of using a sweep
oscillator method of checking the characteristics of r-f and i-f systems of a
television receiver is that the system can be maintained in operation as changes
arc made and the effect is immediately visible on the curve present on the
oscilloscope screen. Thus, suspected parts can be removed and equivalent com-
ponents substituted and the immediate effect will be apparent on the screen.
Likewise, the suspected tube can be removed and a new one substituted and
the results observed on the response curve. The response curve should not
only give you an indication of the bandwidth and fidelity of the response but
also, in case of a weak tube, for example, the amplitude of the response curve
should rise when the weak tube is replaced. To see if alignment is necessary,
it is only a matter of comparison with the curve recommended by the manu-
facturer of the amplifier under test. It might be a good policy for the manu-
facturer not only to indicate the shape of the response curve but also to give
an idea of what amplitude should be expected for a given level of applied
signal of the sweep oscillator. It will assist in checking the over-all gain of the
amplifier as well as the fidelity and bandwidth of the response.

A similar procedure can be used to check the alignment of the sound i-f
and discriminator of a television receiver (Fig. 307). When aligning the sound
i-f, the sweep oscillator output is applied to the grid of the mixer, if accessible,
or to the grid of the first i-f amplifier in the sound section. The response curve
can be observed across the limiter grid resistor at which point the input to the
vertical amplifier of the oscilloscope is attached. Inasmuch as the bandwidth
of the sound i-f is very much narrower than the bandwidth of the picture i-f,
deviation of the sweep oscillator is cut down to a very low value (approxi-
mately =100 kilocycles). To check the response of the discriminator, sweep
oscillator output is attached at the same point and the oscilloscope is attached
to output of the discriminator. When a sine-wave sweep is used in the sweep
oscillator, a single S-curve appears (Fig. 307) on the screen; when aligning
a discriminator, it is only necessary to adjust the phase control to obtain a
coincident curve. In many of the FM sweep oscillators in which a back-to-back
sawtooth sweep is used, a double S-curve shows on the screen.
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In most television reccivers the sound i-f scction is aligned first and, if
exactly aligned, can later serve as a standard for proper aligrment of the r-f
unit of the receiver. Generally, the next in order are the various wavetraps
and special tuned circuits in the picture i-f and in the coupling system between
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the picture and sound i-f channels. Next is the alignment of the picture i-1
and finally of the r-f unit of the receiver. If the receiver is a projection typc,
alignment of optical unit follows complete clectrical alignment. The above
sequence, although not always used, presents a logical manner in which to
approach the problems of alignment.

157. Alignment of Sound I-F Channel

In the alignment of the sound i-f, a sweep-oscillator or output-meter proce-
dure can be followed. It is advisable to use the procedure recommended by
the manufacturer. Equipment for meter alignment of the i-f section of the
sound channel is interconnected as shown in Fig. 308.
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Procedure for performing meter alignment of the i-f section is as follows:

I. Apply signal generator sct to the sound i+ frequency. to the grid of the
first sound i-f tube. It is very important that the signal gencrator be accurately
calibrated because alignment of sound i-f not only affects the signal as it passes
through the sound system but also influences the alignment of the r-f unit and
the various traps in the picture i-f. One plan to be recommended highly is the
use of a signal generator which has crystal-controlled frequencies at the sound
t-f for the various recciver models handled. If this procedure is used, the
technician can be certain of sound i-f alignment and its influence on the
alignment of other sections of the receiver.

2. Attach vacuum-tube voltmeter across grid limiting resistor at limiter
stage. Adjust various sound i-f transformers and tuned circuits starting at the
limiter tuned circuit and proceeding back to the grid circuit of the first i-f
amplifier. Always be certain to
apply signal generator through a

small capacitor whenever it is J
applied to a circuit which has a ’0_"_ :

d-c potential on it. ‘*gfé’:ﬂf MIXERIOR LAITER
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