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PREFACE

Television has made tremendous strides in the United States since the
close of World War II, developing into the country’s first new postwar
billion-dollar industry. The total television receiver sales for 1949 were
estimated at $880,000,000, and the gross dollar volume in the entire
field for the year (including transmitters, studio equipment, home an-
tenna installations, servicing, warranties, and accessories) was estimated
at $1,013,250,000. Receiver production by members of the Radio Manu-
facturers Association amounted to 2,413,397 units for 1949, and the total
output for the entire industry exceeded 2,800,000, as compared with an
estimated industry-wide TV receiver production of only 955,000 units in
1948. More than 4,000,000 television receivers have been manufactured
and installed in American homes since the close of World War IL

Television engineers have been sorely pressed to keep up with the
inereasing demand for more improved equipment of all types, whether
for TV transmission or reception. The constant demand for greater
quantities of equipment of higher quality and of more advanced design
has taxed the ingenuity and resourcefulness of practicing engineers in
the profession. There has been a constant search for practical technical
information with which to solve the many engineering problems that
have arisen.

This book is an attempt on the author’s part to include within the
covers of a single volume much of the practical information which the
practicing engineer in the field will find useful in solving his everyday
problems. At the same time, it is hoped that the student will find the
work sufficiently interesting and instructive to yield a broad insight into
this interesting new field of human endeavor. The information contained
has been organized with the needs of the student in mind, whether he is
seeking instruction on a college or university level or is attending one of
the recognized technical trade schools. Review questions are included at
the close of each chapter. The engineer actively engaged in the field will
also find these questions useful in a review of the science from time to
time.

The author has endeavored to cover the entire field as thoroughly as
possible in a book of this size, and it is regrettable that it has not proved
possible to go into greater detail. The material was collected for the
author’s own use while serving as chief engineer of Du Mont Television
Network, and earlier, while installing, servicing, or operating television
studio and transmitting equipment in various parts of the United States
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vi PREFACE

for a prominent manufacturer of television apparatus. The accumula-
tion of notes, references, and data was carried on while installing, servie-
ing, or operating equipment for this manufacturer in New York City,
Washington, Baltimore, Detroit, Dallas, Boston, Miami, and Los Angeles.

It was felt, therefore, that the benefit of this experience, as well as
the research material collected while searching the literature from time
to time, might be passed along to others who would find it useful in the
solution of their technical problems. The ultimate result was the
preparation of a manuscript from the collected material.

While a great deal of information is included on the theoretical concepts
in television, manufacturing techniques, operating practices, and so on,
great stress has been placed on television broadeasting. This is a rapidly
advancing field. At the beginning of 1950 there were four operating
television networks in the United States, 98 television broadcasting sta-
tions were on the air, and 13 applicants held construction permits for
new stations. There were, in addition, 351 applications for construction
permits on file with the Federal Communications Commission at Wash-
ington.

The author is indebted to a great many persons and organizations for
their cooperation in supplying technical information and photographs for
the text and wishes to thank particularly Allen B. Du Mont Laboratories,
Ine., Radio Corporation of America, General Electric Company, Westing-
house Electric Corporation, North American Philips Co., Inc., National
Broadcasting Company, Du Mont Television Network, American Broad-
casting Company, Eastman Kodak Co., Amphenol Corporation, American
Telephone and Telegraph Co., American Optical Co., and the many others
who have cooperated. He is also indebted to Mr. Floyd Rogers who
reviewed earlier portions of the text and extended helpful advice and
suggestions. Material from other works in the field has been freely
referred to and proper credit extended wherever others have been
quoted.

It is sincerely hoped that the contents of the book will prove useful
to the vast and expanding group of engineers, technicians, and servicemen
who will have to design, develop, and supervise the manufacture, installa-
tion, and servicing of the great array of equipment which such a rapidly
advancing field demands. For those who desire to do further research
into the subjects covered, a bibliography, chronologically arranged, is
included at the close of each chapter. A useful glossary of television
engineering terms will be found at the close of the text.

Scott Helt

New York,
November, 1952
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CHAPTER 1

THE FUNDAMENTALS OF
PICTURE TRANSMISSION

1.1 Characteristics of Light. Any modern electronic television sys-
tem, designed to transmit the intelligence or information contained in a
picture, functions to convert light energy into electrical energy. The
light energy reflected from persons and objects on the studio stage and
imaged through a lens system upon the target of the pickup tube in the
television camera must be converted into a form of energy suitable for
modulation of a radio-frequency carrier at the picture transmitter. The
television receiver functions to convert the electrical energy back into
perceptible light energy. The reconversion into light energy at the
television receiver must result in an image identical with that scanned
at the television camera in the studio. The image, reproduced in the
home on a suitable screen, is then viewed by means of that light-sensitive
organ we know as the human eye.

It should be apparent to the student that to obtain a thorough under-
standing of the principles of television transmission and reception, it is
essential first to investigate the properties of that form of energy known
as light. Only through an understanding of the basic principles relating
to light energy may one perceive the intricate means by which that
energy is first converted into electrical energy at the television studio
camera and later reconverted into light energy at the television receiver,
where the original image is reproduced.

The human eye obtains impressions of form and color by means of
light. Through this same medium an object may be imaged upon the
surface of a photographic film in a camera or upon the photosensitized
surface of the plate or target of a light-sensitive pickup tube in a tele-
vision camera. The sensitive plate in the television image-pickup tube
known as the Iconoscope is termed the “mosaic.” It is equivalent to
the chemically treated plate in a photographer’s camera. Whether the
reflected light from the subject or object is imaged upon the sensitive
plate of the photographer’s camera or upon the mosaic of an Iconoscope
tube in a television-studio camera, the physical principles are identical.

Light energy constitutes a form of wave motion, and in this respect
it is similar to sound waves or to the electromagnetic waves employed
in ordinary radio transmission and reception. Light has a finite wave-

1




2 PRACTICAL TELEVISION ENGINEERING

length, and its color is a function of that portion or range of the total
frequency spectrum occupied by the particular light being viewed. It
is evident that color depends upon the wavelength of light. The light
waves, regardless of wavelength, follow a perfectly straight path after
leaving the source, provided that they are not defleeted by some object
that intervenes or serves to block the path. The total band of light
frequencies and wavelengths covers a clearly defined portion of the total
known frequency spectrum. The higher light frequencies extend almost
to that portion of the spectrum occupied by Nrays and gamma rays.
The longer wavelengths of light, and conversely the lower frequencies
of light, extend almost to that part of the frequency spectrum occupied
by the radio-communication services. As a matter of fact, the carrier
frequencies assigned to relay stations occupying some of the higher
channels allocated by the Federal Communications Commission for tele-
vision are termed “quasioptical,” because they have similar propagation
characteristics.

The human eye is light-sensitive, but only a limited portion of the
total frequency spectrum is visible to this organ. The ecar, for instance, is
insensitive to light waves yet is perfectly capable of responding to the
wave motion of air occurring at audible frequencies. The band of fre-
quencies to which the eye is sensitive extends from the lower extreme of
the invisible infrared-ray band to the invisible ultraviolet rays at the
upper end of the light spectrum. The eye is ordinarily sensitive to the
entire color range between these two extremes. This visible band of
frequencies extends from 375,000 to 790,000 kmec. or includes wave-
lengths in the range of 0.00008 to 0.000038 cm. Visible light includes the
colors of red, through orange, yellow, green, blue, and violet, and is
usually measured in terms of the convenient Angstrom unit. One Ang-
strom unit is equivalent to a wavelength of 0.00000001 cm.

It is interesting to note that some electron tubes for image pickup
employed in modern television cameras have greater spectral response
than the human eye, although the response is not so uniform. The R.C.A.
type 2P23 Image Orthicon tube, for example, is sensitive to infrared rays,
which are invisible to the human eye. It is entirely possible, therefore, to
flood a stage in the television studio with invisible infrared rays and
to transmit a satisfactory television picture of a stage so illuminated, even
though the action on the stage is invisible to persons present in the same
studio. It is true that most electron tubes for image pickup lack sensitiv-
ity in other portions of the light spectrum and possess less sensitivity at
some random frequencies than does the human eye. Thus, there is a
never-ending effort in the research laboratories of television to develop
camera tubes which approach the spectral response and relative sensitivity
of the human eye. Also, there is a vigorous search for sources of light for
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studio illumination that approach the range of wavelengths included in
daylight, the best form of light to which the eye is sensitive.

A beam of light is constructed of multitudinous small-diameter straight
rays of light, the waves vibrating radially along the rays in all planes.
Lighted space, as we know it, is completely filled with these tiny rays.
When a space is completely illuminated, there is no darkness. Darkness
is the complete absence of all visible light rays. It is said that light waves
vibrate radially in all planes along the projected light rays. However, if
light is passed, i.e., light rays, through specially selected prisms and filters,
rays in only one direction or plane are allowed to be transmitted, and
the light is then termed “polarized light.”  Such light demonstrates special
properties with which we are not at the moment concerned.

Sunlight, sometimes called “white light,” is that form of light to which
the human eye is best accustomed. That is why physicists and engineers
have been endeavoring for years to produce a fluorescent viewing screen
for cathode-ray tubes of chemical phosphors, which, when luminescent,
will yield light throughout the white light or daylight range. When
this objective is achieved, then we may enjoy television images in our
homes which approach or equal scenes bathed in bright sunlight out-
doors. The portion of white light or sunlight visible to the human eye

_includes indigo, blue, green, yellow, orange, and red. Black indicates
absence of light. In fact, the complete absence of any light (black) and
white are the two extremes of the light spectrum. Neither is considered
a color. In the principal system of electronic television In use today all
colors are absent because a monochromatic system is used, black, through
shades of gray, to white, being transmitted. It may be called a
“color blind” system. The absence of color does not materially detract
from the enjoyment of such pictures.

Light energy is seen to manifest itself in a number of ways. Light
energy may be detected by the sense of sight which we find in practically
all animal, bird, insect, and marine life. Light may be also detected if
allowed to produce chemical or physical changes in certain materials.
When light energy is allowed to strike a photosensitive surface, such as
the photosensitized mosaic of the Iconoscope, an electric current is pro-
duced. This is another form of light-energy detection. The common
photoelectric cell is still another widely known light detector, and its
electrical output is a function of the incident light falling upon its
sensitized element. (Of lesser importance is the spectral response of the
photocell receiving the light.) Light may also be produced by electrical
current flowing through a conductor, by high-temperature combustion,
by certain chemical reactions, and by conversion from other forms of
energy. We may bombard the phosphors, which coat the screens of
cathode-ray tubes, with high-velocity electrons, thereby producing light.
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Light may be produced by increasing the temperature of the tungsten
filament of a lamp to the point of incandescence, and high-temperature
combustion may be brought about by firing a Bunsen burner. Light
may thus be created in many different ways.

A light ray is reflected from its original path if it strikes the surface
of any object. If light strikes an object, it may rebound and be
impressed upon the eye. In the same manner the light from some
suitable source may strike a subject, rebound, and enter the lens of a
television camera. It should be noted that we make use of reflected
light in the television studio. The stage, before which the television
camera is set up and focused, is bathed in brilliant light. The original
light, obtained from some suitable source, strikes the stage and rebounds
or is reflected into the lens system of the camera. The object or objects
in the scene being televised are thus imaged upon the photosensitized
target or mosaic of the television camera pickup tube.

The nature and the amount of light transmitted (reflected) depend to
a large extent upon the form and composition of the reflecting surface.
Therefore, if the flats, or stage backdrops, in the television studio are
treated with a high-gloss enamel, more light will be reflected into the
camera lens than if the same flats were coated with a dull matte finish.
However, the camera must move about as the production proceeds, and
the criterion is not always that the flats transmit the maximum reflected
light, since this might result in undesirable flare and other deleterious
effects. If the surfaces of the flats and backdrops are dull and rough, the
reflected light takes the form of diffused light. This form of light is
more evenly distributed and softer. In general, the brighter colors reflect
the most light and are used in treating stage flats and backdrops, and
care must be used to have the reflected light take the form of diffused
light. The result is a softer, warmer picture. Any objects placed before
the television camera must be capable of reflecting enough light to create
a satisfactory image. Dull, dead surfaces treated with darker shades of
paint will be found to reflect little or no light, for the light thrown upon
such surfaces is almost entirely absorbed. Quite often an undesirable
effect is obtained when the television camera is trained upon a black or
dull object. Instead of producing a dark image, the lack of reflected light
reaching the target of the pickup tube results in so much flare that the
object appears to be gray or light, and the desired effect is not obtained.

When flats, or backdrops, are treated with certain pigments, selective
reflection takes place; i.c., the light rays reflected will be of a different
color than the white incident rays. When a surface treatment is used
which absorbs all the light rays except those of blue frequency, only blue
light will be reflected to the camera. In the final television picture the
blue will appear as a shade of gray because of the monochromatic nature
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of the present television system. Paints are really substances that
absorb all the colors in a beam of light except the desired color or color
combination which the substances reflect. This property is termed
“selective reflection.”

When a ray of light is transmitted through a transparent body
possessing a density greater or less than the density of air, the ray of
light is subjected to a deviation from its original path, and this deviation
is termed “refraction.” The amount by which the ray of light is bent
out of its original path is a function of the nature of the transparent body
and the wavelength of the ray of light. The angle of refraction of the
transparent body, through which the ray of light is passed, is an acute
angle produced by the reflected ray and the perpendicular. The measure
of deviation of a light ray from its original or normal course, when
passing from one medium to another medium, is termed the “index of
refraction.” This deviation is important in the study of lenses associated
with the television camera. When a light ray enters the camera lens
system, it passes into a medium of unlike density, and the light is divided
into two rays: One ray is a reflected ray; the other is a refracted ray.
The refracted ray represents a loss of light, since part of the incident
light is reflected, and some portion of the refracted ray is lost through
absorption in the glass as well as by internal reflections in the lens
system.

When light is admitted through a prism of glass, the white incident
light is separated into a band of colors. This reaction is termed ‘“dis-
persion,” and the various colors are separated according to wavelength.
The prism, or lens, brings about greatest deviation (or refraction) in the
high-frequency colors. Therefore, it is known that violet or blue suffers
more deflection or refraction than red or yellow.

12 Television-Studio Stage Lighting. It is unfortunate that so little
attention has been given in the past to the problem of proper light for
television-studio set and stage illumination. Some studios are stall
equipped with filament or incandescent lamps in great profusion, and
the type PAR-38 lamp is employed in many typical installations. The
type PAR-38 is a filamentary-type projector lamp constructed within a
hard-glass precisely molded bulb which also forms the reflector. It is
rated at 150 w. and provides unusually good control of the light. The
bulb is made of heat-resistant glass, and when used outdoors it may be
exposed to rain or snow. Like all filament-type lamps, it is funda-
mentally a high-brightness concentrated light source. However, in-
candescent lighting of this type provides a preponderance of energy in
the red and infrared portion of the total light spectrum. This energy
serves to increase the temperature of the television studio beyond com-
fortable limits, and to no useful purpose, since most electron tubes for
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image pickup (camera tubes) do not demonstrate optimum sensitivity in
the red and infrared region of the spectrum. Therefore, when filamentary
or incandescent lighting is exclusively and extensively used, studio talent
must work under a glaring-hot light source which must be increased
beyond reasonable limits in order to obtain a satisfactory output signal
from the pickup tube in the camera.

The type PAR-38 incandescent lamp emits maximum light from 9,000
to 10,000 A. When the light sensitivity of the commonly used image
pickup tubes are studied later in the text, it will be found that the
type 1850-A Iconoscope and type 1840 Orthicon indicate maximum
sensitivity at 4,600 A., or in the blue-green region of the light spectrum.
Therefore, they provide maximum signal output when a light source
nearly equivalent in color emission to the maximum color sensitivity of
the tube is employed.

It will be found that the type 2P23 Image Orthicon pickup tube indi-
cates maximum spectral sensitivity at about 4,000 A., or in the ultraviolet
region. The type 5655 studio Image Orthicon camera pickup tube is
most sensitive to light having a wavelength of 3,750 A. The fallacious
reasoning responsible for providing filament or incandescent lighting
exclusively in the television studio becomes immediately apparent. We
must not neglect the fact, however, that the human eye is sensitive
throughout the daylight range, and that daylight includes the full range
of the visible light spectrum and all colors within the spectrum which are
apparent to the eye. It follows that to obtain “realistic” pictures, the
light source in the studio must provide, and the camera pickup tube must
be sensitive to all colors within the visible portion of the light spectrum.

It is well, therefore, to use a combination of light sources, with each
individual source of light contributing a portion of the desired total
“color range” of illumination. It has been discovered through practical
experience that three types of lighting are desirable in the television
studio:

1. Basic or general lighting (sometimes termed “key” lighting)

2. Modeling lighting

3. Backdrop lighting

Basic, key, or general lighting refers to the general lighting on which
the exposure is based. Such lighting should be evenly distributed over
the entire studio stage or set; i.e., the illumination should be essentially
of the same value from all angles at which the cameras must work. In
the selection of equipment for basic, or general, lighting, a good criterion
for comparison is the percentage of the total illumination made to fall
upon the stage, or set, in the 0- to 30-deg. zone, i.e., in a cone 60 deg. wide.
The light in this zone is ordinarily the most effective in illuminating the
stage. For uniformity of lighting across the set, or stage, the candlepower
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of lighting used at 30 deg. should not be less than half that occurring at
0 deg.

Modeling lighting consists of side and back lighting to model or em-
phasize actors, advertised products, or specific objects or portions of the
set being televised and is also used to separate the actors from the
background. Such lighting brings out and accents the contours and
shapes of objects on the set. Filament-lamp spots are often used to
provide modeling. In the proper selection of lighting for this purpose,
it is first essential to ascertain the greatest length of throw required of
the light. “Throw” is the distance the light beam must traverse from
source to object. An important consideration is the footcandle intensity
required throughout the staging area. Richard Blount of General Electric
Company has suggested that the designers of television studio lighting
systems estimate the total electrical capacity required on the basis of
15 to 20 w. per sq. ft. of staging area. The lighting level on staging
areas should approximate 200 ft.-c. Effective illumination for modeling
should not be greater than double the general lighting (expressed in
foot-candles), and more often it should be only 50 per cent greater.
(The use of Image Orthicon tubes is assumed.)

Backdrop lighting is employed to illuminate properly the backdrops, or
flats. Overhead fluorescent fixtures are often used for the purpose, with
the units mounted overhead, above, and in front of the backdrops. The
reflectors of the units or the lighting units proper are tilted at an angle
experimentally found to be proper for even illumination of the front
surfaces of the backdrops, ie., the surfaces exposed to the camera.
Two-lamp General Electric type 96T8 Slimline 4500 white fluorescent
fixtures have been used satisfactorily for the purpose. Theater strip
lights may also be used to satisfy this requirement.

Some television studios have been equipped with fluorescent lighting
as the basie, or key, lighting. Such lighting has demonstrated a number
of advantages, most important of which is the fact that for the same
level of illumination, the sensation of heat is approximately 20 per cent
of that due to filamentary, or incandescent, lighting. Another advantage
is the high efficiency of fluorescent lighting, since the average efficiency
exceeds that of incandescent lamps by 2.5 to 3 times. A disadvantage in
the use of fluorescent lighting for basic lighting lies in the fact that the
wattage range of these lamps is more limited than that of filament types.
The maximum rating in watts of commercially available fluorescent
lamps is 85 w., though the type T—6 Slimline lamp rated at 40 w. is
proving a most useful lamp of this general type. The type T-12 lamp
has also enjoyed widespread popularity as a key lighting source. It
is not so desirable, however, for this purpose as the more elongated
Slimline lamp.
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A disadvantage of the type T-6 Slimline lamp is the fact that control
of the light may be obtained in only one plane. Ordinarily, long
troughlike reflectors of approximately parabolic cross section are em-
ployed for best results. These Slimline lamps are instant-starting, no
external starter being necessary, and this is a considerable advantage.
Since fluorescent lamps of any type are rather long and constitute
relatively low-wattage light sources, a distinet problem is presented in
their usc for basic lighting for studios equipped with Image Orthicon
rcameras. A great number of the lamps must ordinarily be used to
provide the requisite candlepower at the source, which, in turn, dictates
the requirement of sufficient space to accommodate the numerous fix-
tures. Ordinarily, not too many fixtures can be of the mobile type, since
they occupy floor space and thus reduce the mobility of the cameras.
If the fixtures are mounted overhead, then more light at the source must
be used to compensate for the increased distance between light source and
subject. Fluorescent fixtures alone cannot be used where Iconoscope
cameras are employed, since they do not produce enough light. They
are nevertheless widely used with Image Orthicon cameras.

Many television stations have successfully used both filament and
fluorescent lamps where Image Orthicon cameras are used. With this
arrangement, the advantages of both types are combined. In combining
the two sources of light, the fluorescent lighting has been made the basic,
or key, lighting, and the filament-type lighting has been employed to
provide the accent, or modeling, illumination, as well as for back
lighting. Back lighting dictates the use of highly directional light sources
as well as excellent control of the beam of light. Filament-type lighting
answers the requirements very well and has been widely used. Fluores-
cent lamps are well suited to the purpose of general lighting, since the
freedom from radiant heat permits the cast to work without discomfort.
The type 4500 white fluorescent lamp produces excellent rendering of
skin tones, and its development of the maximum signal per lamp watt
when employed with the Image Orthicon type of camera has made it a
popular choice. Because of the low wattage rating per lamp, however,
fluorescent lamps of any type are impractical where Iconoscope-type
cameras are used. This type of pickup tube is rapidly being replaced
with those of the Image Orthicon type, although they still find wide-
spread application in motion-picture film scanning.

When various types of camera tube and light source are used, the
rendering of skin tones is of much interest at the present time. It has
been pointed out that if the spectral sensitivity of the camera tubes for
image pickup were identical with that of the human eye, no problem of
tonal rendering in television would result. Unfortunately, however, the
currently popular Image Orthicon tubes demonstrate greatest spectral
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sensitivity in the ultraviolet region. The result is that some colors
appear darker and some brighter when viewed on a television monitor
tube or on the picture-tube screen at a receiver. This effect has been
demonstrated by “bathing” color samples with ultraviolet radiation.
Under this condition of illumination, the red, green, and yellow samples
are reproduced as black, although the latter two are normally repro-
duced as brighter tones of gray under fluorescent and incandescent
lighting.

Tonal rendering may be improved through the use of Wratten K2
and Corning 9788 filters directly over the camera lens. When the
type 5655 Studio Image Orthicon tube is employed, the addition of these
two filters results in a spectral sensitivity approaching that of the human
eye. Richard Blount of General Electric Company has shown that the
use of K2 filters (minus blue) under incandescent lighting reduces the
camera output signal to approximately 60 per cent of its original ampli-
tude. The use of the Corning 9788 (minus red) filter brings about a
further reduction to approximately 70 per cent of its original amplitude.
The combination of the two filters at each camera lens, therefore, serves
to reduce the individual camera output signal to 35 per cent of its
original amplitude. This reduction requires the increase of the lens
aperture at least one full stop and can be compensated for by increasing
the light at its source; provided that the degradation of illumination
cannot be compensated for through advancing the lens one full stop.
Ordinarily, it is better to employ a little more light than is necessary to
get a good picture. The cameraman can then stop the lens down by a
sufficient amount to obtain good depth of focus.

The addition of the Wratten K2 filter will provide desirable correction
of the blues and violets when fluorescent lighting is employed. When
tungsten-filament sources are added for modeling and back lighting, the
addition of the Corning 9788 filter to the system eliminates the possibility
of excessive red sensitivity. The addition of these two filters to a
filament lighting system or to a combined fluorescent and incandescent
lighting system results in very satisfactory rendering of the skin tones
without the use of facial make-up. A very excellent study of tonal
rendering can be made through the use of an Agfa color chart, which
has been so prepared that the various colors shown are made up of true
color pigments. When the chart is bathed in various types of light and
the camera focused on the chart, the rendering of the colors in the
monochromatic scale can be viewed on a suitable picture tube at some
point in the camera chain. Such a study was made during 1947 by the
author, in collaboration with a group of Westinghouse lighting engineers.
The results were conclusive evidence of the types of lighting best suited
to studio lighting requirements. William Till, of the W estinghouse Lamp
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Division, has made a very thorough analysis of studio lighting sources
and camera tubes by this method, and the study has been of great
assistance to operating engineers interested in the subject.

Of considerable interest has been the use of the Westinghouse Type
AH-12 1,000-w. air-convection-cooled high-pressure mercury-vapor lamp,

Fi1g. 1.1 Testing the new mercury-vapor lighting. The stifling heat conditions which

have plagued people in front of television cameras are relieved in new mercury-vapor

lighting system shown being tested at Station WTTG of the Du Mont Television

Network. The new system utilizes a bank of 1,000-w. mercury lamps developed by

Westinghouse engineers. The lamps radiate only one third as much heat per watt

and provide more than twice as much light as the incandescent lamps they replace.
(Courtesy of Westinghouse Electric Corp.)

usually in combination with fluorescent and incandescent sources. A
combination of these lighting sources has been successfully used with
both Iconoscope and Image Orthicon types of camera pickup tubes.
Of considerable importance is the fact that the AH-12 mercury-vapor
lamp has a peak at 3,650 A., another at 4,047 A., and a third at 4,358 A.
Since this lamp is peaked about where the Image Orthicon tubes are
most sensitive, it may be used to advantage for basic studio lighting.
The use of the lamp results in the maximum signal amplitude obtainable
from an Orthicon camera chain equipped with the type 2P23 or type 5655
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pickup tubes. Supplementary incandescent lighting must be used to in-
crease the reds, and fluorescent lighting may also be used in combination
to advantage. Important too is the fact that the AH-12 lamp provides
a cold source of high-intensity basic lighting. It is well known that
at the present time fluorescent lighting can most closely approach true
daylight. As was pointed out, however, it is a comparatively low-
intensity source, and much of it must be employed to provide the desired
output signal from the camera.

Many stations are investigating cold mercury-vapor lighting as a
source of basic lighting, with incandescent and fluorescent lighting
added to provide the complete color range desired. All medium- and
high-pressure mercury arcs are brilliant sources of light, the type AH-12
possessing a brightness of 60,000 lm. (lumens) at the source. The arc
length of the lamp is 5 in. and the effective arc diameter %3¢ in. At 9
deg. from the axis of the arc stream approximately 2,700 c. (candles) per
sq. in. of projected arc area are produced. The spectral sensitivity of
this lamp is shown in Table 1 on page 14.

These mercury-vapor lamps are air-cooled, and no circulating water or
forced air cooling is required. A stroboscopic effect is developed when

they are used for studio lighting but is easily eliminated. The effect 1s

due to the fact that the arc of the lamp is extinguished 120 times per
second when operation is from a 60-c.p.s. source. Therefore, there is a
tendency for the eye to see in flashes, with the result that rapidly moving
objects appear to move in jerks. This stroboscopic effect is eliminated
by operating pairs of the lamps on lead-lag two-lamp transformers or
by operation of three lamps on separate phases of a 3-phase a-c supply
source. The special transformers can be supplied by the lamp manu-
facturer. The use of incandescent lamps in combination with the mer-
cury sources reduces the stroboscopic effect to the minimum even without
the use of the special transformers. When AH-12 lamps are used for
basic lighting, it is always desirable to provide incandescent lighting in
the form of spots for any desired highlighting or modeling as well as for
purposes of back lighting.

Of great interest is the new Westinghouse color-corrected mercury-
vapor lamp, evidencing improved tonal rendering of the skin. Recently,
an installation of Westinghouse mercury-vapor lighting (AH-12) has
been made at Station WTTG, the Washington station of Du Mont
Television Network. The success of this particular installation demon-
strated the practicability of mercury-vapor lighting in the television
studio, and it is believed that other installations will follow, though
possibly they will use lamps that are color-corrected.

The new Westinghouse color-corrected cadmium-mercury-vapor lamps
rated at 1 kw. are also free air-cooled. They produce nearly 40,000 Im.
per lamp. This highly efficient television studio lighting source employs
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a relatively small remotely located ballast. Several minutes are re-
quired for it to reach maximum light output, but this is no serious dis-
advantage since the studio stage is always illuminated well in advance
of shooting. It is a strong light source in the characteristic blue-white
color of standard mercury lighting, but the addition of cadmium increases
the yellow as well as the red emission. This results in flesh tones becom-

Fia. 1.2 Westinghouse type AH-12

1,000-w. mercury vapor lamp mounted in

a Capital Stage Lighting Company

olivette to provide a highly efficient light

source at television Station WTTG,

Washington, D.C. (Courtesy of
Du Mont Television Network.)

ing more pleasing to the eye. The lamps may be burned in any position,
and lamp life is reasonably long. Possessing less infrared than filament-
type lighting, they are exceptionally cool and easy to work under.
The arc tube is 5 in. long and made of quartz. The outer envelope is
3.5 in. in diameter and 14 in. in length and effectively stops any harmful
radiation.

The disturbing skin-penetration effect, which is noted when incandes-
cent lighting is used with the Image Orthicon type of camera equipment,
is completely absent. This skin-penetration effect is the result of the
infrared rays of the studio lighting source penetrating to the roots of the
beard through the layers of skin on an actor’s face. Thus, the actor
appears to have a beard, even though he actually may be cleanlty shaved.
The effect is due to the infrared sensitivity of certain commercial types of
Image Orthicon camera tubes.

Since mercury lamps possess the negative current characteristic com-
mon to all electric-discharge sources of light, the current increases
indefinitely. Therefore, a current-limiting device must be used. Because
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the striking voltage is high and 110-120-v. power is used at the source,
high voltage must be provided. In a proper installation, all voltage-
control ballasts should employ high-reactance transformers designed to
provide not only the proper lamp voltage but the necessary current
ballasting through the winding of the inductance. The low power

Fie. 1.3 Westinghouse type AH-12 1,000-w. mercury vapor lamps in olivettes of spun

aluminum provide a suitable high-intensity cold light source where Image Orthicon or

Iconoscope cameras are used. Here, some of the lamps are mounted on portable floor

stands, some are suspended overhead on a pipe grid. Some supplementary incandescent

lighting is used to provide the full color range. (Courtesy of Du Mont Television
Network.)

factor is corrected by a capacitor, which is usually built into the reactor-
lamp unit. Power factors greater than 90 per cent are readily obtainable.

It is felt that cadmium-mercury vapor (color-corrected lamps) for
basic studio lighting, together with some incandescent sources for high-
lighting and back lighting, may well become a principal source of
illumination for the television stage. Fluorescent lighting, reinforced
with sufficient incandescent lighting for modeling, back lighting, and
highlighting has also proved to be a good arrangement, especially when
the recommended filters at the camera lens are used. Some stations
have even made use of inside-frosted pear-shaped lamps such as are used
in the home with interesting results. It remains to be seen, however, just
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what lighting source will become the principal choice. Perhaps the
improvement in camera tubes and improved lighting techniques will
bring about a new conception of just what arrangement will prove most
suitable.

TaBLE 1

SPECTRAL DISTRIBUTION OF WESTINGHOUSE TYPE
AH-12 AIR-CoOLED MERCURY-VAPOR Lamp

New Image Orthicon Tubes Indicate Maximum
Spectral Sensitivity in the Violet and Blue-Green
Regions of the Total Visible Light Spectrum

Portion of Angstrom Relative

spectrum units energy
Uliraviolet 3,341 0.4
3,650 35.8

3,655 19.3

3,663 17.5

Visible 3,906 0.5
(violet through 4,047 32.6
blue-green) 4,078 7.9
4,339 4.9

4,347 8.1

4,358 69.0

4,916 2.5

5,461 100.0

5,770 72.7

5,791 71.4

The Du Mont Television Network has recently made a quite thorough
study of incandescent, fluorescent and mercury-vapor lighting from the
standpoint of first costs, annual operating costs, and heat dissipation
attributed to each type. For the purpose of evaluating these three types
of light sources upon some compatible basis, it was proposed to illuminate
uniformly a 10- by 20-ft. stage set with an average illumination equiva-
lent to 300 ft.-c. The sources of light compared were 150-w. PAR-38
incandescent flood lamps, 40-w. instant-start fluorcscent tubes, and
1,000-w. type AH~-12 mercury-vapor lamps (air-cooled). To illuminate
the subject stage to the intensity indicated, the following quantity of
cach type of light source is required:

1. Sixty type PAR-38 incandescent lamps

2. Ninety 40-w. fluorescent lamps

3. Four type AH-12 mercury-vapor lamps

To obtain the incident light upon the stage at the desired level, the
first cost of 60 PAR-38 lamps was estimated at $620. The power cost,
based on 4,000 hr. of light per annum, at 2 cents per kwhr., is $720. The
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annual replacement cost, based on an average life expectancy per lamp
of 1,000 hr., is $336. Over a five-year period of operation the total
annual operating cost was estimated to be $1,200.

The first cost of the ninety 40-w. fluorescent lamps and fixtures was
estimated at $1,200. The power cost for 4,000 hr., including ballast loss,
was calculated to be approximately $400. The annual replacement
cost, based on an average life expectancy of 4,000 hr. per lamp, was
calculated to be $90. Over a five-year period of operation the total
annual operating cost was estimated at approximately $750.

The first cost of four type AH-12 mercury lamps and fixtures was
estimated at $500. The power cost over an annual operating period of
4,000 hr. was caleulated to be $360. The annual replacement cost, using
a life expectancy rate of 2,000 hr. per tube is estimated at $240. Over a
five-year period of operation, the total annual operating cost for the
mercury-vapor lamps was estimated at $700.

The heat dissipated by the three lighting systems was calculated to be
31,000 B.t.u. per hr. for the incandescent lamps, 17,000 B.t.u. per hr.
for the fluorescent lamps, and 15,500 B.t.u. per hr. for the mercury-vapor
lamps. In the case of the fluorescent and mercury-vapor systems, 10 to
20 per cent of the heat dissipated develops in necessary transformers and
ballasts, though it is best that they be not located in the studio. Such an
arrangement may lead to hum pickup by the sensitive camera preampli-
fiers.

The study resulted in the following summary:

Type of light Annual cost Heat dissipation,
source B.t.u. per hr.
Incandescent $1,200 31,000
Fluoresgent 750 17,000
Mercury vapor 700 15,500

While mercury-vapor lighting appears to be the most inexpensive source
possible, it cannot be used alone for reasons already stated. Although
the mercury-vapor lighting provides a high-efficiency high-intensity low-
area light source, tests have indicated that either incandescent or fluores-
cent lighting must be used in conjunction with the mercury vapor in
order to provide the proper spectral response for the pickup tube
(Orthicon type 5655 or 2P23). Tests made by Du Mont Television
Network indicate that mercury-vapor and fluorescent lighting provide the
proper spectral response for basic flat lighting. Incandescent spotlights
may be used for highlighting where the Orthicon tubes are used, though
the use of such sources should be held to a minimum to keep studio
operating temperatures within reasonable limits.




16 PRACTICAL TELEVISION ENGINEERING

In another initial test, with a type 5655 Studio Orthicon tube in the
pickup camera, two mercury-vapor lamps totaling 2,000 w. and seven
clusters of six (each) PAR-38 (150 w.) incandescent lamps were used to
bathe a standard R.M.A. test chart with light. A total of 6,300 w.
were employed. This combination yielded 800 ft.-c. of incident light,
175 ft.-c. of reflected light from the R.M.A. test chart, and 60 ft.-c. of
reflected light at the camera lens. With this combination of light and an
/3.8 lens (fully open) in the test camera, a satisfactory image of the
test pattern was obtained on station monitors.

A magazine cover was used for a color test for both mercury-vapor and
incandescent lighting. The yellows and whites of the magazine cover
appeared almost the same shade, blue was darker, and red darkest.
With mercury-vapor lighting only, the signal output of the camera chain
was still high, but skin texture appeared almost black and had an
unusually heavy reflection from perspiration, with the result that the
pictures appeared unnatural. Adding incandescent lamps in the follow-
ing ratio:

Mercury  Incandescent
3 : 1
restored the appearance of the skin texture to normal and generally im-
proved the quality of the picture. Thus, while the mercury-vapor
lighting alone ensured a camera output signal of requisite amplitude, some
incandescent lighting had to be added to provide the proper spectral
response for the pickup tube.

With mercury lighting alone, the yellow of the magazine cover
darkened indicating a marked difference between yellow and white.
Blue rendered about the same shade of gray as when a combination of
incandescent and mercury-vapor lighting was used. Red resulted in a
jet-black shade when viewed on a tube employing a P4 phosphor.

A typical studio installation of incandescent studio lighting is shown
in Fig. 1.4. This particular set is bathed in light provided by typical
Birdseye or PAR-38 lamps, the lamps being provided in banks of six
lamps each and each bank dissipating 900 w. at the source. Therefore,
approximately 25 kw. of incandescent lighting are being applied at the
source to this one stage or set. Iconoscope pickup tubes are used in the
cameras shown. One reason for providing so much light is to enable the
camera lenses to be stopped down, thereby resulting in greater depth of
focus, although a high-intensity light source is mandatory when Icono-
scope tubes are made use of. The cameras shown were later replaced
with units equipped with studio Orthicons.

The American Optical Company has developed a new heat-absorbing
color-transmitting glass which may be employed as a heat screen in
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Fic. 1.4 Incandescent-lighting installation in use in Studio A, Station WABD, New
York. Iconoscope cameras are being employed. They were later replaced with
studio-type Image Orthicon cameras. (Courtesy of Du Mont Television Network.)

spotlights and floodlights to protect television actors against the severe
temperature rise developed by the high-intensity incandescent light
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Fic. 1.4A Spectral energy distribution-daylight fluorescent. (Courtesy of General
Electric Company, Nela Park, Cleveland.)

sources. Approximately 90 per cent of the present almost unendurable
heat developed by the hot lights is absorbed by the glass. Actually,
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when this glass is used as a screen directly in front of the incandescent
light source, it absorbs approximately 90 per cent of the infrared (heat)
radiation and transmits approximately 85 per cent out of a possible
92 per cent. (Seven per cent is lost because of reflections.)

Small circular screens of this glass, mechanically supported just in
advance of the faces of the 150- and 300-w. reflector-type incandescent

Fic. 1.5 (Courtesy of American Optical Company.) o

lamps, have been successfully employed in the studios of Du Mont
Television Network stations.

The glass transmits color accurately, is chemically stable, resists
weathering without requiring surface treatment, and can be molded,
ground and polished, or fabricated like ordinary glass. It is formed from
carefully balanced proportions of phosphorus, aluminum, and silicon
oxides, supplemented by various conditioning ingredients, together with
ferrous iron as the heat-absorbing agent. The new glass was developed
under the direction of Dr. E. D. Tillyer, Head of Research, American
Optical Company.

Figure 1.5 illustrates how the glass absorbs heat emitted by a flood-
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light located at the upper right of the photograph. The thermometer
placed before the glass registers 220°F., whereas the temperature behind
the heat-absorbing glass registers only 80°F.

Figure 1.6 is a reproduction of a scene projected in color by means of a
motion-picture projector. The new glass is employed as a heat screen
to protect the film. The left half of the scene was projected through the

-F1e. 1.6 (Courtesy of American Optical Company.)

o .
new heat-absorbing glass, the right half through a less efficient glass.
This demonstrates the improved color transmission characteristic of the
new glass.
Studio Lighting Fixtures. The lighting fixtures for stage lighting in the
television studio are many and varied. Because of the type of operations
peculiar to the television studio, it is essential that all fixtures be light
in weight yet durable in construction. Each fixture must be capable of
operation by a single stage technician or electrician and must also be
capable of quick and safe adjustment and movement.

Since the type 1850-A Iconoscope tube is rapidly being replaced with
the type 2P23 Image Orthicon and type 5655 Studio Orthicon, it is useful
to discuss only lighting-fixture requirements for studios equipped with
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the latter two tubes. As explained before, a combination of cold mer-
cury-vapor and fluorescent lighting is recommended, with a minimum
of incandescent lighting being employed for highlighting and special-
effects lighting.

A recent industry survey indicates the need of a fixture to accommodate
the 40-w. T-12 fluorescent or Slimline light source. This fixture must
have a specially designed reflector to most efficiently “put the light where
it is needed.” A two-tube unit or fixture is most desirable for use as a
portable light source. On permanently installed fixtures (overhead
lighting, and the like), a three-tube unit is more desirable in order to
eliminate any stroboscopic effect. The ballasts for these lamps must be
remote from the stage. The fixture should be equipped with a universal-
joint mount in order to provide quick directional control in both a
horizontal or a vertical plane. Such a unit should be so designed as to
be capable of suspension from an iron pipe grid above the stage or of
being suitably mounted on a portable vertical floor stand.

Incandescent floodlighting can be obtained through use of a fixture
making use of a 2,000-w. general-service motion-picture floor lamp or a
special Kliegl 2,500-w. studio flood lamp. Such fixtures should be
equipped with a heat screen, such as that developed by the American
Optical Company previously described. A reflector of maximum effi-
ciency is highly desirable in such a fixture so as to obtain necessary light-
ing effects together with even distribution of the light. A matte-finish
Alzak aluminum reflector of ellipsoidal design will provide all the desirable
features. The fixture must also be readily interchangeable for suspension
from an overhead iron pipe grid or for mounting on a rubber-tired studio-
type floor stand. It must be adjustable to the following elevations:

Low 30 in. to 4 ft. (for footlighting)
Medium 5 ft. to 8 ft. (for floodlighting)
High 6 ft. to 10 ft. (overhead angular lighting) -

Strip incandescent floodlighting suspended overhead has also been used
in connection with studio stage lighting where type 2P23 or 5655 Orthicon
tubes have been employed in television cameras. A strip fixture to
accommodate six type R-40 300-w. photoflood lamps is made approxi-
mately 4 ft. long and the lamps wired in two circuits with No. 10 asbestos
wire. Male load feeders are used at one end of the fixture and female
load fixtures at the other end. The reflector associated with the fixture
is finished in flat white, and the unit is supported by a universal joint
so that it may be controlled as to vertical or horizontal movement. In
this manner the maximum reflected light may be directed toward any
desired section of the stage to be illuminated.
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Many television studios are equipped with 1,000-w. spotlights to pro-
vide either spot lighting or high lighting where either one is desired for
artistic effect. Such spotlights, of necessity, must be completely ad-
justable, well ventilated, durable, sturdy, easily controlled, and equipped
with a Fresnel lens. They should be provided either for mounting on
rubber-tired floor stands or for suspension from an iron-pipe grid work
or light bridge above the stage.

Another spotlight, which has been extensively used, incorporates a
2,000-w. lamp and makes use of much the same features as described
above. It is mounted on a studio-type roller-base stand and is adjustable
to an elevation of 10 ft. This unit may be quickly removed from the
floor stand for suspension from an overhead iron-pipe grid.

Incandescent spotlights in the television studio should provide a beam
spread through suitable mechanical adjustment of 5 to 45 deg. for maxi-
mum utility. The focusing control must be external to the lamp housing,
and a polished Alzak aluminum reflector has been found most efficient.
A studio-type safety switch is usually mounted on the lamp hood itself,
and 25 ft. of rubber cable has been found to be a convenient length to
use. The rubber cable is usually provided with Kliegl No. 056 stage-type
pin connectors located on pigtails situated 18 in. from the safety switch
on the hood. This arrangement permits rapid removal of the complete
spotlight from the floor stand for overhead suspension. T hus, the 25 ft.
cable is an accessory to the spotlight assembly.

Television studios almost universally make use of Kliegl stage-type
pin connectors (wall and portable type) and Kliegl plugs. The Kliegl
type 3013 has proved to be the most popular plug. It is of the half-plug
variety, occupies a minimum of space, and is rated at 30 amp. Almost all
connection of plugs in the studio is effected with the full lamp load con-
nected because of the minimum time element involved in connecting and
disconnecting fixtures when in production.

Almost all portable floor-lighting equipment is mounted on rubber-
tired wheels for greater utility, and no protection is offered the lighting
technician or stage electrician in the event of a short circuit in the fixture.
However, there will shortly be made available a plug with a ground leg
to eliminate this hazard. The new plug will provide a safety catch at
each pin connector of the plug, with the result that the plug will hold
under normal strain on the eable but will disengage if the cables should
become fouled on the studio floor, and more than normal strain thereby
be applied to the plug. Because of the hazard of fouled cables on the
studio floor, twist-lock plugs are not to be depended upon, as excessive
strain on the cable leads will result in their being pulled out of the plug
terminals.
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13 Light Measurement. It is essential that the amount of light energy
falling upon the subject before the television camera be definitely known.
Therefore, we must have some means for measuring the light energy.
Light measurement is just as important to the television engineer as are
the electrical measurements with which he is very much concerned. It
enables him to determine precisely whether enough light is being
employed, whether it is evenly distributed over the subject, and whether
it is being used to the best advantage.

Originally, the basic unit of light measurement was a candle of specified
construction, having definite dimensions universally agreed upon. Im-
provements in light measurement and the dévelopment of more stable and
dependable sources of light have resulted in a lamp of specified dimensions
and characteristics being adopted as a standard. This standard lamp
employs amyl acetate as fuel. A carefully calibrated tungsten-filament
lamp is employed in the practical measurement of light, it being calibrated
against the standard lamp fueled with amyl acetate. The light meter,
the practical device used in the television studio for light measurement, is
usually calibrated in units termed “foot-candles.”

The unit “foot-candle” describes the intensity of light on a white surface
one foot square illuminated by a standard candle at a distance of one
foot from the surface. Under this condition, the amount of light that
falls upon each square foot of the surface per second is termed a “lumen.”
These are the two basic units for light measurement. The foot-candle,
as a unit of measurement for comparing intensity of illumination, is very
small indeed. In bright sunlight at the beach it is common to measure
at least 500 c. per sq. ft., and at higher altitudes—particularly in moun-
tainous areas, where the air is free of moisture and dust—it is possible
to measure 800 c. per sq. ft. In the early afternoon on a clear September
day, the intensity of illumination may vary from 70 to 100 c. per sq. ft.

It should be noted that the intensity of illumination is subject to
considerable variation, and this is particularly true of outdoor illumina-
tion, where man has no control over the quality or quantity of light
available at the source. The brightness of light outdoors is a function
of weather conditions as well as of the hour of the day and the season
of the year. This proved to be a considerable disadvantage in televising
outdoor scenes with early available types of camera pickup tubes, since
they lacked sensitivity. However, the advent of the highly sensitive
R.C.A. Image Orthicon has made possible the televising of outdoor scenes
even under conditions of quite poor general illumination. This type of
pickup tube for the camera is under continuous development by R.C.A.,
and even more improved types of Image Orthicon tubes are certain to
evolve.

If a certain amount of light of given intensity is spread over an in-

o
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creased area, the intensity of illumination will decrease in proportion to
the area. Conversely, if the same light is concentrated over a smaller
surface, the light intensity will be greater. In the television camera,
the photosensitized surface of the target in the pickup tube is of con-
stant area. It is therefore necessary to vary the amount of light falling
upon the target by either increasing or decreasing the intensity of the
light source, by varying the angle through which the source light must
fall upon the subject, or by controlling the amount of light admitted
through the lens system of the television camera. To some extent the
amount of reflected light can be controlled by using flats or stage back-
drops which provide a greater or lesser amount of light reflection.

With a constant source of light, the intensity of light falling upon a
surface varies inversely as the square of the distance between the surface
and the light source. Therefore, if the distance between the source of
light and the surface upon which it falls is increased from 1 to 2 ft., the
light will be only one fourth as intense. This law is important when
considering the placement of semifixed television studio lighting, particu-
larly overhead lighting. In one instance twenty 900-w. banks of PAR-38
lamps, mounted on a grid structure suspended just below a 15-ft. ceiling,
provided adequate studio illumination for cameras employing Iconoscope
pickup tubes. When these same light banks were employed at another
studio location, with the banks suspended from a grid elevated about
25 ft. above the floor, the available light was far from satisfactory. It
was necessary to increase the capacity per bank from 900 to 1,800 w. and
to employ reflector spots instead of flood lamps. This arrangement, with
additional border lighting, provided adequate illumination. However,
the highly concentrated infrared radiation from the incandescent spots
made life for the actors below practically unendurable. As a matter of
fact, they were unable to work under the hot lights except for short
intervals, and even then only with extreme discomfort, which seriously
hampered production.

The illumination at a surface upon which light is falling may be de-
termined by dividing the candlepower at the source by the square of the
distance (in feet) to that surface. For instance, suppose it is desired
to illuminate a test pattern 1.5 by 2 ft. (3 sq. ft.) at a distance of 3 ft.
with a 1,000-c. source.

] . 3 g 1,00
Intensity of illumination = ’32 = 111.1 ft.-c.

In the calculation above, it is assumed that the light arrives at the
gurface of the test pattern from a direction normal to the plane of the
surface of the illuminated area. This, of course, would not be true in the
case of the test pattern, since the television camera would be placed
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directly before the test pattern, the test pattern supported on an easel, and
the light source placed to one side of the camera. The method of calcula-
tion above would hold true in the case of a motion picture projected
directly upon a viewing screen.

The inverse square law must be modified when the light falls at an
angle upon the subject, and this modified law is termed the “cosine law.”
This law dictates that the illumination received by an element of surface
varies as the cosine of the angle of incidence. The angle of incidence is
equivalent to the angle of reflection. The face of a subject being scanned
by the television camera is usually in the vertical plane. In most in-
stances the studio lights have been placed predominantly overhead and
have been suspended from a metal grid structure. Each fixture is made
adjustable; ie., each bank of lamps may be so adjusted as to project
light at any desired angle in order to make optimum use of the available
light for any particular scene. Also, upright vertical supports on floor
stands, equipped with rubber-tired wheels, have been used to support
banks of lights, one bank above the other. These may be moved in and
out across the studio floor for close-in lighting. In any case, the light
1s seen to fall at an angle upon the subject. This is almost universally
true in the television studio of today. The inverse square law and the
cosine law are both expressed by the following equation:

Intensity of illumination in foot-candles = c;)zs 4

The intensity of illumination is expressed in foot-candles. I is em-
ployed to express the brightness of the light source in candlepower; 4 is
the angle of incidence of light falling upon the illuminated area; d
describes the distance in feet between the light source and the area upon
which the light falls.

To illustrate the application of the cosine law, we may again consider
the problem of illuminating the test pattern referred to above. We shall
assume that the light falls upon the surface of the test pattern at an angle
of 45 deg. cos 45 deg. = 0.707. Thus, the intensity of illumination at
the surface of the test rattern is c~uivalent to

Icos A 1,000 x 0.707
32 9

= 78.55 ft.-c.

Thus, only about 70 per cent as much light is received at the surface of
the test pattern when the angle of incidence is 45 deg. as compared with
the illumination should the light arrive from a direction normal to the
plane of the test pattern surface.
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To convert the foot-candles arriving at the test pattern to lumens, it is
necessary to determine the product of the area of the test pattern in
square feet and the intensity of illumination in foot-candles. Therefore,
3 X 111.1 = 333.3 Im. Therefore, the light per second falling upon the
surface of the test pattern in this particular case is 333.3 Im.

It is important that the television engineer should not confuse the
terms “intensity of illumination” and ‘brightness.” These terms do not
describe the same thing. If we project 300 ft.-c. of light upon a test
pattern card in the studio, these units describe the “intensity of illumina-
tion,” and the light will be more or less uniformly distributed over the
entire area of the test pattern. However, this does not mean or imply
that “brightness” over each unit area of the surface will be strictly
uniform. The test pattern is usually printed upon a white card, the
characters and numerals being imprinted with black India ink. Thus,
the inked portions will absorb some of the light, while the white back-
ground will reflect considerable light. There may be areas printed in
gray.

“Brightness” is measured by the flux emitted per unit of emissive area
as projected on a plane normal to line of sight. The unit of brightness
is termed the “lambert” and refers to a perfectly diffusing surface which
emits 1 Im. per sq. cm. of projected surface. Another way of expressing
brightness is in units of candles per square centimeter, though the term
is not yet in general use among television engineers. The units of con-
version are as follows:

. lamberts
Candles per square centimeter = amoere
™
N lamberts = N lumens per square centimeter
Lambert = = candles per square centimeter

Because we do not use the metric system to any great extent in the
United States for purposes of practical measurement, the term “foot-
lambert” is commonly employed to describe brightness measurement.
Thus,

1
Foot-lambert = — candles per square foot
™

From the above discussion it should be clear that the intensity of
illumination is the amount of light striking a surface area and is expressed
in units of foot-candles. The quantity of light flux leaving the surface
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of the source of illumination or reflected from the subject being illuminated
is expressed in units of candles per square foot. Also, it will be seen
that brightness is not the same as intensity of illumination.

The television engineer is concerned not only with the laws of radia-
tion as applied to light energy but with the wavelength of light. Actually,
as we have said, light energy occupies a small portion of the total fre-
quency spectrum. Visible light extends from violet through red, and
the wavelength of light is expressed in Angstrom units. In referring to
the wavelength of light, the Angstrom unit is more convenient than the
meter which is common in radio communication. Both radio waves and’
light waves travel through space at like velocity, i.e., 3 X 10® m. per sec.
Visible light has wavelengths about 0.000038 to 0.00008 cm. depending
upon color. The Angstrom unit is equivalent to one hundred-millionth
(10—8) centimeter and is a more convenient expression than the centi-
meter, since the latter is too large for practical application. The visible
portion of the light spectrum extends from 4,000 to about 8,000 A. This
range refers to the light visible to the human eye, though some television
pickup tubes have spectral response exceeding the wavelengths included
in the visible spectrum.

Of less importance in expressing the wavelength of light is the milli-
micron. It is equivalent to a billionth of a meter. One millimicron is
equal to 10 Angstrom units. Thus, we may say that the visible wave-
length of light extends from 400 to 800 millimicrons (mg.).

Of all the units of light measurement discussed above, only a few are
in practical use insofar as television engineering is concerned. These
are the foot-candle, the lambert, the lumen, and the Angstrom unit. The
student or engineer must be able to use these in the everyday practical
problems encountered in the study or application of television. Table 2
indicates the relationship of wavelength to frequency as related to light.
14 Lenses. A study of the principles of television transmission and
reception must be undertaken step by step. We have first obtained some
knowledge of that form of energy recognized as light, for it is the subject
that we must acquaint ourselves with before we undertake the more
intricate electronic principles of the system. We must next discover how
the reflected light from the television-studio stage enters the camera to be
imaged upon the photosensitized target or mosaic of the camera’s electron
pickup tube. The medium by which this reflected light enters the camera
is termed the “camera lens.” The camera lens, therefore, is the first link
in the chain of equipment which ultimately results in the transmission
and reproduction of the televised image. A knowledge of lens construc-
tion and its operation and maintenance is of the greatest importance to
anyone concerned with the art. Any optical error occurring at the lens
cannot be later compensated for electronically.
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TABLE 2

PorTIiON OF THE ELECTROMAGNETIC SPECTRUM
DevotEp TO LiGHT TRANSMISSION

Wavelength limits, Frequency limits,
Region reh kme. Remarks
Max. Min. Min. Max.
Infrared 0.1 0.00008 300 375,000 | Heat and black light

Light (visible) | 0.00008 | 0.000038 | 375,000 790,000 | Red, through orange,

yellow, green, blue,

and violet

Ultraviolet 0.000038 | 0.0000012 | 790,000 | 22,500,000 | Chemical and invisi-
: ble

' Light is most commonly measured in Angstrom units. The equivalents of the Angstrom unit in more
familiar units of measurement are as follows:

1.0 Angstrom = 0.1 millimicron (my.)
= (.0001 micron (u)
= 0.0000001 millimeter (mm.)
= 0.00000001 centimeter (cm.)

Fundamentally, a lens can be described as a transparent body which is
employed in creating a true image of an object by the principle of refrac-
tion. The use to which the lens is put determines its optical design and
construction. It may consist of a single element or a number of simple
refractive elements all united to form a common assembly. To be
properly described as a lens, the transparent body must possess opposite
sides, which are not parallel, for all lenses are thicker either at the pe-
riphery or at the center, with the possible exception of certain lenses
employed in some television projection-type receivers. Some degree of
curvature is present at one or both sides of each element in most lenses.

Hardly ever is a simple single element employed in the construction
of any camera lens. Actually, two or more simple lenses are used in
combination, their individual characteristics being combined to obtain
the desired characteristics. Figure 1.7 illustrates lens elements that are
typical of those used to construct the conventional lens system. These
lens elements are classified according to their effect upon a ray or beam of
light and may be divided into two principal groups. In one group are
included lenses of the diverging type, and in the other group, lenses of
the converging type.

A converging lens, as the term implies, represents an element that
causes the light ray admitted to converge at a point. It will be noted
that a converging (or convex) lens is thicker at the center than at the
edges. It may always be identified by its shape.

Those lenses which result in the diverging, or spreading, of the light
rays passing through are termed “negative lenses.” The negative, or
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diverging, lens is always thick about the periphery and thin through the
center. All lenses are made as nearly transparent as possible, and the
surfaces are very highly polished. This results in their admitting and
transmitting light most effectively, i.e., with little attenuation. The lens

POSITIVE
LENSES % + % W % W % i

PLANO- CONVEX ASYMMETRICAL
CONVEX BICONVEX MENISCUS BICONVEX
NEGATIVE _ _ _ _
LENSES
PLANO- CONCAVE CONCAVE
CONCAVE CROSSED i35 MENISCUS

Fi1g. 1.7 The eight typical lens elements used in various combinations to construct
the television camera lens.

surfaces are made spherical or semispherical in shape, and all lenses are
classified as to shape and form. This is clearly illustrated in Fig. 1.7.

The complete lens for the television camera is made up of a number
of elements, one element being employed to correct for errors and dis-
tortion of another element. The result is usually a rather complex

Fi1G. 1.8 The camera lens for
one type of Eastman Ektar
(f/3.5,10.7 cm.). The television
camera lens is constructed of a
number of lens elements.

Y

optical structure. Lenses for the television camera must, of necessity,
be of the highest quality.

There are three general types of positive convergent lenses. These are
termed the “plano-convex” lens; the “biconvex,” or “double-convex,” lens;
and the “unsymmetrical biconvex” lens. A plano-convex lens possesses
both a spherical convex face and a flat face. The biconvez, or double-
convez, lens is distinguished by its two spherical convex faces. The
unsymmetrical biconver lens may be recognized by its two spherical
convex faces, which possess curves of dissimilar radii. All three types
are positive. It will be noted, as mentioned before (page 27), that
lenses of this type are thicker through the center of the transparent
body than at the periphery, a characteristic that results in uneven light
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distribution and dissimilar angles of refraction at different points on the
lens. For this reason, any image formed by one of these lenses will
be distorted. Other lenses must be used in combination to obtain an
undistorted image of the object, although the positive convergent lens will
in itself form a real image of any object.

”" * e S5

ot

Fic. 1.9 A 20-in. (508-mm.) f/5.6 Telephoto lens employed on the lens turret of a
Du Mont Mark II Image Orthicon television field camera. (Courtesy of Allen B.
Du Mont Labs., Inc.)

The second major group of lenses are termed “negative divergent.”
Such lenses diverge or spread the light rays entering the transparent body
of the lens and result in a virtual image—not a real image. The effec-
tive focal length of either a plano-concave or a biconcave lens has been
defined as the virtual focal length measured to the virtual focal point.
The virtual image is an imaginary image, and the virtual focal point
locates the plane in which it is assumed to exist. It will be noted that
a diverging (negative) or concave lens is thinner through the center
than at its outer edge. Negative lenses possess no actual focal point,
and this imaginary focal point—termed the “virtual focus”—is used for
purposes of measurement. The virtual focal point is determined by
projecting the diverging rays back where they finally intersect the
optical axis. The point establishes the plane of the virtual image.
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Included among negative divergent lenses are plano-concave, biconcave,
and unsymmetrical biconcave lenses.

The plano-concave lens is one in which one side is found to be con-
cave, the other surface flat. The biconcave lens can always be positively
identified by its two spherical concave surfaces. The unsymmetrical
biconcave lens is recognized by its two spherical concave faces with
curves of different radii.

As opposed to the lenses in the positive convergent category, negative
divergent lenses are always thicker at the outer extremities than at the
center. The negative lens always possesses at least one concave side.
This concave side is responsible for a ray of light entering to diverge.
Thus, the light is made to spread out instead of converging, or bunching,
to a point, as is true of the positive lens. Since the negative divergent
lens is the opposite of a convex lens, it is employed to correct the action
of a positive lens, thus correcting for distortion and aberration (faults).
By suitable and appropriate combinations of spherical and plane surfaces,
any of six different kinds of lens may be constructed.

If the two surfaces of a lens are made spherical, then the centers of
the complementary spheres are termed the “centers of curvature.” An
axis penetrating the two centers is called the “principal axis of the lens.”
The principal axis of a plano-convex or plano-concave lens is the
perpendicular from the exact center of the spherical surface to the
plane face. The center of curvature is not to be confused with the op-
tical center of the lens. Measurement of the focal length and other
distances from the lens are made from the exact optical center, assuming
that the center is the point of greatest light concentration. The optical
center of a biconvex lens is taken as the point half the distance between
the two surfaces and along the optical axis. The focal length L is meas-
ured from O to the focal point F. Point O is found by drawing two
parallel lines from the centers of curvature C until they intersect the
surfaces at MM and connecting these intersections by the line M3. The
intersection of this line with the principal axis at O yields the optical
center.

The optical center of a lens of the plano-convex type lies at the exact
intersection of the convex surface with the optical center line, and
measurements L to the focal point F are made from this point as indicated
in Fig. 1.10.

In the case of an unsymmetrical lens, the center is determined in the
same manner as is the center for the biconvex type. The centers of
curvature C are used, the diagonal M A being drawn so that it intersects
the optical center at O. It is seen that the optical center always lies
near the surface having the greatest curve in the case of a positive lens,
resting on the curve itself in the instance of the plano-convex type.
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Some lenses have one concave and one convex surface. If the con-
cavity is predominant, the lens is described as a “concave’” or “negative
meniscus.” If the convexity is such that it appears predominant, then
the lens is described as a “convex” or “positive meniscus.” The word
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“meniscus” means “crescent-shaped.” The angle of field of the lens is
that angle formed at the lens by the rays of a beam of light from the
extreme boundaries of the field (or stage in the television studio) being
covered by the lens.
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Fic. 1.11 Angles of refraction of different colors of light. Since each color of light hasa

different wavelength, each results in a different angle of refraction when passing through

an uncorrected camera lens. The result is that not all colors focus in the same plane to
form a sharp image.

Because each color in the light spectrum possesses a different wave-
length, each will demonstrate a different angle of refraction in passing
through the camera lens. The result is that all the colors do not focus
on an identical plane to form a sharp image (see Fig. 1.11). Owing to
inequalities of refraction of the component light rays, the blue rays will
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focus in front of the less actinic but more conspicuous visible rays. Lens
systems may be corrected for color. Lenses in which chromatic aberra-
tion has been eliminated (color-corrected) are termed “achromatic
lenses.”

To accomplish such correction, positive and negative lens elements
having different refraction but the same dispersion are combined. The
result is that separation of the component wavelengths of light is pre-
vented, and the entire bundle of rays of various wavelength is bent as a
unit. Usually, the correction is made for the two principal spectral
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Fie. 1.12  Overcoming chromatic aberration by means of a doublet, in which the glass

of the convex lens element is of a dissimilar refractive index from that of the concave

lens element. In color correction all the rays of different wavelength (color) are brought
into focus on an identical focal plane.

bands. Lenses corrected for three colors are known as “apochromatic
lenses.” When light rays of unequal wavelength focus at varying dis-
tances back of an uncorrected lens, the effect is termed “chromatic
aberration.”

Chromatic aberration is quite often overcome by a doublet, or system
of doublets, the glass of the concave and convex elements having a
different refractive index. A common type of doublet is made up of
two elements cemented together, combining a biconvex and a biconcave
lens. This results in the rays formed by the different wavelengths of
color in the object being focused on the same focal plane. The result is
a sharply defined and correct image. One type of doublet is illustrated
in Fig. 1.12.

The depth of field is the distance between the nearest object to the
lens in focus and the farthest object from the lens in focus when the
lens is focused on a given point. The depth of field will vary with the
distance of the object in critically sharp focus, the focal length of
the lens, and the aperture used. (The aperture is the diameter of the lens
or the width of the iris opening.) (See Fig. 1.13.)

It is a relatively simple matter to calculate the depth of field for a
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given lens by means of the following equations:

H xD and F_HxD
H+D " H-D

N =

where D = distance to the object focused on
H = hyperfocal distance of the lens
N = near depth plane
F = far depth plane
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Fig. 1.13 Depth of field. The depth of field is the distance between the nearest object
to the lens, focus A, and the most distant object from the lens, focus B, when the camera
lens is focused on point C.

To determine the hyperfocal distance of any lens, or the nearest point

at which objects are in approximately sharp focus with the lens set at
infinity, the following equatien is employed:

_Fxc
T fx12

where F = focal length of the lens in inches
H = hyperfocal distance in feet
f = diaphragm opening or f number
C = reciprocal of the diameter of the circle of confusion in inches

Some explanation of the expression “circle of confusion”’ should be
given. When a lens is focused on an object at a predetermined distance,
the light rays from various other distances are not all brought into focus
precisely on the focal plane, the focal plane being the plane upon which
the image of the object is formed. (The focal plane may be considered
as existing at the mosaic of an Iconoscope television camera pickup
tube.) Some of the light rays are brought into focus in the plane and
some ahead of the plane, and some would fall behind the plane were it
translucent. All the rays that would be brought into focus in front
of or behind the focal plane do not result in a point of light, but show
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up as a small circle. This is termed the “circle of confusion.” It
adversely affects the definition of the image, reducing sharpness of focus.

Depth of focus (see Fig. 1.14) is the distance between the nearest image
to the lens that is in focus and the farthest image when the lens is focused
‘on a given point. The student must not confuse depth of field with depth
of focus. Depth of field describes an area in front of and behind the main
object plane, whereas depth of focus describes the small range of posi-
tions that the focal or image plane may occupy without having any
deleterious effect upon the sharpness of the image.

CAMERA TUBE

CAMERA
LENS

F16. 1.14 Depth of focus. The depth of focus is the distance between the nearest
image to the lens, focus 4, and the most distant image from the lens, focus B, when the
camera lens is focused on a given point C.

The focal length of a lens is indicated by F and for all practical pur-
poses represents the distance separating the optical center of the lens
and the image when the lens is focused on infinity. As a practical con-
sideration, all objects at distances greater than 100 ft. are said to be at
infinity. The greater the curvature of the lens is made, the shorter the
focal length that obtains. This is because the refractive power is greater,
which, with a specific medium, is a function of the curvature of the
surface.

The index of refraction, or the refraction index, of a given transparent
material, such as a lens, is a measure of the bending that a ray of light
will experience in going from air into this medium. Quantitatively, it is
defined as the ratio of the velocity of light in air to the velocity of light
in a given transparent material. The index of refraction of air is taken
as unity (see Fig. 1.15).

As noted above, an object located 100 ft. or more from the lens is said
to be at infinity. Theoretically, it is impossible to focus upon an object
whose distance from the lens is infinite. For any lens, approximate
infinity may be considered as the focal length squared multiplied by the
reciprocal of the desired circle of confusion.

When the lens of the camera is appropriately focused on an object at a
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definitely predetermined distance, the light rays arriving frem objects at
various other distances are mot brought to focus on the focal plane. It
will be found that some are focused on the plane, some behind the plane,
and some ahead of the plane. Each ray of light that is brought to focus
in front of or behind the focal plane is not a point of light. Instead, each
such ray of light shows up as a tiny circle, termed the “circle of confu-
sion.” The circle of confusion reduces the sharpness of the image. A
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F1g. 1.15 Diagram of the way in which light rays are bent or refracted in passing
through a medium of greater density than the density of air.

tiny circle will appear as a point to the average eye if smaller than
oo in. in diameter. It is desirable, therefore, that the circle of con-
fusion be made smaller than 14 oo in. in diameter if a sharp image is to be
obtained.

The term “image” defines the optical reproduction at the pickup tube
mosaic or target of the camera of the object upon which the television
camera lens is focused. The image is always inverted with respect to
the object (see Fig. 1.16).

The iris is any stop or diaphragm that serves to limit the size of the
beam of light passing through a lens system from a given point. The iris
of the camera lens may be compared to the iris of the human eye. The
aperture, stop, iris, or diaphragm of the lens is a very simple mechanical
device, its location with respect to the lens elements depending upon the
type or variety of lens employed. In most cases, it is placed in front
of the optical lens elements. In other cases it is placed within or behind
the lens mount. In a simple meniscus lens it is always placed in front
of the element. In a symmetrical doublet, it is placed within the
mounting and between the front and rear elements of the lens.

The diaphragms found in lens systems seen in television cameras are
of the adjustable iris type. The iris type of diaphragm allows the
cameraman to select a large number of openings by means of a simple
adjustment and permits precise regulation of the size or diameter of the
bundle of light rays passing through the lens system.
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The diaphragm actually serves as a light-volume control and serves to
reduce or remove residual aberration (aberrations or faults existing in
the lens). It improves the depth of field, making it possible to control
the zone of sharpness in near and distant objects in a scene. Thus, in
the television studio, the diaphragm may be stopped down if sufficient
light is available to result in an acceptable picture. Stopping the lens
down is employed particularly when stages of great depth are being
televised.
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Fic. 1.16 Diagram of the way in which light reflected from the studio stage is imaged

upon the target of the pickup tube in the television camera. The angle of field is that

angle formed at the camera lens by the beams of light from the outer boundaries of
the studio stage.

Lenses of two principal types are employed in television. One type,
known as a “projection lens,” is employed at the motion-picture projector
associated with the film-scanning apparatus. It projects all the light
from the lamp source in the projector into a highly concentrated beam.
The second type is that employed at the studio or field television camers.
It projects an illuminated object upon a distant surface; i.e., the reflected
light from the studio sfage is imaged upon the mosaic or target of the
electron pickup tube in the television camera. A virtual image of the
object therefore results.

A projection lens is sometimes used in certain types of projection tele-
vision receiver. It is employed to project a large image upon a screen in
the home, the image originating at the fluorescent screen of a small-
diameter cathode-ray tube. Some manufacturers have demonstrated ex-
perimental receivers of this type which develop an image of dimensions
3 by 5 ft. The difficulty with such systems lies in the inability to obtain
enough light at the source, i1.e., at the screen of the small-diameter cathode-
ray tube, the source light resulting from electron bombardment of the
chemical phosphor with which the screen is coated.
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A knowledge of the optical center of the lens is important in the
measurement, of focal length and other distances from the lens. It is
assumed that the optical center is the point of light concentration,
although this is not strictly true. Nevertheless, it establishes a definite
point from which comparative measurements can be taken. In the
instance of the plano-convex lens, the optical center lies at the inter-
section of the convex surface with the center line. The optical center of a
biconvex lens is also the geometrical center and is one half the distance
between the two surfaces and along the optical axis (see Fig. 1.17).
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Fic. 1.17 Optical center. Parallel lines are drawn through the centers of curvature
of the lens to meet the lens surfaces. The line joining these intersections crosses the
lens axis at a point termed the “‘optical center.”

Refraction has been defined as the bending of a light ray resulting
from its passage through a transparent medium such as glass. No
refraction occurs at the center of the lens because the beam of light does
not strike the curvature of the lens at an angle at this point, but does at
all other points.

Spherical aberration in a lens results in a general blur of the image.
It is due to the curvature of the glass in the case of a biconvex lens
element. The rays of light being transmitted through the center of the
lens are brought to focus farther off than the rays penetrating through
the edge because of the lesser angle at which they strike the lens sur-
face at the center. The result is distortion of the image. Spherical
aberration, therefore, is due to a difference in focus that occurs between
the edge and center light rays. The convex lens is so constructed that the
raarginal rays are brought to shorter focus than are the axial rays, result-
ing in spherical aberration. The opposite condition obtains in the
concave lens and is termed “spherical overcorrection.” The defect may
be compensated for in lens production by so combining positive and
negative lenses as to neutralize' the effect. Such a corrected lens is
termed an Aplanat.

Another type of distortion that occurs in lenses is known as “astig-
matism.” Tt is an aberration of the oblique light rays and does not affect
the axial light rays in any particular. The distortion appears as small
crosses, one of which is out of focus, while the other is sharply in focus.
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Lenses corrected for this condition are termed Astigmats. All lenses
employed with television cameras must, of necessity, be highly corrected.
1.5 The Television Camera Lens. The most important lens with which
the television engineer must work is the television camera lens. A
typical lens, as employed with a television field Orthicon camera, is
shown in Fig. 1.18. The mechanical gear box, by means of which the
iris is adjusted remotely from the turret (upon which the camera lenses
are mounted), is also shown.

Fig. 1.18 A camera lens associated with the Du Mont Mark II Image Orthicon camera.
The gear box permits remote adjustment of the iris by means of a hand control at the
rear of the camera. (Courtesy of Allen B. Du Mont Labs., Inc.)

The television camera is similar in many respects to the motion-picture
camera. In motion-picture photography, a series of exposures are made
on the sensitive surface of a chemically prepared film, and the camera
shutter is adjusted to record a definite number of frames per second.
The television camera employs an electron tube for image pickup. This
device contains a light-sensitive mosaic or target upon which the reflected
light from the object is focused through the lens to form an image on the
target. The stationary mosaic or target thus replaces the intermittently
moving film surface that we find in the motion-picture camera.

The light shutter of the motion-picture camera is replaced by a
cathode-ray scanning device in the pickup tube of the television camera
in most instances. This portion of the tube is known as the deflection or
sweep system, and is coordinated with external electronic sweep circuits,
ete. The reflected image of the object before the camera lens appears on
the mosaic or target and is wiped off the surface at a given number of
times per second, the surface being prepared each time for a new expo-
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sure. In this manner, a definite frame frequency is established in
television. The frame frequency involved in television may be com-
pared with the frame frequency established in motion-picture photog-
raphy, though they are not equivalent with respect to the number of
frames resulting per second of time.

An image before the television camera lens is sharply brought to focus
upon the mosaic or target of the electron pickup tube in the camera,
with the result that there is a great increase in the amount of light
reaching this photosensitive surface. This is comparable to the increase
in the amount of light reaching the film surface in.a motion-picture
camera owing to the presence of a high-quality lens between the object
and the image. The television camera lens, like that of the motion-
picture camera, is usually of the double convex type and has been suit-
ably corrected for both chromatic and spherical aberration.

A lens with long focal length has proved more desirable in the past
for use in the television studio camera than one with short focus. A
short-focus lens of large diameter will collect more reflected light from an
object before the lens, but it has no depth of focus and possesses a flat
field. A lens with longer focal length will collect less light from the
object before the television eamera, but will yield considerably greater
depth of focus. This feature is important when an Iconoscope pickup
tube is used in the camera, and the cameraman is called upon to shoot
scenes on stages of considerable physical depth. To obtain greater
depth of focus, as much light as is possible under the circumstances is
employed, thereby permitting the use of a lens with moderately great
focal length. If enough light is available to permit the iris of the lens
to be stopped down, a considerable depth of focus can be achieved. This
will depend upon the sensitivity of the camera pickup tube, ie., upon
whether the amount of light reaching the target can be reduced and still
result in a suitable or acceptable picture.

With the development of more sensitive electron tubes for image
pickup, such as the R.C.A. types 2P23 and 5655 Orthicon tubes, less
light is required in the studio, and the use of lenses with greater focal
length is possible. The R.C.A. type 2P23 Image Orthicon tube possesses
a sensitivity about 100 times greater than that demonstrated by the
R.C.A. type 1850-A Iconoscape tube.

As can be determined from our general discussion on lenses, the speed
of the television camera lens refers to the intensity and amount of light
permitted to pass from an object through the lens to form an image upon
the mosaic or target of the pickup tube in the camera. The greater the
diameter of the lens, the more light is permitted to pass through it. The
shorter the focal length, the less distant the lens must be from the image,
resulting in greater light intensity. The measure of the relative speed
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of the television camera lens is indicated by the letter f, which will be
found inscribed on the lens. The f will be followed by a digit. The
speed f is the ratio of the principal focus of the particular lens to its
effective diaphragm opening. The principal focal point of a positive lens
is defined as the point at which a sharp image is formed when the object
is at a great or infinite distance from the lens, so that the incident
light rays reflected from the object are parallel.

A lens speed is rated at its widest stop, {/1.4 or /2.7 indicating very
fast lenses, f/4.5 for medium speed, and /6.8, {/16 or /22 indicating
slow lenses. Lenses of television cameras have a built-in iris, and only a
lens with a variable iris can have more than a single stop. The stop
(f value) is determined through the following equation:

F
=5
where f = stop value
F = focal length
D = diameter of the lens with iris open (I1.D.)

An f/2.7 lens may have stops at /2.7, /3, 1/3.5, {/4.5, /5.5, {/6.8,
f/8, f/11, and £f/16. An f/4.5 lens may have stops at {/4.5, /5.6, {/8,
f/11, £/16, £/22, and {/32.

Each diminishing stop reduces the amount or quantity of light energy
passing through the lens by one half.

The faster lens, one having large diameter, will prove more difficult to
correct for spherical aberration and thus will be an expensive optical unit
to acquire. In practice, a television camera lens rarely exceeds f/1.9.
An f/4.5 lens with focal length of 8 in. is the most widely used lens in
television cameras equipped with Iconoscope pickup tubes. This lens has
a diameter of 1.33 in.

The R.C.A. type 1850-A Iconoscope tube is so constructed that the
distance between the photosensitized mosaic (upon which the image is
formed) and the optical window of the glass bulb (through which the
light collected and transmitted by the lens must pass) is approximately
41% in. The separation can be noted by referring to Fig. 4.2. This
fixed separation between the mosaic or target and the optical window
of the glass bulb imposes a limitation on the minimum focal length of
a lens which may be used with this pickup tube. It is seen that 4% in.
is the minimum possible focal length permitted. In practice, lenses
with focal lengths from 4% in. up to and including 8 in. are customarily
chosen.

The motion-picture camera is focused by moving the lens nearer to or
farther from the film within the camera. In a similar manner, the
television camera employing an Iconoscope tube may be focused by
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increasing or decreasing the separation between the lens and the sensitive
surface of the mosaic within the pickup tube. In the Iconoscope camera
the lens is mounted in a hollow brass tube called a “lens mount,” and
the entire assembly is moved closer to or away from the fixed position of
the Iconoscope by means of a mechanical system controlled by a handle,
knob, or lever.

In the Image Orthicon camera, the lens is fixed in position, and the
Orthicon tube is moved close to or away from the rear of the lens, the
latter being rigidly mounted on a rotatable camera lens turret. The
optical principle of focus is the same in either case.

At least two television cameras, and often three, are employed in the
typical television studio. One camera is equipped with a close-up lens,
ie., a narrow-angle lens of relatively long focal length. The second
camera is equipped with a lens of relatively short focal length. This
second wide-angle lens is used to take longer or more distant shots of a
complete stage or set. The camera with the close-up lens is used to
obtain interesting shots of the faces of performers on the set or of
action incidental to the main performance, such as miniature sets,
effects, illusions, or other secondary action. The third camera may
serve as a general-utility unit, a boom camera, or a stand-by.

It should be pointed out here that the shorter the focal length of the
lens, the wider the angle of field that obtains. However, the lens of
short focal length, such as is used to obtain a wide angle of field in
television, is not strictly a widc-angle lens, although it is erroncously
described as such. Fast £/1.9 or £/2.5 lenses with short focal lengths
of 5%, 6, or 614 in. may have fields of 50 to 70 deg., whereas a strictly
wide-angle lens may have a field as great as 75 to 140 deg. The true
wide-angle lens has extremely slow speed, the average speed being {/8,
£/16, or £/32, notwithstanding the fact that they have short focal lengths.
The slow speed of the strictly wide-angle lens prohibits its use in tele-
vision, particularly where Iconoscope camera tubes are employed.

The selection of lenses for the television field cameras employing type
2P23 Image Orthicon tubes has led to an expensive investment on the
part of the television station, since quite a wide variety must be obtained.
In choosing a lens for a particular remote pickup, the principal problem
is that of determining the distance between the cameras and the subjects
or field to be televised. With turret-head Image Orthicon cameras, a
complete complement of lenses is instantly available. The camera turret
of a Du Mont Mark II Image Orthicon field camera will mount four
lenses, any one of which may be instantly brought into use (see Fig. 1.19).

Ordinarily, a 3%- or 5%-in. lens will cover close-up action 50 to 150 ft.
from the cameras. A 6-in. lens will cover double plays on the baseball
field, while a 14-, 16-, or 20-in. telephoto lens will adequately provide
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coverage of individual plays on the football or baseball field and action
in the outfield. For boxing or wrestling, a 514-in. lens at 50 ft. will
effectively cover the ring. In football, a 9-in. telephoto lens will cover a
considerable portion of the playing field, and the 20-in. lens will bring in
individual play for close-ups. A 6-in. lens will cover practically the
entire field of play in football. Most of the telephoto lenses will have

£

Fic. 1.19 Du Mont Mark II Image Orthicon field camera. Four lenses are mounted
on a turret which may be rotated to select any lens desired. (Courtesy of Allen B.
Du Mont Labs., Inc.)

speeds ranging from f/4.5 to {/5.6. The 2-, 3%%-, 514-, and 6-in. lenses
should have speeds of not less than f/3.5.

Where the types 2P23 or 5655 Orthicon tubes are used in studio televi-
sion cameras, at least two lenses are required. One should certainly be a
2-in. lens for wide-angle or wide-field shots where it is desired to include
a complete stage or studio set in the resulting picture. The other lens
should be a 3%- or 5%-in. lens, depending upon the physical area of the
studio. The latter lens will be used for close-up shots. If a dual Image
Orthicon camera chain is employed in the studio, then one camera should
be fitted with the 2-in. lens, while the other should be equipped with the
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3%- or 5%-in. lens. With turret-head cameras, i.e., cameras employing
turrets which mount several lenses, each camera can be equipped with
both a “wide-field” and a “close-up” lens, thus making possible faster
action and more interesting camera shots.
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Fic. 1.20 Zoomar lens as mounted on the turret of an R.C.A. Image Orthicon field
camers and as first used in televising a football game. (Courtesy of Station WFIL~
TV, Philadelphia.)

Recently, Dr. Frank G. Back has introduced a new lens described as
the “Zoomar lens.” The principle of the lens is variable focus, permitting
zoom shots that are maintained approximately in true focus throughout
the zoom. One application would be in following a baseball player
completely around the bases of the baseball diamond while he makes a
home run, the lens holding the player in approximate focus throughout
the play. A view of the lens, as mounted on the turret of an R.C.A.
Orthicon field camera, is shown in Fig. 1.20. It will be noted that it
simply replaces one of the regularly employed lenses on the turret, yet
it does the work of three, i.e., close-up, wide angle, and telephoto.

Many zoom lenses have been employed in the motion-picture industry,
Bell and Howell having imported a zoom lens from Taylor-Hobson in
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England. The main difficulty experienced with all lenses of this type has
been their inability to hold objects continuously in ¢rue focus from close-
up to infinity. Another difficulty in applying the zoom lens to television
cameras has been due to the weight of the lens and its physical size,
though the problem is not without solution. If the lens is mounted
directly on the camera turret, as shown in Fig. 1.20, the balance of the
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Fic. 1.21 Simplified schematic of the Zoomar lens in three operating positions:
wide angle, medium, and telephoto.

camera upon its tripod is disturbed, and a counterweight must be used at
the rear of the camera to maintain balam‘:e, or the mounting of the camera
upon the tripod must be modified to prevent the camera from tilting
forward.

The Zoomar lens, as developed by Dr. Frank G. Back, has eliminated
many of the mechanical difficulties inherent in earlier lenses of this type,
particularly with reference to the manner in which approximately “true”
focus is maintained. The Zoomar lens incorporates only one movable
barrel, and the compensation for the image movement is accomplished
through optical, rather than mechanical, means.

Dr. Back’s lens makes use of two groups of lens elements, one station-
ary and the other group comprising a system of coupled movable elements.
The static elements are mechanically connected by means of the lens
housing, whereas the coupled movable elements are mounted in a common
lens barrel. Therefore, movement of the barrel to any position within the
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housing results in a stationary image of varying size. This is really a
unique approach toward solution of the principal problem.

Figure 1.21 shows an arrangement of the lens in three operating posi-
tions. Position A indicates the wide-angle position, B the medium
position, and C the telephoto position. It will be noted that lens elements
1, 4, and 6 comprise the stationary group and lens elements 2, 3, and 5
comprise the movable group. The stationary elements (1, 4, and 6) do
not alter position within the lens housing. Elements 2, 3, and 5 move
along the principal axis of the lens system simultaneously. Operation of
the lens in practice yields a picture of variable size though stationary
insofar as displacement along the principal lens axis is concerned. Each
lens element making up the entire lens system is carefully corrected for
chromatic and spherical aberration as well as for astigmatism.

The normal aperture range of the Zoomar lens is /4.5 to /30, and

telephoto from f/5.6. The range of the lens extends from approximately
5 ft. to infinity. For telephoto use the range is from approximately 15 ft.
to infinity. The zoom range is from 3 to 9 in. (normal), or 7 to 18 in.
for telephoto. The lens is capable of 600-line resolution in the center
of a picture to 400 lines at the corner of the image.
1.6 Care of the Camera Lens. The television engineer or cameraman
can obtain good results with the lenses at his disposal if he sees that they
are kept scrupulously clean. In time, a lens will accumulate dust and
dirt which will blanket the exposed surfaces, thereby reducing its speed.
Intervals between cleaning should be as long as practicable, since each
cleaning will remove a portion of the lens surface. A new and highly
polished lens is practically invisible except for reflections at its surface.
It is recommended that lens caps be kept over exposed surfaces of the
lens as much of the time as practicable. These lens caps should be kept
over both ends of the lens when it is removed from the camera. One
lens cap may be used when the lens is fixed in position on the camera
turret, but inactive.

High-quality lenses are both expensive and easily damaged, and the
use of a lens cap will both protect the lens as well as prevent direct
light from reaching the surface of the mosaic or target of the camera
pickup tube. Severe burning of the targets of some electron tubes for
image pickup will occur if direct (not reflected) light is permitted to strike
the target over an extended period of time.

It is recommended that a soft camel’s-hair brush be used to eliminate
accumulated dust and dirt from the exposed lens surface. The rear end
as well as the front end of the lens must be so cleaned. Only after the
camel’s-hair brush is first applied is it permissible to apply the special
lens tissues available for removing any residual dust or dirt. These
tissues must be applied gently, and with a minimum of pressure, so as not
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to scratch or mar the lens surface. It is not good practice to breathe
upon the lens surface before applying the tissue. This may force vapor
back into the lens mount, which will cool into droplets within the lens.

Two recommended lens tissues are the Kodak (Eastman Kodak Co.,
Rochester, N.Y.) and the Thomas No. 6325 (Arthur H. Thomas Co.,
Philadelphia, Pa.). The seclection of a lens tissue is important, particu-
larly if a coated lens is to be cleaned; otherwise, some of the coating
may be removed. Such a coating consists of a layer of magnesium
fluoride approximately one quarter wavelength in thickness, or 0.000004
in. thick. A coated lens can be recognized by its bluish or pale tint.
The purpose of the coating is to reduce the amount of light reflected from
the surface of the lens, thus increasing the amount of light transmitted
through the lens and minimizing ghosts or reflected images. When the
thickness of the layer or coating is taken into consideration, it can
be seen how abrasion—due to the use of a poor lens tissue—can soon
remove it.

When camera lenses are carried into the field in mobile or remote

operations, they should be stored in a felt-lined lens case. The case
should be of such dimensions as to house the complete complement of
lenses. The case should be moisture- and dustproof, and a carrying
handle should prove convenient.
1.7 Scanning. Once the reflected light from an object upon the studio
stage is focused by means of the camera optical system upon the photo-
sensitized target of the camera pickup tube, an inverted image of that
object appears upon that target. The light and shade of the image
result in what is known as a “picture.” The camera pickup tube (to
be discussed later) is employed to convert the light values in the picture
into finite electrical potentials. It follows that the resulting electrical
potentials must vary in amplitude because of the variation in light and
shade in the picture.

The photosensitized target, or mosaic, of one electron tube for image
pickup is so constructed that its surface (perpendicular to the light
source and lens system of the camera) is coated with myriad light-
sensitive globules. These globules are one layer deep and are affixed
to a sheet of mica. On the opposite (or rear) side of this plate is
affixed a conductive coating of silver or colloidal graphite. We may
now consider each tiny photosensitive silver globule and the coating of
silver (to the rear of the target) as constituting a tiny capacitor, with
the intervening mica serving as the dielectric material. The silver
coating on the reverse side of the dielectric material is, of course, com-
mon to all the globules of silver, while each globule is insulated from
every other globule.

The thousands of light-sensitive silver globules on the face of the
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target lose electrons when subjected to light. Since the image focused
upon the face of the target is made up of light and shade, more electrons
are lost by some of the silver globules than by others. The brighter
the incident light falling upon a certain area of the target, the more
electrons are lost from the globules in that particular area. Thus, the
globules assume a positive charge (owing to loss of electrons) and with
respect to the silver coating on the reverse side of the sheet of mica.
Since a picture imaged upon the target by means of reflected light is
made up of a wide range of light values, the target, or mosaic, will
assume a charge proportional to the amount of light falling upon any
given element of its surface.

Let us then visualize the target as constituting a mosaic of many
thousands of tiny capacitors, each assuming a charge proportional to
the light falling upon its individual globule of silver. Each one of these
capacitors will hold or retain that charge until discharged by some means.
The fact that an electrical potential is stored by each capacitor has
led to a phenomenon known as the “storage” effect possessed by some
electron tubes employed for image pickup. It is then possible to dis-
charge these capacitors one by one and in a controlled sequence, so that
sequential electrical potentials may be taken off the mosaic which are
in all respects equivalent to the amount of incident light originally
striking each picture element.

The globules are discharged in proper and controlled sequence by the
scanning effect of a tiny beam of electrons. This beam is produced by
the electron gun of the camera tube, the movement of the beam both
horizontally and vertically across the mosaic being under control of
the deflection system of the television transmitting system. The elec-
trons displaced by the electron beam of the gun of the pickup tube,
i.e., those removed from the mosaic, are attracted to a collector ring
about the inner circumference of the pickup tube. This collector ring
has a high positive potential and is connected to the cathode of the
input tube of the camera video preamplifier. A lead from the rear plate
of the mosaic connects to the control grid of this pickup tube, and a
load resistor is connected across these two points. The action that
occurs at the electron tube for image pickup will be described in greater
detail in a later section of the text (see pages 172-175).

In the above discussion, the action that takes place in the Iconoscope
has been explained, since this is the most simple type of camera pickup
tube in which scanning takes place. Another tube, which is rapidly
replacing it, is known as the Image Orthicon. This new tube is basically
similar to the Iconoscope insofar as scanning is concerned, except for
its physical size and construction. The mosaic, or target, is of smaller
area and is essentially transparent, and the silver coating of the insulating
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plate is very thin compared to that of the Iconoscope. The tube is
shown in Fig. 1.22. The scene in the television studio is imaged upon
the front side of the target, and the target is scanned on the rear, or
back, side. Such an arrangement makes possible the use of a low-
velocity rather than a high-velocity scanning beam, and secondary
emission at the target and spurious shading signals are eliminated. The
increase in sensitivity makes possible the televising of scenes under
conditions of extremely low level lighting.

Fra. 1.22 R.C.A. type 2P23 Image Orthicon pickup tube.

The electron beam of the pickup tube in the television camera scans
the target from left to right, top to bottom, much as you now visually
scan this page in reading. The electron beam which accomplishes the
scanning is controlled and directed by means of a magnetic yoke about
the glass neck of the camera pickup tube, through which the electron
beam must pass before striking the target. The magnetic yoke is made
up of pairs of horizontal and vertical deflection coils, one set of coils
acting upon (or directing) the beam in the horizontal plane, the other
pair exercising control over the beam in the vertical plane. Thus, by
suitable control of the current amplitudes and wave shape in the
coils, the beam may be moved across the target from left to right, or
it can be made to move vertically across the target.

The target of the pickup tube is not scanned directly across from left
to right, but slantwise. This is shown in Fig. 1.23. In actual practice,
the beam may start at (1) at the upper left corner of the target, then
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drop slantwisc across to conclude the scanning of line (1). The elec-
tron beam is then extinguished, or blanked out, after which the beam is
returned to the left side of the target to scan another line of picture
information. Before the end of the blanking interval but with no
picture, the beam begins scanning line three; ie., the odd lines are
scanned first, then the even numbered lines are scanned. Since each
television frame is theoretically made up of 525 horizontal lines, 262.5
odd lines of the picture are first scanned, then 262.5 even lines are
scanned. At the same time that the electron beam in the pickup tube
moves from left to right and top to bottom of the picture, a similar
beam moves simultaneously at the television receiver, reproducing the
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laced are required to make one frame, and 30 frames of 525 lines each are transmitted
each second).

picture upon the screen of the cathode-ray tube at the receiving point.
We have stated that 525 lines are horizontally scanned in completing
the scanning of one frame. Since, owing to vertical blanking, approxi-
mately 6 per cent of the horizontal lines are blanked out, only about
94 per cent of the 525 lines supply picture information. There are,
therefore, approximately 493.5 active horizontal lines per frame.

When 262.5 odd lines at the camera pickup tube have been scanned,
one fleld is said to have been completed. When the 262.5 even lines
have been scanned, another field is said to have been completed. The
two fields, of 262.5 lines each (neglecting vertically blanked portions)
combine to make up one picture frame. Thirty frames are transmitted
each second; and each frame, therefore, is constructed of 525 horizontal
lines, or approximately 493.5 active lines of picture information. The
system whereby odd lines arc scanned first, then the even lines, the
two fields produced being combined to form one frame, is termed “inter-
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laced scanning.” Such a system is used to reduce flicker and is the
basis of our modern system.

As will be seen in Fig. 1.23, when one field is completed, the electron
beam is moved from the bottom of the picture to the top center of the
picture, after which the scanning of a new field is begun. Therefore,
60 fields per second are scanned to result in 30 frames for the same
period of time. Sound motion pictures are projected at a speed of 24
frames per second without appreciable flicker. Owing to the presence of
the shutter, there are cffectively 48 frames per second.

The student may wonder why a frame frequency of 30 has been
chosen in television. It must be remembered that the frequency of the
alternating current available in most sections of the United States has
been standardized at 60 c.p.s. Too, both television transmitter and
receiver must be supplied by alternating current at an identical fre-
quency. Since the clectron beam in the camera pickup tube must be
synchronized with the electron beam of the cathode-ray tube of the
television receiver if both are to move together in reproducing the pic-
ture, the selection of a frame frequency of 30 per second has proved
a practical standard. This frame rate is a submultiple, numerically,
of the power-line frequency. Since the frame frequency in television
bears a subharmonic relationship to the power-line frequency, observ-
able interference in the picture is reduced to the minimum. Since the
interference is recurring at the power-line frequency, the frame-recur-
rence rate being a submultiple of the frequency of the power-line current,
the distortion due to observable interference remains virtually stationary
and does not become apparent to the eve unless it becomes very serious.
Were the frame frequency 24 instead of 30, the interference would slowly
move across the picture vertically and interfere with viewing.

The currents used to develop horizontal and vertical deflection in the
magnetic yoke are termed saw-toothed currents (sce Fig. 1.23). A saw-
toothed current increases in amplitude gradually to some predetermined
amplitude and then drops to zero, the process to be repeated over and
over again. Since the magnetic fields of the deflection coils produced
by these currents are responsible for displacement and movement of the
electron beam of the pickup tube, it can now be seen how scanning is
actuated. On the forward slope of the saw-toothed current wave the
beam is moved slantwise from left to right across the target (horizontal
deflection). The beam is extinguished during the return trace, at which
time the magnetic fields set up in the coils collapse and reverse to a
maximum field at the left side of the frame. Since there are 525 lines
in each frame and 30 frames per second has been standardized, 15,750
horizontal lines of picture information are scanned each second. The
frequency of the horizontal scanning current (sweep) is, therefore.




FUNDAMENTALS OF PICTURE TRANSMISSION 51

established as 15,750 c.p.s. Since the beam must be moved from the
lower edge of the picture to the top 60 times per second and also from
the top to the bottom at the same rate (there are 60 fields), the fre-
quency of the vertical saw-toothed current is standardized at 60 c.p.s.

It follows that two saw-toothed deflecting or sweep currents are re-

quired, one produced by a saw-toothed current of 60 c.p.s., the other
being standardized at 15,750 c.p.s. If the cathode-ray picture tube
incorporates electrostatic deflection (one pair of deflection plates being
arranged to deflect the beam horizontally, another arranged to deflect
the beam vertically), then the scanning generator must produce saw-
toothed waves of voltage. If the cathode-ray picture tube incorporates
electromagnetic deflection, the saw-toothed generator must produce
saw-toothed waves of current. Since most cathode-ray picture tubes
(although not all) employ electromagnetic deflection, saw-toothed
waveforms used in television scanning will be referred to as “current
saw-toothed waveforms” throughout the text. This does not mean, how-
ever, that voltage saw-toothed waveforms are not used for purposes of
electrostatic deflection. Saw-toothed generators, voltages and currents
will be discussed in greater detail later in the text.
1.8 Aspect Ratio. In its Standards of Good Engineering Practice
concerning Television Broadcast Stations, the F.C.C. states that the
term “aspect ratio” means “the numerical ratio of frame width to frame
height, as transmitted.” In the transmission standards promulgated
by that authority, it is seen that “the aspect ratio of the transmitted
television picture shall be 4.0 units horizontally to 3.0 units vertically”
(see Fig. 1.24). This ratio was reconunended to the F.C.C. by the
National Television System Committee, which suggested 22 specific
standards for television during a public hearing before the F.C.C. on
Mar. 20, 1941.

In early experimental work in television, the pictures were made
square, i.e., with aspect ratio of 1 : 1. The reason for this was to make
the greatest use of the circular luminescent screen of the cathode-ray
tube. The screen of the tube is circular in shape, and a square image
occupies a greater portion of the total sereen area. Subsequent studies
and observations by interested engineers and physicists revealed that
there were other far more important considerations involved. It was
the result of a rather thorough investigation that the present standard
was chosen.

Biophysically, there are logical reasons why the rectangular frame
shape chosen has been selected because the horizontal dimension is
greater than the vertical. It has long been well known to medical
science that the horizontal muscles of the human eye possess greater
strength than the vertical muscles. There results, in consequence, less
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eye strain in viewing an image with a greater horizontal plane. Also,
it is known that the fovea, the region of sharpest vision of the eye,
is 10 per cent greater horizontally than vertically. The visual acuity
of the retina is also found to be much greater in the horizontal meridian.
All these factors are important.

Since the beginnings of art, painters have in most cases chosen a
greater horizontal than vertical dimension for their canvases, for the
effect of such a proportion proved more pleasing to the eye. Psycho-
logically, it has been known for a long time that any objects with a
greater horizontal than vertical dimension provide greater appeal. The
most pleasing ratios of vertical to horizontal dimension of rectangles
have been known to mathematicians for many centuries. Pythagoras
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adhered to the “root square rectangle” (1:4/2), and early manusecripts
have been found which refer to “the rule of three to five” as the divine
proportion. Mention is also found in many early mathematical treatises
of the “five foot rectangle” as the basis of dynamic symmetry (1:4/5).
The principles of dynamic symmetry have long been adhered to by
the manufacturers of radio cabinets, since it has been proved that units
having certain dimensions were more acceptable to the public and en-
joyed greater salability. There is little doubt that in any case certain
very definite ratios of width to height are more desirable to use.
Engineers concerned with problems of standardization in television
sought to adopt an aspect ratio which would approach that found in
the motion-picture industry. The purpose was to make available the
vast storehouse of suitable film subjects for transmission into the home.
Film subjects will undoubtedly provide a large proportion of television
programs for many years to come, due to the great expense involved in
producing extravagant live-talent studio shows comparable in scope
with feature-length films. Television engineers sought to make it easier
for existing motion-picture films to be employed in television programing.
In choosing standards for frame size, the motion-picture industry was
confronted with a similar problem, that of choosing the most generally
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satisfactory standards, long before the birth of present-day television.
It was obviously expedient to take advantage of the experience already
gained in the field of visual entertainment, and certainly there was no
valid reason for setting up standards that would be in controversy with
those established in motion-picture production.

It is interesting to note that while the standard aspect ratio in tele-
vision is 4 : 3, this ratio does not coincide precisely with the standards
adopted by the motion-picture industry, although the two ratios ap-
proach an equality. In television, the quotient of width over height is
1.333. The standard size of a 35-mm. motion-picture frame is 0.825
in., or 20.96 mm., horizontally and 0.6 in., or 15.24 mm., vertically.
Thus, the quotient of width over height is 1.375. The standard frame
size of 16-mm. film is 0.380 in., or 9.65 mm., horizontally and 0.284 in.,
or 7.21 mm., vertically. Therefore, the quotient of width over height
for standard 16-mm. motion-picture film is 1.334.

The R.C.A. type 1850-A Iconoscope, a principal television-film pickup
tube, has a mosaic or target area of approximately 16.922 sq. in. The
quotient of horizontal dimension (434 in. = 3%, in.) over the vertical di-
mension (3% in. = 34, in.) is 1.333. Thus, it is seen that the aspect
ratio of neither standard 35-mm. nor standard 16-mm. motion-picture
film frames precisely satisfies the standard aspect ratio employed in
television.

No serious error occurs in televising motion-picture film, however,
since the amplitude of the horizontal sweep voltage in the television
system need be only slightly altered to compensate for the slight error,
and without serious geometrical distortion of the image. Also, it is
entirely possible to mask off some of the edge of the film frame when
focusing it upon the mosaic of the pickup tube without losing an impor-
tant part of the film-frame area. In the vernacular, this is known as
allowing the edges of the film frame to “slop over” when focusing it
upon the mosaic of the pickup tube.

Since the standard aspect ratio is 4 : 3, the video scanning system is
so developed that the quotient of picture width over height is always
1.333. Thus, when picture size is adjusted to a vertical dimension of
6 in., the horizontal dimension becomes 8 in. A picture adjusted to a
horizontal dimension of 20 in. will have a vertical dimension of 15 in.
One Du Mont experimental projection receiver will provide a picture
measuring 4 ft. horizontally. Thus, the height is made 3 ft. so as to
satisfy the standard aspect ratio requirement, and the deflection poten-
tials are adjusted until the desired aspect ratio is obtained:

The aspect ratio of an image reproduced upon the fluorescent screen
of a receiver cathode-ray tube is a function of the ratio of deflection
potentials applied to the deflection plates of the tube if electrostatic
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deflection is made use of; or it is a function of the ampere-turns ratio
at the deflection coils if a magnetic deflection system is employed.
Therefore, with an image of given horizontal dimension, it is possible
to obtain the desired aspect ratio at the receiver viewing tube by adjust-
ing the current amplitude in the vertical deflection coils until the desired
vertical dimension is obtained. The horizontal dimension of the image
may likewise be controlled.

In commercial receiver design it is very desirable that the horizontal
and vertical deflection potentials be fixed, so that they will not be
subject to adjustment by an inexperienced person from the front of the
panel. If they are made adjustable, the necessary controls customarily
are not placed on the front pancl of the receiver, accessible to the user,
but are located at the rear of the set. The potentiometers providing
deflection control may employ slotted shafts in many cases which are
subject only to screw-driver adjustment. The slotted heads of the
potentiometer shafts are recessed back of the chassis so as not to be
readily accessible, and the units themselves are suitably mounted under
the receiver chassis and accessible from the rear of the set. Sometimes
receiver deflection circuits are so developed that a single control adjusts
both horizontal and vertical deflection potentials by the same amount.
With this arrangement, it is impossible to increase picture size along
one dimension without increasing the size along the other. Thus, the
image aspect ratio is closely maintained in the proportion 4:3. Such
circuits have not come into widespread use.

In adjusting the amplitude of both horizontal and vertical deflection
voltages for a given image area, at the same time preserving the stand-
ard aspect ratio, it is customary to cut out a rectangular pattern of
stiff paper or cardboard to the desired proportions. Thus, if a 6- by
8-in. image upon the fluorescent screen is desired of a cathode-ray tube
12 in. in diameter, the proper pattern is cut to an area of 48 sq. in., 6 in.
vertically and 8 in. horizontally. This pattern is held firmly against the
fluorescent screen and is properly centered.  The horizontal and verti-
cal deflection voltages are adjusted until the raster just reaches the
outer extremities of the pattern. The desired image area is thus
obtained together with satisfaction of the standard aspect ratio require-
ment.

It is very important that the receiver or monitor raster be adjusted
as explained above; otherwise, serious distortion of the image may
result. For a picture of given vertical dimension as viewed at the
cathode-ray tube screen, the voltage impressed across the horizontal
deflection coils or plates may be so maladjusted that the ratio of hori-
zontal width to vertical height does not satisfy the standard aspect ratio
and images appearing on the screen will not be in proper proportion.
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A reduction in horizontal deflection voltage below the required ampli-
tude will compress the picture elements, with the result that all objects
or persons appear thin. Increasing the deflection potential applied
across the horizontal deflection coils, or plates, and above the required
amplitude will result in an opposite effect. All persons or objects
appearing on the screen will seem “stretched” and all out of proper
proportion. Of course, the same distortion will occur along the vertical
plane of the image should the vertical deflection be improperly adjusted.
It is seen that deflection potentials must always be adjusted to such
amplitude that the proportion of vertical deflection to horizontal deflec-
tion satisfies the standard aspect ratio.

It is the usual practice at the television station first of all to adjust

rasters at all monitoring screens to the proper aspect ratio before the
beginning of a period of operation, and the experienced television service-
man in the field exercises the proper care to ascertain that the raster
of the viewer’s receiver is properly adjusted to the standard aspect ratio
each time the set is serviced.
1.9 Brightness. A very important consideration is that of brightness
of the reproduced image at the television receiver. It is obvious that
the image, as reproduced upon the fluorescent screen of the cathode-ray
viewing tube, must demonstrate a degree of brightness greater than the
ambient illumination in the room in which the receiver is placed. It
has been shown that if the picture brightness can be made at least 100
times greater than that produced by the ambient illumination in the
room, the latter would have little or no effect upon the just perceptible
differences in the highlights nor the just perceptible differences in the
shadows which go to make up the picture.

Factors other than ambient illumination in the room dictate the degree
of brightness that must be achieved. Some of these are psychological
factors, but none the less important. The retinal dark-light adaptation
of the human eye is most important, since the presence of surrounding
light in the room has an effect upon it. The size of the picture is also
important, since the pupil of the eye must vary as the picture size is
changed, and control of the pupil is a function of the macular region
of the eye’s retina. A great deal has been learned from the experience
of the motion-picture industry. Biophysically, it has been shown that
the visual resolving power of the eye varies approximately with the
logarithm of the brightness over most of the range of visibility, but
reaches & maximum at about 50 milli-lamberts. Below this maximum
value, increased picture brightness results in a higher resolving power.
Since the maximum resolution is known to be limited by the height of
the scanning line (one line) in relation to the separation of the observer
from the screen of the viewing tube, there is no necessity for an increase
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in screen brightness above that which would result in a visual resolution
represented by this limit.

Practically speaking, the fluorescent screen of the cathode-ray tube
in the television receiver must be capable (when under bombardment
of the electron gun) of producing sufficient brightness to provide a satis-
factory image under conditions of normal ambient illumination in the
room. Brightness of the cathode-ray tube screen is usually expressed in
terms of foot-lamberts, 1 ft.-L. being equivalent to an illumination of
1/x c. per sq. ft. The highlight brilliance of a television picture, as
reproduced on the face of a 12-in. cathode-ray viewing tube, was measured
accurately as 19.8 ft.-L. Tests have indicated that screen brightness
should be greater than 10 ft.-L. to provide a satisfactory image under
conditions of average ambient illumination in the room. Such a bright-
ness level is easily obtained with the use of modern commercially avail-
able cathode-ray tubes.

Screen brightness will be discussed in greater detail in the section

describing cathode-ray tubes. It suffices to state here that current den-
sity in the electron beam which scans the fluorescent screen of the
viewing tube, as well as the amplitude of second-anode potential applied
to the tube, influences the brightness of the screen. With the use of a
P—4 (white) phosphor on the screen of the viewing tube, screen bright-
ness is quite a linear function of beam current density. This proves
to be a highly desirable characteristic, as the density of the beam
current is a function of the cathode-ray tube control grid voltage, this
voltage being equivalent at any instant to the sum of the bias and
signal voltages applied to the grid. Hence, picture brightness will
change as the signal voltage varies, resulting in a reproduction of the
highlights and shadows contained in the original scene before the studio
cameras.
1.10 Contrast. The term “contrast” in television refers to the ratio
between points of maximum to minimum brightness on the viewing
screen of the cathode-ray tube of the receiver. Under conditions of
total outdoor darkness the contrast ratio will be 1 : 1, and it will increase
to a ratio of 10,000 : 1 in bright sunlight. At the screen of a picture
tube, contrast ratios of 50 :1 to 100 :1 prove entirely adequate for
effortless viewing, ' o

The picture contrast actually achieved is a function of several factors.
Of primary importance is the nature of the chemical phosphor employed
to coat the screen of the viewing tube. The contrast obtaining through-
out two different areas of the picture itself is a function of the nature
of the scene being televised and reproduced. Greater contrast is obtained
if a small white object is televised against a dark background than if a
dark object is televised against a very bright background. The reason
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for this is that internal reflections from the bright area (background)
have a tendency to illuminate the small dark object, serving to reduce
the contrast ratio. Other factors which affect contrast are screen curva-
ture at the picture tube, scattered electrons within the tube, and reflec-
tions from the glass wall of the tube. Of great importance in the reduc-
tion of contrast ratio in the picture is the amount of ambient light in
the room which is permitted to fall upon the fluorescent screen of the
viewing tube.

Ordinarily, the over-all brightness contrast ratio can be made greater
than 50 : 1 with present tubes, and the detail contrast ratio will be
better than 10:1. There is a difference between brightness contrast
ratio and detail contrast ratio. The first refers to the contrast ratio
existing between bright areas in the picture and the usually dark back-
ground. The latter refers to contrast ratio of fine detail in the bright
area as compared with the degree of brightness of the remainder of the
generally bright area. The contrast range in the picture is defined as
the ratio of brightness of the brightest highlight in the picture to the
deepest shadow. Under ordinary conditions the brightness range should
be at least 25:1 to 40 : 1, depending to some extent upon the nature
of the scene being televised. The gamma of the scene is commonly
referred to and is used to describe the gradation of the picture. It
must be remembered that a modern television system is a monochromatic
system, black through shades of gray, to white, being transmitted and
reproduced. If the original shades throughout the scale were televised
and reproduced in exact gradation, the gamma of the system would be
said to equal 1, or unity. A low gamma can be tolerated in scenes
where contrasts are high.

The means by which picture contrast is electronically controlled in
the system will be discussed later.

111 Resolution. The resolving power of a television system, or any
part of that system, has been defined as “a measure of its ability to
delineate picture detail.” Resolution is commonly expressed in terms
of the number of lines resolved on a test chart or pattern. Such a test
pattern, as transmitted by Station WNBT of N.B.C,, is shown in Fig.
125. It will be noted that the horizontal resolution is indicated by
white dots arranged along the vertical wedges of the test pattern, the
resulting horizontal resolution of the system being indicated in terms
of horizontal lines along the upper wedge; and by the upper frequency,
in megacycles, being passed by the system along the lower vertical
wedge. The vertical resolution is expressed by white dots along the
horizontal wedges of the test pattern. Such a test pattern or resolution
chart is almost always transmitted by the television broadcasting
station prior to its regularly scheduled transmission of programs. This
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practice is followed to permit listeners and servicemen to check and
adjust receivers properly before the regular broadcast of program ma-
terial.

The test pattern has other purposes, including that of determining
the ability of the transmitter or receiver to reproduce faithfully the
gradation of black to white, through intermediate shades of gray. It
will be noted that the circle in the center of the pattern is made black;
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F1a. 1.25 Test pattern of Station WNBT, New York. (Courtesy of National Broad-
casting Company.)

i

and this circle is inscribed in additional circles of shades of gray to an
outer circle of white. The “gamma” of the system should be such that
black is transmitted and reproduced at the receiver as true black, that
white is transmitted and reproduced by the system as true white. The
shades of gray between these extremes must also be transmitted and
reproduced in proper gradation. The test pattern is further employed
to determine the horizontal and vertical linearity of the system, much
of which will be discussed later in the text Geometric distortion ade-
quately describes the lack of proper linearity.

Vertical and horizontal resolution of the system must be considered
separately. The vertical resolution is essentially a function of the
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number of lines comprising the scanning pattern, as well as upon the
size or diameter of the scanning spots at the camera pickup tube and
the cathode-ray tube at the receiver. Horizontal resolution is princi-
pally a function of the width of the picture channel as well as of the
shape and size of the two scanning spots. It is quite easy to under-
stand how the size of the spots produced by the electron beams of the
camera pickup tube and the viewing tube can affect the detail resolution
of which the system is capable. In the system of scanning that is
employed, which has already been discussed, each globule at the target
of the pickup tube (Iconoscope) must be discharged in order to produce
an electrical current of an amplitude coincident with the amplitude of
reflected light which first caused the globule to store a charge. Hence,
the finer the spot developed by the scanning beam, the greater the
fidelity of detail of the reproduced picture and the greater the resulting
resolution.

In order to transmit the shading of the picture in the vertical direc-
tion, the television system must be capable of passing very low frequen-
cies, and it has been shown that in order to faithfully reproduce the
vertical background in the picture, the complete system (transmitter
and receiver) must be capable of transmitting frequencies equal at least
to that of the frame frequency (30 c.p.s.). This capacity is necessary
in order to reproduce through the system information about the back-
ground of an image, the average illummation of which is constantly
changing. The lower limit of the system’s pass band will, therefore,
approximate 30 c.p.s.

The system bandwidth required to produce excellent horizontal reso-
lution can be easily calculated for all practical purposes. We will recall
that the modern all-electronic television system is such that one standard
frame theoretically contains 525 horizontal lines. However, about 6
per cent of the horizontal lines are blanked out because of the vertical
blanking interval. Therefore, only approximately 94 per cent of the
theoretical 525 horizontal lines per frame are active in supplying picture
information. Thus, we shall consider 493.5 active horizontal lines in
calculating the approximate required bandwidth of the transmission
system.

The standard aspect ratio of the image is expressed numerically as 4 : 3.
The video signal due to the picture is expressed in terms of alternating
current, in which the frequency Is constantly changing. One line of
picture information may be considered as one element wide. Thus, with
493.5 active horizontal lines making up one frame, we may assume that
there are 493.5 elements vertically throughout the image. The width of
the picture will be 45 by 493.5, or 658.0, picture elements wide, since the
aspect ratio is 4 : 3. Now, one complete frame is scanned in approxi-
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mately 144 sec., and one cycle equals two picture elements, since in inter-
laced scanning the odd lines are first scanned and then the even lines.
Simple arithmetic may then be used to determine the approximately
maximum frequency that must be passed by the transmission system to
result in optimum resolution: 493.5 elements (vertically) X 658.0 ele-

ments (horizontally) = 324,723 elements per frame. % = 162,361.5

(because of interlaced scanning). 162,361.5 (elements per cycle) X 30
(frames per second) = 4,870,845.0 elements to be reproduced per second.

For optimum resolution, it appears that the bandwidth should be 4.87
me. per sec. Actually, the F.C.C. has specified the video channel band-
width as 4.25 me. per sec. If we take into consideration the fact that
only about 75 per cent of the active horizontal lines of picture informa-
tion are correctly reproduced, we may lower the bandwidth requirement
by 25 per cent. The required bandwidth then becomes approximately
3.64 me. per sec. It will be seen that the 4.25 mec. per sec. bandwidth
specified by the F.C.C. is entirely adequate to afford good resolution of
the picture. The above deductions are based upon resolution expressed
in detail equivalent to somewhat less than 493.5 active horizontal lines
of picture information being reproduced by the system.

The R.M.A. Committee on Television Transmitters has proposed
(Standards Proposal 217) that the over-all resolving power of the tele-
vision studio facility be at least 350 lines in the vertical direction and
400 lines in the horizontal direction, both measurements to be made near
the center of the picture. The measurements should be made through
" use of an R.M.A. Resolution Chart. This chart is shown in Fig. 1.26.
Before discussing the use of this chart in determining resolving power,
it is felt that we should further investigate the N.B.C. test pattern in
Fig. 1.25.

To put the station test pattern to practical use in checking the resolu-
tion of a studio facility, transmitter, or receiver, the following procedure
is used: -

1. Adjust the equipment under test for optimum operation.

2. Observe the image of the test pattern as reproduced upon the
fluorescent screen of the cathode-ray tube, making sure that not too
much ambient light is striking the screen.

If you are able to see clearly defined white and black lines along
the upper vertical wedge of the pattern and as far as the first white
dot (almost midway the top wedge), the system is demonstrating resolv-
ing power down to 200 horizontal lines. If the black and the white
lines are clearly defined along this wedge as far down as the second
white dot, the horizontal resolution is equivalent to 250 lines. The
vertical calibrations are at 150, 200, 250, 300, and 325 lines.
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Observing the calibrations along the lower wedge, you will see that
ability to ‘“see” all the way down the wedge to the outer circumference
of the light-gray circle indicates that the system is passing 4 me.
of picture signal. In other words, the resolving power of the system
indicates that the system is passing a band of frequencies, the upper
limit of which is 4 mec. or better.

The same interpretation may be made of vertical resolving power,
this time using the horizontal wedges.

The R.M.A. Test Chart is employed in much the same manner. In
making use of the chart to determine the over-all resolving power of
the studio facility, it is recommended that the chart be televised by
the studio facility and reproduced on the screen of a suitable studio
picture monitor. To study the resolving power of the entire studio
facility, this monitor would accept a picture signal from the output of
the line amplifier. The following procedure would be undertaken:

1. Focus the chart on the mosaic or target of the camera pickup tube,
so that its area (boundaries determined by arrowheads) exactly covers
the usual area scanned by the camera.

2. Adjust circuits for minimum geometric distortion.

3. With uniform illumination of the chart, adjust the picture signal
to occupy the normal picture range on a waveform monitor.

4. Adjust shading (if employed) for uniform background brightness.

5. Set the monitor bias and gain for delineation of maximum number
of gray steps without blooming.

6. Read maximum resolution of horizontal and vertical wedges near the
center of the picture.

7. A measure of maximum resolution should be accompanied by a
statement of the number of distinguishable gray steps (for example, 400
lines, steps 2, 3, 4, 5, 6).

The following information is taken from Standards Proposal No. 217
and is repeated for the convenience of the engineer:

InsTrRUCTIONS FOR USe oF R.M.A. REsoLuTioN CHART

This chart should be televised by the studio facility and reproduced on a
suitable picture monitor.

Resolution is to be read only after equipment has been adjusted to have a
minimum of distortion: (1) scanning; (2) shading, if system employs shading;
(3) low-frequency phase shift; (4) focus.

After these adjustments, note the maximum gray-scale reading (for perfect
adjustments reading should be same on all four scales) and then take maximum
resolution (horizontal and vertical) readings on large wedges in central portion
of picture; also on small wedges in circles in corners. For example, read the
horizontal resolution from the wedges located vertically on the chart, the vertical
resolution from the wedges located horizontally on the chart. A measure of
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Fra. 1.26 R.M.A. resolution chart (1946).
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maximum resolution should be accompanied by a statement of the number of
the distinguishable gray steps (for example, 400 lines, steps 2, 3, 4, 5, 6).

The maximum resolution reading will indicate system performance. The least
of the maximum resolution readings (usually found in picture corner) will indi-
cate the system degradation due to failure in achieving optimum results for one
or more of above adjustments or inherent CR tube distortion.

1. To check scanning

The scanning adjustment involves: size, linearity, and aspect ratio.

Focus the chart on the camera tube so that its area (boundaries determined
by arrowheads) exactly covers the usable area scanned by the camera.

Check the vertical sweep linearity by comparing the spacing of the short
horizontal bars at both top and bottom of picture with that of the bars midway
between,

Check horizontal sweep linearity in similar manner by comparing the spacing
of the vertical bars in the square at each side of picture with that of the bars
in the center square.

Check aspect ratio by measuring the large pattern formed by the gray scales
to see if it is a square. If the horizontal and vertical scanning is linear and the
above pattern is square, the aspect ratio is correct.

2. To check shading

If the camera employs shading, two methods of checking are suggested:
(a) visual inspection of the picture monitor to determine if the background is
an even gray; and (b) use the waveform monitor and note if the average
picture signal axis is parallel te the black level line both at line and field fre-
quencies. As an additional aid in correcting the shading adjust same until the
gray-scale reading is the same and a maximum) for all four scales.

3. To check low frequency phase shift

Streaking following either one of the two horizontal black bars at the top or
bottom of the large circle is an indication of low-frequency phase shift.

4, To check focus

" Two checks are required: camera lens focus and cathode-ray beam focus
(camera tube and receiving tube). Cathode-ray beam focus adjustments are
made for a maximum resolution reading first of the horizontal scanning and then
of the vertical. Due to beam characteristics a maximum adjustment for one may
not be the maximum adjustment for the other; in this event a compromise
adjustment is indicated.

5. Miscellaneous chart information

a. All bars for checking sweep linearity are spaced for 200 lines resolution.
b. One of the wedges for checking horizontal resolution is calibrated in both
lines and megacycles to facilitate equipment checking.
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c. The gray scale is composed of 10 steps varying in an approximate logarith-
mic manner from maximum white brightness to approximately %o of this value.
This scale may be used in connection with a waveform monitor to check the
transfer characteristic of the system.

d. The four diagonal lines in the square may be used to check quality of inter-
lacing. A jagged line indicates pairing of the interlaced lines. (Not effective
when interlace failure is 100 per cent.)

e. The circumference of each of the four small circles is tangent to an imaginary
circumference at the point nearest the corner of the chart. The radius of this
imaginary circle is 4% in. and located along a line bisecting the corner angle of
the chart. (This is to indicate the part of the corner masked off by some televi-
sion receivers.) Hence, the corner circles should be visible on a receiver whose
picture corners are masked.

f. The resolution circles in the center of the pattern and in the center of the
corner resolution wedges are for testing spot ellipticity on cathode-ray picture
tubes (useful to tube manufacturers). The resolution of the circles in the
corners (150) was made less than the resolution in the center (300) because of
added deflection defocusing in these areas.

g. The four crosses (4 ), positioned one at the center of each side of the
chart, are used for alignment of projection kinescopes and the optical system of
television-projection receivers.

h. The gray background of the chart provides a satisfactory balance with the
whites so that a studio system correctly set up by the use of this chart will
operate satisfactorily on an average scene without additional adjustments.

1. The two sections of single-line widths, 50-300 (50~100-150-200-250-300) and
350-600 (350-400-450-500-550-600) provide an accurate means of checking
“ringing” in equipment. (The multiple lines in the wedge are confusing in
checks of this type.)

Line CaLiBRATION* oF REsoLuTiON WEDGE

No. of Width per Width, in.
lines line, in, of 9 lines of 19 lines
200 0.090 0.810 1.71
250 0.072 1.37
300 0.060 0.540 1.14
350 0.051 0.97
400 0.045 0.405 0.85
450 0.040 0.76
500 0.036 0.324 0.68
550 0.033 0.62
600 0.030 0.270 0.57

EXAMPLE: The 300-line point is located on the large wedge where its total
width is 1.14 in. and on the small wedge where its width is 0.54 in.

* Calibration is based on a chart having a height of 18 in.
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FRrReQUENCY CALIBRATION* oF REsoLUTION WEDGE
Formula and constants employed:
108
H, X2

fon=A4m

fn = fundamental frequency for n number of lines

A, = aspect ratio = %4
n = number of lines
H, = active time of horizontal trace. (Horizontal time less blanking time.

Blanking time is 0.16 H—the average between maximum and minimum
allowable time.) Horizontal time = 63.5 usec. and

H, = 63.5 X 0.84 = 53.3 usec.

Substituting given values in the above formula:

4 108
fa==———mn=.0125 N me.
3533 X2
or
n = I lines
0.0125
when f, = 3 mec., 4, 5, 6 7
n = 240 lines, 320, 400, 480, 560, respectively
f No. of Width per Width of
" lines line, in. 19 lines, in.
3 240 0.0750 1.42
4 320 0.0562 1.07
5 400 0.0450 0.85
6 480 0.0375 0.71
7 560 0.0325 0.62

Locate frequency calibration along wedge by same method employed to locate
line calibration (see example above). An alternate method is suggested for locating
the line calibrations along the wedge by the following formula:

300 1
L.=L(% -
(%-3)

L, = distance from end of wedge indicating maximum lines resolution (in this
case 600) :

length of entire wedge (shortest distance between ends)

number of lines per picture height

L
n

1.12 Flicker. It has long been known that the human eye is unaware

of discontinuity of motion at frequencies above approximately 15 c.p.s.;

i.e., if pictures of an object are projected upon a motion-picture screen,
* Calibration is based on a chart having a height of 18 in.
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for instance, at a rate of more than fifteen pictures per second, and if
each picture shows the object in a different position, an illusion of con-
tinuous motion is achieved. This effect is due to “persistence of vision”
of the eye. This phenomenon is responsible for motion pictures as we
know them today. The greater the frequency at which the pictures
are projected, the less flicker becomes apparent. The frequency of
repetition at which flicker becomes apparent is a function, in television,
of (a) the frame frequency of the system, (b) the brightness of the
object, (c) the color of the light reaching the eye, (d) the length of
time dark and light areas in the picture are transmitted, and (e) the
position on the retina where the light energy falls. The frame frequency
of the system is by far the most important factor influencing the flicker
observed at the viewing screen of the television receiver.

The F.C.C. has established the frame frequency in television at 30
per second, each frame being made up of two fields interlaced. Inter-
laced scanning does much to reduce apparent flicker, since the field
frequency is twice the repetition frequency of the picture. Interlacing
must be perfect, however, for if individual horizontal lines of the raster
are resolved, a very pereeptible interline flicker, or weave, can be noted.
Since sound motion pictures are transmitted at a frame frequency of
24 per second, the modern all-electronic television system should theo-
retically result in less flicker, because there are six additional frames,
or pictures, transmitted each second. But for flicker-free reproduction
the full interlacing capabilities of the television system must be utilized.

Flicker is also a function of picture brightness. The critical fusion
frequency of flicker varies with the logarithm of the brightness, as does
visual acuity; that is to say, as the reproduced picture is made brighter
the possible resolution becomes greater, but the necessary frame fre-
quency must theoretically be made greater to avoid flicker. Since visual
resolving power becomes maximum at a brightness level of approximately
50 millilamberts, there is no point in increasing brightness beyond this
level since flicker then becomes more noticeable.

Because the present television system is a monochromatic one, approxi-
mately ‘“white” light being emitted by the fluorescent screen of the
viewing cathode-ray tube, and the reproduced pictures being made up
of a gradation of white through shades of gray to black, the effect of
color upon the apparent flicker at the viewing screen may be dismissed
for the present time. The F.C.C. has not as yet promulgated standards
covering the transmission of color in television.

The time during which dark and light areas of the picture are repro-
duced upon the screen of the viewing tube has a definite influence upon
apparent flicker. The explanation is that there is a definite rate by
which the eyes of each individual adapt themselves to darkness and
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light. The ability of the eye to adapt itself to changes in brightness,
therefore, will determine whether one individual observes flicker while
another individual does not. To some extent the distance of the viewer
from the fluorescent screen of the television receiver will determine
how much flicker is apparent, and the conclusion has been reached
that less flicker is observed the farther away the viewer is from the
screen.

There can be no control, of course, upon the position on the retina
of the eye where the light energy from the viewing screen falls.
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REVIEW QUESTIONS

1-1. Describe the principal light sources used in the television studio, and
state the purpose of each.
1-2. Why is the television camera sometimes referred to as an ‘““optical-video

transducer”?

1-3. (a) Define “aspect ratio.” (b) What is the standard aspect ratio in
television? (c¢) Explain how the standard aspect ratio was selected in tele-
vision and the reasons for the choice.
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1-4. What is meant by the following: (a) contrast? (b) flicker? (c) scan-
ning? Define (a) frame; (b) field.

1-6. How is operation of a modern television system related to the utility
power-line frequency?

1-6. (a) Why are several camera lenses required in television broadcasting
field operations? Describe the following lens types: (1) biconvex; (2) plano-
convex; (3) meniscus; (4) unsymmetrical biconvex. (b) Compare negative
and positive lenses, and explain how several lens elements are employed to
make up a typical television camera lens.

1-7. (a) Compare the following studio lighting sources both as to utility
and as to cost: (1) mercury; (2) fluorescent; (3) incandescent. (b) Define
(1) foot-candle; (2) lumen; (3) refraction.

1-8. How is the test pattern utilized in television?

1-9. Explain in simple terms how the reflected light energy from a subject
before the cameras in a television studio may be converted into electrical
energy.

1-10. (a) What is meant by brightness? (b) Compare the terms bright-
ness and contrast.




CHAPTER 2

THE CATHODE-RAY TUBE

921 General. The cathode-ray tube is a special type of vacuum tube
which has proved itself indispensable in the development and operation
of electronic television apparatus. Not only is the cathode-ray tube
important as a test instrument (incorporated into an oscillograph),
whereby all types of electrical waveforms may be examined and meas-
ured. Special forms of the tube, however, such as the pickup tube in
the television camera (i.e., Iconoscope, Orthicon, and Image Dissector),
and the viewing tube in the TV picture monitor and television receiver
(Teletron, Kinescope, etc.), are thus far irreplaceable in any high-defi-
nition electronic television system.* In truth, the cathode-ray tube is
the most important single tool at the disposal of the television engineer.
A thorough knowledge of its operation and practical application is essen-
tial to the proper understanding of any phase of the art.

In this vacuum tube, electrons from a cathode heated to the point of
emissivity are caused to move in a narrow beam at very high velocity
and to bombard a chemically prepared screen which fluoresces, or glows,
at the point of impact. The multitudinous electrons, light in weight
and traveling in vacuums, are accelerated and deflected by suitable means
and are made to trace out on the fluorescent screen a pattern that pro-
vides a visual means of investigating and measuring currents and volt-
ages. The oscillograph is capable of recording an action occurring as
slowly as once each 2 sec. or a transient of 1/300,000,000 part of 1 sec.
duration. One modern tube permits recording at writing rates in excess
of 2,500 km. per sec. (using a 35-mm. camera with /1.9 lens) corre-
sponding to sine-wave transients of 10,000 me. per sec.

As a measuring device the cathode-ray tube operates at high impedance
and thus does not materially alter the waveform under investigation.
It is practically free of inertia in operation, which cannot be said of
other electrical measuring instruments incorporating mechanical or elec-
tromechanical systems. The cathode-ray tube also permits the investi-
gation of much higher frequencies than are possible by other means.
It is the only measuring instrument capable of accurately plotting a
visual curve of one electrical quantity as the function of another electrical
quantity. Its many applications in every branch of science are too
numerous to mention within the scope of this specialized text.

* Du Mont, A. B., “Practical Operation of a Complete Television System,” Radio
Eng., Vol. II, No. 7 (July, 1931).
69
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22 Operation of the Cathode-Ray Tube. In order that the reader may
better understand the operation of the cathode-ray tube, and before a
detailed description of the device is undertaken, part by part, a general
summary of the most important functions of the tube will follow.

The physical arrangement of the electrodes in a high-vacuum cathode-
ray tube incorporating electrostatic deflection is illustrated schemati-
cally in Fig. 2.1. The tube is seen to be made up of the following
parts: a containing envelope of properly shaped glass for the purpose
of maintaining the necessary vacuum in the assembled tube; a specially
prepared cathode K for the generation of free clectrons which are finally
formed into the necessary beam; an electrode H for the purpose of

l«——ELECTRON GUN ——> 1 _..-—-W‘“’

=0

DEFLEGTION ;l ' ~~-LLJ_1’
SYSTEM ~

F1g. 2.1 Cathode-ray tube employing electrostatic deflection system.

accelerating the free electrons; a focusing electrode F which is also
termed anode 1, for concentrating the electrons into a cathode-ray, or
clearly defined, beam; a high voltage anode A, termed anode 2, for
further accelerating the electrons constituting the beam; a control elec-
trode G, referred to as grid 1, or the control grid, for controlling the
beam current; two sets of clectrostatic deflection plates B and C, for
suitably deflecting the clectron beam once it is generated, and focused,
and accelerated; and a screen S which is suitably coated on the inner
surface of the enlarged end of the bulb with a chemical phosphor which
displays a fluorescent glow at the impact point of the electron beam.

The electron gun is made up of electrodes K, G, H, F, and A. It is
termed the “electron gun,” since its function is to generate a well-
defined beam of free electrons, directing them toward the prepared
fluorescent screen S. The particular tube illustrated schematically
is used principally in oscillographic applications, i.c., in the cathode-ray
oscillograph, although some electrostatic-type tubes are still employed
in inexpensive television receivers as a picture tube.

Because the concentrated clectron beam is made up of rapidly moving
clectrons, it constitutes an electric current possessing both electromag-
netic and electrostatic properties. Since no material conductor is required
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Fic. 2.2 Noreleo type 5JP1 5-in. cathode-ray tube. This tube employs an electro-

static deflection system. Typical operating characteristics are: E;:6.3 v., 0.6 amp.;

By, or Eg,:1,000 v. maximum; E,:2,000 v maximum; F,:4,000 v. ma\xmum grid
cutoff volts: —56£25. (Courtesy of North Amencan Philips Company, Inc)
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to carry the electrons, the gencrated, focused, and accelerated beam
possesses negligible mass and inertia. Due to the fact that the beam is
practically inertialess, it may be quite casily deflected by either electro-
static or electromagnetic fields. The term “magnetostatic field” is some-
times employed synonymously with the term “electromagnetic field.” In
the conventional electrostatic type cathode-ray tube, the deflecting force
produced by the particular phenomenon under investigation (through use
of the oscillograph) takes the form of an electrostatic field produced by

1

VERTICAL TRACE HORIZONTAL TRACE SINE WAVE
Fia. 2.3

a potential applied across the vertical deflecting plates B. Should the
applied potential constitute an a-c voltage, the produced electrostatic
field results in the fluorescent spot moving up and down across the screen
(when viewed at the face or front of the tube). This movement
will result in the spot tracing out a vertical line as shown in (1) in
Fig. 2.3.

A “time sweep” potential of suitable waveform and amplitude is
applied across the horizontal deflecting plates C, resulting in the beam
moving back and forth horizontally, as in (2) of Fig. 23. The
fluorescent pattern may be easily viewed in a well-lighted room. The
combined deflecting forces of both the horizontal and vertical electro-
static fields will result in a pattern such as that shown in (3) in Fig.
2.3. The resulting image, displayed on the fluorescent screen of the
cathode-ray tube, may be viewed, measured, and photographed.

A second type of cathode-ray tube is shown schematically in Fig. 24
and is termed an electromagnetic cathode-ray tube. Here, electromag-
netic deflection of the beam is employed. This type of cathode-ray tube
has found widespread application as a picture tube in modern television
receivers and for reasons that will be discussed later in the text. Deflec-
tion of the electron beam generated by the “gun,” both horizontally and
vertically, is effected by two electromagnetic fields at right angles to one
another, which are produced by two sets of magnetic deflecting coils
X and Y. Except for the method of deflection, both types of cathode-
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ray tubes are identical in practically every respect. Magnetic focusing
is sometimes used and will be described later.

Thus, a general description of the design, construction, and operation
of the cathode-ray tube has been undertaken for the reader. It is well
that this introductory description be fully understood before proceeding
further with the text, for each clement of the tube will be discussed in
detail so as to impart a more precise understanding of the device.

23 The Electron Beam. The electron beam in cathode-ray tubes
may best be visualized as a narrow stream of negatively charged particles.
Each particle—an electron—has a mass of 9.0 X 1028 g. and a charge
of —1.59 X 10-19 coulomb. The radius of each electron has been cal-
culated to be 1.9 X 10-13 ¢m., and the particle is assumed to be spherical
in nature. There are billions of these electrons leaving the emissive

ELECTROMAGNETIC
DEFLECTION SYSTEM

|€— ELECTRON GUN—>

Fig. 2.4 Cathode-ray tube employing electromagnetic deflection system.

cathode and moving toward the fluorescent screen with velocities esti-
mated at 30,000 m.ps. At the point of impact with the screen they
result in a clearly defined spot, the diameter of which may be as low as
0.2 mm. or less. The spot size is regulated and its intensity adjusted by
suitable choice of electrode voltages and, to some extent, by the geometry
of the gun construction, a subject for later discussion. Typical gun
construction of an eclectrostatic-type cathode-ray tube is shown in
Fig. 2.5.

The indirectly heated cathode, from whence the eclectrons forming the
beam are emitted, is of tubular form with a flat emitting surface. This
specially prepared surface is parallel with the chemically treated fluores-
cent sereen at the far end of the envelope. The flat end of this cathode,
usually of pure nickel, is coated with a preparation of strontium and
barium oxides, the cathode cylinder being electrolytically cleaned and
fired in hydrogen at about 700°C. before the coating is applied. The
heater element within the eylindrical cathode is formed of pure nonsag
tungsten. It is coated, in one typical manufacturing operation, to about
three or four times its original diameter with the purest aluminum oxide,
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which is later sintered at 1600°C. to provide adequate insulation. So
that the tungsten wire heater coil will be noninductive in character and
have minimum effect on the electron beam, the coil is usually formed,
physically, in a double spiral. Thus, the magnetic field of one half

Frc. 2.5 Modern electron gun of o
Du Mont electrostatic type cathode-ray
tube. Above the press, through which
leads from the elements pass to the tube
base, is located the cathode support. The
first cylindrical electrode above it is the con-
trol grid (modulating electrode). The thin
cylindrical electrode directly above it is
termed the ‘‘preaccelerator electrode.”
The third cylindrical electrode from the
lower end is the first~anode focusing elec-
trode. The final cylindrical electrode at
the upper end of the gun is the second ac-
celerating electrode. The horizontal and
vertical plates of the deflection system are
electrically welded to supports at the end
of the gun assembly. (Courtesy of Allen
B. Du Mont Labs., Inc.)

the winding is phase-opposed to the magnetic field produced by the
second half of the winding, and the fields cancel for all practical pur-
poses.

As stated, the heater coil is suitably insulated from the inner surface
of the cathede cylinder by means of the coating imparted to the surface
of the tungsten. However, the heater coil is physically close to the
inner cathode surface, so that the thermal circuit is closed for all practical
purposes; henee, heat is effectively transferred to the cathode proper.

It is from the outer surface of the cap enclosing the screen end of
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the cathode cylinder that the billions of electrons are emitted. They
are then accelerated, focused, and sped on their way toward the screen
of the tube. An electron gun is illustrated in Fig. 2.6.

2.4 Cathode Emission. To properly understand the electron emission
that takes place from the coated surface of the capped end of the
cathode cylinder, one must know something of the electron theory as
applied to metals. Fundamentally, it has been shown that any metal

Fic. 2.6 Electron gun of a Noreleo cathode-ray tube employing electrostatic deflection.
(Courtesy of North American Philips Company, Inec.)

comprises a three-dimensional lattice of positively charged ions. These
ions are assumed to be fixed within the structure of the metal. Electrons
move about among the fixed ions, since the attraction of the positive ions
for the negative electrons is almost nullified because of the repulsion
some electrons receive from other electrons. In fact, there are approxi-
mately 1 or 2 free electrons per atom of metal and, although the same
electrons within the atomic structure of the metal are not free for any
given length of time, because some of them come under the influence of
other ions, it is the consistently large number of free electrons which, in
the end, result in the well-known thermal and electrical conduectivity
evidenced by all metals.

The kinetic energies of the free electrons within an atom of a given
metal are not the same but are distributed according to a law. The
distribution is known as the Fermi-Dirac distribution. This distribution
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does not conform with the distribution of molecules within a gas, as
described by Maxwell. While the molecules of a gas have zero kinetic
energy at 0° abs., the free electrons inside the structure of a metal have
been proved to possess kinetic energies at 0° abs.

In pure nickel, of which the cathode of the cathode-ray tube is con-
structed, there are approximately 2 free electrons per atom of the metal
and a cubic centimeter of the metal has been shown to possess approxi-
mately 18 X 1022 free electrons. The total kinetic energy in a cubic
centimeter of nickel is calculated to be 20 X 1011 ergs. This tremendous
kinetic energy, demonstrated by these free electrons upon the walls of a
cubic centimeter of pure nickel, results in a pressure of about 13 X 105
atm. and the electrons literally tend to explode out of the metal.

However, the potential energy of a free electron within the metal is
less than that outside the metal. The difference lics in the work (transfer
of kinetic energy into potential encrgy) that a free electron has to exert
against the surface forces in order to make its escape from the nickel.
The potential barrier at the surface of the metal is present, since the
atoms within the metal are arranged in a lattice-type structure.
It has been shown that all metals are of crystalline formation, the
molecules (and their contained atoms) being arranged in crystals. The
atoms that make up the metal lattice do not retain their rather loosely
bound electrons which are associated with them in their free state.
The electrons released when a metal crystal is formed do not retain
precise positions in the lattice, but exist as an electron gas that is free
to move about through the structure. Therefore, in order that electrons
may stay within the metal, a potential barrier must be assumed to be
present at the outer boundaries of the metal.

An electron must attain sufficient momentum and velocity to break
through this surface barrier in order to be liberated. The energy of an
electron is

P2
E=Vo+ _—
2m
where V, = potential energy
P = momentum
m = mass

Electrons must be given sufficient kinetic energy to escape through the
normal potential barrier. This energy is usually supplied in the form of
thermal (heat) energy taken from the lattice of a heated metal crystal.
The electron emission from the metal in this case is termed thermionic
emission.

Thus, it is possible to cause electrons to be emitted from the metal
cathode of a cathode-ray tube by heating the metal surface to such a high
temperature that the surface potential barrier can be pierced by electrons
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seeking to escape. Thus, the potential barrier is lowered. The emission
current obtained is dependent upon the height of the potential barrier
above the Fermi distribution of free electrons, upon the shape of the
barrier, as well as upon the energy distribution of the free electrons.

It is conventional practice to coat the exposed metal surface of the
cathode with barium and strontium oxides in order to improve the electron
emission characteristic. Tungsten, alone, will emit about 13 ma. per
sq. cm. of surface when the metal is heated to 2200°K. The oxide-coated
cathode results in a considerable improvement in the electron-emission
capability of the cathode. The presence of the barium and strontium
oxides lowers the surface potential of the metal, resulting in more copious
emission.

The cathode comprises a thin layer of barium and strontium on a
nickel base. Best results are to be had when the base metal includes
a small quantity of reducing agent (8i, Ti, Al, etc.). The cathode
material is customarily prepared by coprecipitation of strontium car-
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Fig. 2.7 Modern cathode-ray tube heater and cathode design.
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bonate and barium carbonate. The two form a mixture that contains
about equal parts by weight of the two components, although the ratio
of one to the other varies with different cathode-ray tube manufacturers.
The mixture, suspended in a suitable organic binder, is applied to the
cathode in the form of a spray. The tungsten-wire heater coil within
the cathode is wound in a double spiral so that the magnetic field of
half the winding is canceled by the equal but opposite magnetic field of
the other half. The heater coil is insulated from the cathode, but the
insulation touches the cathode to afford good conduction of heat.

As has been stated, the mixture of barium and strontium oxides is
applied to the exposed end of the cathode in a spray. After the mixture
is carefully applied, the cathode is still inactive as an emitter and must
go through an activation process. The temperature of the cathode is
raised in vacuums until it is much higher than the normal operating
temperature. The cathode draws a large electron current at this in-
creased temperature. The cathode temperature, the electron current
produced, the thickness of the coating, and the type and quantity of
residual gas in the envelope of the tube determine the activation process
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necessary for various cathodes. Different manufacturers employ vari-
ous methods toward the same end. Typical cathode-ray tube heater and
cathode construction is illustrated in Fig. 2.7.

The actual purpose of the activation process is to produce a thin layer

Fig. 2.8 Operator using a spray gun to coat the cathodes of cathode-ray tubes at the
Dobbs Ferry, N.Y., plant of the North American Philips Company, Inc. Held in a
special platen, 165 of the tiny cylinders have their emissive tips coated simultaneously
with the chemicals.
of free barium on the exposed surface of the cathode. The heat causes
the barium and strontium carbonates to be broken down to oxides of these
materials, and enough barium oxide is reduced to barium to produce the
thin surface coating necessary. The emission of a BaO-SrO coated
cathode is at maximum when the coating has a ratio of 60 per cent SrO
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and 40 per cent BaO. For a reasonable cathode life expectancy it has
been shown that not more than 2 ma. per sq. mm. may be drawn from
the conventional oxide-coated surface.

In the manufacturing process followed by one large cathode-ray tube
manufacturer, the ratio of 60 per cent BaCOg and 40 per cent SRCOy is
used in preparing the mixture to be sprayed on (see Fig. 2.8). It is
suspended in amyl acetate, a small quantity of nitrocellulose being added
as a binding agent. Great care is exercised in spraying the emissive
surface. The air admitted to the spray gun must be absolutely clean
and filtered. No impurities may be admitted to the solution. About

F1c. 2.9 Enlarged photograph of typical cathode construction. The cathode is

fixed upon a ceramic support which ensures mechanical rigidity when mounted in the

gun assembly. The flat cylindrical end of the cathode is coated with strontium and

barium oxides. It is from this surface that the electrons are copiously emitted. (Cour-
tesy of North American Philips Company, Inc.)

10 mg. per sq. cm. of solution is usually the amount of coating applied.
Figure 2.9 shows the finished cathode and heater assembly mounted on
its ceramic support.

In processing the filament, it is first formed into the double spiral coil
previously described. The winding is accomplished by taking the length
of pure tungsten wire necessary to form one heater coil and placing its
center into the notched end of a suitable cylindrical rod. The rod
is then moved with a screw motion to form the required double
spiral. The tungsten wire used is less than 0.010 in. in diameter and
must be carefully handled by the operator. After it is formed into the
desired shape, it is thoroughly cleaned and placed in a suspension of
aluminum oxide in amyl acetate. Enough nitrocellulose is added to the
solution to act as a binding agent. One manufacturer then dries the
heater in air and fires it in either hydrogen or a vacuum at approximately
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2,000° abs. for a short period of time. The method of drying and
firing is not the same with each manufacturer. After the heater is fired,
it possesses a ceramic coating of about 0.02 in. in thickness, which serves
to insulate it from the cathode once the structure is assembled.

After processing, the cathode and heater must be assembled into the
final shape as a part of the electron gun. The heater is carefully inserted
into the cathode by applying pressure at many points in a direction toward
the emitting cap. This pressure must be light so as not to inflict any me-
chanical damage to the structure. The fit is made so tight that both a
good thermal connection and the necessary electrical insulation—heater
to cathode—is provided. For all practical purposes, the insulation should
be greater than 107 ohms, as tested by means of a high internal-resistance
instrument. The operating temperature of the filament is about 500°C.
above that of the cathode, and it usually operates at 2.5 v., 2.2 amp., or
at 6.3 v., 0.6 amp. in modern tubes.

The cathode must pass through yet another process called ‘activation.”
This process is carried out with the tube still sealed to the vacuum pump
and after evacuation and outgassing of the electrodes and the glass
envelope has taken place. The amount of activation required is a
function of both the thickness of the oxide coating already applied to the
cathode-emitting surface and the method used in applying it. These vary
among the different tube manufacturers. However, the process is kept
under control by ascertaining the amount of current drawn from the
cathode. The heater voltage is first raised to approximately 2 v. (for
a 2.5-v. heater) to facilitate outgassing of the metal. A potential of
approximately 50 v. positive is then applied to the gun elements, and
the heater potential is slowly increased until the heater current is meas-
ured at about 3 amp., 2.2 amp. being the normal operating-current
rating. The heater current is maintained constant at 3 amp. until the
emission current, as drawn by the gun elements, and measured with an
ammeter in series with the lead supplying the 50 v. positive potential to
these elements, demonstrates no further increase. The filament current is
then reduced to 2.2 amp. (normal), and the 50 v. potential applied to the
gun elements is removed for 1 min. Emission readings are then taken
with 5 and 10 v. positive potential applied to all gun elements. If the
cathode is acceptable, the emission should be greater than 3 ma. for 5 v.
electrode potential and greater than 7 ma. for 10 v. positive potential
applied to the elements.

Before assembly, parts must not be handled with bare hands. Opera-
tors wearing gloves and working with clean tweezers eliminate the
possibility of unclean components, and air conditioning of the room in
which filament and cathode construction is performed obviates the pos-
sibility of too many rejects. Chemical analysis before application of the
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carbonates and other chemicals used also serves to reduce the number of
rejects. In addition, it must be ascertained that the metals used are of
the highest possible quality.

2.5 The Control Grid. In the early types of cathode-ray tubes there
was negligible control of either the quantity or direction of electrons
emitted by the heated cathode. This lack resulted in the development
of bulky high current external power supplies to obtain a spot at the
screen of useful size. Large transformer design added to the size of
the cumbersome apparatus. In modern tube design, however, improve-
ments in the cathode and the addition of a control grid have overcome
these disadvantages to a large degree.

The modern high-vacuum, hot-cathode tube consists of a source of
electrons, i.e., indirectly heated cathode, a control electrode, a focusing
system, a deflecting system, and a chemically prepared viewing screen.
All these parts are enclosed in a highly evacuated glass envelope of spe-
cial design. The cathode is surrounded by a Wehnelt cylinder, or con-
trol grid, designated by the letter G in Fig. 2.1, and is sometimes re-
ferred to as grid No. 1 or as the modulating electrode. It is called a
Wehnelt cylinder after its inventor. It is to this cylinder in the modern
television receiver that incoming signals are conducted. These signals
vary the potential difference of this element with respect to the cathode,
serving to alter the intensity of the beam reaching the screen in con-
formity to the picture-signal potentials originally generated at the
transmitter.

The direction in which electrons are emitted is controlled by a circular
metal disk, usually of nickel, fixed to the end of the Wehnelt cylinder
nearest the screen. Electrons are permitted to pass only through a small
circular aperture in the exact physical center of the disk. Figure 2.10
illustrates how the control grid is located coaxially about the previously
described cathode assembly and indicates the lines of force of the electro-
static field between these elements. We may consider an electrostatic
field present, since the two metal cylinders are fixed coaxially in the
assembly, with a dielectric intervening, across which there is a potential
gradient. When the cathode is heated to the point of emissivity, and if
an electron is propagated in the direction of the arrow KA, it will be
subject to the influence of the electrostatic field. The force upon the
electron will be in the direction of the arrows along the lines of force it
traverses, and the result is that the electron moves in the direction K4,
being curved along a path KCP. Thus, the electron has been forced to
change its path from that of a straight line to that of a curve, owing to
the electrostatic force that is being applied along its route. Likewise, a
second emitted electron traveling along a course KB will be forced to
follow the route KDP. Now, the path of the two liberated electrons will
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be seen to cross at P, and this holds true for any emitted electron which
passes through aperture X.

By increasing the aperture, it is possible to increase the current density
at the hot core of the electron beam. However, there is a practical limit
to which this can be carried, since an aperture of too large diameter at
the end of the Wehnelt cylinder will increase both the amount of the
masked current and the crossover diameter. This crossover point,
rather than the heated cathode surface, is finally imaged on the fluores-
cent screen of the tube. So, as the aperture is increased in diameter,
the spot size, as projected upon the screen, will be larger. In addition,
as the bias applied to the control grid is raised, the diameter of the
aperture is effectively reduced, resulting in smaller spot size at lower
operating current. The geometry of the grid element can be controlled,
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F1e. 2.10 Electron optics at control-grid lens, where electrons are first concentrated
into a small beam.

so that for high-definition television images a small intense spot can be
achieved or a bright large spot for high-speed traces.

The potential applied to the control grid is usually more negative than
that applied to the cathode, and a difference of potential exists between
the two elements. As a result, a smaller number of electrons are enabled
to follow paths which will permit them to pass through the circular
aperture at X. Some of the electrons are masked and not projected
through the aperture. Also, the attraction of the first and second anodes,
beyond the grid structure, will be decreased by the increased negative
voltage on the grid. This permits the quantity of electrons making up
the beam to be controlled as well as allowing control of the brightness of
the spot at the point of impact with the chemically treated fluorescent
screen. Consequently, there are two major functions ascribed to the
control grid. First, it acts te permit control of emission from the
heated cathode. Second, it acts as an electron lens to concentrate the
electrons into a small, sharply defined beam before entering the deflecting
system of the tube. It must not be misconstrued as a focusing anode,
however, since it is not intended for this purpose.

The control grid has been referred to as a modulating electrode because
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a fixed bias may be applied to the grid and a varying bias or signal
may be superimposed to vary the instantaneous brilliance along the
trace on the screen in much the same manner as the plate current of
any vacuum tube may be varied by a change of potential on the control
grid. The action might be more directly compared to that taking place
in grid-bias modulation of a radio transmitter.

In the manufacture of the control grid, a eylinder is formed, usually of
nickel or copper-nickel alloy, with one end closed by a disk having a
small hole or aperture in its exact center. Any metal used in the
construction of the grid must be nonmagnetic in character. If stainless
steel is used in the fabrication of any of the gun parts, these components
must be treated in an inert or reducing atmosphere at temperatures
greater than 1000°C. and precautions taken to prevent oxidation of the
metal, since a bright, clean surface is absolutely essential for welding.

The control-grid cylinder must be coaxial and concentric within
=+ 0.002 in. with respect to the other cylinders and apertures of the
electron gun, and all apertures throughout the gun assembly must be
precisely parallel and at exactly 90 deg. with reference to the axis
through the tube.

The spacing between the inner surface of the disk enclosing the end of
the cylinder and the coated end of the cathode proper is very critical.
It must be maintained within + 0.001 in. of the value dictated by a
particular design.

External connection to the control grid is made through the base of the

cathode-ray tube, as are connections to the heater and cathode.
2.6 The Screen Grid. The element situated between the control grid
and the first anode in typical gun construction is known as the ‘“‘screen
grid,” designated by the letter H in Fig. 2.1. This electrode consists
of a metallic disk of nickel or copper-nickel alloy, with a circular aperture
in its center. It is located very close, physically, to the control grid.
A potential is usually applied to it of a lower value than that applied
to the first anode, just as the potential applied to the screen grid of any
vacuum tube is usually maintained at a lower value than that applied to
the plate.

The characteristic of the screen grid is such that the total current
drawn by the cathode is independent of the potential applied to the first
anode of the cathode-ray tube. This condition is much more likely when
the screen grid is operated at a slightly lower potential than that applied
to the first anode. (Not all cathode-ray tubes employ the screen grid, as
described.) This element is externally connected through the base of
the tube, as are the elements previously described.

2.7 Electron Optics. There is a close analogy between the path of an
electron moving through the electrostatic or electromagnetic fields in-
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herent in the cathode-ray tube and the path of a ray of light passing
through refractive mediums. The analogy was formulated by Sir
William Hamilton in the early part of the nineteenth century and has
since been used by physicists to describe the action that takes place
within the cathode-ray tube. The science of electron optics deals with
the geometrical relations of the propagation of electrons as compared
with light rays and not at all with physical optics. Therefore, electron
optics involves the laws incident to the rectilinear propagation of the
electron as compared with light, the reflection and refraction of the
electron as it follows its course from cathode to screen, and the inde-
pendence of the electrons making up the beam, just as the rays of light
making up a beam are independent one of the other. From the study of
electron optics has come the axially symmetric focusing systems found in
the cathode-ray tubes of today.

As shown by Fermat’s principle and expressed mathematically for
geometrical optics by the equation

fdt=fﬁds= l‘/‘nds=minimum
c c

where n = the refractive index of medium
¢ = the speed of light in vacuums
t = time

In the instance of a beam of electrons, such as pass from control grid to
screen in the cathode-ray tube, the conditions for a minimum are given by

the equation
fpds = mfvds = minimum
where m = mass

v = velocity
p = mv (impulse)

I

If the equations are compared, it is seen that the velocity of electrons
in the field of electron optics corresponds to the refractive index in geometric
light optics. It has been pointed out that while the refractive indices for
rays of light have a range of 1 to 2, the ratio of velocities of electrons at
their source and at their ultimate destination (corresponding to optical
refractive index) may be varied at will.

In optical systems developed for the transmission of light we find a
series of spherical refracting surfaces having a common axis of symmetry
which is called the “optical axis” of the system. The index of refraction
changes abruptly as light rays pass from one medium to the other. In the
study of electron optics, the index of refraction is found to be a continuous
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function of position. In an electron optical system, the large number of
coaxial refracting surfaces must be considered.

The speed of electrons traveling through the gun of the cathode-ray tube
may be easily computed. When the potential applied to the first anode
is not in excess of 4,500 v., the velocity of an electron is given through
solution of the equation:

v =595 X 10"VV

velocity in centimeters per second
final anode voltage

i

where v

vV

i

In light optics, the relation of image to object is shown by the equation
A191n12 = AQn2

where A = image area
Q = angle of beam
n = refractive index

In the field of electron optics the velocity V is substituted for the re-
fractive index n. Because the object in the cathode-ray tube is a very
small spot, it has been pointed out by J. R. Beers that, to meet the condi-
tions of the above formula, the velocity of the electrons in the image area
must be several hundred times that of electrons in the gun area.

Just as the focusing of light rays results from their passing through re-
fracting mediums, as shown by the laws of geometric optics, so are electrons
focused by-passing them through rotational and axially symmetric electric
fields of varying strength. The number of electrons admitted to the system
is a function of the amount of negative potential applied to the control grid
of the cathode-ray tube. Through the use of stopping and limiting aper-
tures mounted within the first anode of the tube, the electrons traveling
parallel to the axis of the system are selected as the most satisfactory for
making up the fixed electron beam.

To cover the entire field of electron optics is beyond the scope of this
text, but numerous works have been published that will enable the student
or engineer to follow this subject in great detail. Most notable is Electron
Optics in Television, by I. G. Maloff and D. W. Epstein (McGraw-Hill
Book Company, Inc.).

2.8 Focus of the Electron Beam. The first and second anodes, two
cylindrical electrodes—the second sometimes made larger in diameter
than the first, comprise an electronic focusing system for the beam.
These two electrodes are designated F and A in Fig. 24. Though the
control grid (already described) operates to reduce the diameter of the
electron beam, it is not capable of optimum focusing action. The control
grid does focus the electrons to a point close to grid No. 1, but the
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electron beam achieves wider diameter or diverges beyond the crossover
point. It must, therefore, be reduced in size before entering the deflection
system of the tube. It must be remembered thatif the cathode-ray tube
is to permit precise electrical measurement, or if it is to be used in a
high-definition television system, the spot size must be kept to a
minimum. Therefore, the multitudinous electrons emitted by the hot
cathode are focused and accelerated by the action of the grids and
anodes, 1 and 2. Because of the circular apertures in the several tube
elements and the characteristics of the electric field at the two anodes,
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F1c. 2.11 Comparison of optical and electron focusing systems.

the stream of electrons is constricted into a very small diameter beam
which passes through the deflecting system before bombarding the screen.

The focusing of the beam of electrons within the tube is analogous to
the focusing of light rays by means of an optical lens system. The
electron optical system operates similarly to the system of lenses and the
source of light (Fig. 2.11).

In this analogy, the lamp A replaces the heater and cathode of the
cathode-ray tube. It is the source of light, just as the indirectly heated
cathode is the source of free electrons in the cathode-ray tube. The light
from the lamp is passed through an optical biconvex lens B. This lens
focuses the rays of light into an optical point X. The lens B is equivalent
to the control grid of the cathode-ray tube. The lens at this point is
sometimes referred to as an immersion lens, owing to the fact that the
object is immersed in the lens. The immersion lens may be described
as two refracting surfaces, the first convergent, with the ratio of indexes
being quite large. This surface, therefore, will focus all electrons
originating at the cathode surface very close to the focal point of this
surface, producing the crossover.
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After the light rays cross over, they converge at a single point insofar
as the following lens system is concerned. Therefore, by optimum adjust-
ment of the biconvex and biconcave lenses at E and F, the light rays
passing through the optical system can be focused into a spot on the screen
of like diameter as obtained at the crossover point X. The amount
of light impinging upon the screen can be controlled by operating the
shutter at C, i.e., varying the diameter of the aperture at that point in
the system.

The rays stopped by D are not focused by the lens system E and F,
because of their angles; so the placement of a second disk with circular
aperture at D prevents them from passing beyond this point. This en-
sures that there is no scattering effect of these light rays and that the
image on the screen is not distorted.

Figure 2.11 illustrates an electrostatic focusing system that is in all
respects analogous to the system just described. In the optical system
of Fig. 2.11, optimum focusing of the spot at the screen may be effected
by changing the position of the biconvex lens E along the axis of the lens
system, and some point along the principal axis will result in sharpest
focus at the screen. However, it is mechanically impractical to focus the
spot in this manner in conventional cathode-ray tubes, and other anal-
ogous means must be substituted. It is accomplished through adjusting
the d-e¢ potential applied to the first, or focusing, anode. -

The spot size, when measured visually, or from a photograph, is not
necessarily the true size. Thus, the qualification “apparent spot size” or
“apparent spot diameter” is usually used. If the spot is not optimum
with respect to size and shape, the term “defocus” is applied. This
defocus is analogous to a spot of light not, properly brought to focus. If
only the shape of the spot is distorted, the term “spot distortion” is usually
applied. The true or actual size of a round spot is termed the “spot diam-
eter.” Therefore, “spot size” is a term applied to the true dimension or
dimensions of a spot and is usually measured along the greater and lesser
axes of the spot.

“Line width” is another term commonly applied to describe the dy-
namic, luminescent spot and refers to the absolute or true width of the
moving spot measured at right angles to the direction of motion.

These definitions are given so that the reader will recognize the meaning
of the terms when used in the text. They all apply to the tiny spot of
light obtained at the screen when the beam is focused.

2.9 First and Second Anodes. Precise focusing of the spot is largely
the function of the geometry of the first and second anodes, and the d-c¢
potentials applied to these two anodes. The second-anode potential is
always made greater than the first-anode potential, both anodes being
held at positive d-c¢ potential with respect to the cathode. As a result,
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the electrons emitted from the cathode are attracted and accelerated
toward the fluorescent screen of the tube.

The first and second lens comprise what is termed a “bipotential lens.”
Such a lens has different equipotential regions on its two sides and is the
type generally used in television cathode-ray tubes, principally because
it produces a smaller spot at the point where it impinges with the screen.

Electrostatic lines of force are present between the two anodes, since
they are constructed of metal and a dielectric intervenes and a potential
difference exists. The lines of force are roughly plotted in Fig. 2.12.
The electrostatic field that obtains is the one which results when two
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Fic. 2.12 Electrostatic field at first and second anodes.

metal cylinders, one of larger diameter than the other and both lying
along an identical and common axis, are placed end to end.

It is easy to visualize the effect this electrostatic field exerts upon an
electron in flight from cathode to screen, if one will investigate the
angular electrostatic forces exerted. An emitted electron moving away
from the crossover point beyond the control grid and along the axis XAB
will pass across the electrostatic line of force designated a, and the electro-
static field will force it toward the axis XC. In the deflection of its flight,
this electron will also pass across the electrostatic lines of force b, ¢, d and
e, each of which, imparting an additional force, will further press it toward
the axis XC from cathode to sereen. The action of these combined elec-
trostatic lines of force within the field will cause the electron to follow
a trajectory XAC.

In the region of the field near the axis XC, the lines of force are almost
perfectly parallel to this axis, and the electron will not be forced closer
to the axis but will be accelerated in flight by the electrostatic lines of
force designated ¢ and d. The electron develops additional speed, and,
since the electrostatic field at the right end of the second anode is
relatively weak, the electron is only very slightly forced off its course by
attraction along electrostatic lines b and a as it leaves the anode.

Owing to the geometry of the anodes, all the electrons entering the first
anode are similarly acted upon by the electrostatic field. Those far off
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the axis XC have greater force applied to them than higher velocity
electrons which speed through the system nearly parallel with this axis;
yet all are made to converge at the point of focus on the fluorescent screen.

The aperture at the right, or screen, end of the cylindrical first anode
is known as the “masking aperture’’ and limits the diameter of the electron
beam. The beam is also limited in diameter by the presence of the
second anode aperture. Both apertures ensure that the beam is of small
diameter, round and well defined as it passes through either the electro-
static or electromagnetic deflection mechanism.

With proper geometry in gun construction, it is entirely possible to
produce a beam of such small diameter that it will pass through the
masking aperture without limiting, but the design engineer actually
prefers to mask down a larger diameter beam to the desired size. Better
utilization of the high-voltage current and more sensitive control of the
beam result from generation of a beam of very small diameter, but lower
maximum current at the fluorescent screen obtains. This is due to the
fact that the beam is most intense at its core and less intense at its outer
circumference and that the core density increases rapidly with increase
in beam diameter.

The provision of a masking aperture at the screen end of the cylindrical
first anode, a point along the gun which is field-free, results in part of the
beam being masked. Hence, only the intense core is shot through to
the deflection system beyond.

The cylindrical first and second anodes of the conventional cathode-ray
tube used in an oscillograph for purposes of electrical measurement are
usually connected to the external circuit by means of leads through the
insulating base of the tube, as are all the other gun elements thus far
described. This base is preferably molded of ceramic material to exclude
the possibility of high-voltage breakdown between pins, since high poten-
tials are present. For example, in a typical tube with screen diameter of
914 ¢ in. diameter, 7,000 v. are applied to the second anode, while 2,000 v.
are applied to the first anode. These voltages are considerably higher
in tubes of large screen diameter which are currently used for direct
viewing of large-screen television images. A second-anode potential of
13,000 v. is used with a 19-in. tube. When very high d-c¢ potentials are
applied to intensifier electrodes, it is often necessary to make electrical
connection through the glass wall of the envelope, thus minimizing the
possibility of flash over when surges occur.

The television cathode-ray tube employs a second-anode construction
that is quite different from the one used in the construction of a tube
developed for use in an oscillograph or oscilloscope. The second anode is
not necessarily a metal cylinder supported by the gun structure. It
is, instead, a conductive coating along the inner walls of the glass en-
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velope, extending from the fluorescent screen to well beyond the end of
the gun in the direction of the cathode (see Fig. 2.13). The coating is so
formed as not to make electrical contact with the fluorescent sereen
material and is usually applied after the screen has been coated with its
active material. The second-anode coating serves to collect the second-
ary electrons from the screen while functioning as an accelerating elec-
trode and is made of a matte black material. Among the substances used

Fie. 2.13 Du Mont 17-in. rectangular picture tube. The tube measures 17 in. across
the diagonal (corner to corner). A neutral-density gray plate-glass front prevents
unwanted reflections from lights in the room in which the tube is operated. The rec-
tangular shape of the screen allows a more complete picture than is possible with a
comparable circular screen tube. The relative sizes of picture tube screens have been
constantly increasing. The 21-in. size is now the most wide-spread in use, however
the increase in screen area will not go much farther than this because of the limit in the
size of the doors of most American homes. (Courtesy of Allen B. Du Mont Labs., Inc.)

for this purpose are Aquadag, Aquagraph, carbon black in sodium silicate,
lead sulphide, and Dixonac. . Aquadag is the material generally used in
current manufacturing processes (see Fig. 2.14).

In mass production of cathode-ray tubes, the blackening can be ob-
tained by spraying the inner walls of the glass blank with special sprayers
and masks. The black coating may also be applied by the rolling method.
In the latter process, the blank glass envelope is mounted in a machine
so that the axis through the tube—cathode to screen—makes an angle
with the horizontal in such a manner that it is slightly greater than the
half vertex angle of the conical portion of the bulb. The Aquadag is
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diluted with distilled water in the ratio of about 3 : 1. This blackening
suspension flows into the blank envelope until it just approaches the outer

» &
Fig. 2.14 Method of applying a coating of electrically conductive material to a cathode-
ray tube, creating an electrode upon the interior walls of the tube, which serves to ac-
celerate the beam as well as to remove electrical charges from the walls of the tube.
(Courtesy of Allen B. Du Mont Labs., Inc.)

circumference of the screen but does not come in contact with it. The
bulb is then rotated about the axis—cathode to screen—until the con-
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ductive coating flows uniformly over the inside wall of the envelope. The
coating is sometimes dried until no moisture remains with a gentle air
blast, the bulb having been previously drained of all blackening material
in excess of the amount necessary to coat the walls. The tube is then
baked in air at about 400°C. to drive off any organic naterials in the
suspension.

It is necessary to make good electrical contact between the conductive
Aquadag coating and the external cathode-ray circuit. A short length of
wire, sealed into the wall of the blank and projecting into the tube, makes
the required electrical connection. The wire and glass to a radius of %
in. about the lead is coated with silver paste. which is reduced to silver by
heating. As a result, the Aquadag is deposited in a layer over the silver,
forming a mechanically strong connection between an external cap and the
inner black coating of the envelope.

In the coating of another type of television cathode-ray tube, the
envelope is not coated internally with a single layer of material extend-
ing from the screen to well beyond the end of the gun in the direction of
the tube base. Instead, the coating is divided into two sections, each
insulated from the other by the glass of the bulb which intervenes. This
result is accomplished by masking a section of the wall between the two
electrodes before the Aquadag or similar conductive coating is applied.
The coating applied in the region of the gun is employed as a second
anode, while the coating near the screen end of the envelope is utilized
as an intensifier eclectrode. A higher d-c potential is applied to the
intensifier coating than is supplied to the second-anode coating, resulting
in improved acceleration of the beam and better deflection sensitivity.
The ultimate result is an increase in screen brightness. The intensifier
electrode also collects secondary clectrons from the screen which result
from bombardment of the fluorescent material.

There are many different electron-gun designs employed in the manu-
facture of television cathode-ray tubes, particularly in accelerating-elec-
trode design, which varies widely. In some tubes the second -anode is a
nickel cylinder of the same diameter as the first anode, which is also
termed the focusing electrode. In other tubes the second anode, or
accelerating electrode, is of larger diameter than the first anode. The
physical length of the first and second anodes, when they take the form
of metal cylinders, vary widely in the tubes currently available because
the electron optical design of the lens is not the same for each type of
tube, although the ultimate result is essentially the same.

Some tubes employ the Aquadag, Dixonac, or other similar conductive
coating on the inner surface of the tube, as the second anode. No metal
cylinder is usually employed in these types as an accelerating electrode.
In the new “metal” cathode-ray tubes used in television, a metal cone
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replaces the glass one, and it is employed as the second anode. Such
tubes will be described later. Some tubes employ a very simple gun
construction. There is a heater-cathode assembly; a control, or modulat-
ing, electrode; a first anode, or focusing electrode; and a second anode, or
accelerating electrode, which is in the form of the conductive coating
imparted to the inner walls of the tube. Such tubes employ magnetic
deflection systems. A modern tube is illustrated in Fig. 2.15 and the
specifications of another in Fig. 2.16.
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Fre. 2.15 Type 21MP4 21-in. flat-faced R.C.A. Kinescope, an example of modern
cathoderay picture-tube construction. (Courtesy of Radio Corporation of America.)

Another popular type of television cathode-ray tube employs a cylin-
drical metal second anode of the same diameter as that of the first anode.
In this tube the metal cylinder comprising the second anode makes elec-
trical contact with the conductive coating applied to the walls of the
tube’s large bulb. Thus, the second anode is in part a metal cylinder and
in part a conductive coating along the inner walls of the envelope. Nar-
row metal fins extending from the upper end of the metal cylinder
comprising part of the second anode extend outward in the direction of the
inner walls of the glass neck surrounding the gun, making friction and
electrical contact with the Aquadag or similar coating. In this type of
tube the coating extends well down below the end of the gun and in the
direction of the tube’s base. The type of fin contact referred to can be
easily seen in Fig. 2.6. In this type of construction, the mental cylinder
and the second anode coating are both, of course, at the same d-c poten-
tial.

An electrostatic type of television cathode-ray tube employs a thin
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metallic coating upon the inner walls of the tube and surrounding the
deflection-plate assembly. This coating serves to shield effectively the
inner deflection assembly from extrancous electrostatic fields. Without
such a metallic coating it is possible for extrancous electrostatic fields to
influence the deflection of the beam, resulting in nonlinearity of the
reproduced image. This treatment is quite common in the smaller tubes
used in oscilloscopes or oscillographs.
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F1a. 2.16 Television cathode-ray tube specifications. (Courtesy of the Rauland Corp.)

Whatever the electron-gun construction in the television cathode-ray
tube, there are certain requirements that must be met by the design
engineer. First, the gun must be capable of producing several hundred
microamperes of beam current. Second, the tube must possess control
characteristics that allow it to be driven by the normal output of a video
amplifier. This video amplifier must not require excessive power output;
otherwise, its physical size and the cost of components would make it
impractical. Third, the gun must be able to provide adequate focusing
of the electron beam to a spot size that permits optimum scanning at the
fluorescent screen. The electron-power capability of the gun must be
such that satisfactory brightness at the screen is assured. The conversion
efficiency of the screen is another factor influencing screen brightness.
The electron optical design of the gun must be such that excessive poten-
tials are not required at the first and second anode or at the accelerating
electrode to achieve these results.

A new high-voltage intensifier tube has been described by Dr. P. 8.
Christaldi of Allen B. Du Mont Laboratories. This tube provides in-
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creased brilliance of the fluorescent trace and operates with relatively
high final accelerating potentials without a reduction in deflection sen-
sitivity which sometimes develops when increased final accelerating
potential is employed. There is also more useful screen area with less
spot, distortion.

Postdeflection acceleration of the beam is provided by means of an
intensifier electrode. Instead of a single electrode and a single intensi-
fier to the second-anode gap, a number of electrodes and gaps are used;
i.e, a number of rings of conductive coating are applied to the tube,
gun to screen, with uncoated gaps separating the electrodes. The d-c
potentials applied to the electrodes from an external voltage divider
increase in magnitude in the direction toward the screen. Thus, there is
a gradient of acceleration of the beam as it travels toward the fluorescent
screen, the electrons attaining greater velocity as they pass each electrode.
Distortions of spot and pattern are kept small by this method, and the
final intensifier potential may be made five times that of the second anode
without practical reduction of the useful area of the screen. In operation,
the d-c potential applied to the second anode was 3,000 v., and the poten-
tial applied to final intensifier was 15,000 v. The potential was applied
in five equal increments, the high voltage originating at a rectified radio-
frequency type of power supply. There was an increase in brightness
by a factor of 10 to 25 over the value obtained without the intensifier,
and the deflection factor increased by 35 per cent as compared with 500
per cent had the same value of total accelerating potential been applied
directly to the second anode.

Another improvement in the high-voltage intensifier tube was a decrease
in spot size by 50 per cent, resulting in increased sensitivity of the tube as
expressed by the beam deflection in line widths per volt. The maximum
photographic writing rate of the tube increased from 35 to 1,000 km. per
sec. This increase corresponds to a single trace of 16 mec. per sec. for
2-cm. peak-to-peak amplitude.

In the design of this tube suitable electrical connections between the
circular conductive coatings on the inner wall of the tube are made
through the glass to external contacts. The increase in brightness and
the reduction in spot size are a great triumph in cathode-ray tube design,
for these are two of the factors which at present seriously limit improve-
ment in cathode-ray tube performance. This tube is employed in oscil-
lographic applications.

2.10 Electromagnetic Focusing. Most cathode-ray tubes employed in
television systems make use of electromagnetic focusing. Two anodes,
such as are present in electrostatic focusing systems, are generally used
in electromagnetically focused tubes, but they are employed for the sole
purpose of accelerating the electron in its flight. As in the electrostatic




96 PRACTICAL TELEVISION ENGINEERING

o s e — —

Fie. 2.17 Left, a typical electromagnetic focusing coil; right, the magnetic-deflection
yoke. (Courtesy of Allen B. Du Mont Labs., Inc.)

d

Fio. 2.18 Electromagnetic focusing coil in position along the neck of the cathode-ray
tube gun. (Courtesy of Allen B. Du Mont Labs., Inc.)
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type, the control grid brings the electrons to a crossover point before
they enter the field of the electromagnetic focusing coil. A typical coil
is shown in Figs. 2.17 and 2.18. When a d-c potential is applied across
this coil, axially symmetric magnetostatic fields are created, the coil being
wound to have axial symmetry.

The magnetostatic coil may be either of two types: long coils and short
coils. This term refers to the end-to-end length of the coil. Each is
fitted coaxially about the glass neck of the cathode-ray tube, the long
coil extending over the entire length of the tube in some applications.
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The short coil is generally used in television and is mounted so that it
may be moved along the axis of the gun assembly to provide rough
focusing. The amount of d-c current actually passing through the wind-
ing is adjusted by means of a convenient potentiometer for optimum or
fine focus. ‘

The long coil was used in early versions of the Farnsworth Image Dis-
sector, a special form of television cathode-ray tube particularly suited
for televising motion-picture film. Figure 2.19 compares the electron
focusing obtained through use of the long and of the short coil. Mag-
netostatic focusing is applied in the operation of some camera pickup
tubes, as well as in the operation of viewing tubes installed in television
receivers and station monitors.

Figure 2.20 illustrates the magnetostatic field set up inside the glass
neck of a cathode-ray tube gun employing the short-focus coil so widely
used in television. This coil encircling the tube’s neck is of the multiple-
layer type and has a rectangular cross section. It is formed inside a
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soft-iron outer housing having a similar rectangular cross section, and
the housing has an annular groove cut in it next to the glass neck of the
tube. The soft-iron housing referred to prevents the magnetostatic field
set up by the coil from interfering with the deflection mechanism. The
coil is thus magnetically shielded for all practical purposes. The air gap
or annular groove next to the tube’s neck results in a constricted field
being set up only within the gun.

An electron traveling through the magnetostatic field will have both
a radial and an axial component of velocity, and the action of the field
1s such as to cause an acceleration of the electron in a direction perpen-
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Fie. 2.20 Magnetostatic field set up in cathode-ray tube by short focus coil.

dicular to the radial component of velocity. The path of the electron,
therefore, will have a circular projection on a plane perpendicular to the
axis of the tube.

If the short coil is considered as a thin lens, the image will rotate
through an angle; thus,
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And if the direction of d-c current flowing through the coil is reversed,
the direction of rotation will be reversed.

With the constant axial component of its velocity also present, the
electron will follow a helical path (or screw motion) in passing through
the field.

To visualize fully just what takes place in a conventional magneto-
static focusing system, it is well to follow the path of an electron traveling
from the crossover point beyond the second anode to the fluorescent
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screen. As stated, this electron will have two components of velocity,
one component being parallel to the tube’s axis and magnetostatic field.
The other, or radial, component, is at an angle of 90 deg. to the first.
This radial component of velocity tends to pull the clectron across the
field.

Electrons in motion constitute an electric current. Therefore, any
electron moving at an angle across the magnetostatic field from the cross-
over point will move according to the left-hand rule. Thus, if the path
of the electron is considered as a solid conductor grasped in the left hand
with the thumb pointing in the direction of the fluorescent screen, then
the fingers will form about the electron path and in the direction of the
magnetic field due to the presence of the electron in motion. Since the
electron is in magnetostatic field, it is constantly deflected, describing a
circular path about the axis as it traverses the field. But the influence
of the magnetostatic field on the motion of the electron results in its
describing a helical path, or serew motion. All the electrons entering the
magnetostatic field follow this screwlike path, and those entering at some
distance from an axis through the field converge with electrons entering
the field parallel to the axis.

Since all the electrons leaving the crossover point beyond the second
anode at the same time have like velocities, they consume an equal time
interval in traversing the magnetostatic field and, therefore, meet at a
pin point somewhere beyond the field and toward the fluorescent screen.
The amount of d-c¢ current passing through the focusing-coil winding is
adjusted and the coil is moved along the neck of the tube until this pin
point of focus obtains on the fluorescent screen itself.

Let us consider an electron leaving the crossover point with velocity v
and entering the magnetostatic field at an angle §. The velocity compo-
nent v cos 8 is not affected by the lines of force attributed to the field.
However, the angular component v sin 6, perpendicular to the magneto-
static field, is influenced by that field as though the velocity component
were not involved.

If the velocity component were not a factor, the magnetostatic field
would result in the electron moving in a circular path, the plane of this
circle being perpendicular to the magnetostatic field. But since the
velocity component v cos 8 is present, the electron follows the helical path
described above. This path is projected upon a plane perpendicular to
the magnetostatic field—a true circle—resulting in the screw motion.

The radius of the circle has been given as
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in which H refers to the strength of the magnetostatic field. The elapsed
time consumed by the electron in completing one circular motion will be

T 27r 27my sin « 27
v sin « eHv sin o e
—H
m

These equations indicate that the time constant is not only independent,
of the velocity or the angle but is entirely a function of the strength of the
electromagnetic field H, which is controlled by adjustment of the d-c
current flow through the focusing-coil winding.

Electrons leaving the crossover point and entering the electromagnetic
field of the focusing coil enter with like velocities, but the electrons that
enter at small angles with reference to an axis through the tube will have a
cosine equal to 1, and v cos 8 will be constant and equal to». The elapsed
time of these electrons in describing their individual circles will be equal.
Therefore, at a distance,

from the crossover point, they will focus to a common point beyond the
focusing coil. However, this condition will not be true of those electrons
that enter the electromagnetic field of the coil at wider angles, since cos 8
will no longer approach unity. And in this case it has been shown that
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2.11 Improved Electron Gun Design. A modified electron gun of im-
proved design has recently been described (see Fig. 2.21). 1In this devel-
opment of the gun, an accelerating electrode that is connected electrically
to the second anode has been placed close to the control electrode. The
result is a spot of much smaller diameter and excellent focus appearing on
the fluorescent screen, since the electron crossover is formed at higher
potential. It also prevents the interaction between brightness and focus
control.

Because of the higher potential placed on the accelerating electrode, it
has been placed farther away from the control electrode. The increased
spacing between these two electrodes has resulted in a beam of smaller
diameter, an improvement of great importance to high-definition televi-
sion, since line width must be kept to the minimum. Also, with the new
arrangement mechanical adjustment of the apertures does not require

l=T,cos8 =
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as critical an adjustment as heretofore. This adjustment was the result
of the tendency of the electrostatic fields to draw the beam through the
centers of the apertures. The closer the physical spacing, the farther
the beam was bent away from the axis for a given amount of misalign-
ment,

In this new gun design, the first anode has been shortened to a disk,
rather than a cylinder, and is employed solely for the purposes of focus-
ing. The accelerating eleetrode, or second anode, has been considerably
increased in length so that a masking aperture could be included at its
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F1e. 221 Improved gun design based on zero first-anode current. (After L. E.
Swedlund, Radio Corporation of America.)

screen end. The designer terms this new structure a “zero-current first-
anode gun.” It serves to obtain improved focus of the electron beam and
draws zero current at the focusing connection on the power-supply voltage
divider.

With the usual type of gun construction and d-c¢ power supply, focus
has to be corrected for small changes in first-anode current, but this
correction is not necessary when the improved gun is used. The reason
for the change in focus, which is due to irregular first-anode current in the
usual gun, is that the current is usually taken from a bleeder across the
power supply providing the potential to the second anode. Two power
supplies, one for each anode, are not economically feasible. Thus, if the
first anode demands greater current than the second anode, a larger
proportion of the current must flow through the bleeder to provide good
voltage regulation for the first anode. Enough current cannot be used
in the bleeder to afford good regulation of the power supply ; consequently,
the focus must be readjusted for small changes in current demand.

The zero-current first-anode gun has the additional advantage that
large changes in beam current can be obtained without refocusing, since
the ratio of first-anode voltage to second-anode voltage is not influenced
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by first-anode current. Also, less filter capacity is required in power-
supply design because of the lower bleeder current.

There are a number of structural advantages offered by the new design.
Since the accelerating electrode length has been increased, it is much
easier to support mechanieally. The beam is also reduced to a smaller
diameter before entering the final focusing field. Thus, seriously aber-
rated rays from the edge of the focusing field are precluded from entering
the aperture of the second anode, where they would cause stray current
to enter the deflection system electrodes.

The focus voltage may be varied within wide limits by varying the

length and diameter of the cylinder or the diameter of the aperture.
There are no reverse currents due to secondary emission from low-
voltage electrodes, as they arenot required to mask the beam, and aperture
disks used as electrostatic shields against secondary emission in earlier
designs can be eliminated.
212 Electron-Beam Deflection. The electron beam leaving the focus-
ing mechanism of the tube is made up of billions of electrons traveling
at high velocity toward the screen. It therefore constitutes an electric
current which demonstrates both electrostatic and electromagnetic proper-
ties. These electrons are traveling in vacua, have negligible mass and
inertia, and, consequently, may be easily deflected by both electrostatic
and clectromagnetic fields. The angle by which an electron may be
deflected from its normal course toward the screen depends upon the
potential difference applied across the deflecting plates in an electrostatic-
deflection system or across the deflecting coils in an electromagnetic-
deflection system. An electron entering the deflection system at low
velocity will remain within the field of the deflection system for a
relatively long period of time. Hence, the field will have a longer time
in which to act upon the electron, and it will be deflected to a greater
extent than will another electron possessing greater velocity. The greater
the magnitude of the potential across the plates or coils of the deflection
system, the greater will be the attraction for the electron, and, conse-
quently, the greater the angle of deflection.

In the electrostatic-deflection system two sets of metallic deflecting
plates are provided. The first pair of plates is mounted at an angle of
90 deg. with reference to the second pair (see Fig. 2.22). The first plates
usually deflect the beam vertically and are known as “vertical deflecting
plates,” while the second plates deflect the beam horizontally and are
termed “horizontal deflecting plates.”

In a cathode-ray tube employing electrostatic deflection, the deflection
plates must be accurately and firmly mounted. The physical spacing
between pairs of plates must be held within a tolerance of plus or minus
0.003 in. of the spacing previously determined as proper for the particular
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design. The horizontal and vertical plates must be positioned at an
angle of 90 deg. with reference to each other, and the angle must not
vary more than =+ 2 deg. The exact physical center of the assembly
must be coaxial or concentric with other apertures and cylinders making
up the electron gun. In fact, all such parts must be coaxial within
=+ 0.002 in. for precise results.

Fia. 222 Deflection plates from a 12-in.
tube.
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In considering the deflection of an electron beam passing through the
vertical deflecting plates, let us assume that the upper vertical plate is
made more positive than the lower vertical plate. Since the electron
beam is made up of billions of negatively charged particles, the beam will
be attracted upwards. Instead of eventually striking the fluorescent
screen at its exact physical center, the beam will strike at some point
above the center of the screen. The distance which the spot traverses
in moving from the center of the screen to its new position above center
will be a function of the magnitude of the d-c potential applied to the
upper vertical deflecting plate, as compared to that applied to the lower
vertical deflecting plate.
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If the d-c potentials applied to both upper and lower vertical deflecting
plates are equal in magnitude, then the beam will impinge on the screen
at the exact center, as though the vertical deflecting plates were not
present in the tube’s geometry.

If the lower vertical plate is made more positive than the upper, the
beam will move downward from the center of the fluorescent screen.
Likewise, if the d-c potential applied to the lower vertical deflecting plate
is equal to that at first applied to the upper plate, then the beam will
move down from center by the same distance that it moved upward
when the upper deflection plate potential was made positive by the same
magnitude.

In the geometry of electrostatic cathode-ray tube gun construction, the
horizontal pair of deflecting plates is usually located between the vertical
pair of plates and the screen. The plates are rotated about the tube’s
axis, end to end, by 90 deg. with reference to the first pair of plates.
Consequently, they result in beam deflection at right angles to the
deflection that is due to the first pair of deflecting plates. Thus, if one
of the horizontal deflecting plates is made more positive than the other,
the electron beam will move horizontally from center and across the
fluorescent screen in a direction determined by which horizontal plate is
more positive. The distance through which the beam moves will be a
function of the ratio and magnitude of the d-¢ potential applied to the
horizontal plates.

Increasing the distance between the vertical deflecting plates and the
fluorescent screen will result in greater deflection, just as moving a motion-
picture projector farther away from its screen will result in a larger
screen image. Thus, if the vertical deflecting plates are distance 4 from
the fluorescent screen, and they are moved so that the separation from
the screen is made twice as great (24), then the deflection of the spot
along the screen vertically will be twice as great, assuming, of course, that
the d-c potential applied to the plates has not been altered.

In the conventional cathode-ray tube, the velocity of the electrons is
fixed, as are the physical positions of the vertical and horizontal deflecting
plates. Hence, any movement of the spot along the screen, either hori-
zontally or vertically, is a function of the potentials applied to the
deflecting plates. The electrostatic deflection sensitivity is the ratio of
the distance that the electron beam moves across the fluorescent screen
to the change in potential difference between deflection plates and is
usually expressed in millimeters per volt. The sensitivity varies inversely
with the beam voltage at the point of deflection. The beam voltage is the
instantaneous voltage of the electron beam at any point along its path
from cathode to screen. However, the term usually refers to the voltage
of the beam at the point of deflection. At this point, in conventional
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cathode-ray tubes, the beam voltage is substantially the same as the
second-anode voltage.

The deflection sensitivity of the vertical deflecting plates is greater
than that of the horizontal plates, owing to the fact that the first set of
plates is usually situated at a greater distance from the screen along the
tube’s axis.

In the shaping of the metal of which the plates are rectangularly formed,
the plane surfaces of a pair of plates are made parallel for only a part of
the total length. The remainder of the distance, end to end, is divergent
or bent outward from center. Therefore, the electron beam will not
strike either plate at maximum deflection for the particular tube arrange-
ment, construction, and operation.

In the construction of the tube, the characteristics of the deflection
system must be determined in order to obtain the required sensitivity.
They are calculated through use of the following formula:

D= Va X Lp Xds
2 X 8p X Vg
where D = deflection
V4 = deflection voltage
L, = length of plates
d, = distance to the screen
spacing between plates
V5 = final anode voltage

U
L-1
1

Although the deflection sensitivity of the tube is usually expressed in
millimeters per volt, it is not unusual for some manufacturers to express
this value in d-c¢ volts per inch or in r.m.s. volts per inch. Measurement
of deflection sensitivity by means of an a-c or r.m.s. voltmeter may be
converted to d-¢ volts per inch through use of the formula
r.m.s. volts X 1.41 X 2

L

where L is the deflection length along the screen in inches. It must be
remembered that the cathode-ray tube responds to peak voltages, since it
is an inertialess device.

Since the deflection sensitivity is also a function of second-anode poten-
tial, measurement of second-anode voltage must be made at the time
that the deflection sensitivity is ascertained. To convert from milli-
meters per volt to volts per inch, divide 25.4 by the sensitivity as ex-
pressed in millimeters per volt. With various types of cathode-ray
tubes, the deflection characteristic changes, but it is usually within the
range 0.1 to 0.6 mm. per v. and is always expressed by the manufacturer
in the descriptive literature.

V per inch d-¢c =
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As has been explained, an electromagnetic field is capable of deflecting
an electron beam in a direction at right angles to both the direction of the
field and the direction of motion. Thus, when magnetic deflection of the
beam is employed in television cathode-ray tubes, the deflecting fields
are set up by deflecting coils instead of by the internal deflecting plates,
and these coils are mounted outside the tube. They are located close
around the neck of the glass envelope and in the same relative position as
the deflecting plates are fixed in an electrostatic-type tube.

Practically all cathode-ray tubes employed in television receivers and
line monitors utilize magnetic deflection. The Iconoscope (one camera
pickup tube in general use) also employs the magnetic-deflection prin-
ciple. Electrostatic-type cathode-ray tubes are used mainly for purposes
of measurement. One advantage of the magnetic-type tube is that the
yoke assembly, comprising four deflecting coils, two for horizontal deflec-
tion and two for vertical deflection of the electron beam, may be rotated
about the glass neck of the tube so that deflection may be obtained along
any diameter of the faee of the screen. Thisis not easy when electrostatic
deflection is employed. In such cases the entire tube must be rotated
to achieve the same result, and if the two sets of deflecting plates are
misaligned in manufacture there is no recourse.

Also, through the use of magnetic deflection (as well as magnetostatic
focusing) in television cathode-ray tubes, the envelope may be reduced
in physical length, since the total length of a magnetic focusing system
is considerably less than that in electrostatic types. Hence, a tube of
short physical length is more suitable to horizontal mounting for direct
viewing of the television image at the screen. Too, the maximum angle
of deflection without introduction of unwanted defocusing at the screen
is much smaller with magnetic deflecting systems. It is not uncomnion
in television cathode-ray tubes to encounter deflecting angles as great as
30 deg. away from the axis, cathode to center of fluorescent screen. The
magnetic yoke may be oriented about the neck of the tube until opti-
mum vertical and horizontal positioning is obtained at the fluorescent
screen.

The four magnetic deflecting coils of the yoke assembly are so
mounted and electrically connected that the fields of the two vertical
deflecting coils are in series and aid. The two horizontal deflecting coils
are also connected so that the fields aid. Each set of two coils is
aligned along the same axis, whether horizontal or vertical, but the
axis through the horizontal set of two coils is perpendicular to the axis
through the vertical pair of coils. Thus, one set of coils produces hori-
zontal deflection of the electron beam, whereas the second pair of coils
produces vertical electron-beam deflection. While the electrostatic field
{produced in electrostatic deflection) deflects the electrons along the lines
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of foree, the electromagnetic field deflects them in a direction perpendicu-
lar to the lines of force.

A television cathode-ray tube employing both magnetostatic focusing
and deflection is shown in Fig. 2.23. The position of the coils about the
neck of the tube is clearly indicated.

Fig. 2.23 Focusing coil and magnetic-deflection yoke in relative positions about the

neck of the cathode-ray tube gun. The focusing coil is located in the direction of the

tube's base. The deflection yoke is at the upper end of the gun assembly, near the
large glass bulb of the tube. (Courtesy of Allen B. Du Mont Labs., Inc.)

To reduce the total energy stored in the magnetic field for a given
deflection increment, the field must be confined and the reluctances of
return magnetic paths minimized. This regulation is accomplished by
means of iron cores, usually constructed of high-permeability magnetic
material. Some yokes utilize a lamination similar to the stator lamination
typical of small-motor design; others employ air cores or combined
magnetic and air cores. Whatever the type, the deflecting field is usually
made uniform within 2 per cent along any line taken perpendicular to the
undeflected beam and in the direction of beam deflection. In one yoke
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design that employs an air core the vertical deflection windings are
formed over the horizontal windings, and the entire coil assembly is
placed inside a surrounding soft-iron tube employed as a housing. This
tube serves to obtain a reduction in the reluctance of the return magnetic
path of the vertical windings. The windings are so formed that they have
hollow center sections, thus reducing the concentration of flux in the
center. The coils must, in any case, be capable of high over-all fre-
quency response. This is essential because, to produce an undistorted
saw-toothed wave shape, they must respond to harmonics of the funda-
mental of the frequency applied. Herein lies much of the difficulty in
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Fic. 2.24 Diagram of the construction of a typical focus coil.

proper magnetic-coil design. The coils of the deflecting-yoke assembly
must be shielded from the field of the focusing coil when both are used as
accessory to the television cathode-ray tube. Shielding is usually
accomplished by placing a shield along the axis of the gun between
the focusing coil and the deflection-yoke assembly. The construction
of a modern shielded focus coil is shown in Fig. 2.24. A deflection yoke
is shown in Fig. 2.25.

In reviewing the action that takes place when an electron traverses the
transverse field set up by the deflecting yoke, certain fundamental con-
siderations must be observed. These have been best expressed by Maloff
and Epstein.

The magnetic field that deflects the beam is described by its field in-
tensity A, and the force demonstrated by a single electron moving in this
field and possessing velocity ¢ is

H Xl-'()e




THE CATHODE—RAY TUBE 109

And the force is related fo the mass m of the electron and the resulting
acceleration @ as follows:
mia = el X 9y

Thus, the acceleration becomes
e
a=H xv,—
m
which in scalar notation is expressed by the equation

€ .
a = — Huvg sin 6
m

the sin 0 representing the angle between the direction of velocity of the
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NOTE: This deflection yoke is designed for use with picture tubes requiring 50°magnetic deflection

Fie. 2.25 Diagram of the design of a conventional magnetic-deflection yoke.

electron and the magnetic-field intensity. The direction of a is perpen-
dicular to the plane through H and vo. The electron cannot increase
velocity while traversing the magnetic field because the direction of ac-
celeration is perpendicular to vo. Consequently, only its direction may be

changed. The radius of curvature R of the orbit can be calculated from
the law of conservation of energy as follows:
2
my
—— = Hevsin #
R
my

eH sin 0
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And when sin 6 is equal to unity, the above equation becomes

my
R=—
eH

with m, e, and v retaining their original values.

An electron leaving the second anode and entering a layer of uniform
magnetic field of intensity H will describe a circle under influence of the
field, and the radius R of the circle is expressed by the equation

e
20 —
_m_ m
T eH m eH
m
2__
_ ve_k
" H H

1

where v = potential difference through which the electron has fallen
k = a constant determined experimentally

Il

Maloff and Epstein have shown that if the angle between the incident
and the refracted beam is 8, then,

Sl

sin B = sina =

and

y1 = R(l —cosa) = R(1 — V1 —sin? a)

L2
~r(1-\1 - )
=R - VR? - L*

It is shown that if IV is the total deflection of the beam away from the
axis through the tube, then D is the distance from that point at which the
beam enters the magnetic field.

W=y + (D — L) tan a
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and
L
sin « R
tan a = =
Cos a L?
1 7
_ L
and
DL — R?
W =R
i R
L
=D=
R

To a close approximation, the amplitude of deflection may be calculated
through use of the following equation:

AL
Deflection = 0ALUN
VvV
where L. = distance from the center of the pair of coils to the screen in

centimeters
I = length of that portion of the beam lying within the magnetic
field in centimeters
I = current in the coils in amperes
N = number of turns
V = final anode potential in volts

Through examination of the above equation, it will be seen that the
amplitude of deflection is inversely proportional to the square root of the
final anode potential in volts. Hence, a decrease in applied d-c potential
results in increased deflection sensitivity. Moreover, the deflection is
directly proportional to the distance separating the center of one pair of
deflecting coils from the fluorescent screen as well as to the current flowing
through the coils.

The current passing through the inductance represented in one coil is
roughly proportional to the field intensity H that is desired to satisfy a
particular design problem and to the reciprocal of the number of turns
employed in the winding. Thus,

I===HVL

=z

However, the field intensity H is an equality with the ratio of screen
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deflection W over the product of D, which is the distance from the point
where the beam enters the magnetic field, and L, the length of the magnetic
yoke. So, since

w
H = DL (to a good approximation)

then,
4

DV'L

Therefore, with the length of the yoke increasing, and the inductance
kept constant by reducing the number of turns, the approximate amount of
current required is proportional to the square root of the reciprocal of the
length of the yoke.

It has been shown that if the deflecting circuit is maintained within 20
per cent of the gun-to-screen distance, then an increase in the length of the
deflecting yoke by a factor of 2 will yield the same result as though only one
power tube were used to produce the desired deflection instead of two power
tubes for the shorter coil.

In electromagnetic deflection, it is important to prevent cross talk be-
tween the pairs of coils. Cross talk is the effect produced when the current
in one set of coils is induced into the other pair, resulting in an erratic or
inaccurate trace on the fluorescent screen of the tube. If the cross talk
is not due to spurious coupling of the vertical or horizontal driving circuits,
it can be eliminated by adequate design of the coils and deflecting-yoke
assembly, particularly so that unwanted currents oppose each other and
cancel. In some instances, it can be eliminated by connecting horizontal
coils in shunt, and vertical coils in series.

When a magnetic deflection system is employed, it is occasionally neces-
sary to clear up defocus at the screen which results from use of a non-
symmetrical yoke. This defect is present when the picture will not focus
properly throughout the entire useful area of the fluorescent screen. Cross
talk is also present under these circumstances.

2.13 Luminescent Screens. To produce an image upon the screen of
the cathode-ray tube, the energy of the electron beam must be converted
into visible light so that it may be viewed by the human eye. To accom-
plish this, the inner surface of the viewing end of the tube is suitably
coated with a phosphor chemical. This chemical emits light, referred to
as “luminescence,” when bombarded with high-velocity electrons. Thus,
the coated screen fluoresces at the point under bombardment by the
electron beam, and the property is termed “fluorescence.” For a short
interval after bombardment the screen continues to emit light. The
property of the screen to do so is termed “phosphorescence.” Any

I
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luminescent materials which possess the properties of fluorescence and
phosphorescence are described as “phosphors.”

Of the large numbers of organic and inorganic phosphors known at
the present time, only two groups are employed in the preparation of
fluorescent screens for cathode-ray tubes. These two inorganic groups
include the sulphide and the silicate phosphors. Organic phosphors
cannot be utilized in the preparation of screens for cathode-ray tubes,
since high temperatures occur at the screen when under electron bom-
bardment, as well as in the manufacturing processes sometimes used in
preparing the screen, and also because the phosphor material is operated
in vacua. The inorganic phosphors are actually chemical compounds of
such well-known metals as zine, calcium or cadmium, tungsten silica and
sulphur. Although the theory of luminescence of phosphors is not well
developed at this time, it is known that infinite amounts of metallic
impurities in the metals seem essential to optimum performance of a
number of the phosphors. These impurities are called “activators.”
Some metals which appear pure when examined spectroscopically are vir-
tually nonluminescent. Much research is now in progress to determine
more about the physical and chemical properties of the various commer-
cially used phosphors.

Willemite, which produces a green or yellow fluorescence, is chemically
known as “zinc orthosilicate” (ZnSIO,) and includes small traces of
manganese and other metals (see Figs. 2.26 and 2.27). Natural deposits
of willemite are located near Franklin Furnace, N.J., and the material
taken from these deposits was used in the preparation of screens by
some manufacturers when cathode-ray tube screens were first prepared
in this country. However, the impurity content of natural phosphor is
not constant and results in many rejects. The discovery of willemite
is credited to A. Levy, who named the material in honor of King
Willem I of the Netherlands.

Most manufacturers make use of synthetic willemite, the process having
been developed by W. S. Andrews of General Electric. In his process,
Andrews first produced synthetic willemite by employing manganese as
an activator. In its preparation suitable amounts of zinc oxide, silica
manganese activator, and flux are mixed and then fused into a uniform
substance. It is then cooled, ground, sieved, and made into a proper
solution for application to the glass end of the cathode-ray tube.

A screen coated with willemite is termed a “medium-persistence screen.”
This term means that the period during which light decays after bom-
bardment is in the order of milliseconds and is situated in the range
between screens demonstrating fast and slow decay periods. For various
types of phosphors, decay time can be in the order of a few microseconds
up to several minutes. Thus, screen persistence can be varied through
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the application of different phosphors, and the phosphor selected for a
particular tube depends upon the use to which the tube is to be put.
Zinc orthosilicate has a very high conversion efficiency of luminous radia-
tion to total electron-energy input. Also, it has been shown that the
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wavelength at which maximum spectral radiation obtains almost coincides
with the wavelength of light to which the eye exhibits greatest sensitivity.

The efficiency of a willemite screen varies from 1.0 to 2.5 cp. per w.
and is a function of the thickness of the luminescent screen, the diameter
of the particles of willemite used, the d-c potential applied to the second
anode and other accelerating electrodes, the degree of saturation of the
phosphor, and the material used as an activator. Whether willemite
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F1e. 2.27 Spectral charac-
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exhibits a green or yellow luminescence depends upon the temperature to
which the synthetic material is heated and the manner in which it is
cooled in the process of manufacture. If the material is cooled slowly,
the resultant phosphor will exhibit a bright-green luminescence; but if
it is quenched rapidly from a melt, the luminescence will be yellow.

At this time, zinc orthosilicate is the most useful material for visual
observations and is widely applied to cathode-ray tubes employed in
oscillographs. It is also used to prepare screens for electronic view-
finder tubes, an accessory to some late television cameras, as well as in
some television line monitors. Unfortunately, it is not useful for motion-
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picture photography, since a certain amount of phosphorescence is present
and results in a dim haze that follows any trace photographed with
moving film.

Calcium tungstate is sometimes used as a phosphor and produces pale-
blue luminescence. A screen prepared of this material has a very fast
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Fra. 2.28 Spectral charac-
teristics of a fluorescent screen
coated with silver-activated
zinc sulphide (AnS:Ag). This
screen demonstrates a charac-
teristic blue luminescence.
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decay period, the light output suffering a reduction from full brilliance
to 10 per cent in 10~7 sec. Since its emission is highly actinic and its
decay period short, it is often applied to the screen of tubes used for
photographic purposes. The efficiency is low, being about 0.3 lumen per w.
The peak radiation of calcium tungstate applied to a screen departs
quite radically from the peak of the curve indicating luminous response
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Fic. 2.29 Spectral charac-
teristics of a white fluorescent
screen coated with zinc cad-
mium sulphide and silver-

/-\‘ /f\\ activated zinc sulphide.

[¢]
4000 4500 5000 5500 G000 6500 7000 A°®

RELATIVE ENERGY
7]
(=]

n
o

of the human eye, and such a screen is therefore of little use for direct
visual observation of phenomena.

Zinc sulphide is also used in the preparation of screens. It produces a
blue luminescence with short phosphorescent decay (see Fig. 2.28). The
light output when the material is activated with silver is about 3 to 5 c.
per w., which is very high.

Zinc-cadmium sulphide is another of the group of sulphide phosphors
sometimes applied to cathode-ray tube screens. This material produces
a yellow luminescence of higher efficiency than zinc sulphide. The per-
sistence characteristic of zinc-cadmium sulphide is very similar to that
of zinc sulphide.
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For tubes used in television line monitors and receivers, a mixture of
zine sulphide and zinc-beryllium silicate is usually employed. The
preparation results in a so-called “white screen,” the yellow fluoresence
of the second substance and the blue fluorescence of the first combining
to provide a white. Actually, the screen so produced is nearer a shade of
light gray, owing to the fact that the combined colors are not true colors
and thus do not yield a true white. In the preparation of the two
materials, it is most important that they be so activated that the
persistences of the two colors are almost equal. Otherwise, there will
be no color separation, and a blue or yellow posttrace will show on the
screen. Green-blue zine sulphide mixed in proper proportions with zinc-
cadmium sulphide will also produce a near-white screen suitable for
television applications (see Fig. 2.29). Since present television involves
a monochromatic system, reproducing black through shades of gray to
white, the so-called “white screens” are most suitable for present use.

Manufacturers of cathode-ray tubes employ a number of methods of ap-
plying the phosphor to the inner side of the end of the glass envelope. The
method first employed was called the “settling technique.” It does not
lend itself well to mass production, because the process is much too slow.
In this method, a liquid medium is first admitted to the neck of the
glass blank, the blank being fixed vertically in a position free from vibra-
tion. A second solution, containing just enough phosphor to cover the
sereen to the desired thickness, is next admitted. This solution contains
not only the phosphor but also a mild electrolyte, usually ammonium
carbonate, which is added to keep the phosphor particles charge-free.
Otherwise, they become negatively charged, owing to the fact that the
dielectric constants of the particles and of the distilled water used in the
solution are not the same. The result of this difference is that the
phosphor settles on the screen unevenly and with fine streaked lines
appearing. The solution must be kept at low temperature to prevent con-
vection currents, which cause irregular deposits. After the powder is
deposited on the screen, in a matter of 3 to 8 hr., the solutions are
siphoned off and the tube baked. Later techniques have reduced the
time element involved.

In Europe, the inner side of the tube blank end is first coated with a
binder solution such as cellulose or cellulose acetate. The phosphor,
ground into a powder, is then dusted on while the tube is gently rotated.
The powder in excess of that required to coat the screen surface properly
and uniformly is then poured out, producing a very uniform layer of
phosphor (see Fig. 2.30).

The most acceptable method of coating is a fast, dependable process
involving the use of a liquid spray. The complete interior of the blank
is suitably coated. Excess material is then wiped out, leaving only the
inner surface of the tube end covered. In this process, the spray solution




THE CATHODE—-RAY TUBE 117

is made up of selected particles of the phosphor, with distilled water or
acetone used as the carrier. Semiautomatic machines are employed.
The face of the blank is preheated to a temperature of 200 to 300°C.
The bulb of the blank is secured in a rotating vertical chuck, and the
nozzle of a high-pressure spray gun is admitted into the neck. The

Frg. 2.30 Circular motion applied to a 10-in. cathode-ray tube in the chemical lab-

oratory of North American Philips Company, Inc., at Dobbs Ferry, N.Y. By this

method, the phosphorescent powder is distributed over the inner face of the tube.

Before the powder is placed in the tube, a liquid adhesive is applied to the inner surface.

This makes the phosphor adhere permanently to the glass. (Courtesy of North Ameri-
can Philips Company, Inc.)

chuck is operated at a speed of about 120 r.p.m., and a harmonic motion
of about 20 c.p.m. is applied to the spray gun. Thus, a uniformly coated
screen of good quality is obtained. Finished screens are shown in
Fig. 2.32.

As has been said, the choice of a screen depends upon the purpose to
which the cathode-ray tube is to be put. The principal characteristics
that may be selected by a choice of material are

1. Color of the screen

2. Phosphorescence and duration of decay

3. Luminescent efficiency

4. Actinic efficiency

5. Saturation potential




118 PRACTICAL TELEVISION ENGINEERING

The color of the screen when treated with various phosphors has already
been discussed, as has the phosphorescence attributed to the various
materials. The screen actinic efficiency is a measure of the ability of a
viewing screen to convert the electrical energy of the electron beam to
radiation which affects a given photographic surface. The term is some-
times expressed in microwatts per watt, but for ease of measurement it is
usually expressed in actinic power per watt relative to a screen of

i

Fig. 2.31 Spectral apparatus for measuring the thickness of the phosphorescent
coating which has been applied to the face of the tube. (Courtesy of North American
Philips Company, Inec.)
known characteristics. Screen actinic efficiency is not to be confused with
either screen luminous efficiency or screen radiant efficiency. The former
is a measure of the ability of the screen to produce visible radiation
from the electrical energy of the electron beam and is expressed in
candlepower per watt. Screen radiant efficiency is the measure of the
tube screen’s ability to produce luminescence from the electrical energy

of the electron beam. It is expressed in microwatts per watt.
Saturation potential is the limiting value of the potential applied to

the second anode, beyond which any further increase in potential fails to

produce any increase in luminous output. It is above the rated second-
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anode potential for most commercially available tubes and not a practical
problem.

Brilliance of the trace is a function of the thickness of the material of
which the end of the glass envelope is made, since the image appearing is
almost always viewed from the side opposite to that on which the phosphor

2

Fic. 2.32 Appearance of the fluorescent screen of the finished cathode-ray tube. The
upper tube is a Noreleco 10-in. flat-faced television cathode-ray tube. (Courtesy of
North Arerican Philips Company, Inc.)

is deposited. Brilliance is also a function of the electron velocity and
will rise with an increase in accelerating potential. Beam current in-
creases as accelerating potential rises, resulting in improved brilliance.
This factor is made use of in projection-type television tubes. In these
tubes very high accelerating potentials are employed to ensure a brilliant
sereen before the image is projected onto a larger screen by means of an
optical lens system. The maximum beam energy, as well as that point
at which high-voltage breakdown occurs between elements, is limited by
maximum cathode emission. In projection-type tubes, breakdown also
sometimes occurs as a result of irregularities along the inner walls of the
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envelope that have been coated with Aquadag or similar coatings to
provide a coating for the intensifier electrode. This condition has been
somewhat alleviated in certain types by coating the outer walls with a
similar substance, to some extent equally distributing the charge along
the inner wall, which seems to draw away heavy charges that collect at
points where imperfections in the envelope result in nodules extending out
from the inner wall of the bulb. In addition, the potential is more evenly
distributed throughout the entire inner surface of the coating.

The trace brilliance of the screen for a given beam energy is depend-
ent upon the writing rate of the spot in inches per second, and there is a
maximum writing rate that is difficult to exceed. The maximum known
writing rate at present, occurring in any type, is given at about 1,000
km. per sec. '

It must be pointed out that all screens must be field-free of imperfec-
tions or blemishes. This condition is especially true in television where a
considerable portion of the total screen area is employed in reproducing
the image. It must also be pointed out that pattern marks are very
easily burned into the screen if the electron beam is permitted to remain
too long in one screen position. In television receivers and viewing
monitors, where high electron voltages obtain at the point of impact, it is
well that the beam be extinguished before the horizontal and vertical
sweep voltages are removed. The brilliance control on a receiver should
be set for minimum brilliance before the receiver is placed out of opera-
tion. Otherwise, the beam will impinge at a spot near the center of the
screen when the sweep voltages are removed. The result is a bad “burn,”
which can eventually introduce eye fatigue in viewing.

A tube having a relatively flat face is particularly suitable for use in
television equipment, since any great curvature of the screen results in
viewing fatigue. Moreover, the image will seem distorted to the eye
if the curvature is too great. The production of a perfectly flat-faced
tube is a difficult development problem when it is considered that the
atmospheric pressure exerted on the face of a typical 12-in. television
cathode-ray tube is about 1,700 1b. Such a tube, having a radius of
curvature of 16 in., exclusive of the edges of the screen, has a thickness of
%4 in., which yields a safety factor between 3 and 5. In tubes up to 7 in.
face diameter, soft glass of lime or lead content is currently used. In
the large blanks prepared for television cathode-ray tubes, Nonex or
Pyrex glasses are utilized, because both of these glasses demonstrate
excellent thermal and mechanical properties. With the introduction of
improved synthetic plastics, which have low porosity plus good thermal
and mechanical properties, it is predicted that blanks may be some day
more inexpensively produced, resulting in a great reduction in the price
of cathode-ray tubes.
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2.14 The Metal-Backed Luminescent Screen. An important problem in
the manufacture of cathode-ray tubes for television receivers has been
to obtain adequate brightness at the screen. R.C.A. engineers have con-
siderably improved one type of picture tube in this respect by developing
a tube with a metal-backed luminescent screen.

Previous attempts to improve screen brightness have principally in-
volved either an increase in the beam power of the tube or an improve-
ment in the luminescent materials used at the screen, so that more light
is developed when the beam power is converted into light. Laboratory
studies have shown, however, that at least 50 per cent of the light gen-
erated at the screen of the average picture tube is directed back toward
the electron gun of the tube and does not reach the viewer’s eye. An-
other 15 to 25 per cent is lost by internal reflection in the glass of the
tube face. It can be shown that only 25 to 35 per cent of the light
generated at the screen is usefully directed toward the viewer’s eyes.
Thus, much of the light is lost, insofar as the viewer is concerned, and
constitutes a serious waste of energy.

In the R.C.A. metal-backed tube, a thin coating of aluminum is applied
by evaporation to the back of the cathode-ray tube face. This coating
is so thin that there is only negligible absorption of the electron beam
at the desired operating potentials. It is opaque, relatively smooth, and
highly light-reflecting, so as to act as a mirror. The layer has sufficient
conductivity to conduct the full beam current, yet it is sufficiently strong
to withstand the stresses due to coming under the full impact of the
focused electron beam. The aluminum backing will not react with the
fAuorescent materials with which the screen is coated. One advantage
of the aluminum backing is that it will stop heavy ions, but will pass
electrons quite readily. When the aluminum-backed screen tube is
operated at normal operating potentials, the ion spot does not usually
develop. Use of the tube results in improved efficiency of conversion of
electron-beam energy into useful light, improved contrast, and almost
complete elimination of the ion spot under ordinary operating condi-
tions.

2.15 The Metal-Cone Picture Tube. Of great interest has been the
recent development of the metal-cone type of picture tube for use in
television receivers. This tube differs from the conventional cathode-
ray tube in that a major portion of the envelope comprises a spun-metal
cone of 28 per cent chrome steel. The cone serves as the second anode
of the cathode-ray tube and is affixed to the glass enclosing the gun
structure at one end. The lip at the mouth of the metal cone (see Fig.
2.33) is designed for a compression fit with the glass face plate of the
tube. This arrangement provides a vacuum tight metal-to-glass seal
at the point where the face plate and cone join, and the “fit” at the
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junction differs considerably from that employed in forming a metal-
to-glass seal in the fabrication of high-power transmitting tubes.

In the current commercial design of these tubes, the chrome-steel wall
section of the cone is made 0.066 = 0.015 in. thick and is spun into the
required shape. The process lends itself well to mass-production tech-
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Fic. 2.33 A. Type 19AP4 metal-cone 19-in. picture tube. B. Type 8AP4 metal-cone
- 8-in. picture tube.

niques. The face plates for the metal-cone tubes, on which the fluores-
cent screen material is settled, are made of ordinary window plate glass.
A slight curvature is provided so that the face plate may withstand
normal atmospheric pressure without implosion.

The new gray glass has been used to advantage by some manufacturers.
So-called “gray” glass is an especially prepared product, intended to
improve picture contrast under conditions of high ambient lighting in
the room in which the television receiver is operated. Gray face plate
glass for metal tubes has a transmission efficiency of approximately 70
per cent. The neutral-density filters ordinarily placed over the face
of the cathode-ray tube screen for this purpose possess a transmission
efficiency that varies from 30 to 80 per cent, depending upon the manu-
factured product.
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Deflection angles of 50 to 55 deg. are common in conventional cathode-
ray picture tubes employing all-glass envelopes. Some of the new
metal-cone tubes are being produced with a shorter gun structure. The
new Du Mont type 16FP4 16-in. metal-cone, short picture tube has a
deflection angle of 62 deg. The short metal-cone type 19AP4 has a
deflection angle of 66 deg. Since the deflection angle of a cathode-

e

Fic. 2.34 Type 19AP4 metal-cone picture tube, the largest diameter cathode-ray

tube in current commercial production employing a metal cone of chrome steel. The

plate-glass face is treated with a P4 (white) phosphor, and it is designed for use in large-

screen television receivers making use of direct viewing. (Courtesy of Allen B.
Du Mont Labs., Inc.)

ray tube determines to a great extent the length of the tube along its
principal axis, there is an increased deflection angle required for proper
operation of the new short metal-cone tubes. Practical operation of
these new tubes indicates that resolution at the center of the tube
screen has improved somewhat over comparable all-glass types. This
improvement is due to the fact that in bringing the gun closer to the
screen of the tube, the magnification ratio of the electron optical lens
system has been improved. Resolution at the edges of the screen is
at least as good as that obtained with tubes possessing all-glass
envelopes.

The use of the metal cone for a greater portion of the envelope pro-
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vides improved shielding of the tube beam from the effects of external
extraneous magnetic fields. It is more economical to manufacture than
a comparable all-glass tube and is much lighter in weight. The type
19AP4 19-in. short-gun metal-cone tube is 6 in. shorter than a 20-in.
screen diameter all-glass picture tube. The 16FP4 16-in. metal-cone
tube with short gun is 14 in. shorter than the type 15AP4 15-in. all-glass
picture tube. This difference permits the use of a shallower cabinet,
thereby effecting an economy in receiver production costs. The 19-in.
metal-cone tube with short gun weighs 143 1b. compared with 32 1b. for
the all-glass 20-in. picture tube.

These tubes all possess P-4 white medium-persistence fluorescent
screens and are designed for magnetic deflection and focusing. It is
possible with the 19AP4 tube to obtain a highlight brightness of 25 ft.-L.
or more on a 1134 X 1534 in. picture area at the screen. This bright-
ness is achieved with the use of a standard R.M.A. No. 106 focusing
coil and a 0.146-amp. focusing current, which is measured in series with
the winding. The second-anode potential for the 19-in. metal-cone
tube is 13,000 v. d-¢, although satisfactorily defined images have been
obtained with second-anode potentials as low as 9,000 v. The second-
anode potential is applied directly to the metal cone, the outer surface
of which is painted red to signify that a high potential is in use. With
the application of pulse-type power supplies, however, the current present
is very low and not ordinarily considered lethal. It is best, however,
to exercise the usual precautions when there is a possibility of coming
into contact with the outer surface of the metal-cone tube.

It is not difficult to obtain deflection of the beam across the major
dimension of the 19-in. tube screen in the horizontal direction. Suffi-
cient sweep amplitude is provided through application of a General
Electric type 77J-1 yoke and a single type 6BG6-G horizontal deflection-
amplifier tube. This driver tube, operating within normal tube ratings
from a 325-v. filtered d-c¢ plate power supply and with General Electric
type 77J—4 linearity and width controls, offers complete screen deflec-
tion. Only 0.075-amp. plate current to the driver tube is required, one
type 6W4GT damper tube, and one type 1B3GT tube being employed
as the high-voltage rectifier.

When the General Electric type 77J2-2 yoke is employed, satisfactory
screen deflection can be obtained through use of a single 6AU5-GT
vacuum tube as the horizontal driver, operating within rated limits.
Plate potential in this case may be reduced to 300 v. d-c at 70 ma.
or less. The use of the two driver tubes indicated yielded the results
described here. It is quite possible that other tubes may be utilized
with equally good results. It is unnecessary to provide a special short
yoke for the 19-in. cone tube in order to obtain 66-deg. deflection if
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the focus-coil assembly is made adjustable along the principal axis of
the tube. Special short yokes, however, have been made available for
use with the tube.

Because of the many advantages of the new metal -cone tubes, it is
believed that they will gradually supplant current all-glass types for
use in television receivers. In order that the reader may compare at
least two types of the new tube, both a 19-in. and an 8-in. metal-cone
tube are described in Fig. 2.33.
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Fia. 2.35 Bent-gun type of cathode-ray tube and associated circuits.

2.16 Ion Spot. In practically every type of cathode-ray tube there
exists a small amount of residual gas after evacuation has been carried
to practical limits. This gas eventually produces a dark-brown inactive
spot at the center of the fluorescent screen. The negative ions are pro-
pelled against the screen material along with the electrons that make
up the beam, and since the ions possess greater mass than the electrons,
they bombard the active phosphor of the screen with appreciable force.
Screens treated with sulphide phosphors are found to be particularly
sensitive to ion bombardment.

To prevent the appearance of this ion spot at the fluorescent screen
of the tube, an ion trap is ordinarily applied in certain types of tele-
vision cathode-ray tubes. One arrangement of such a trap is referred
to as the “bent gun.” The construction of a cathode-ray tube employing
the “bent gun” is illustrated in Fig. 2.35, the tube being a type 10AP4
Philco television eathode-ray tube.
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The electrons and heavier ions pass through the grid aperture and
are propelled in a straight line. Since the anode is bent, it is evident
that they would normally make contact with the metal wall of the
anode, never reaching the fluorescent screen at the face of the tube. To
avoid this, a magnetic bending coil is placed around the neck of the
tube and physically located next to the bent anode. The magnetic
field produced by the bending coil results in the normal electron path
toward the anode wall being changed. By regulating the deflecting
force, the electron beam can be made to curve in such a manner that
the lighter electrons are projected through the gun without coming in
contact with the anode wall; whereas the heavier ions, unaffected to a
great extent by the magnetic field, travel in a straight line, strike the
anode, and are trapped.

R.C.A. applies another form of ion trap in its type 7DP4 and type
10BP4 television cathode-ray tubes. A magnet is placed adjacent to
the electron gun and external to the tube. The relative position of
this magnet is adjusted until a spot of optimum brightness is obtained
at the fluorescent screen of the tube. The electrostatic lens located
between the first and second anodes is so developed that an oblique
gap occurs between these two elements of the gun. The magnetic field
produced by the coil, external to the neck of the tube, provides a com-
pensating deflection of the electron beam. The result is that the lighter
electrons are propelled toward the fluorescent screen in the normal man-
ner, but the heavier ions are not affected to any appreciable extent by
the magnetic field. Striking the inner second-anode surface, the ions
are collected by this element. It must be remembered that although
both the electrons and ions constitute negative particles, the electrons
are much lighter and of less mass. Thus, it is easy to bend the electrons
by means of the applied magnetic field, while this same field has little
or no effect upon the heavier ions. Since both the electrons and ions
are negative particles, they are both attracted by the positively charged
second anode.

The use of ion traps is warranted particularly where high second-anode
potentials are made use of and such is invariably the case in both large-
screen direct viewing and projection-tube operation. The greater the
second-anode potential, the higher the velocity with which the heavy
ions are propelled toward the screen in the absence of an ion trap. The
terrific bombardment of the fluorescent screen by these heavy ions soon
results in degradation of the chemical phosphor, with the development
of the characteristically brown circular ion spot or blemish which impairs
viewing of the reproduced television image. Practically all cathode-ray
tube manufacturers now produce picture tubes employing ion traps of
one type or another.
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2.17 Cathode-Ray Tube Production. Although various references to
individual manufacturing processes involved in typical tube production
have been made throughout the discussion of the cathode-ray tube, a
summary at this point will impart to the student or engineer a clear,
over-all understanding of the subject. The various cathode-ray tube
manufacturers make use of any of a great number of processes to arrive
at the same finished product and no attempt will be made to discuss
at length the many different methods involved in manufacturing. In-
stead, a typical process in each category will be broadly described. This
method should present a fundamental concept of the manufacturing prob-
lem as a whole.

In the fabrication of no other electronic device are so many industries
called upon to supply the necessary basic materials. Parts for the
cathode-ray tube originate in the fields of chemistry, metallurgy, plastics,
ceramics and glass. The field of chemistry supplies barium, strontium,
and calcium carbonates, zinc silicates and sulphides, cellulose and cellu-
lose nitrates, aluminum and magnesium nitrates, lead sulphide, Aquadag,
Aquagraph, Dixonac, carbon black, sodium silicate, alcohol, ammonium
carbonate, formic and acetic acids, and many other acids and solvents.
Chemistry also supplies numerous alkaline-earth compounds as useful
binding and cleansing agents.

Metallurgy supplies copper, copper-nickel alloys, copper-clad iron,
nickel, chrome nickel, manganese, tungsten, stainless steel, and beryl-
lium. The ceramics industry supplies high-temperature insulations made
of aluminum oxides and silicates, porcelain, and natural and synthetic
lava. The glass industry supplies soft glass of lime or lead content, as
well as the hard glasses known under the trade names of Nonex and
Pyrex. The latter two products are almost universally used in the
production of television cathode-ray tubes, since they have excellent
thermal and mechanical properties and are fairly inexpensive.

The design of the glass tube blank is important, since it must be so me-
chanically strong as not to implode under atmospheric pressure when in
operation. The blank should have a sufficient margin of safety to with-
stand three to five times normal atmospheric pressure. The screen end
of the blank requires the greatest thickness to withstand the outside
pressure. The more curved the screen is made, the greater pressure it
can safely undergo. Since a perfectly flat screen would be most suitable
for television images, the designer must compromise between a design
which affords the desired flat screen and one that ensures excellent
mechanical strength. A 12 in. diameter tube usually has a wall thick-
ness of approximately 4 in., although this dimension varies from 4
to 14 in. with different manufacturers.

In the manufacture of the blank, a hot molten mass of the desired
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amount of glass is poured into a steel mold made to the desired specifi-
cations. When withdrawn from the mold, the blank is of the desired
shape for use in construction of the tube. To ensure that the wall struc-
ture of the blank is even and not subject to imperfections, the blank
is examined by polarized light. The inner walls of the blank must also
be free from flaws and chemically cleaned.

A preheating operation occurs before the intensifier terminal is inserted
through the wall of the tube to make contact with the conductive coat-
ing inside. This lead wire is sealed into and becomes an integral part
of the wall structure of the glass blank. After this tiny lead has been
inserted and sealed, the tube blank is annealed for the purpose of reliev-
ing stresses that occur during the operation, i.e., when the lead is inserted.

The next step in the manufacture of a cathode-ray tube is to apply
the coating of fluorescent material onto the inner surface of the screen
end of the tube. The coating is usually applied by the spray method
already described. After application, the material is baked in especially
designed ovens, a process that eliminates residual binders and solvents
incident to the coating process.

When the screen of the tube is completed, the electrically conductive
material providing either an intensifier electrode or second-anode elec-
trode, or both, is sprayed upon the interior walls of the blank. The tube
is then ready for insertion of the gun and sealing off to the vacuum pump.

The cathode and the electrodes making up the electron gun are fixed
into a proper assembly. The various elements are mounted and clamped
vertically along two small cylindrical insulating rods, through the centers
of which are placed rigid metallic connectors that later electrically ter-
minate and connect to one pair of deflection plates above if electrostatic
deflection is employed. Leads are spot-welded to the various electrodes
along this assembly, at the point where they clamp about the vertical,
cylindrical, insulating supports. Additional heavy vertical leads sup-
port and make electrical connection with the other set of deflection
plates, although one such support does not extend along the full length
of the gun. Instead, it does extend downward beyond a circular wafer
of mica, which is fixed at the screen end of the second anode. This
mica wafer serves to insulate the leads and the supports passing through
and to ensure mechanical rigidity. This second lead is electrically con-
nected to one of the other leads supporting the first set of deflecting
plates.

The gun, with cathode inserted, is mounted to a number of lead wires
sealed in glass at the lower end of the assembly and technically known
as the “stem.” The horizontal and vertical pairs of deflecting plates
are welded to the upper or screen end of the gun assembly, provided
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that electrostatic deflection is used. All connections must be strongly
welded to eliminate subsequent opens or shorts, which may oceur if
the welded joints do not possess sufficient mechanical strength.

The completed gun and stem assembly is next sealed to the prepared
blank on an automatic sealing machine. In the process, mechanical
pressure is applied to the entire mount when the glass bulb is forced
over the supporting snubbers. It is here that weak joints and poor
construction are likely to show up.

FiG. 2.36 Typical test console. The Du Mont cathode-ray tube must pass 18 electrical
and 12 mechanical tests after manufacture. (Courtesy of Allen B. Du Mont Labs., Inc.)

Following the sealing operation, the tube is baked, the cathode is
broken down, and the mount parts are radio-frequency bombarded in
vacuum to liberate residual gases. In the exhaust operation, which
varies widely among the several manufacturers, the tube is first sealed
to an exhaust manifold. The equipment employed for exhausting the
tube comprises a mechanical force pump in series with an oil aspirator.
In the exhaust operation, the barium and strontium carbonates at the
cathode are converted to oxides of these materials, and large amounts
of gas are released. The temperature of the grid is increased by increas-
" ing the heater voltage as well as by radio-frequency bombardment.
Before conversion of the barium and strontium carbonates to oxides
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and activation, the temperature of the gun assembly is increased several
times by induction methods to about 700°C. The increase in tempera-
ture forces out residual gas from the metallic parts of the assembly.
The process of cathode activation continues until gas pressure within
the tube is reduced to the absolute minimum with the equipment em-
ployed. To remove gas to a further degree, the “getter,” a small amount
of pure barium fixed to a target and supported at the lower end of the
gun assembly, is vaporized. This process is termed “gettering.” The
“getter’” is vaporized by placing the tube in a strong radio-frequency
field which increases the temperature of the barium to the point at
which vaporization occurs.

After exhaustion of gas, the tube is tipped off. By means of this

operation the amount of gas within the envelope is increased, but it is
eliminated by reaction with the active “getter” employed. After the
tube leaves the exhaust station, the leads are inserted and soldered into
a number of pins, which are hermetically sealed into a molded phenolic
plastic base. This process is carried out through use of an automatic
basing machine. After ‘the tube is“‘seasoned,” it is ready to undergo
as many as 18 electrical and twelve mechanical tests before being
packaged for sale. (See Fig. 2.36.)
2.18 The Selfocus Picture Tube. The magnetically focused and de-
flected picture tube has been almost universally employed in television
receivers and broadcast-station picture monitors. Recently, however,
electrostatically focused cathode-ray tubes of considerable :merit have
been developed.* Careful electron gun design has resulted in the mass
production of electrostatically focused tubes which require no external
device or connection for focusing the electron beam.

The use of an electron optical lens design, such as that shown in
Fig. 2,37, has resulted in the elimination of a manual control or focusing
device at the television receiver. This is of considerable advantage
because focusing controls are frequently misadjusted, and are frequently
maladjusted by the set owner. With the use of an improved electron
optical lens of the Selfocus type, as shown in Fig. 2.36, variations in the
operating potentials applied to the cathode-ray tube (within reasonable
limits) have virtually no effect on optimum focus of the picture tube.
The result is that quality of focus is built in by the tube manufacturer.

Essentially, the new design makes use of a large diameter cylinder
surrounding two cup-shaped anode parts. The advantages of the large
lens boundary surfaces, and the shielding provided by the focusing
influence of the focusing cylinder, have provided an electron lens design

* “The, Selfocus Picture Tube,” a paper presented at the 1952 I.R.E. National

Convention by A. Y. Bentley, K. A. Hoagland, and H. W. Grossbohlin, Allen B.
Du Mont Laboratories, Inc., Clifton, N.J.




THE CATHODE—RAY TUBE 131

of high precision and mechanieal rigidity. The Du Mont type 17KP4
cathode-ray tube employs this automatic focus principle.

By employing a focus barrel larger in physical diameter than the anode
barrels (thus overlapping the anode barrels), changes in the length of
the focus barrel are prevented from affecting the focus voltage. By
designing the Selfocus tube gun so that the focus barrel requires zero
volts to focus the electron beam, the focus voltage is made sufficiently
independent of the anode voltage being applied.

In the design of the automatic focus tube, the required spacing neces-
sary to produce a design centering at zero focusing voltage was obtained
experimentally. The allowable tolerances in the distance between the
lens cups, the focus-barrel diameter, and the focus-barrel overlap were
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Fi1c. 2.37 Selfocus lens outline.

determined through use of a plotting tank. This is described in the
technical paper referred to. In practice, the distance between the lens
cups is held to within .002 in. of design center. Focus-electrode diameter
is held to within .001 in. Other tolerances are controlled so that the
tolerance deviation from zero will be no greater than 100 v. for an anode
potential of 13 kv., and a video pattern beam current of 150 pa. Fig. 2.38
shows the Selfocus picture-tube gun.

Commercially available cathode-ray tubes are now made in 5-pin
types (focus electrode connected internally to the cathode of the tube),
as in the 17KP4. 6-pin types have the focus electrode tied to pin 6 of
the tube base. An example is the 17RP4-type picture tube. Beyond
the addition of the new type of gun, a picture tube employing this new
Selfocus principle is similar to current types employing the electrostatic-
focus principle.

The first electrostatically focused picture tubes introduced in recent
years, because of the shortages in prime materials, employed retarding-
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type field lens structures of the kind normally used in oscillograph or
instrument-type cathode-ray tubes. Such lenses require an external
d-c potential for proper focus which is essentially an appreciable per-
centage of the final anode voltage necessary for optimum operation of
the cathode-ray tube.

To eliminate this requirement, design engineers made radical changes
in the lens geometry, so as to reduce the percentage voltage required for
optimum focus to a value sufficiently low that it could readily be obtained
from the B supply of the television receiver.

Fic. 2.38 Selfocus picture-tube gun. (Courtesy of Allen B. Du Mont Labs., Inec.)

The use of a low-potential electrode of larger diameter than the adja-
cent high-potential parts results in an increase in the effective lens
diameter, and also makes the structure self-shielding against the intro-
duction of extraneous fields. Because of the overlapping nature of the
Selfocus lens, the length of the low-potential cylinder was made to have
no appreciable effect on the strength of the lens. Lens strength is con-
trolled by the inside diameter of the low-potential cylinder and by the
spacing between the high-potential cups. All of the parts of the im-
proved electron lens have large bearing surfaces which act as an aid in
maintaining a high degree of concentricity when jig-assembled in manu-
facture.




THE CATHODE—-RAY TUBE 133

BIBLIOGRAPHY

. THomsoN, J. J., “Cathode Rays,” Phil. Mag., Vol. 44 (1897), p. 293.

2. TressLiR, M. E,, “The Cathode-Ray Tube and Its Application,” General

11.

12,

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.
23.

Electric Review, Vol. 18 (1915), p. 816.

. Zworykiy, V. K., “Improvements in Cathode-Ray Tube Design,” Elec-

tronics, November, 1931, p. 188.

. Jounson, J. B., “The Low Voltage Cathode-Ray Tube,” Bell System

Technical Journal, Vol. XTI (1932), p. 1.

. Warr, R. A. W., The Cathode-Ray Tube in Radio Research, His Majesty’s

sStationery Office, March, 1933.

. ZworyKIN, V. K., “On Electron Optics,” J. Franklin Inst., Vol. 215 (May,

1933), pp. 535-555.

. STINCHFIELD, J. M., “ Cathode-Ray Tubes and Their Applications,” Electrical

Engineering, Vol. 53, No. 12 (December, 1934), p. 1608,

. “R.C.A. Cathode-Ray Tubes and Allied Types,” Technical Series TS-2,

R.C.A. Manufacturing Company, Harrison, N.J., 1935.

. MyEers, L. M., Television Optics, Sir Isaac Pitman & Sons, Ltd., London, 1936.
. Levy, L., and D. WesT, “Fluorescent Screens for Cathode-Ray Tubes for

Television and Other Purposes,” J. Am. Inst. Elec. Engrs., Vol. 79 (1936),
p. 11.

ZworykIn, V. K., “Iconoscopes and Kinescopes in Television,” RCA Review,
Vol. 1 (July, 1936), pp. 60-84.

Leverenz, H. W, “Problems Concerning the Production of Cathode-Tube
Screens,” J. Optical Soc. Am., Vol. 27 (January, 1937), pp. 25-35.

Lanaemuir, D. B., “Theoretical Considerations of Cathode-Ray Tubes,”
Proc. I.R.E., Vol. 25, No. 8 (August, 1937), p. 977.

Mavorr, I. G., and D. W. EpsteIN, Electron Optics in Television, McGraw-
Hill Book Company, Inc., New York, 1938.

MezGer, G. R., The Hot-Cathode Low-Voltage Cathode-Ray Tube, Allen B.
Du Mont Laboratories, Inc., Passaic, N.J., 1939.

Iams, H., “A Fixed Focus Electron Gun for Cathode-Ray Tubes,” Proc.
I.R.E., Vol. 27, No. 2 (February, 1939), p. 103,

KiempeRer, O., Electron Optics, Cambridge University Press, 1939.

Zworykmy, V. K., and G. A. Morron, Televiston, John Wiley & Sons, Inc.,
New York, 1940.

Atwoop, Banker, Kring, Lemprrt, CHRistTaLDIl, A Practical Guide for
Cathode-Ray Tube Design, Allen B. Du Mont Laboratories, Inc., Passaic,
NJ., 1943.

Bekers, J. R., “Cathode-Ray Tube Development,” Communications, July,
1944.

Beers, J. R., “Cathode-Ray Tube Manufacturing Problems,” Communica-
tions, September, 1944.

Bekgrs, J. R., ““Cathode-Ray Tube Testing,” Communications, October, 1944

Beers, J. R., ‘“Cathode-Ray Tube Special Designs,” Communications,
November, 1944.




134 PRACTICAL TELEVISION ENGINEERING

24. SwepLunDp, L. E,, “Improved Electron Gun for C. R. Tubes,”” Electronics,
March, 1945.

25. CaristaLpr, P. S., “Cathode-Ray Tubes and Their Applications,” Proc.
I.R.E., Vol. 33, No. 6 (June, 1945), pp. 373-381.

26. “Television Receivers in Mass Production,”” Electronics, June, 1947,

REVIEW QUESTIONS

2-1. (a) Describe the construction of an oxide-coated cathode. (b) Why
is the cathode said to be “indirectly heated”’?

2-2. What is meant by “potential barrier’’?

2-3. Explain the operation of the modern cathode-ray tube, and show the
construction of the tube by means of a simple diagram.

2-4. (a) What is the “electron gun” of a cathode-ray tube? (b) Describe
the function of the gun, and name its principal parts. (¢) What is the function
of each element?

2-5. (a) What is meant by “fluorescent screen”? (b) State how the fluo-
rescent screen may be applied commercially.

2-6. (a) What is meant by “long-persistence” screen? (b) Why is an ion
spot or blemish sometimes formed on the screen of a cathode-ray tube? (c)
How may the ion spot be prevented through special tube construction?

2-7. Explain how the tube is “based.”

2~8. What is the function of the intensifier electrode?

2-9. (a) Name the principal phosphors in current use. (b) Explain the
purpose and application of each.

2-10. (a) Describe several types of cathode-ray tube and explain their
construction. (b) What are the advantages of the ‘“metal-cone’ picture tube?




CHAPTER 3

THE CATHODE-RAY OSCILLOGRAPH

31 The Time Base. Man, since antiquity, has shown an insatiable
interest in the measurement of time. The early Greeks, Romans, Egyp-
tians, and Babylonians used the sundial and the water clock to convert
the passage of time into some unit whereby it could be accurately
gauged or measured. Even the almost forgotten civilization of the Incas
yields evidence of the sundial as a means for time measurement. The
position of their principal god, the sun, was plotted as the earth revolved
on its axis.

The only difference between the methods employed by the Incas and
those employed today lies in the precision by which time measurement
may be achieved. While the Incas’ measurements were in units of parts
of a day, the radio engineer may now measure the flight of time in terms
of fractions of a microsecond. By means of the cathode-ray oscillo-
graph, he may graphically view an electrical wave accurately plotted
against any suitable time base, thereby obtaining an intelligent picture
of the action which takes place more rapidly than the human eye has
ability to follow. Thus, any potential, regardless of amplitude and
phase, and almost without regard for frequency, may be compared
against a selected and suitable time base and the results analyzed and
investigated for such information as may be desired.

The voltage that we desire to analyze may be applied to the vertical
deflecting plates of the cathode-ray tube, usually through an amplifier,
and a sweep voltage of known time base may be applied to the horizontal
pair of deflecting plates. The sweep voltage will then produce uniform
motion of the luminescent spot at the screen of the tube, causing it to
sweep or trace out the shape of the unknown voltage waveform applied
to the vertical deflecting plates. The luminescent spot may be moved
across the screen at a velocity that can be made to vary in some pre-
determined manner with respect to time, or it may be moved across
the screen at constant velocity. In each case it produces a luminous
and clearly defined trace. If signals are applied to the screen so as to
disturb the spot, thus creating a visual indication of their presence, then
the separation between the two disturbances on the screen provides an
accurate measurement of the time interval between the two applied
disturbances.

The sweep voltage producing uniform motion of the spot across the
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screen is termed a ‘“‘saw-toothed voltage,” since the shape of the voltage
waveform resembles the teeth of a saw. When the recurrent frequency
of the saw-toothed sweep voltage is applied to the horizontal deflection
plates and adjusted to synchronism with the frequency of an alternating
voltage applied to the vertical deflection plates, the waveform of the
latter voltage will appear stationary on the screen. This occurs even
though the known frequency of applied voltage under investigation is
very high, because of the ability of the time-base generator to synchro-
nize its operating frequency with the frequency of the unknown signal
applied to the vertical plates of the cathode-ray tube. In instances of
recurrent phenomena the spot starts its excursion each period at an
identical electrical point along the wave of the unknown. The wave
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Fig. 3.1 Ideal saw-toothed-voltage waveform.

appearing on the fluorescent screen is therefore stabilized. With the
pattern ‘“locked in,” or synchronized, the retrace of the wave which
occurs many times per second, appears to the eye as a still image. This
phenomenon is the result of the persistence characteristic of the screen
and the persistence of vision of the eye.

A saw-toothed waveform is plotted in Fig. 3.1. By suitable circuit
design, the voltage is made to increase from point A along a straight
inclined line to point B. If the circuit producing the saw-toothed volt-
age is properly designed and adjusted, this increase will appear linear
and without distortion. Now, if this voltage appearing between points -
A and B is applied to the horizontal deflecting plates of a cathode-ray
tube, the luminescent spot of the tube will move across its screen, form-
ing a time base. The time base will be precisely linear with time if
an increase AE v. occurs in At sec. anywhere along the inclined slope
AB, since the spot moves uniformly with respect to time between any
two points selected along the base.

The sweep voltage returns to zero at C, and the time required for the
voltage to return to zero amplitude from maximum is termed the “fly-
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back time.” It can be scen that the fly-back time is much less than
the time required to obtain a rise in voltage along the forward inclined
slope from point A to point B. Thus, the luminescent spot is swept
across the screen at a veloeity too great to result in emission of much
light at the screen, and the return trace is usually not visible to the
naked eye. The return trace may be blanked out completely by suitable
means, so that it is completely invisible. Such is the case in television
apparatus.

An extinguishing signal may be applied to the grid or cathode of the
cathode-ray tube by making use of a differentiating circuit, thus render-
ing the return trace completely invisible. This ecircuit is described in
detail later (pages 442-448), and its application in circuits employed
in high definition television systems will be discussed.

In the conventional method of applying the time base to the cathode-
ray tube, the spot is moved from left to right to produce the pattern and
is immediately returned to retrace a subscquent and, in most cases,
identical pattern. Thus, the time interval 7'; is much greater than that
of Ty. As a matter of fact, in actual and practical circuit design 7',
is made a small percentage of trace time, so that the line BC is practi-
cally vertical and the fly-back time is made constant for any frequency
to which the sweep generator is adjusted. No attempt is made in tele-
vision or oscillographic apparatus to maintain the fly-back portion of
the sweep voltage waveform linear, since there is no advantage in doing
so. Only the forward slope is generally employed for any practical use.

In television, two time bases are utilized to deflect the clectron beam
both horizontally and vertically. This subject is discussed in greater
detail clsewhere in the text (pages 102-112). It is, however, conven-
tional to scan the screen of the cathode-ray tube horizontally 525 times
while traversing the screen twice vertically. Thus, each vertical traverse
of 262.5 horizontal lines is displaced by half a line, so that alternate
sweeps arc interlaced. Since the picture repetition rate is 30 frames
per second, the horizontal sweep frequency is 30 X 525, or 15,750 c.p.s.,
while the vertical sweep frequency is 60 c.p.s. The frequency of each
field of 262.5 lines may be viewed by the eye if the time surface, or
raster, of the viewing screen is examined at the upper or lower vertical
leading edge. The beginning and end of each field may be so observed
and is one check to determine whether proper interlacing is being used.

The time base is not always made linear with respect to time, some-
times it is made sinusoidal or a very complex waveform. Time bases
may be divided into three general classifications, namely, sinusoidal,
saw-toothed, and mixed sinusoidal and saw-toothed. The sinusoidal
time base may be either of two types: one involving a single frequency
or one involving two frequencies. The sinusoidal time base for eclectro-
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static deflection of single frequency will produce either a straight-line
trace or a circular trace. The sinusoidal time base involving two fre-
quencies for electrostatic deflection will produce either a spiral or a
radial trace on the fluorescent screen. The mixed sinusoidal and saw-
toothed base for electrostatic deflection will produce either a spiral or a
radial trace. A saw-toothed time base for electrostatic deflection may
involve either a single frequency or two frequencies. The use of two
frequencies in the time base for electrostatic deflection will yield the
television raster, or time surface.

Either a one- or two-frequency time base may be employed for
electromagnetic deflection. If two frequencies are employed, they result
in the television raster, or time surface, already referred to. In the
latter case, both horizontal and vertical sweep voltages must be abso-
lutely linear; otherwise, the television image will evidence severe distor-
tion, and persons or objects appearing on the screen will be all out of
proper physical proportion either vertically, horizontally, or both.

Although an inductive time base is possible to produce, it is a most
unsatisfactory device at the present time. Thus, the capacitive form of
time base is applied almost universally in all present television and
oscilloscopic apparatus. In general, three devices are necessary to pro-
duce such a time base. These are a charging device, which comprises
a suitably chosen capacitor and current-regulating device, a discharging,
or fly-back, device, and a switching device. The charging device is a
capacitor, and the current-regulating device is either an inductance, a
resistance, a saturated diode, a pentode, or one of various types of feed-
back circuit. The fly-back, or switching, devices are either externally
or self-operated. If externally operated, they include a vacuum tube
or a commutator or switch. If a self-operated fly-back device is em-
ployed, it is either a gas triode, a vacuum-tube trigger circuit, or a
spark gap. If an externally operated vacuum tube is used as a fly-
back device or switching device, it takes the form of a pulse-operated
switching tube or a back-coupled amplifier demonstrating at least one
stable condition.

3.2 Capacitive Time Base. About 1924, G. W. Anson of Great Britain
first attempted to construct a linear saw-toothed time base involving
the use of a neon lamp. In its usual form, this device is a two-electrode
tube, the envelope of which is filled with neon gas under low pressure.
The gas in such a tube becomes ionized when a potential is applied
across the two electrodes of the device. The potential resulting from
ionization of the gas depends upon the pressure of the neon gas within
the bulb, the surface condition, and the metal of which the electrodes
are made. Ionization usually occurs at about 130 v. applied potential,
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and deionization takes place at about 100 v. Some two-electrode tubes
ionize at 55 v. potential.

A simple neon time base, such as is shown in Fig. 3.2, can be made
up. The capacitor C; is charged through a high resistance R;, and
this capacitor will be subsequently discharged when the charge upon it
reaches the striking voltage of the tube. There is, therefore, a range of
about 30 v. between .striking and extinguishing voltages (see above).
The repetition frequency of the device can be varied by changing either
the value of the capacity C, or the amount of charging resistance R;.
However, the important point is that the capacitor is charged and dis-
charged with respect to time. If it is desired to examine a certain
potential, it may be connected across the resistor R, which is seen to
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Fic. 3.2 Elementary neon time base.

be in series with the neon lamp. The time base may then be brought
into synchronism with the potential to be studied and analyzed.

Such a capacitive time base operates on the principle that if a steady
source of d-c potential is connected across a capacitor and resistor,
series-connected, then current will flow into the capacitor, causing it to
acquire a potential, Q/C, where @ is the capacitor charge in coulombs and
C is the capacity of the capacitor in farads. The rise in voltage across
the capacity is exponential in shape and is not linear. The time base
described above was generally unsatisfactory for many reasons. It
was not until A. W. Hull of General Electrie, in 1929, introduced the
Thyratron that voltage efficiency, due to increase in the separation
between striking and extinction potentials, provided sufficient output
voltage to enable the construction of practical sweep-voltage generators.

The Thyratron tube not only provides larger separation between
striking and extinction voltages, but the separation can be brought
under convenient control. Such a tube employs a hot-cathode and con-
trol grid, and a small amount of mercury is contained within the glass
envelope of the device. As the temperature of the cathode shows an
increase, some of the mercury is vaporized; and as the pressure of the
vapor is a function of bulb temperature, both it and room temperature,
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in which the bulb is operated, have an effect upon the vapor density
and upon tube operation. A threshold effect appears when grid and
plate voltages applied are such as to cause a certain value of plate cur-
rent to flow. This results in ionization of the vapor in the space, plate
to cathode. A cloud of ions then surrounds the grid, and it loses con-
trol. The result is an arc occurring between plate and cathode with
a potential drop of 15 to 18 v. It will be seen- that if grid bias and
plate voltage are of such values that insufficient plate current flows to
start ionization, then the tube behaves like a vacuum tube biased slightly
under plate current cutoff. Therefore, as the capacitor charges, the plate
voltage increases until the potential gradient is sufficient to ionize the
vapor and heavy current passes, which rapidly discharges the capacitor.
Then the cycle begins again.

3.3 Thyratron Saw-Toothed Generator. The saw-toothed sweep-volt-
age generator employing a Thyratron tube is far more satisfactory than
earlier generators which made use of the neon lamp for many reasons.
Of importance is the fact that the voltage drop across the Thyratron
tube is less than the drop across a neon lamp. Also, the Thyratron will
pass a considerably larger instantaneous current and deionization takes
place at a faster rate than the same action occurs in the neon lamp.
As a result, the capacitor, across which the Thyratron is connected, is
discharged in less time. Consequently, a generator employing such a
tube is capable of generating a higher sweep frequency which can be
accurately synchronized. At the same time, the Thyratron circuit
demonstrates inherently greater stability, since ionization obtains more
dependably than is possible with the neon lamp.

The Du Mont type 208 oscillograph utilizes a Thyratron in its saw-
toothed generator, and the total frequency range is such that voltages
at frequencies of 2 to 50,000 e.p.s. may be readily obtained at its out-
put. The circuit is illustrated in Fig. 3.3. The wide range of this
instrument is obtained by connecting a bank of eight capacitors across
the output of the Thyratron. Any one of the capacitors may be readily
inserted by means of a tap switch with front of panel control. This tap
switch provides rough frequency control, and any frequency within the
range of the capacitor selected may be obtained by operating resistor
R3,. Thus, it provides vernier adjustment to the precise desired fre-
quency.

An R.C.A. type 884 Thyratron tube is employed in the generator.
This tube is of convenient size. Replacements are easily obtained, and
it has proved itself to be a rugged, dependable type. It is used in
many other oscillograph generator circuits.

The operation of the 884 as a sweep-circuit oscillator is based on the
fact that a negative potential applied to the grid either maintains plate-
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current cutoff or quickly loses control, which is a function of d-c plate
potential. After grid control is lost, it can be restored only by a reduc-
tion in plate potential below that required for ionization of the gas
within the tube. The action is controlled by means of a capacitor in
shunt with the plate circuit and charged through a current-limiting
device. The capacitor diseharges through the tube when the plate
potential reaches that required for breakdown. When the capacitor dis-
charges through the tube, the plate voltage suffers a reduction, the grid
regains control, and the cycle is repeated.
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F16. 3.3 Thyratron saw-toothed sweep generator, Du Mont type 208 oscillograph.

The grid of the tube controls the start of plate current flow, and for
any given grid potential there is a value of plate potential at which
discharge will start. Once the discharge starts, it cannot be influenced
by the grid, but can be terminated through reducing the plate voltage
below the ionization potential of the gas. The rate of deionization is
rapid, and a reduction in plate voltage will result in prompt current
cutoff.

In the Thyratron sweep generator of the Du Mont type 208 oscillo-
graph a fixed bias of plus 3.1 v. is applied to the cathode of the 884,
the grid being effectively grounded. Thus, though positive potential is
used in biasing, it is the same as though a negative potential of the
same magnitude had been applied to the grid. The power supply, from
whence this bias voltage is obtained, is well regulated effectively to
stabilize operation of the tube.

In simple terms, the capacitor selected and switched in shunt with
the plate circuit is charged by the plate-voltage supply through resist-
ances R35R33. The applied grid bias prevents current flowing through
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the tube until the potential across the capacitor and plate circuit reaches
breakdown. When the capacitor potential is reduced below the ioniza-
tion potential of the tube, the negative grid attracts any positive ions
to itself, and any electrons are driven to the other elements of the tube.
This results in deionization of the space between plate and cathode.
The discharge current no longer flows on the deionization period of the
cycle of operation, the grid again takes control, and the capacitor begins
to charge again for another operating cyecle.
The voltage at any instant is given as

—i
e=E<l—Eﬁ>

where E = applied voltage
R = resistance in ohms
C = the capacity in farads
¢t = interval in seconds after the voltage is applied
¢ = a base of natural logarithms (2.718)

The voltage across the capacitor at any instant is given as

—t
6=E<1 —E-R—C>

The time required to charge any of the shunt capacitors to any voltage
is VC /I where I is the uniform charging rate expressed in amperes. The
number of saw-toothed pulses produced per second is I/VC, neglecting
the time required for discharge, which is only of importance at high
frequencies. The value of C includes tube capacitance as well as stray
circuit capacitance, which slightly reduces the value of calculated
capacitance.

Where it is desirable to obtain a sweep voltage of improved linearity,
the charging resistor may be replaced by a pentode vacuum tube, as
shown in Fig. 3.4. The operation of the pentode is such that the plate
current is at a constant value within the range of voltage applied across
the tube. The current passing through the capacitor must also flow
through the pentode replacing the charging resistor. Because the cur-
rent is a moving charge, the current passing into the capacitor increases
the charge. The potential on the capacitor is a function of the capacity
of that capacitor and the amount of charge. So, if the current flowing
into the capacitor is of constant magnitude, then the rise of voltage
across the capacitor will be linear. This situation obtains because equal
amounts of charge are added during equal units of time. The frequency
of a saw-toothed generator may be varied by varying the bias applied
to the pentode and by varying the capacity. Thus, a constant current
of varying amplitude is passed.
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3.4 Synchronization. It is possible to synchronize the sweep generated
by the Thyratron through application of an external sychronizing signal
to the grid of the tube (see Fig. 3.3). The synchronizing signal is applied
to the grid through a voltage divider in order that its magnitude may
be under control at all times.

Synchronization occurs when the frequency of the sweep is locked
in with the frequency of the signal under observation; hence, the image
on the luminescent screen of the cathode-ray tube will appear stationary.
When it is desired to observe more than one cycle of the applied signal,
the sweep circuit is adjusted to a submultiple of the observed signal
frequency. If two complete cycles are observed on the screen, then
the sweep frequency is adjusted to one half that of the applied signal
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Fra. 3.4 Controlled charging-current saw-toothed generator.

frequency. It is adjusted to one fourth the signal frequency when four
complete cycles are received on the screen. If the frequency of the
waveform to be observed exceeds 5,000 c.p.s., at least three complete
cycles should be observed on the screen, since fly-back distortion is then
of no consequence.

3.5 Time-Base Linearity. It has been mentioned that time-base line-
arity is of extreme importance in television applications. For instance,
if the forward slope of the horizontal and vertical saw-toothed wave-
forms, as applied in television apparatus, are nonlinear, the reproduced
images suffer serious linear distortion. If the vertical saw-toothed wave-
form is nonlinear, the image reproduced on the screen of the receiver
or line monitor cathode-ray tube will “pack” or “pull” at some point,
or points, along the vertical axis of the picture. Conversely, if the for-
ward slope of the horizontal saw-toothed waveform is nonlinear, the
reproduced image will “pack” or “pull” at some point, or points, along
the horizontal axis of the picture.

If the image appearing on the fluorescent screen is that of a human
being, with the subject filling most of the screen vertically, the head
of the subject will seem compressed or elongated vertically if one por-
tion of the forward slope of the vertical saw-toothed waveform is non-
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linear. Nonlinearity at the other extreme of the forward slope of the
waveform will result in “packing” or “pulling” at the lower extremity
of the subject, and the lower extremities of the body will appear entirely
out of proportion to the rest of the body. The same condition obtains
with a nonlinear horizontal saw-toothed waveform, though the picture
will “pack” and “pull” along the horizontal axis of the image.

A saw-toothed waveform is nonlinear when the slope of the waveform
varies from a straight-line amplitude versus time characteristic. There-
fore, the charging rate is said to be not constant with time throughout
the forward slope. The charging current must remain constant if a
perfectly linear time-base potential is to result. The condition may be
easily checked in television equipment by a number of convenient
methods. One such method will be discussed. A matte-finished white
card may be divided into squares of equal area, with the squares ruled
off in India ink. It must have a dimensional ratio of 4 :3, which is
the standard aspect ratio in television. This card is placed on an easel
in front of the television camera and flooded with light. The light must
be equally distributed over the complete area of the card. Then, if
the image i1s viewed on the screen of a line monitor that has previously
been checked for good linearity, the squares should appear just as uni-
form as to shape, form, and area as they appear on the test pattern
before the camera. Any departure indicates nonlinearity.

It is assumed, of course, that no error is introduced through placing
the card at an oblique angle on the easel, that the camera has previously
been adjusted on its pan and tilt top so that it is precisely level, and
that the easel is exactly parallel with the front of the camera. Also,
an axis through the lens must fall at the exact center of the test pat-
tern. A spirit level will aid in properly leveling the camera and the
horizontal member of the easel which supports the test pattern, or card.

If the image appears nonlinear, then it is possible, with the aid of a
reliable oscillograph, to trace the horizontal and vertical saw-toothed
waveforms throughout the apparatus, from circuits in which they are
generated, through deflection amplifiers, to the horizontal and vertical
deflection coils or plates at the pickup tube. Eventually, the non-
linearity is isolated in some particular circuit within the system. The
oscillograph, of course, is connected at high impedance across the cir-
cuit from point to point, and its internal time-base generator frequency
is synchronized with the known frequency of the saw-toothed waveform
under investigation. .

It is important that the raster of the monitor tube be first adjusted
to the proper aspect ratio, with proper blanking inserted. When two
linear time-base potentials are applied at right angles to each other
by connecting them to the horizontal and vertical pairs of deflection
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plates or coils of the cathode-ray tube, the time surface, or image,
appearing on the fluorescent screen is termed a “raster.” At this point
it might be well to define the term “raster.”

The complete raster appears in the time required to scan two fields
of 262.5 lines or one frame of 525 lines. The lines produced during
alternate fields are displaced vertically by one half the distance between
the lines of one frame, so that alternate fields of 262.5 lines are inter-
laced. The horizontal time base is sometimes called the “line time base,”
and the vertical time base is called the “frame time base.” The raster
is, in effect, a time surface.

Another method of checking “saw” linearity is to apply a modulating
signal to the cathode or grid of the cathode-ray tube, with the modulating
signal oscillator synchronized with the frame time base. The frequency
of the modulating signal is adjusted to thirty or forty times the frame
frequency and produced by a time base or oscillator. As a result, hori-
zontal black bars appear across the fluorescent screen of the cathode-
ray tube. Nonlinearity is indicated by unequal spacing of the horizon-
tal reference bars. The spacing may be easily and conveniently
measured by means of a small translucent scale.

Now, should the frequency of the modulating signal be raised to a
multiple of the repetition frequency of the line time base, i.e., the hori-
zontal time base, then alternate black and white vertical stripes will
appear on the screen. These stripes will appear equally spaced if the
horizontal sweep is linear or unevenly spaced if the horizontal sweep
is nonlinear. To obtain a stationary marker of this nature, it is neces-
sary to synchronize the horizontal saw with the modulating signal. The
vertical sweep may be operated either in synchronism or free running.
Measurements are made from the leading edge of one bar to the leading
edge of a succeeding bar. A square-wave generator of about 20 v.
output can be used for production of the modulating frequency, although
a beat-frequency oscillator with synchronization is more desirable.

Temperature compensation of “saw” circuits is desirable if linearity,
once adjusted, is to hold constant for any appreciable length of time.
The ambient gradient of temperature in rooms in which deflection cir-
cuits are operated must not be allowed to become too great if the
“saws’” are to remain linear. If capacitors having a negative tempera-
ture coefficient are used in shunt with capacitors having a positive tem-
perature coefficient, the two resulting in the required capacity, there is
less variation from the absolute linearity to which the “saws” are once
adjusted.

Mica capacitors should be used wherever judicious design will permit.
These should have voltage ratings which allow ample safety factor.
Overloaded capacitors demonstrate temperature rise and a change in
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capacitance and result in poor and unstable saw-toothed waveform
linearity. Any plate potential that is supplied should originate at a
well-regulated source. It has been found that bias voltage derived
from a stabilized electronic rectifier proves the most suitable. Battery
bias is also an acceptable means of obtaining constant biasing potential.

Bias voltage obtained from a dropping resistor in the voltage-divider

network of a plate-potential rectifier, which is used to supply plate
power to the same saw-toothed generator or amplifier, is not acceptable.
When such a system is employed, it is usually necessary to have the
total plate-current demand pass through the biasing resistor to provide
the necessary biasing potential. Hence, any change in plate-current
demand produces a change in the current passing through the biasing
resistor. The change in bias will affect the operating characteristic
of any tube so operated, with resultant poor and unstable linecarity.
It is more expedient to employ a separate rectifier for bias voltage or
to employ stable battery bias.
3.6 Horizontal and Vertical Deflection Amplifiers. The cathode-ray
tube is inherently an insecnsitive device. Therefore, if maximum deflec-
tion at the fluorescent sercen is to be obtained, external potentials in
the order of several hundred volts must be applied to the deflection
plates. The input voltages from the signal source usually are not this
great. Thus, it is necessary to increase the amplitude of the deflecting
potentials. A suitable amplifier is necessary to permit the study of volt-
ages with insufficient magnitude to result in useful direct deflection at
the screen.

The use of deflection amplifiers imposes a limitation on the character
of the signal that may be used. When the signal that is to be analyzed
or observed is directly applied to the deflection system of the cathode-
ray tube, the maximum amplitude obtained will be limited only by the
maximum full-scale beam deflection. The maximum upper limit of
applied frequency will be limited by the transit time of the electron
beam traversing between the deflection plates and the shunt capacitance
existing between the external terminals to which the internal plates make
clectrical connection. In conventional cathode-ray tubes, transit-time ef-
fects limit the usefulness to frequencies below 200 me. per sec. when accel-
erating voltages of approximately 1,500 v. are employed. At higher
frequencies the capacitive reactance due to shunt terminal capacitance is
so low that it effectively loads down the signal applied, reducing its
amplitude. In some special types of cathode-ray tube that are designed
to operate at extended high-frequency range, the deflection-plate ter-
minals are located directly in the walls of the blank and are placed
as physically close to the deflecting plates as possible. This arrange-
ment reduces the effective terminal capacitance.
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When a d-c potential is applied directly to the plates, the beam
deficction is a function of the amplitude of the applied signal potential.
The beam will remain fixed in its deflected position until the d-c¢ deflec-
tion potential is removed from the input terminals. In the complete
circuit of the conventional cathode-ray oscillograph, a variable d-¢ poten-
tial is made use of for horizontal and vertical positioning of the spot
applied to the screen.

Any amplifier employed in the cathode-ray oscillograph to increase
the amplitude of the applied signal, so that full-scale deflection can
be achieved, must thoroughly satisfy a number of design requirements.
There must be no frequency discrimination, ecither contributed by the
amplifier itself or by the attenuator circuits applied at the input of
the amplifier to control signal amplitude. Phase distortion must also
be kept to an absolute minimum. The maximum possible d-c¢ and peak
input voltages must also be taken into consideration, the minimum
signal voltage being determined by that amplitude which results in
minimum beam deflection permitting useful study of the applied signal.
The usgeful or operating voltage ratings of capacitances used for input
coupling, as well as the voltage range of the input amplifier stage,
determine the maximum input signal voltage that may be safely applied.
A generous safety factor is usually allowed in determining the ratings
of parts used in.amplifier construction. Tubes arc selected for their
ability to remain constant as to characteristics over a wide ambient-
temperature gradient, and they must be uniform as to type. The selec-
tion of a proper input attenuator is of the utmost importance, since the
distributed capacitance of most high-resistance potentiometers is appre-
ciable and sometimes results in serious phase distortion as well as fre-
quency distortion, especially at the higher frequencies. Such effects
must be compensated for.

The vertical-axis amplifier must be carefully designed since it is called
upon to pass and amplify pulses, square waves, and waveforms that are
not always of a strictly sinusoidal character. Hence, the over-all
and transient-frequency response of this amplifier must be such that it
can amplify, without appreciable distortion, many irregular wave shapes
and many types of input signals.

The horizontal-deflection amplifier must also be carefully designed.
Tt is used to increase the amplitude of the saw-tooth waveform, which,
when applied to the horizontal deflection plates of the cathode-ray tube,
results in uniform movement of the spot fromn left to right along the
screen. When the spot travels from a position at the left of the screen
to a position of full deflection at the right, it snaps back to its original
position, and then repeats. The saw-toothed waveform used for horizon-
tal deflection is rich in harmonic content. Thus, the amplifier must be
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capable of passing, without appreciable frequency or phase distortion,
signals above and below the mean saw-toothed frequency. Usually,
the frequency range extends from a few cycles to about 50,000 c.ps.,
or greater.

The vertical and horizontal amplifiers should have identical frequency
and phase characteristics, since if the relationships of two signals are to
be analyzed, each one being applied to a separate axis, identical fre-
quency and phase characteristics are of extreme importance. It is not
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F1g. 3.5 Vertical deflection and paraphase amplifiers, Du Mont type 208 oscillograph.

an easy matter to attain equal phase characteristics in actual design, and
considerable care must be exercised in measuring the phase as the two
amplifiers are developed.

It can be seen that the use of deflection amplifiers provides an extension
of the useful voltage range, while at the same time the amplifiers impose
a restriction as to useful frequency range. Figures 3.5 and 3.6 show the
circuits employed in the Du Mont type 208 oscillograph. Both of these
amplifiers are of excellent design, typical of those found in modern high-
quality oscillographs offered to the television engineer and technician.
In no other field are high-quality amplifiers of greater importance as an
aid in circuit development and analysis.
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The Du Mont type 208 Oscillograph has seen such widespread use in
the field of radio engineering that many engineers prefer to use it in
television applications. To facilitate such use, the Tel-Instrument Co.,
of Bloomfield, N.J., has designed an inexpensive accessory unit which
permits the use of this instrument for the study of extremely sharp
pulses, video signals, and other waveforms having very high frequency
components. This unit is the Model 1000 Teledapter. The device will
also serve as a video amplifier in television-receiver design to drive the
control grid of a cathode-ray tube, since the output voltage and per-
missible capacitance loading are proper for this purpose.
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F1a. 3.6 Horizontal deflection and paraphase amplifiers, Du Mont type 208 oscillograph.

The Teledapter is a high-gain video amplifier, with a complete
power supply housed in the same case. It is suitably compensated to
reproduce a 10-c.p.s. square wave with no greater than 10 per cent tilt
and to maintain an output constant within 3 db. to 6 me. per sec. This
frequency response makes the unit suitable for use in investigating high-
quality video amplifiers. The unit is equipped with a probe and 4-ft.
cable possessing an attenuation constant of 10:1. The direct input
deflection sensitivity is approximately 28 mv., peak to peak for 1 in.
deflection, and up to 2.5 in. of undistorted deflection is afforded. An
input attenuator is provided with ratios of 1,000:100:10 and 1:1.
The attenuator is of such advanced design that no appreciable fre-
quency discrimination results.

The unit is of such physical size that it matches the Du Mont Model
208 Oscillograph and is intended to be used as a companion unit where
precise measurements are to be made.

The input impedance of the unit, when the probe is made use of, is
5 megohms. No overshoot is present on a square wave having a rise time
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of 0.1 psec. The instrument serves to make useful, in television,
the many type 208 oscillographs now in use. The Du Mont type 241
Oscillograph is more desirable for general use about the studio if a later
instrument is to be considered, and there are many other cathode-ray
oscillographs on the market which are particularly suited to work in
television-engineering applications. The specific requirements of ad-
vanced types of oscillographs intended to be used in TV broadcasting
applications, will be discussed in the chapter on television broadcasting
techniques.
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3.7 Low-Frequency Distortion in Deflection Amplifiers. The charac-
teristics of a deflection amplifier, as employed in a cathode-ray oscillo-
graph, may be best determined by applying a linear square-wave signal
at the input terminals of the amplifier and observing the reproduction of
this signal at the output of the amplifier. Any departure from the
original waveform may then be readily investigated and the amplifier
circuit adjusted for distortionless operation. The circuit of a laboratory-
type square-wave generator is shown in Fig. 3.7. If this circuit is
used, it must be remembered that the chassis is above ground potential
and that care must be exercised in its operation. The user must not
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come into contact with the plate voltage. A number of methods whereby
square waves may be generated are possible. Some of these methods
produce the square wave directly, whereas others obtain an identical
result by squaring a sinusoid by means of a clipper.

When the gquare wave is applied to the amplifier, the steep front of the
wave provides an indication of the high-frequency, or transient, response.
The flat top of the square wave indicates the low-frequency response of
the amplifier.

The input voltage to the amplifier is usually capacitively coupled by
means of a suitably chosen capacitor placed in series with the control grid,
while the grid-leak resistor is effectively in shunt with the tube’s input
(control grid to ground). The time constant of the grid circuit is thus

—o
% Ry
b
-~
X X L,
Ce
:_[ _— ok
= B+ N = B+
F16. 3.8 Low-frequency plate-circuit Fic. 3.9 High-frequency plate-circuit
compensation. compensation.

a function of the product of the input capacitance and the grid-leak
resistance. If the values of these components produce too small a time
constant, the signal as applied to the control grid will evidence distortion.
This distortion arises from the charging and discharging of the series input
capacitance through the grid resistor during the flat-top intervals of
signal. A very large time constant will eliminate this type of distortion.
At the low pass frequencies, however, the necessary value of capacitance
becomes too large, inasmuch as only the capacitance may be increased,
the value of maximum grid resistance being a function of the current
necessary for proper tube operation. Therefore, in judicious design, the
time constant CR is kept to the minimum, since its value determines the
recovery time from large transient-pulse effects, and plate circuit com-
pensation is employed. A resistance-capacitance network is connected in
the plate ciruit of the tube, as shown in Fig. 3.8. When the voltage
appearing at the junction of the two series plate resistors is added to
the distorted wave obtaining at the control grid and amplified by the
tube, the resultant wave at the plate output, with proper adjustment of
the plate compensation network, is a reproduction of the input applied
square wave, but without distortion.
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In actual practice, the value of the necessary components for the

plate-circuit compensation circuit may be ascertained by substituting
a decade resistance box and decade capacitance box, with short con-
necting leads, for the values of CR and then adjusting the ratio and
values of the two circuit components until the square ‘wave at the
amplifier’s output is identical with that of the input. The decade
resistance and capacitance boxes may then be removed from the circuit
and permanent fixed values substituted, as indicated experimentally.
The effects of stray capacitance may slightly alter the values indicated if
care is not exercised in reducing these effects to the minimum when the
proper values are being determined.
3.8 High-Frequency Distortion in Deflection Amplifiers. The stray
capacitance introduced by wiring, the relation of components to each
other and with respect to ground, together with the interelectrode
capacitances of the tube, may be represented as an equivalent shunt
capacitance across the tube’s output. This shunt capacitance decreases
the plate-load impedance with an increase in pass frequency and results
in attenuation of high pass frequencies. Since the plate load impedance
must be maintained (and thus the stage gain) constant over the desired
frequency range of the amplifier, some means of compensation must be
employed.

In some instances, a slug-tuned inductance is added in series with the
plate load network, so that its inductive reactance will effectively counter-
act the effect upon plate impedance by the variation of the capacitive
reactance with frequency introduced by the presence of the shunt circuit
and stray capacitances (see Fig. 39). The impedance of a network of
this type can be made fairly constant from zero pass frequency to some
higher frequency where the proportions of the network are such that
the reactance of C is equal to the resistance of R and twice the reactance
of L. The impedance of the network has been shown to be

RZ +XL2
R2 + (Xc e XL2)

If the value of series L is increased above optimum, a rise in the
upper high frequency region will occur, owing to resonance at a certain
product of LC, where the inductance of L is that contained in the added
slug-tuned coil and C is due to stray circuit capacitance. High-fre-
quency distortion is the result, since all frequencies are not passed at
equivalent amplitude. The distortion of the square wave arising from
overpeaking is shown in Fig. 3.10. It is the result of oscillation at the
beginning of each half cycle of the square wave. Thus, the inductance
must not be adjusted to the point where overpeaking of the square wave
obtains and should not exceed an optimum value which results in linear

Z =X,




THE CATHODE—RAY OSCILLOGRAPH 153

reproduction of the square wave. This optimum adjustment indicates
the highest pass frequency at which the particular amplifier is capable
of operating without distortion. Other forms of square-wave distortion
are shown in the figure referred to above and may be used by the reader
as a guide in identifying types of distortion encountered in equipment
adjustment or operation.

3.9 The Z-Axis Amplifier of an Oscillograph. Thus far, in the con-
sideration of amplifiers associated with the cathode-ray tube in typical
oscillograph circuits, only the vertical-, or Y-axis amplifier and the hori-
zontal-, or X-axis amplifiers have been discussed. There is a third,
the Z-axis amplifier, included in the complete oscillograph circuit.

The Z-axis amplifier output is useful in providing intensity modula-
tion of the electron beam. Its most important purpose is to provide a
means whereby a timing signal may be impressed upon the pattern.
The timing signal is developed externally and applied to the input of

AT

INSUFFICIENT INSUFFICIENT OVERPEAKED UNEQUAL
SQUARE WAVE HIGH-FREQUENCY LOW-FREQUENCY SQUARE-WAVE PHASE
RESPONSE GAIN GAIN CHARACTERISTIC SHIFT

Fic. 3.10 Types of square-wave distortion introduced in poorly designed or adjusted
oscillograph or video amplifiers.

the Z-axis amplifier in the form of sharp pulses of short duration and
higher frequency than that of the signal, producing the pattern upon
the tube’s fluorescent screen. The higher frequency rate provides greater
accuracy with which the time interval between certain related events may
be determined. The linear time base, already described in the previous
discussion (pages 135-140}, is made essentially linear in the form
usually found in commercial oscilloscopes or oscillographs, but it does
not permit the precise timing that the modulation amplifier will provide.

The frequency response of the Z-axis amplifier must be more uniform
than that of the X- and Y-axis amplifiers, and the upper frequency
limit must be greater, because it must often pass a frequency considerably
higher than that to which the Y-axis amplifier has been adjusted. A
lower output voltage is required for complete modulation of the electron
beam; thus, low-impedance output circuits are employed at the final
amplifier tube for greater high-frequency response. Fewer tubes are
needed in this amplifier, since the external signal applied to the input is
usually taken from a signal generator with moderately high output. The
over-all gain of the amplifier thereforc is not very great, which leads to
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simplified design. Occasionally, a blanking pulse is applied to the
amplifier input and serves to climinate the fly-back of the saw-toothed
generator. When the blanking pulse is used to provide intensity modula-
tion of the electron beam, a means is sometimes provided for reversing
the polarity of the modulating voltage, permitting a reduction or increase
in beam intensity.

In intensity modulation a swecep voltage of short duration is em-
ployed. A positive square pulse of voltage is applied to the control
grid in order to make the trace visible. The pulse increases to a
potential sufficient to permit electrons to flow in the beam at the precise
instant that the sweep starts; the voltage then falls back at the con-
clusion of the sweep. Thus, the intensity of the trace is increased
during the sweep. It is often necessary to employ intensity modulation
for a predetermined period of time. In such cases, a negative pulse
of the desired time interval is applied to the cathode so as to decrease the
bias to that value where the intensity-modulation signals on the screen
are able to control the brightness of the trace.

Not all commercially available oscillographs incorporate a Z-axis

amplifier, since the routine investigation of waveforms does not require
the use of such a circuit. However, the better equipment, and particu-
larly that used for preeise laboratory investigation, has this special
amplifier.
3.10 Attenuators Used in Amplifier Input Circuits. The deleterious
effects of circuit and stray capacitances are usually of no concern in
audio-amplifier design, but they are of considerable importance in the
design of oscillograph amplifiers as well as of video amplifiers used in
{elevision applications. 1If the oscillograph amplifier has a wide useful-
frequency range, the same care must be exercised in its construction as in
that of a wide-range video amplifier.

Of much concern is the input circuit. The amplifier input must
operate at high impedance, usually in the order of 2 to 5 megohms, so
that no loading of the eircuit under test or observation will obtain. Also,
the input capacitance must be kept to the minimum; otherwise, high-
frequency signals will be effectively shunted to earth before they reach
the control grid of the input vacuum tube. This condition is readily
understood when it is realized that as the capacitance increases, the
reactance to carth is decreased. In judicious design, input capacitance is
often held in the order of 20 to 60 upf. in commercial apparatus.

Whereas deflection-amplifier design is usually considered excellent if
the upper useful range approaches about 100 ke. per scec., this upper
frequency limit must be extended to several megacycles in order that
the oscillograph may be employed in directly investigating the character-
istics of video amplifiers associated with high-definition television systems.

A
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New oscillographs can now be obtained that have a flat frequency
response to 5 me. per sec. or more. In these new oscillographs not only
has the frequency response been extended, but the response to transit
or pulse signals has been made such that negligible distortion occurs.

It will be seen that careful design, input to output, is essential in the
production of an oscillograph amplifier to meet such advanced operating
requirements. At the input, careful attention must be given to at-
tenuator design. The input signal must be attenuated to that value
which the input tubes can satisfactorily accommodate without overload
and consequent distortion. This requirement dictates the use of a high-
impedance, low-capacitance voltage divider across the input terminals of
the amplifier.
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Unfortunately, a simple potentiometer, such as is used for gain control
at audio frequencies, will not satisfy the design requirement. Such a
potentiometer will produce a change in input impedance with a change
in the position of the slider, and the impedance will be sufficiently altered
so as to cause frequency and phase distortion in the input signal applied
to the amplifier.

The distributed capacitances C, and C3 (Fig. 3.114) produce a voltage
division at the higher pass frequencies. This division of voltage is
essentially constant and is not dependent upon the position of the slider
along the resistance winding of the potentiometer. Therefore, as the
arm is moved up and down the resistance, the relative voltage division
obtaining across the sections of potentiometer and capacitance Cy and
C; will change, resulting in severe frequency distortion. This condition
can be eliminated through use of a compensated potentiometer.

The output voltage delivered to the input tube is a function of the
position of the potentiometer arm at its lower extremity with respect to
earth. The voltage is represented as E; in Fig. 3.11B, and the input
voltage to the potentiometer is represented as E,. Neglecting the input
cable or leads, the ratio of potentiometer input to output voltage will be
independent of pass frequency if the time constants of EyCy and E;C,
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are made equivalent. The additive value of circuit and stray capaci-
tances C, is fixed, and the design problem involves the determination of
the proper values for B; and R, to produce the desired voltage ratio;
then adjusting C, to that value where

R2Ca
R,

Therefore, in stepped attenuator design, the capacitance of C; must
be adjusted for each step of the attenuator. Since the additive value of
R, R, must remain constant, these values must be varied with each step
of attenuation. )

The voltage division will be independent of frequency if we consider
R, and R, as one component of resistance, and if the cable and associated
capacitances are added to the effective capacitance of C; and C, in series
as one element of capacitance C, and then by adding C, across the
isolation resistor Rg, selecting its value so that the time constants of
R3;Cy and (Ry + R,)C, are equivalent. E, becomes

< R, + R, > E
Ry +Ry+Rs/ "’

But, by selecting a reduction factor of 10 and increasing the gain of
the amplifier by 10, the over-all gain remains the same. In addition, the
coupling and attenuating system not only operates at an impedance
high enough not to load the signal source seriously, but minimum distor-
tion obtains. The input impedance will comprise a resistance equal to
the sum of Ry, Ry, and R; with a parallel capacitance equal to Cy and
C. series-connected. The effective input impedance may then be cal-
culated for any pass frequency through use of the equation

RX,
R2 + Xc2

In order to limit the loading of the input signal, a low-capacitance cable
connects to the source of signal. An isolating resistor placed in series
is al8o a usual commercial practice in better instruments. Of course, all
components used in the input circuit, particularly the coupling capaci-
tance, must have sufficient voltage rating to withstand with a generous
safety factor the maximum signal voltage usually incurred in routine
testing and operation of the apparatus.

Recently it has been found that with the use of a cathode-follower
input stage, a broader range of input signal obtains. The improved
circuit is shown in Fig. 3.12. If R; and R, are both low in value, the
circuit capacitances will be of no consequence, even when the upper
limit of frequency lies in the range of several megacycles. Capacitance

Tc = RlCl = RzC, or Cl =

Zin =
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C, is used as a blocking capacitance to remove the d-c potential from
the potentiometer Ro. This circuit is used with the fixed stepped attenua-
tor described above. It permits the design of input circuits which give
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Fic. 3.12

the modern oscilloscope a frequency range so broad that television ampli-
fiers and related apparatus may be investigated directly. Thus, the
modern cathode-ray oscillograph is the most versatile and indispensable
tool in the hands of the television engincer or technician.

-A-
DIRECT CURRENT ALTERNATING CURRENT
POSITIONING CIRCUIT POSITIONING CIRCUIT

Fic. 3.13

311 Oscillograph Positioning Circuits. In making use of the cathode-
ray oscilloscope or oscillograph it is desirable to move the image to that
part of the fluorescent screen most convenient for viewing. When an
electrostatic type of cathode-ray tube is employed in the equipment,
positioning is obtained through application of a d-c potential to the
deflecting plates of the tube. Such a eircuit is illustrated in Fig. 3.134.




158 PRACTICAL TELEVISION ENGINEERING

The cathode of the vacuum tube V; operates at positive d-¢ potential

with respect to earth, and R, is connected to a negative source of
supply. Therefore, some point on E; can be adjusted to zero d-c
potential, and a d-c voltage is made available for application to the
control grid of vacuum tube V,. The d-c¢ plate current of this tube
is thus made variable with resultant d-c¢ positioning. The resistor R,
constitutes the plate load for the deflection amplifier V,, and B5 and Rg
returned to a high negative d-c potential provide d-c voltage division to
maintain plate D; at zero d-c potential with respect to earth. The
capacitance C; reduces attenuation of the alternating signal component,
since it offers a low-reactance signal path around Rg. Resistor Ry is
made a large value, so that the time constant of C;R5 will not provide
or produce low-frequency attenuation. The use of d-c¢ positioning
eliminates the lag inherent in a-c positioning systems. This lag
is caused by the time required for capacitance C; and C, (Fig. 3.13B)
to establish a steady d-c potential after the positioning control poten-
tiometers B; and R, are adjusted to some new value.
3.12 Power Supply for the Cathode-Ray Oscillograph. The current
demand of the conventional cathode-ray oscillograph is very small, rarely
exceeding 100 pa. of plate current for the tube itself, and thus greatly
simplifying power-supply design. A half-wave rectifier is entirely satis-
factory. It must, however, be well filtered so that the hum component in
the d-c output does not result in modulation of the beam.

The required high voltages dictate that the power transformer be of
good electrical design. An adequate safety factor must be allowed in
the selection of all components. Because of the high voltages delivered
by the supply, the d-c output should be interrupted automatically before
the user has access to any part of the circuit or components. The
interruption is usually accomplished by inserting a safety switch in
series with the primary of the power transformer. Should the cover
be removed from the equipment, the switch will open automatically and
prevent the user from coming into direct contact with the dangerously
high potentials present.

Figure 3.14 presents the circuit diagram of a typical power supply
associated with an intensifier-type cathode-ray tube. It will be noted
that three rectifiers are employed, two type 2Y2 tubes and one type 80
tube. One of the type 2Y2 tubes supplies 2,000 v. for the intensifier
electrode, and the circuit is that of the conventional half-wave rectifier.
A single capacitor of 0.1 uf. capacity shunts the output of the rectifier
tube, providing adequate filtering of the rectified direct current. Al-
though in this particular circuit 2,000 v. of d-c potential is supplied to
the intensifier electrode, as many as 30,000 v. are applied to some
projection-type cathode-ray tubes used for large-screen television. When
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such high potentials are involved, care must be exercised to provide
adequate insulation at the transformer, as well as a generous safety
factor in the selection of the circuit components. In the circuit illus-
trated, a 20-megohm bleeder is in shunt with the filter capacitor.

A second type 2Y2 tube supplies the d-c potential to the other high-
voltage electrodes of the cathode-ray tube. It will be noted that the
positive side of this second rectifier circuit is maintained at ground poten-
tial, so that a maximum of —2,000 v. d-c potential is available for the

+2000 V. N

—

Dl_:_MONT Y

X
YPE
eg'—ZOOOV. 04 uf SLP i AXIS i i AXIS i

200K 2
W, 3

3000V.

04 uf _______.>_L 5 Meg.
1W.

100K g
iw. < "r'r
500K £ =
2W. 2 =
Electro- 500K
static ~, 2w.
Shield

H
= Lospf !
100K 3 = XX .
w3
T 100K s
ng 3
2 O%  Z100K 4 Meg. A3
2 2 1w Dual .~ e
[ 0008 Patentiometers -
v, o ]
60~ +400V.

Fie. 3.14 Typical power supply for intensifier-type cathode-ray tube.

cathode-ray tube. Capacitor input is employed at the filter to increase
the d-c potential at the filter output, and a second L-type filter section
is usually employed to provide sufficient attenuation of the ripple compo-
nent. A voltage divider across the output of the filter allows selection
of the various d-c potentials required for the electrodes of the cathode-ray
tube.

A third type 80 rectifier tube provides d-c potential for the positioning
circuits, already described in the text, as well as a source of direct current
for the deflection amplifiers and auxiliary circuits of the typical oscil-
loscope or oscillograph. This rectifier circuit employs capacitor input
to increase the amplitude of the d-c potential available at the filter output.
A low-pass L-type filter section is present to effectively attenuate the
hum component. A suitable voltage divider across the output permits
selection of the desired potentials required for proper operation. The
type 80 tube is operated as a single-phase, full-wave rectifier, whereas
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the other two rectifiers are operated as single-phase, half-wave recti-
fiers.

In the usual circuits employed in oscillographs, the second anode is
operated at ground potential, which permits the deflecting plates to be
operated at approximately ground potential. Such a method of opera-
tion facilitates coupling the deflecting plates to the external deflection
circuits and permits direct connection to the deflecting plates without
danger of accidental shock to the user. When the accelerating electrode
or second anode is so operated, it becomes necessary to insulate the
transformer winding that provides heater voltage to the cathode-ray tube
for the full accelerating voltage, since the heater and cathode are both
operated at a negative potential with respect to ground equivalent to this
potential. This condition must be taken into consideration when design-
ing the power transformer. A safety factor of at least 100 per cent is
generally allowed in commercial design and should be the criterion for
excellent design.

It is customary to operate the intensifier electrode at a potential 30 to
100 per cent greater than that applied to the second anode or acceler-
ating electrode, although the ratio is made much greater in the operation
of projection-type cathode-ray tubes for large-screen television. It
must be remembered that the more the intensifier-electrode potential is
increased, the shorter is the life expectancy of the fluorescent screen,
because the electron bombardment of the active materials of the screen is
increased owing to increased electron velocity. Thus, it is evident that
the intensifier voltage should not be increased above optimum for any
desired application.

The negative grid voltage for the cathode-ray tube is provided by a
rheostat or voltage-dividing potentiometer at the negative end of the
divider across the rectifier filter output. Adequate range is provided
to allow variation of grid bias from zero to a value equal to maximum
cutoff potential for the tube at the normal accelerating potential for the
particular cathode-ray tube. The voltage-dividing potentiometer em-
ployed for focusing control must be capable of making available to the
focusing electrode a range of voltage corresponding to that range over
which the voltage required for focus is permitted to vary for the particular
type of cathode-ray tube under consideration. The normal operating
potentials for the various electrodes are usually specified by the manu-
facturer in an information sheet supplied with the tube or are available
upon request.

Any transformer used in an oscillograph power-supply circuit must be
fully shielded electrostatically. The shielding obviates the possibility
of electrostatic coupling to the heater winding, which can result in in-
tensity modulation, and eliminates the possibility of undesirable electro-
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static coupling between high- and low-voltage windings of the transformer.
In addition to proper insulation, the transformer should be impregnated
against moisture. The impregnation will prevent moisture from entering

L .
INTENSITY WO-56A OSCILLOSCOPE

Fic. 3.15 R.C.A. type WO-56A cathode-ray oscilloscope. This is an example of an
advanced type of test instrument available to the tclevision engineer and technician.
(Courtesy of Radio Corporation of America.)

the windings and causing breakdown to ground or between layers. In
addition, the primary circuit of the power transformer must be properly
fused, as is true of any power-supply circuit.

3.13 Photography of Cathede-Ray Tube Patterns. It is easy to make
a photographic record of the phenomena appearing on the fluorescent



162 PRACTICAL TELEVISION ENGCINEERINGC

screen of the cathode-ray tube. Before entering into a detailed discus-
sion of how the photograph is conventionally obtained, it will be well to
review briefly the types of fluorescent screens available in commercial-
type tubes.

Standard tubes with four types of screens are on the market: P1, P2,
P4, and P5. The P1 screen produces a green trace of medium persistence,
and the P2 screen produces a green trace which demonstrates long persist-
ence. The P4 screen, which is employed in the reproduction of television
images, results in a white, or nearly white, trace. The P5 screen is a
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Fre. 3.16 Block diagram of R.C.A. type 155-C cathode-ray oscillograph.

short-persistence screen producing a blue trace. Since various tvpes of
films are necessary for the photographing of images appearing on screens
of different types, it is well to consider carefully just what type of screen
is available before choosing the film for the particular photograph.

The usual roll-film type of camera may be used. The addition of a
portrait attachment will permit increasing the size of the desired photo-
graph. It is well to calibrate the focusing scale on a camera of this
type with the aid of a picce of ground glass before loading the camera
with film. In this method of calibration, the distance separating the
camera lens from the fluorescent screen of the cathode-ray tube, and the
magnification, should be recorded for cach position of focus shown on
the scale of the camera.

The required exposure time will be a function of the camera lens speed
expressed as an f value, the magnification of the pattern, the film used,
and the type of luminescent screen available at the cathode-ray tube.

If a photograph of a stationary pattern on the screen is desired, the
shutter of the camera can be left open as long as has been experimentally
determined to obtain the required negative density. If it is desired to
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Fic. 3.17 A cathode-
ray oscillograph, the
most versatile instru-
ment at the disposal
of the television engi- e
neer. Illustrated is the
Du Mont type 304 5-in.
instrument; below is
the same instrument
with the case removed.
(Courtesy of Allen B.
Du Mont Labs., Inc.)
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photograph a square wave, it will be necessary to overexpose brighter
portions of the pattern in order that dim portions of the trace may be
satisfactorily recorded. Overexposure is necessary because the writing
rate of such a pulse changes over various parts of a complete cycle, which
results in brightness variation.

Fic. 3.18 R.C.A. type 715-B laboratory oscillograph, an instrument that may be used

at the television control room, at the transmitter, or in the development or research

laboratory for routine waveform investigation. It incorporates response which is flat

to 11 me. per sec., triggered sweep, time-base marker (at 1-u scc. intervals), an input

calibration meter, and other features making it especially useful to the television engineer
and technician. (Courtesy of Radio Corporation of America.)

For the photographing of transient phenomena, where only a single
trace of the pattern appears on the tube screen, the photographic effect
becomes a function of the velocity of the spot as it traverses the screen.
In the moving-film method of photographing the trace, the spot, appear-
ing on the screen, is deflected by the signal along one axis. The time axis



THE CATHODE—RAY OSCILLOGRAPH 165

is provided by the movement of the film in a direction perpendicular to
spot deflection. In the stationary-film method, a single but linear sweep
of the fluorescent spot by one set of deflection plates provides the time
base. The signal is applied to the other deflection plates. The camera
shutter is opened before the transient occurs and is closed afterward.
There is a limit to the writing speed that can be satisfactorily recorded by
either method, but the moving-film method possesses the advantage of
producing a time base of unrestricted length, although there is a restric-
tion as to the allowable screen-persistence time.

Writing rates of 1,500 in. per sec. may be successfully photographed
on a P1 screen by using an accelerating potential of 1,000 v., a magnifica-
tion ratio of 0.5, a lens opening of £/4.5, and an emulsion having Weston
speed rating of 24. An increase in the writing rate is obtained through
use of a P5 screen and a faster film. Photographic recording of writing
rates as high as 100,000 in. per sec. and greater have been made.

TasLE 3

Data For PHOTOGRAPHING CaTHODE-RAY TUBE SCREENS

Sereen
Type P1 Type P2 Type P5
(Medium-persistence, (Long-persistence, (Short-persistence,
green radiation) blue-green radiation) blue radiation)
Roll 1. Verichrome 1. Verichrome 1. Verichrome
film 2. Super-XX 2. Regular N.C. 2. Regular N.C.
3. Panatomic X 3. Panatomic X 3. Panatomic X
Plates 1. Eastman Super 1. Eastman Super 1. Eastman 40
Panchro Press Panchro Press 2. Eastman Ortho
2. Eastman Ortho 2. Eastman Ortho Press
Press Press 3. Eastman Universal
3. Eastman 50 3. Eastman 50
Film 1. Verichrome 1. Verichrome 1. Verichrome
packs | 2. Super-XX 2. Panatomic X 2. Panatomic X
3. Panatomic X
35-mm. 1. Super-XX Panchro- | 1. Super-XX Panchro- | 1. Ortho Negative
roll matic matic 2. Super-XX Panchro-
film 2. Plus-X 2. Plus-X matic
3. Panatomic X 3. Safety Positive Film | 3. Safety Positive Film

The making of any photographic record of the pattern should only be
attempted in subdued light. Greater contrast then results between pat-
tern and background. The camera must be rigidly supported and, of
course, sharply focused on the pattern. Table 3, prepared by Allen B.
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Du Mont Laboratories, will serve as a guide in photographing the cathode-
ray tube pattern.

For the photography of the so-called “black-and-white screens” (P4),
it is recommended that the following materials be used: Tri-X-Pan,
Super-XX, Super Panchro Press, Super Ortho Press, and Ortho-X.
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REVIEW QUESTIONS

3-1. (a) Why is the cathode-ray oscillograph a useful instrument in tele-
vision? (b) Name some of its important uses.

3-2. Describe the purpose of the horizontal- and vertical-deflection amplifiers
of a cathode-ray oscillograph.

3-3. What is meant by the “zero-axis amplifier’” of an oscillograph?

3-4. Describe the function of synchronization as applied to the cathode-ray
oscillograph.

3-6. By means of a simple block schematic, show the principal circuits of a
cathode-ray oscillograph.

3-6. (a) How may the display of an oscillograph be photographed? (b)
What are some of the precautions to observe?

3-7. Explain why a specially designed attenuator is necessary at the input
to the vertical amplifier of the oscillograph. ‘

3-8. (a) What is meant by the X and Y attenuators of the instrument?
(b) Describe their use.

3-9. How may the cathode-ray oscillograph be used as a precision electronic
voltmeter?

3-10. Discuss the deflection circuits of an oscillograph.




CHAPTER 4

ELECTRON TUBES FOR
IMAGE PICKUP

4.1 General. The image pickup tube employed in the conventional
television camera is essentially an optical-video transducer; i.e., the
light reflected from the subject being televised is optically focused upon
& suitable target within the tube. The light producing the image is then
converted into variations of electrical current so that the resulting video
signal may be amplified and finally used to modulate suitably a radio-
frequency carrier. Thus, the image pickup tube is the first link in the
chain of equipment required to transmit a high-definition television pic-
ture successfully.

Of the pickup tubes developed for use in present all-electronic televi-
sion systems, four have attained widespread recognition in practice.
These are the Iconoscope, the Orthicon, the Image Dissector tube, and the
Image Orthicon. All were developed by R.C.A. engineers and physicists,
except the Image Dissector, which was developed by Philo T. Farns-
worth. The Iconoscope in the past enjoyed by far the greatest general
acceptance, hut it has recently been almost entirely supplanted by the
Image Orthicon, principally because of the infinitely greater sensitivity
of the latter. The Iconoscope is still the tube almost universally used in
the televising of motion-picture film, but the Image Dissector has found
some application in this respect too.

The Iconoscope was the first choice of engineers for studio pickup work
for many years because of its inherently greater resolution capability and
desirable gamma characteristic. Gamma has been defined as the slope
of the characteristic expressing the output amplitude as a function of the
input amplitude, both being indicated on a logarithmic scale. The por-
tion of the light spectrum over which the tube demonstrates useful sensi-
tivity, and the gamma property of the tube, make its use practical for
pickup from scenes with ample lighting. There is no particular problem
due to high light saturation.

The Iconoscope has found widespread application indoors for direct
pickup of live talent in the studio. The tube produces what might be
termed a “clean” picture, and its resolution is such that it can reproduce -
any picture detail capable of transmission over the accepted and standard
television channel. Its storage property has resulted in general use of

168
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the tube in televising motion-picture film, although special projection is
necessary. However, the Image Orthicon has now been almost uni-
versally accepted as a more desirable tube for both indoor and outdoor
applications, for reasons which will be shown later.

The Iconoscope is not without its faults. The most undesirable
characteristics of the tube result in spurious shading signals and un-
desirable flare, both of which must be electrically compensated for if an
acceptable image is to be transmitted. The spurious shading signal
makes it necessary for the station to employ special equipment and highly
trained personnel to effect the compensation, namely, a shading gener-
ator and a skilled shading operator. This additional equipment and per-
sonnel, unfortunately, complicate the transmitting setup and are the
principal disadvantage of the Iconoscope. Edge flare at the mosaic or
target can be combated through special rim-lighting systems, and the
problem is not without practical solution (see pages 188-190).

Also, the mosaic of the Iconoscope constitutes a relatively large physical
area, since the magnitude of the picture signal is a function of the picture
area. Its area is much larger than that of the Orthicon, the Image
Orthicon, and the Image Dissector tube and therefore requires large and
expensive optical lens systems. Too, the fact that the electron gun of
the typical Iconoscope is at an angle of about 30 deg. with reference to
the horizontal plane of the mosaic results in a keystone-shaped image
at the tube’s output. Special “keystoning” circuits are needed to correct
or compensate for this condition, so that the transmitted image will be
perfectly rectangular in shape in order to satisfy the standard aspect
ratio requirement.

The Orthicon tube, now replaced by the Image Orthicon tube, has a
sensitivity of four to five times greater than that credited to the current
Iconoscope. For this reason it was, for a time, employed in outdoor
pickups, where unfavorable lighting conditions are sometimes encountered.
However, the picture produced with the early Orthicon lacks the “snap”
and brilliance of one obtained with the Iconoscope or the later Image
Orthicon. This deficiency in the Orthicon tube has been attributed to its
strictly linear gamma characteristic. Owing to the linear gamma charac-
teristic, an increase in picture-detail brightness by a factor of 2 is said
to result in an increase in video signal by the same factor. This gamma
characteristic, which has the effect of compressing the whites in a picture,
is a very undesirable attribute. It can be changed through suitable
gamma correction in the video amplifier following the Orthicon, though
the “snow,” or noise, level is said to increase in proportion. Occasionally,
sharp increases in light in a scene will result in instantaneous saturation
of the whites in the picture because of the Orthicon’s extreme sensitivity.

The Orthicon has a mosaic of small area, and lenses of shorter focal
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length for a given field may be satisfactorily employed. Lenses of longer
focal length and of large effective aperture may be practically employed
for difficult telephoto work. A major drawback to continued use of the
Orthicon has been the limited portion of the light spectrum through which
it demonstrates useful sensitivity. Practical limitations in Orthicon gun
design have resulted in S distortion and in ion spot formation, neither of
which is found in Iconoscopes. No shading is required with the Orthicon.

The Farnsworth Image Dissector has not found very wide acceptance
as a live pickup tube owing to its inherently low sensitivity. It has,
however, a decided advantage in motion-picture film scanning. No shad-
Ing is necessary in practical operation of the tube. The tube has no
storage characteristic whatsoever and may, therefore, be used with a
standard continuous film projector to produce excellent pictures entirely
free of shading. The Image Dissector tube should be more widely used
in motion-picture film scanning and could eventually become the principal
tube for this application. It has also been used by Columbia Broad-
casting System in the scanning of film in color-television transmission.

In recent years, many improvements have been made in all four of
the recognized electron tubes for image pickup. These improvements
have included increased sensitivity, improved light range, better resolu-
tion, and the minimizing of distortion and noise. The Image Orthicon
has made by far the greatest advance.

The Image Orthicon is an clectron tube for image pickup making use
of the principle of low-velocity electron-beam scanning, thereby eliminat-
ing almost completely the shading problem which is brought about by a
high-velocity beam in some other types. It incorporates electron image
multiplication and signal multiplication. It is said to approach closely
the theoretical limit of pickup tube sensitivity and is about 100 to 1,000
times as sensitive as the type 1850 Iconoscope or the type 1840 Orthicon.
The Image Orthicon is capable of transmitting pictures with a limiting
resolution of over 500 lines and is relatively free from spurious signals.

The tube is stable at all light levels. At low lights, the signal output
increases linearly with light input, whereas at high lights its signal output
is relatively independent of light input. The signal output is so high,
compared with other types, that the tube’s operation is independent of the
preamplifier characteristics that are usually considered significant. Its
relatively small physical size reduces the dimensions of the television
camera, making it especially suitable for portable equipment designed
for use out of doors. Small, relatively inexpensive 35-mm. motion-picture
camera lenses may be used at the camera, and an improved type of the
tube has recently been announced which possesses spectral sensitivity
approaching that of the human eye.

Several types are now commercially available to meet practically every
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operating requirement. One type of the Image Orthicon has been espe-
cially designed for direct studio pickup where lighting is not particularly a
problem insofar as available candlepower is concerned. Another type
has extreme sensitivity for use in outdoor or remote pickups where only
daylight is present.

42 Storage and Nonstorage Types of Pickup Tubes. Any electron
tube used for image pickup in present high-definition television systems
functions to transfer the light image reflected from the scene being
televised into variations of electrical current in order that the image may
be admitted to the control grid of a video amplifier tube. There are two
general types of these devices: the storage-type image pickup tube and
the nonstorage tube. Both rely upon certain elements emitting electrons
when exposed to a proper source of light. Both also utilize a beam of
electrons for scanning purposes, although in one case the electrons making
up the beam attain high velocity, whereas in another case a low-velocity
beam accomplishes scanning of the target.

In one storage-type electron pickup tube the photoelectric current
resulting from one element of the image effectively charges a capacitance
for a period of time equal to the actual scanning time of the complete
picture. The capacitance is discharged once during the time required
to scan the complete picture, and the capacitance discharge takes place
during the time elapsed in scanning one picture element. It is seen that
the photoemission takes place throughout the entire period during which
the picture is imaged on the target or mosaic, the photoemission accumu-
lating in the nature of a charge at each image point. This aceumulated
photoelectric charge is released at each picture interval and from each of
the elements in proper sequence as scanning takes place.

In the nonstorage type of pickup tube no storage of the charge takes
place, the photoelectric current flowing only during actual scanning time.
Thus, in the storage-type pickup tube, the electric charge due to the
photoelectric current is stored by capacitive effect and is subsequently
discharged, whereas in the nonstorage type of tube no capacitance is
charged and current flows simultaneously with scanning.

Sometimes the storage principle is carried too far in certain tubes and
results in a “blur” following or trailing fast action before the camera.
The cause of this effect is that the capacitance in which the charge
arising from the photoelectric action is stored does not discharge rapidly
cnough to keep pace with the fast action. Thus, there is an optimum
time through which charge and discharge should obtain, and this optimum
must not be exceeded in practical pickup-tube design.

The Iconoscope, developed by V. K. Zworykin of R.C.A., is an excellent
example of the image pickup tube employing the storage principle, as is
the more recent Image Orthicon.
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4.3 The Iconoscope. The word Iconoscope, used to describe the pickup
tube developed by Zworykin, is derived from two Greek words: eikon,
meaning “image,” and skopein, meaning “to watch” or “observe.” Thus,
the Iconoscope observes the image that is to be transmitted.

]

Fic. 4.1 R.C.A. type 1850-A Iconascope. Location of the sensitive mosaic within the
large glass bulb of the device is clearly shown. (Courtesy of Radio Corporation of
America, Tube Division.)

This pickup tube, illustrated in Fig. 4.1, comprises a suitable glass
envelope of practical and convenient design in which is mounted a mosaic
as one component of the device. This mosaic, or target, consists of a
thin rectangular sheet of mica having an area of about 100 sq. cm., or
3% in. X 43 in. The mica sheet is suitably coated with a conducting
metal film or Aquadag on the surface away from the source of reflected
light. The other surface, toward the optical lens system, is coated with
myriad small photosensitized silver elements. Each of the elements mak-
ing up the photosensitive surface is insulated from the other elements.
An optical focusing or lens system mounted in front of the tube’s envelope
in the camera, with its plane parallel with the plane of the sensitized
surface, results in reflected light from the scene being imaged upon the
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mosaic. This incident light leaves a pattern of charges similar in in-
tensity to the light and shade in the scene being televised.

The Iconoscope actually comprises within a single pickup device the
elements of a multiple-unit photoelectric cell and a special type of
cathode-ray tube. A gun similar to that used in cathode-ray tubes
already described is located in such a manner that a beam of high-velocity
electrons under magnetic deflection strikes the sensitized side of the
mosaic at an angle of 30 deg. from the normal. Since the reflected image
is normal to the same surface, the location of the gun does not interfere
with transmission of the reflected light image.

The pattern of charges on the photosensitized mosaic, corresponding
to light and shade in the scene being televised, is scanned by the high-
velocity beam originating at the gun. Each beam electron bombarding
the mosaic surface releases several secondary electrons. Theoretically,
it may be said that the electron current leaving the mosaic is approxi-
mately equal to the electron current arriving, since the mosaic comprises
an insulated surface. Therefore, with the tube operated in total dark-
ness, so that it is shielded from any extraneous light, the number of
secondary electrons that escape is equal to the beam electrons that arrive
from the electron gun. Several secondary electrons, however, are released
for each beam electron arriving from the gun. Hence, the remainder of
the secondary electrons, onee released, fall back on the mosaic. The
strictly nonuniform manner in which these secondary electrons escape
and rain results in a “dark spot” signal which must be “shaded” out
in practical operation of this image pickup tube.

To aid in visualizing just what takes place on the mosaic, we may
conveniently consider it as a flat surface coated with tiny photoelectric
cells, each suitably insulated from the others and each in parallel with a
capacitor that electrically couples it to the common signal lead terminat-
ing at the control grid of the first tube in the camera preamplifier.
When reflected light from the scene being televised is imaged upon this
mosaic, these capacitors assume a positive charge owing to loss of photo-
electrons from the individual cells. The capacitors are charged by the
reflected light until the high-velocity electron beam, under magnetic
deflection and accomplishing the desired scanning, returns to an element
of the mosaic surface. When bombarded by the beam, the capacitor dis-
charges and the resulting current flows into the output. Thus, a train
of impulses of varying amplitude corresponding to light and shade in the
reflected image flows to the control grid of the first tube of the camera
preamplifier.

Some of the secondary electrons escape from the mosaic surface at very
high velocities. They comprise a cloud of serondary electrons, so that
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the electric field serves to deter the escape of photoelectrons, which have
much lower average velocities than those attained by the secondary elec-
trons. The escaping photoelectrons contribute a positive charge to the
photosensitive surface of the mosaic when light impinges upon it. Partial
dissipation of these charges is brought about by the rain of the secondary
electrons. However, enough of them are stored during the time of one
frame to result in a strong signal being transmitted to the preamplifier
when the stored charge is released by the electron beam that accomplishes
the scanning.

The mosaic surface has a capacity of approximately 100 puf. per sq. cm.
The average potential of the mosaic in total darkness is said to be 0 to —1
v. with respect to the second anode of the tube. The area of the mosaic
under the electron beam is said to assume a potential of about 3 v. The
section of the mosaic over which the beam has already passed, or
traversed, will assume a potential which slowly decreases in magnitude
as the distance between a point in this area and the position of the beam
.increases.

The efficiency of the Iconoscope is very low, averaging about 5 to 25
per cent, as a result of the photoemission from the mosaic being un-
saturated. The storage principle of the tube, however, results in suf-
ficient output to yield a brilliant image after amplification and repro-
duction. The sensitivity of an Iconoscope that was developed several
years ago was such that a scene illuminated with 50 to 100 ft.-c. of light
and imaged upon the mosaic through an /2.7 lens produced a useful
picture with less than 10 ft.-c. illumination at the mosaic, and with a
signal-to-noise ratio greater than 30. Modern Iconoscopes possess even
greater sensitivity.

44 Construction of the Iconoscope. If the photograph of the R.C.A.
Iconoscope (Fig. 4.1) is examined, it will be seen that an evacuated glass
envelope of suitable and convenient size encloses the device. The glass
blank is dipper-shaped. A long tubular arm encloses the electron gun
and conducts leads from the gun terminating in the “gun press” at the
extreme end of this arm, where these leads are suitably based. This
electron gun is fixed at an angle of approximately 30 deg. to the normal
through the center of the mosaic, which is located within the large bulb
of the blank. This type of construction prevents interference with the
necessary optical system, through which the reflected light is admitted.

At one end of the large glass bulb of the device is an optical window
through which reflected light from the subject may be imaged upon the
photosensitized surface of the mosaic fixed within. This optical window
is aetually a curved shell which caps the blank at the end above the
extended gun section. This window is made optically clear and free of
any imperfections that would interfere with efficient transmission of
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reflected light from the scene or subject being televised. The optical lens
and focusing system of the television camera is located just outside this
window, and the axis of the necessary lens system coincides with the
central normal from the mosaic surface. The image is therefore focused
through this window upon the useful photosensitized surface of the mosaic.

Several leads are sealed in the walls of the glass envelope and are
suitably capped for convenient counection to the external circuit. One
is the signal lead which electrically connects the signal plate of the mosaic
to the external circuit. The other leads terminate the common collector
ring. Several external connections are provided, all of which contact
this collector ring, which provides a convenient connection to the most
direct and at the same time the most convenient ground. The leads from
the external signal cap and the external collector-ring cap to the external
circuit must be short and as direct as possible, and must have the least
possible distributed capacitance. Otherwise, particularly in regard to the
video signal, the reactance will prove sufficiently low at the higher video
frequencies to shunt effectively the high-frequency signal current to
ground.

The mosaic is rigidly fastened within the blank so that it can withstand
the usual mechanical vibration incurred under operating conditions.
Its edges are enclosed with a dull-finished metal rim to protect it against
mechanical shock and to prevent warping under the temperature rise
involved in the tube’s normal operation. The dull finish also reduces the
possibility of spurious light reflections. This rim must be appropriately
lighted to prevent edge flare when the tube is in operation. This so-called
“edge flare” takes the form of quite brilliant illumination at the outer
edges or rim of the reproduced television picture. It occurs when the
electron beam of the gun traverses the metal rim of the mosaic during
the active scanning process. The large area of the mosaic, as well as its
thin construction, imposes a very difficult manufacturing problem which
must be solved by the fabricator.

The electron gun of the Iconoscope is illustrated in Fig. 4.2. It func-
tions as an electron optical system for the generation of a small-diameter
beam of electrons, which is made to scan, through magnetic deflection,
the sensitized mosaic. The resolution capability of the pickup tube is in
general a function of the diameter of the scanning spot produced by the
electron beam at the point of incidence with the mosaic. The gun
consists of a thermionic cathode, a suitable control grid, and a first and
a second anode. A cylinder of nickel, its end coated with strontium and
barium oxides, serves as a cathode. This cylinder encloses a tungsten
heater element and the cathode assembly. The construction is quite
similar to that found in ordinary cathode-ray tube gun design. The
control grid is a nickel cylinder with an aperture at its far end.
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Mounted coaxially and beyond the control grid in the direction of the
mosaic is the cylindrical first anode. This anode has two cylindrical
disks toward its far end, and each enclosed disk has a circular aperture
at its geometrical center for masking the beam. The inner surface of
the upper end of the neck and a part of the bulb, including a narrow ring
about the inner circumference of the tube near the neck, are metalized.
This coating serves as a second anode, as well as a collector for the
secondary electrons originating at the mosaic. In its entirety, the gun
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Fie. 4.2 Schematic diagram of R.C.A. Iconoscope.

comprises a two-lens electron optical system. The first lens is situated
near the emitting cathode, and the other lens is located between the first
and second anodes. The primary lens consists of the cathode, the control
grid, and the first anode. The control grid serves to regulate the beam
current. The second lens is formed between the first and second anodes.
This lens operates to image the crossover obtaining near the cathode
onto the sensitized mosaic within the bulb of the tube. It will be noted
that three apertures are located within the first anode cylinder. These
form the aperture stop and mask off secondary electrons emitted by the
first anode.

45 The Mosaic of the Iconoscope. The mosaic is the most important
single element within the structure of this pickup tube. The base for
the construction of this target is a thin sheet of selected mica, approxi-
mately 1 to 3 mils in thickness. Its dimensions are 3.5 in. vertically by
4.75 in. horizontally. This dielectric is coated with a highly photosensi-
tive surface having low transverse conductance on the one side and a
conductive metalized film on the other. Mica is selected because of the
absence of foreign particles, fractures, and irregularities. It must be
perfectly clean.
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Silver oxide is usually imparted to the surface that is to be photo-
sensitized. This oxide is reduced to a very fine powder by grinding in
a ball mill and is then applicd to the previously prepared sheet of clean,
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pure mica by being allowed to settle through air. After settling, the

temperature of the mica is raised rapidly until it is greater than the

reduction point of the prepared silver oxide. The increase in temperature
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Fic. 4.4 Spectral sensitivity characteristic of the R.C.A. type 1850-A Iconoscope and
the type 1840 Orthicon.

reduces the silver oxide to silver. In this process, the silver oxide reduces

to silver without the individual globules forming into a connecting con-

ductive film. Thus, the individual silver elements do not make electrical




178 PRACTICAL TELEVISION ENGINEERING

contact with one another and are suitably insulated for all practical pur-
poses. The reverse side of the mica sheet is next metalized by either
sputtering or evaporation to provide the signal plate of the tube.

A heavy sheet of mica is used to back up the photosensitized and
metalized mica plate. This second sheet of mica prevents warping of
the mosaic and facilitates clamping the target within the bulb. It also
provides a mount for the signal-plate lead for external connection to
the video preamplifier. If the construction of the Iconoscope is care-
fully examined, it will be seen that the mosaic is firmly and securely
mounted by means of suitable supports on the large glass bulb or en-
velope.

In a recent commercial production of the mosaic, a somewhat different
method was used to form the target. The selected sheet of pure mica
was sensitized by oxidizing, admitting caesium, and then baking at high
temperature. When the baking is completed, a thin coating of silver is
vaporized in vacua from especially prepared filaments and imparted to
the surface of the mica sheet in fine droplets. The target then passes
through another baking process. The mosaic so produced comprises a
target covered with extremely small droplets of silver, each properly
photosensitized with caesium oxide. All the droplets are insulated from
one another. Before the mosaic is formed, a film of cryolite is evaporated
on the mica sheet, which permits the admittance of a sufficient quantity of
caesium to result in good photosensitivity without the possibility of
reducing the insulation resistance between adjacent droplets of silver.

If the Iconoscope is carefully handled under operating conditions and
not subjected to unnecessary stress and strain, the mosaic will be so
rugged that it will not warp or change shape. This condition will persist
even under the increased temperature normally encountered in operation
where inefficient ceiling lighting produces considerable temperature rise
at the camera housing. It should be noted here that the photosensitized
surface must never be subjected to direct rays of light. Correct methods
of handling to ensure proper protection of the sensitized surface are
treated in detail on pages 194-196.

In practical operation of the Iconoscope in a television camera several
irregularities may at times be noted by the engineer. One of these is
described as riwet trailing. A dark streak will be seen traversing the
final image in a horizontal direction across the screen. If the amplitude
of the horizontal sweep is changed, it will be found that the beam is
actually scanning one of the rivets fixed in the rim along the edge of the
mosaic. The condition can be quickly corrected by so adjusting the
sweep amplitude control that the trailing is eliminated. In other words,
the picture is “stretched horizontally” until the beam no longer traverses
the rivet.
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Sometimes an Iconoscope is found to have a mosaic that is not com-
pletely sensitized over the entire area of the mosaic. This fault usually
ocecurs at the lower or upper edge adjacent to the rim and results in less
brilliance in the final image at that portion of the mosaic surface. The
usual practice is to stretch the vertical sweep so that the surface not
properly sensitized is no longer scanned. Usually not more than three
or four lines are lost with such correction, and the change in vertical size
is not detected at the television receiver. Of course, if the vertical size
must be increased too greatly in order to cover up the defect, then the
aspect ratio of the image is impaired. The tube must then be rejected
as unsatisfactory. The effect along the upper or lower edge of the mosaic
that results from such a defect at the mosaic must not be confused with a
similar condition that obtains as the result of improperly adjusted or
focused rim lighting. The effects are similar. To determine which defect
is responsible, the intensity of the rim lighting may be changed if a
rheostat is in series with the rim-lighting circuit. The nature of the
effect is then readily determined. If the rim lighting is improperly
adjusted or focused, this too results in a change in picture brilliance along
the edge of the mosaic.

Bright spots sometimes appear on the television screen at some point
within the area of the Iconoscope mosaic. These bright spots can usually
be traced to reflection from the back lights and can be eliminated by so
adjusting them that none of the light strikes the walls of the bulb in such
a manner as to be reflected upon the mosaic surface. Such reflected light
can also prove injurious to the photosensitized surface if allowed to remain
too long at one spot on the mosaic. Correction should be made as soon
as the condition is apparent. The engineer must not assume that a
previous proper adjustment of the back lighting rules out such a pos-
sibility. For example, occasionally the vibration of the camera in move-
ment about the studio floor will be transmitted to the back light
mechanism, resulting in a change in adjustment.

If a burn on the mosaic due to admittance of too great intensity of
illumination is suspected, this can be checked by so operating the horizon-
tal and vertical sweep controls that the entire mosaic and rim can be
viewed. Then, by operating the vertical centering or positioning control,
it can be determined whether a burn is present on the surface.

46 Exhaust and Activation of the Iconoscope. After the Iconoscope
has been assembled, it must be sealed to the vacuum system. This is
accomplished by means of an exhaust tube in the gun press at the lower
extremity of the gun. The final pressure is said to be about 10~5 mm.
of mercury. The tube is first evacuated to low pressure at normal room
temperature. The temperature of the blank is then increased as much as
the glass bulb will permit without implosion. The caesium, necessary
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for activation, is admitted through a side tube in the walls of the glass
blank. The sensitivity and the conductivity of the mosaic are functions
of the quantity of caesium admitted during the activation process, and the
baking brings about a reaction between the silver oxide and the alkali.
The silver elements of the mosaic are oxidized by means of a glow dis-
charge formed over the target’s surface. High-frequency current provides
the temperature rise. The liberated oxygen is removed through a short
baking at about 200°C. The sensitivity of the completed mosaic is
between 7 to 10 ma. per lumen.

Great care is exercised in conducting the exhaust and activation

schedules dictated for the particular design. There is an optimum amount
of caesium admitted, which, if exceeded, results in reduced sensitivity,
resolution, and storage property. Also, the cathode of the gun must be
activated prior to activation of the mosaic surface so that oxides from
the cathode will not be imparted to the surface of the target.
4.7 Iconoscope Magnetic-Deflection System. Magnetic fields perpen-
dicular to the mean axis of the electron beam, projected cathode to mosaic,
are set up by both horizontal and vertical pairs of deflection coils. This
assembly is termed a “magnetic yoke.” The electron beam, originating
in the gun structure of the Iconoscope and directed toward the sensitized
mosaic at high velocity, is deflected by the electromagnetic fields created
by these coils. The direction of motion is a function of the polarization of
the fields.

Figure 4.5 illustrates a typical Iconoscope yoke. The assembly
measures 3 in. along its greatest axis and has an outside diameter of
234 in., exclusive of the connecting terminals. In this particular design
the terminals are brought out to the rear for greater convenience in mak-
ing electrical connection to the external driving circuits. The inductance
of the vertical coil is 2 mh., as measured at 1,000 c.p.s., while the horizon-
tal coil inductance is 100 mh. at 1,000 c.p.s. The low-impedance vertical
winding reduces the power necessary in the vertical amplifier driving this
winding and permits operation of the yoke a considerable distance from
the driving amplifier, resulting in more economical circuit design. The
ratio of cross talk between horizontal and vertical windings, expressed
in voltage, is less than 1,000 : 1, which indicates excellent design.

All windings are individually laced, as is the final assembly. Critical
portions of all windings are cemented into position prior to bending and
final assembly. This method of construction eliminates the possibility
of slippage, which would produce electrical distortion of the image.
The yoke is thoroughly impregnated after assembly to make it impervious
to moisture, which, if allowed to enter the coils, often results in breakdown
between layers or turns.

The four deflection coils of the typical yoke, two providing horizontal
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beam deflection and two providing vertical beam deflection, are suitably
enclosed in a magnetic shield. They are very similar in design to the
coils previously described in the treatment of magnetic-deflection sys-
tems in Chap. 2. This yoke assembly, as the name implies, fits coaxially
about the long, cylindrical glass neck of the Iconoscope and very close
to the large bulb of the pickup tube. This positioning of the yoke
avoids undesirable clipping, which obtains when the beam strikes the
stem of the tube and is cut off or clipped.
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Fic. 4.5 Typical Iconoscope and Kinescope magnetic yokes. The Iconoscope as-
sembly is shown to the left, the l\mesu)pe yoke to the right. (Courtesy of U.S. Tele-
vision Mfg. Corp.)

The necessary deflection voltages of proper waveshape, amplitude, and
frequency are impressed across the respective coils of the yoke, resulting
in the beam scanning the sensitized surface of the mosaic in the desired
manner. Of course, if the resulting picture is to be perfectly linear both
horizontally and vertically, this beam must traverse a uniform magnetic
field, which, in turn, dictates that both horizontal and vertical wave-
forms must be made strictly linear throughout the scanning equipment.
Usually, suitable means are provided for linearity compensation within
certain limits so that slight variations in waveshape may be readily
compensated for during actual operation of the equipment. The cir-
cuits, however, are usually adjusted for near-perfect linearity as a matter
of routine.

The magnetic yoke suited for use with the Iconoscope is a short yoke
of special design. The yoke ordinarily associated with viewing tubes
employing magnetic-deflection systems either is of too great length to
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operate interchangeably or does not have the required clectrical specifi-
cations. Both types of yokes are shown in Fig. 4.5 for comparison.
The yoke assembly must fit rigidly about the neck of the gun in the
proper position so that mechanical vibration will not result in a change
of placement.

Care must be exercised in adjusting the voke for proper positioning.
The position can be best determined while a standard test pattern is
under observation at a line monitor which has previously been adjusted
for optimum operation. The term “line monitor” is usually applied to
the viewing monitor that operates with its input in shunt with the output
of the line amplifier in the control room, the line amplifier constituting
the last video amplifier in the camera chain. Thus, the final image is
viewed on the screen of this monitor before it is transmitted to the
master video control room or transmitter, whichever the casc may be.

Of course, the deflection system associated with the eathode-ray tube
at this viewing monitor must already have been checked for proper
positioning, the raster set for the proper aspect ratio, and test bars
employed to check the linearity of the monitor both horizontally and
vertically. Perfect linearity at the monitor is essential, since this in-
strument is to be employed as the reference. It is also important that
blanking be correctly adjusted. This adjustment includes the proper
setting of right and left horizontal blanking, as well as top and lower
vertical blanking. If a 12-in. cathode-ray tube is employed in the
monitor, the raster is usually adjusted to 6 by 8 in., the latter being the
horizontal dimension. These dimensions coincide with the standard
aspect ratio of 3 : 4 and yield a useful sereen area of 48 sq. in.  Setting
the raster to this size eliminates the possibility of distortion at the
edges of the image due to curvature of the viewing tube’s screen.

In setting up the test pattern before the camera, the pattern must be
accurately positioned and leveled at the casel supporting it. As men-
tioned previously, correct horizontal positioning of the test pattern at
the easel can be facilitated through use of a spirit level. The spirit
level is placed on the horizontal supporting member of the easel and
the support adjusted both horizontally and vertically for precise leveling.
Neither the card nor camera must be tilted. If they are, the image will
not resolve in proper proportion. It is well to make one check with a
level at the top of the camera to be certain that it is properly leveled,
and some cameras are regularly equipped with spirit levels to facilitate
this check. It is assumed, of course, that the Iconoscope has already
been properly positioned in its mount within the camera head.

After it is assured that no serious error in positioning has been intro-
duced in the test arrangement, the test pattern card is suitably illumi-
nated by a source of light and its image reflected upon the mosaie of the
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pickup tube. The yoke is then carefully rotated about the neck of the
gun until both horizontal and vertical positioning of the assembly are at
the optimum. If a test pattern inscribed with horizontal and vertical
wedges is used, the center of each horizontal wedge—at the outer extremi-
ties of the wedge—should fall one half the distance along the vertical
dimension of the raster. Usually, a very slight rotation of the standard
Iconoscope yoke will rotate the image through several degrees. There-
fore, the orientation of the yoke for proper positioning must be very
carefully and slowly undertaken. Once the proper adjustment is ob-
tained, the yoke is firmly and securely clamped, so that normal camera
vibration will not disturb the adjustment.

It must be remembered that the actual direction that the electron
beam traverses under influence of the magnetostatic fields of the yoke
occurs at an angle of 90 deg. with reference to the direction of the
magnetic lines of force. Thus, if two deflection coils are mounted ver-
“tically above and below the neck of the gun, so that magnetic lines of
force between the poles are in a vertical direction, then the movement
of the electron beam will actually be in a horizontal direction, or at
right angles to the vertical plane of the coils. The polarization of the
fields will determine whether the deflection of the beam will occur to
the left or to the right. If it is desirable to deflect the beam vertically,
the deflecting coils must be physically mounted horizontally. Of course,
in commercial design, the geometry of the coils about the gun is prede-
termined by judicious design. It is merely necessary to rotate the yoke
about the upper neck of the gun to obtain optimum positioning of the
horizontal and vertical traverse, the angular separation of the horizontal
and vertical pairs of coils being properly fixed in manufacture.

It must be remembered that the coils of the yoke have some series
d-c resistance, as is present in any inductance. This resistance must
be overcome if the beam is to traverse a uniform magnetic field. A coil
having components of both inductance and resistance can be considered
as two separate elements series-connected (see Fig. 4.6). It is desired
that the current through the coil take the shape of a perfect saw-toothed
waveform. If this current is allowed to flow through a resistor, then a
voltage of precisely this same wave shape appears across the resistance.
If a current of the same wave shape flows through a pure inductance,
then a square-wave voltage must appear across the inductance. Inas-
much as the voltage across the resistor is in series with the voltage
across the inductance, the sum of the two voltages produces the shape of
the voltage that must be impressed across coil to result in saw-toothed
current flowing through the coil.

Figure 4.7 indicates a circuit that develops the desired waveform.
The vacuum tube is operated in the trapezoidal generator so that the
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capacitor C, charges on the linear portion of the charging curve, the

current flowing in Ry, Cy, Ry during the charge being made constant.

Thus, the voltage across C, will rise in a linear manner, and a constant
R L
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Fig. 4.6 Diagram of the development of the voltage waveform necessary to produce
saw-toothed current in a coil containing resistance.

current flowing through R, develops a constant voltage across it. When
V41 is made to conduct at time 2 (see Fig. 4.8), the current flowing
through C, and R, reverses as Cy starts to discharge through the tube.
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Fig. 4.7 Circuit for development of saw-toothed current wave required for electro-
magnetic deflection.

This current causes the voltage across Ro to swing negatively in a rapid
manner. This swing occurs as the capacitor discharges from time 2 to

time 3 (Fig. 4.8). The voltage at the plate of V; is the sum, then,
of the voltages across Bs and Cy, and results in the waveform shown in
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the illustration at V5. It is known as a “trapezoidal wave.” The axis of
this wave is along the line X X” after it passes through the coupling capaci-
tor C3. The trapezoid A”A’BB’B” results in a perfect saw-toothed wave-
form current flowing through the deflecting coils, and the beam is made
to traverse a uniform magnetic field. The current in V5 must be reduced
to zero at time B”, since the tube is cut off by the negative swing of
voltage on its grid. If this negative swing occurs, then the current must
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F1c. 4.8 Waveforms present in the circuit in Fig. 4.7.

be reduced to zero at the same instant. To dissipate the energy in the
magnetostatic field so that the current will fall to zero, a resistance is
sometimes connected in shunt with the deflecting coil.

The presence of the resistor also serves to reduce the @ of the
deflecting coil, because in many cases the rapid change of current pass-
ing through the coil at the time of retrace shocks the coil into oscillation.
Should the @ be sufficiently high, then the oscillations may continue into
the next sweep, which results in a nonlinear sweep at the beginning of
each trace. Reducing the @ of the deflecting coil has the effect of
extinguishing the oscillation before the next trace begins. Since a
resistance in shunt with the deflecting coil has a tendency to réduce the
current through the coil, a diode is sometimes connected, as shown in
Fig. 49. When the current through Vy is raised to provide the forward
sweep current, the voltage at the plate of V; is less than the supply
voltage by the amount of the drop through the deflecting coil. Thus, the
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cathode of the damping tube V, is more positive than its plate, and it
fails to conduct. When the current through this tube falls to zero at
the conclusion of the sweep, the voltage at the plate rises above the
supply voltage as the collapsing field of the inductance tries to generate
in the inductance a voltage that will maintain the same current flowing
through the coil. The energy in the coil will be dissipated in the
resistance connected in series with the plate of the diode, and any
oscillations that try to raise the voltage at the plate above the supply
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voltage are effectively damped out. Without this circuit, clearly defined
ripples extending vertically from top to bottom of the raster are seen at
the left edge of the picture. They are readily eliminated through use
of the circuit described. The diode usually employed is a type 5U4G
or 6AS7 tube, and the amount of series resistance is determined em-
pirically.

Since magnetic deflection is utilized at the gun of the Iconoscope, it is
advisable that the hood of the camera, which encloses the pickup tube
in its camera mount, be constructed of some suitable magnetic material.
Otherwise, extraneous magnetic fields are apt to change horizontal or
vertical centering. The change in centering will produce a shifting in
the video image on the viewing screen as the camera is in motion about
the studio floor during a performance. In one instance it was noted
that when the camera was moved past a vertical steel supporting beam—
the pickup tube being unshielded with magnetic material—the resulting
image tended to tilt owing to the presence of the magnetic field sur-
rounding the steel beam. This effect necessitated keystone correction by
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the video control engineer. A shield or hood of good magnetic material
is required for the pickup tube housing. Nonmagnetic material such as
_aluminum or brass is unsatisfactory. This hood must make firm me-
chanical contact with the remainder of the camera assembly. An ex-
cellent contact between the hood enclosing the pickup tube and the
remainder of the camera also reduces the noise level in the video system.
The hood should be fastened down securely by means of thumb or set
screws to allow for convenient removal for servicing.

It must be pointed out here that it is impossible to observe the
horizontal or vertical waveform by means of an oscilloscope, because
the vertical-axis input of the oscillograph is directly connected in shunt
with the horizontal or vertical pairs of driven coils of the yoke. Instead,
a small amount of noninductive resistance is connected in series with
either pair of coils. When the vertical-axis input of the oscilloscope is
shunted across this resistance, the in-phase voltage appears across it
and is observed on the sereen of the cathode-ray-tube.

Ordinarily, 1 to 2 ohms of resistance are inserted in series with the
horizontal pairs of coils and 20 to 30 ohms with the vertical pairs.
Only then may the true wave shape be practically observed. Of course,
the forward slope of the saw-tooth waveform must be precisely linear
with respect to time if the resulting image at the line-viewing monitor
or television receiver is to be in proper proportion throughout the useful
screen area. The vertical saw tooth, being of lower frequency, is
usually less difficult of adjustment.

In observing the “saws” at the yoke in this manner, the voltage across
the inserted resistance will be in phase, so that it will indicate a waveform
essentially equivalent to that of the current. This, of course, is not
true if the drop directly across the inductance of the yoke is observed.

A typical yoke for use with the Iconoscope contains a total of 530
turns, or 265 turns per coil, for the vertical winding. The horizontal pair
of coils contain 28 turns, or 14 turns per coil. Thus, the horizontal
coil operates at relatively low impedance, which, in turn, demands high
current. Usually, a pair of type 616, 6AR6, 1611, 802, or 807 vacuum
tubes are parallel-connected in the final horizontal deflection amplifier to
satisfy the high-current demand. A single type 6F6 or 6Y6 tube is
usually employed in the final vertical deflection amplifier to provide
adequate current to the vertical pairs of deflection coils. Since more
turns are used in these coils and less current is required than for proper
horizontal deflection, the magnetostatic field developed is a function of
the ampere-turns of each inductance. Owing to the high voltage de-
veloped because of inductive kickback at the horizontal coils at fly-back
time, exceptionally well-made sockets are recommended for the tubes
employed in the final horizontal deflection amplifier. With d-c¢ plate
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voltage of 250 v, at these tubes, the fly-back voltage sometimes ap-
proaches 3 kv. with a typical pair of coils. It must be remembered that
the horizontal sweep frequency is relatively high and that the reactance
of the coils is therefore very high. A high-reactive voltage drop occurs
across the coils, which is discharged during the fly-back time. Sockets
made of steatite, isolantite, or other such ceramics are recommended.
They must possess firm, positive contacts that will not develop high
resistance from oxidation.

48 Iconoscope Rim Lighting and Back Lighting. The rim or edge of
the mosaic of the Iconoscope must be illuminated if a satisfactory image
is to result. The term edge or rim of the mosaic is used to refer to the
dull metal frame that is fixed about the edges of the photosensitized sur-
face for mechanical support. Unless this rim is properly illuminated by
a suitable rim-lighting system in the camera housing, edge flare will result.
This edge flare can be observed at the outer extremities of the reproduced
image and is very undesirable.

In one method of rim lighting, several round metal cylinders are
employed, two illuminating the upper edge of the rim, and two others for
illuminating the right and left edges of the rim. In another, only the
top and left rim are illuminated. These cylinders are made of such
length as to illuminate appropriately the entire vertical or horizontal
rim, whichever the case may be. They are open at either end to admit
the lamps that provide the light source. Ordinarily, 6- to 8-v. blue-bead
pilot lamps are employed.

A more practical lamp, though, is one of long, tubular shape, such as
is used in the medical profession for exploratory purposes. Such a lamp
provides greater illumination. One lamp, instead of two, per cylinder,
will provide an efficient light source throughout the length of the cylinder.
Each cylinder is provided with a slit in the side toward the mosaic so
that the light filtering through the slit may be projected upon the rim
of the target. The upright cylinder used to illuminate the left edge of
the mosaic is clamped at the lower extremity, the mount affording a
means of rotation. Thus, the entire cylinder may be rotated at will in
order to focus the light directly upon the rim. After adjustment, a
screw thread permits clamping. The mount must be rigid so that move-
ment of the camera about the studio floor will not produce vibration
that will be transmitted to the assembly and upset_the adjustment.

The horizontal cylinder, the one used in illuminating the upper edge
of the mosaic, is held in position by means of two clamps, one near
each end of the device. The mounting feet of these clamps are slotted
and the entire cylinder may be moved up and down, vertically, to afford
optimum adjustment of the upper rim lighting. The entire cylinder
assembly is fixed just above the aperture in the camera head, through
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which light is admitted from the optical lens system and through the
optical window of the bulb of the Iconoscope. Thus, it does not prevent
the reflected light from reaching the photosensitized surface of the
tube’s target.

The lamps in each cylinder are rotated in the ends of the cylinders
so that the axes of the filaments are in optimum position for maximum
projection of light. In orienting the lamps within the cylinders, one
position will be found, depending upon the geometry of the filament,
which results in optimum transfer of light through the slit. The best
setting is determined by observing the rim of the mosaic while the lamps
are being rotated. Usually, the metal hood of the camera is removed,
and a cloth hood or coat is thrown over the Iconoscope to obviate the
possibility of external light affecting the adjustment. This enables the
engineer to see clearly the amount of light being thrown upon the rim.
A black cloth hood such as is used by portrait photographers will prove
useful in this adjustment.

A better arrangement for mounting and adjusting the rim lights,
though more difficult of mechanical design, employs the same type of
cylinder, namely, one with the side slit for projection purposes, but it
is equipped with two thumb screws for easy adjustment. A screw is
used at each end of the cylinder, and each operates through a tapped
angle. Thus, the ends of the cylinder may be raised or lowered vertically
to permit more precise adjustment. A small gear arrangement may also
be employed at the light socket, or sockets, so that the lamps may be
oriented within the eylinder for optimum focusing. 1If the lamps are
orientated within the cylinder, the thumb screws control the rotation.

In adjusting the rim lights, illumination should cover only the rim
of the mosaie. Any light falling upon the photosensitized surface of the
target will result in flare at the portion of the image upon which the
light falls. These bright spots may be easily seen if the image is viewed
at the line monitor. Lamps and the cylinder mounts are then adjusted
until the flare is completely eliminated. To determine whether the
observed flare is due to improperly adjusted rim lights, the rim-light
circuit may be momentarily opened and closed by means of a switeh,
thereby isolating the rim-lighting system as the possible cause.

It is common practice to utilize direct current in the rim-lighting cir-
cuit. Tt must be remembered that the video signal at the output of
the Iconoscope is at low level; therefore, any extraneous a-c fields sur-
rounding the tube are apt to be induced into the output eircuit, and
noise or snow will appear in the final image. If the hum field is very
heavy, clearly defined hum bars may be seen traversing the picture
horizontally. They are broad black or dark bars, evenly separated and
extending horizontally across the image, top to bottom of the raster. If
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alternating current is used in the rim-lighting circuit, careful balancing
to ground must be carried out. In most cases, the results will not be
very satisfactory. A good d-c¢ source of supply, preferably from a dry-
disk type rectifier or storage battery, is generally made use of.

The lamp-circuit potential should be capable of adjustment from the
video control room, since it will be found that the optimum value of
illumination varies over long periods of time. Also, aging of the fila-
ments in the lamps demands some readjustments in supply potential.
Too, the necessary value of illumination varies for different Iconoscopes,
and the manufacturing tolerances allowed in the bulb dimensions are
so great that no single adjustment ever proves exactly right for another
pickup tube. The installation of a proper rheostat in the control room,
so that remote control of the potential may be had, is very desirable.
Such a control arrangement should provide protection from accidental
overload of the lamp filaments, so that they are not overloaded during
periods of camera operation in the studio. The lamps are usually con-
nected in parallel. A resistor is inserted in series with the rheostat.
Then maximum rotation in a clockwise direction will yield a maximum
of about 7.5 v. at the lamp sockets. Any lamps employed should be
capable of yielding sufficient illumination without operation near the
overload point.

In addition to the lamps used for rim lighting, an additional lamp is
operated at the rear of the Iconoscope bulb and directly to the rear of
the signal-plate side of the mosaic. This lamp and its fixture are known
as the “back light.” Its funection is to discharge photoelectric material
which was deposited on the walls of the Iconoscope during the manu-
facturing process and also seems to improve the secondary-emission
factor of the mosaic. The lamp need not be sharply focused upon the
rear of the mosaic to achieve this result. Instead, a diffused lighting
of the rear of the target seems to prove most beneficial. At any rate,
the signal output of the Iconoscope is improved through use of back
lighting, as may be readily seen if the amplitude of the video informa-
tion produced by the tube is viewed while the amount of illumination
is varied, or cut on and off intermittently. Care must be taken that
none of the light originating with the back-light source falls upon the
photosensitized front surface of the mosaic, which sometimes ocecurs
when the light is reflected from the walls of the tube and onto the
mosaic.

4.9 XKeystoning. Keystoning circuits are discussed in greater detail on
pages 299-300. At this point, however, it should be considered briefly.
Owing to the fact that the high-velocity beam generated by the elec-
tron gun of the Iconoscope strikes the mosaic at an angle 30 deg. from
the perpendicular, the path of the beam—cathode to mosaic—is longer
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at the upper edge of the target than along the lower edge. In scanning,
beam deflection over the surface is roughly proportional to the actual
length of the beam between the deflecting coils and the surface being
scanned. For this reason, the length of the top horizontal scanning line

is longer than the line at the lower edge of the mosaic surface. The

picture that results—without keystone correction—is keystone-shaped.
Of course, the final image, the one entering the transmitter, must be
perfectly rectangular in shape and must have the proper aspect of ratio
of 4:3.
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FULL LINE ABOVE SHOWS KEYSTONE- ABOVE IS NECESSARY TO PROVIDE
SHAPED PATTERN AT QUTPUT CORRECTION. THE HORIZONTAL SAW-
OF THE ICONOSCOPE. TOOTH VOLTAGE IS MOOULATED BY A
DOTTED LINE INDICATES COMPONENT OF THE VERTICAL
CORRECTION NECESSARY. SAW-TOOTH VOLTAGE.
Fi1c. 4.10

Correction is obtained by adding a part of the vertical saw-toothed volt-
age to the horizontal saw-toothed voltage in proper phase and amplitude
to decrease the actual length of the scanning lines at the top of the
image while at the same time increasing their length at the bottom of
the mosaic. The vertical saw-toothed voltage is used to modulate the
horizontal saw-toothed voltage to achieve this result, and special circuits
are necessary. Until recently, such circuits were difficult to develop and
apply. Present methods, however, afford trouble-free keystoning with
a minimum of components. Complete control is afforded and the video
engineer has instant supervision at his finger tips. The adjustment,
once made, is not permanent. As the camera is moved across the studio
floor, extraneous magnetic fields tend to affect the beam positioning.
Minute adjustments must be continually made during a performance.
As mentioned before, adequate magnetic shielding of the Iconoscope will
limit this effect. However, it is believed that the magnetic lines of force
about the earth have some effect. Keystoning can be seen to change
slightly as the camera is moved in a circle about the studio floor, sup-
posedly clear of any other magnetic fields which might possibly couple
and induce spurious voltages into the deflection coils.

Keystoning changes with each Iconoscope used. The degree or per-
centage of modulation must be corrected after each installation of a
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new pickup tube. The circuits are usually corrected, therefore, after
the new tube is installed. Keystone-amplitude and keystone-balance
controls are set for optimum, so that they will operate within the
required range necessary to maintain control during operation.

4.10 The Spurious Shading Signal. As has been mentioned, one of the
most serious faults of the Iconoscope lies in the spurious shading signal
that develops. If correction of the fault is not attempted before trans-
mission, the image received by the viewer will not faithfully represent
the light and shade in the scene being televised. The tube efficiency,
unfortunately, is limited by the very small difference of potential existing
between the second anode and the mosaic. Therefore a great many
photoelectrons fall back on the mosaic instead of reaching the second
anode where they may be carried off. The result is an actual reduction
in the stored charge per picture element.

A study of the Iconoscope shows that if its operation approached the
ideal, the beam, in scanning, would exactly replace the emitted electrons
that are lost by each element along a particular line. Unfortunately,
this is not true. The electron beam which continuously scans the target
left to right, except during blanking time, dislodges a great many
secondary electrons because it is operating at high velocity. At the
point of impact with the target the force is very great. These secondary
electrons rain and fall back upon the mosaic unevenly, enabling certain
parts of the target to attain a more highly negative charge than other
parts. The parts that assume a more highly negative charge produce
a greater difference of potential between the parts affected and the second
anode. Thus, the efficiency is actually increased at the points along
the mosaic surface which are made more negative owing to the uneven
rain and fall of secondary electrons. The increase in efficiency tends
to bring about a greater emission current to the second anode, as well
as a subsequent rise in video output when the more highly negative
points along the target are scanned by the beam. Since the charge along
each line is strictly cumulative the efficiency ordinarily increases toward
the end of a scanning line. If interlaced scanning from left to right is
employed, then the right-hand edge of the picture will seem brighter
than the left. Too, the unequal rain and fall of secondary electrons
will result in bright and dark spots throughout the entire area of the
mosaic. .

The spurious shading signal is customarily corrected by introducing
necessary components of voltage to the normal output of the Iconoscope.
These components of voltage are of such phase and amplitude as to
counteract the spurious shading signal. The actual output of the pickup
tube, added to the shading voltages introduced, results in a net signal
voltage the magnitude of which is actually proportional to the true light
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and shade in the scene being televised. The spurious shading signal
increases with an increase in beam current. It is common practice,
therefore, to use the minimum beam current that will result in an
acceptable picture. Since beam current is usually controlled at a point
remote from the camera, the video engineer in the control room can
ascertain the proper level to set the beam current for a particular Icono-
scope. This setting is made such that control of the shading is easily
effected.

Some time is always required to “shade up” a picture properly before
it may be satisfactorily transmitted. For this reason, at least two
Iconoscope camera chains are ordinarily necessary in the typical tele-
vision studio where these tubes are used. While one chain is on the
air, a video engineer is shading up a second camera chain, making it
ready to be switched on the air at the director’s request. For smooth
operation, a good director never requests a scene until he has first made
sure that the camera chain is properly shaded. A video monitor for
each chain shows him the finished product. Among television engineers
it has often been said that if the picture is not perfect electronically, it
is not good artistically. This is very true.

The shading generator or amplifier controls provide for easy adjust-
ment of the phase and amplitude of the voltages used for shading com-
pensation. These controls are adjusted until the average illumination
of any particular scene is uniform throughout the entire useful area of
the mosaic. A number of compensating voltages are used, and the con-
trols are usually described as follows:

Vertical saw Horizontal saw
Vertical parabola Horizontal parabola
Vertical sine Horizontal sine
Vertical sine phase Horizontal sine phase

All these correction voltages are mixed into a common shading
amplifier. The output of the amplifier, in one case, is carried by
coaxial cable from the video control room to the studio camera where
it is subsequently introduced at the low-level input of the first stage
of the video preamplifier. Other systems introduce the shading poten-
tials at high level, sometimes at the input of an intermediate video
amplifier in the control room. It should be pointed out that the ver-
tical and horizontal sine phase controls mentioned above are employed
for the purpose of changing the phase of the vertical and horizontal sine
voltages through 180 deg. continuously. This proves very advantageous
in providing complete control.

Proper operation of the controls requires practice on the part of the
engineer. It is usually some months before he becomes adept. It is
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common practice to allow the engineer to shade pictures first during
rehearsals. Later he is allowed to shade pictures that are being trans-
mitted, but only after he has become proficient. The amount of time
required to train an engineer thoroughly for this operating position
varies with the individual. Certainly he must show some aptitude and
alertness if he is to qualify for such a position.

411 Care Required in Handling and Installation of the Iconoscope.
The Iconoscope at best is a very sensitive and delicate device, and the
greatest care must be exercised in handling it. When the tube is received
from the manufacturer, it must not be removed from its shipping carton
under bright illumination. Rather, it should remain in the carton until
the average illumination is subdued, and just sufficient lighting is per-
mitted to facilitate proper handling without risk of accidental damage.
No direct light must fall upon the sensitized mosaic. Usually, the
source of light necessary to permit examination and installation is fixed
at a considerable distance from the Iconoscope and camera in which
it is to be installed.

It will be seen that the tube, as received from the supplier, is
packed in a carton with the neck down. The tube should remain in
this position when extracted from the carton to obviate the possibility
of foreign elements within the glass envelope falling upon the
gensitized mosaic. Most television cameras are so arranged that the
tube mount permits the gun section of the Iconoscope to extend down-
ward. This arrangement affords the maximum protection to the mosaic
surface. Such a mount, or support, should be rigid. It should also
afford some type of shock absorption to prevent mechanical damage to
the tube when it is in operation, since the camera is in practically
constant motion about the studio floor during the televising of a pro-
gram sequence.

Care must be exercised to prevent the socket mount from producing
undue strain or stress at the gun press and base. Usually, the external
leads connecting to an appropriate socket are properly cabled. The
socket terminates at the extreme end of this short, flexible cable, and
thus, the cable itself absorbs the shock which might otherwise be trans-
mitted to the gun structure and enclosing neck of the tube. The con-
nectors that fit over the caps protruding through the walls of the tube,
to permit connection to the mosaic and the collector ring, must be
equipped with short flexible leads to eliminate strain at this point.

The large bulb of the Iconoscope may be secured to the camera
proper by means of a narrow metal strap about 1 in. wide. This strap,
fitted to encircle the tube in the region of the mosaic, is lined with felt
to prevent damage to the glass bulb. In one type of installation, one

end of the strap is clamped to an upright support at the lower and outer
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side of the bulb of the tube. If the face of the strap is slotted for a
convenient distance from one end, it may be fitted over machine screws
which extend from the upright insulating support. The strap is then
drawn tight about the bulb of the tube. Just enough tension is applied
to clamp the tube firmly m position, after which the machine screws
are tightened. Too much tension must not be applied, because this may
fracture the glass bulb. The metal strap is at ground potential, but it
connects to ground through a lead that holds the ground at the first
stage of the preamplifier at the same potential. It is important that
no difference of potential exists between grounds.

When the Iconoscope is being fitted in the camera mount and mechani-
cally rotated and adjusted for proper operation, a suitable lightproof
hood of cloth should replace the metal hood which has previously been
removed from the camera to allow access to the tube mount. The
engineer may then make the necessary adjustments without the possi-
bility of extraneous light striking the sensitive mosaic. If too much
direct light falls upon the mosaic during this operation, a reduction in
the photosensitivity of the target may result. As a matter of fact, no
direct light is ever permitted to fall upon the mosaic surface. Only
reflected light from the subject being televised is allowed to strike it,
and then only through the optical lens system. Actually very little
light reflected from a studio scene strikes the mosaic. In one instance
the light measured at the surface of a test pattern that was properly
illuminated indicated a total of 1,400 ft.-c. The light reflected from
this test pattern and measured on a plane equal with that of the lens
system was 110 ft.-c. The light measured inside the camera housing
with the Iconoscope removed, but at the same position formerly occupied
by the mosaic, indicated a light-meter reading of 87 ft.-c. Therefore,
it can be readily seen that direct light may prove very injurious, since
it compares very unfavorably in intensity with light actually being
reflected upon the mosaic through the optical lens system.

It is customary to lightproof the camera-housing interior. The sur-
faces are coated with Kodalac or some similar nonreflective material,
and the lens-barrel interior is also coated with a similar material, so
that no reflections occur within its inner walls.

When the Iconoscope has been installed, it must be slightly rotated
within the clamping ring until the mosaic is perfectly square with the
aperture through which reflected light is admitted. The tube is covered
with a lightproof cloth during this procedure, and the optical lens system
is removed. Standing in front of the camera, the engineer lines up the’
mosaic with the window, light from the rim-lighting system furnishing
enough illumination under the hood to facilitate the adjustment. The
tube is firmly clamped after the operation is completed.
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From the preceding discussion of the Iconoscope, it is apparent that
five inherent faults are present in the tube. One particularly trouble-
some defect is the presence of a spurious shading signal which causes
nonuniform shading of the image to be transmitted. Although this
defect may be satisfactorily compensated for through the use of special
equipment, it necessarily complicates the transmitting system, and
specially trained personnel are required to effect the proper shading
correction. A second disadvantage is the low over-all sensitivity of the
Iconoscope. Owing to the rain of secondary electrons upon the photo-
sensitized mosaic, it is sdid that the charge reaching the second anode
as each picture element is discharged through scanning actually approxi-
mates about 25 per cent of the total charge stored at the mosaic. More-
over, because of the extremely low difference of potential that exists
between the mosaic and the collector ring, a space charge is present
between these elements. This space charge serves to reduce further the
number of electrons that might otherwise succeed in reaching the col-
lector. Both the rain of secondary electrons upon the sensitized surface
of the mosaic and the space charge that exists between the mosaic and
collector produce a reduction in the over-all sensitivity of the device.

A fourth disadvantage lies in the large surface area of the mosaic.
It will be recalled that the output voltage, or the amplitude of the video
information prevailing at the tube’s output, is in part a function of the
area of the photosensitized surface, thus accounting for the large area
of the mosaic. In fact, it is considerably larger than that found in
either of the other present-day pickup tubes, and it should be borne in
mind that the larger the target area, the more expensive the optical
lens system that must be employed at the camera. Actually, the cost
of a good optical lens system to operate with the Iconoscope approxi-
mates the cost of the tube itself.

A fifth disadvantage is the keystone compensation that is required.
Such correction is necessary because of the beam striking the mosaic
at an angle of 30 deg. from the perpendicular and the resulting image,
before correction, being keystoned in shape.

412 The Orthicon. All the inherent defects and faults ascribed to
the Iconoscope have been subsequently corrected in the Orthicon, a
pickup device that is a more recent development of R.C.A. Laboratories.
An early commercial version of this tube is shown in Fig. 4.11, and a
schematic diagram of the device is shown in Fig. 4.12. This pickup
tube is largely the work of Albert Rose and Harley Iams of R.C.A.
The word “Orthicon” is a simplification of the name “Orthiconoscope,”
which has been used by these engineers to denote any pickup tube in
which the target operates at cathode potential. The Greek prefix orth
means straight, and it was added to the term Iconoscope to describe
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the linear relation between light and signal output which obtains in
pickup tubes of this type. A later version of this tube, the Image
Orthicon, will be subsequently described in the text. The Orthicon type
of pickup device, attaining new heights of perfection in the Image Orthi-

#

Fic. 4.11 R.C.A. type 1840 Orthicon, an early commercial type of tube which has
seen special use as an outdoor pickup device. (Courtesy of Radio Corporation of
America, Tube Division.)

con, has replaced the Iconoscope as the preferred type of tube for most
pickup applications.

While the Iconoscope employs a high-velocity electron beam for scan-
ning the target, the Orthicon makes use of a low-velocity beam for the
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The focusing coil surrounding the tube is not shown
Fig. 4.12 Schematic diagram of R.C.A. type 1840 Orthicon pickup tube.

same purpose. This eliminates the problem of secondary emission which
so lowers the over-all efficiency of the Iconoscope. It can be seen that
the ideal pickup tube design would have all the emitted photoelectrons
drawn away without the introduction of secondary emission in so doing.
This may be accomplished by operating the target at the same potential
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as the cathode or emitting device. It has been shown by A. W. Hull*
that the potential of an insulated surface exposed to an electron beam
is stable at this potential. Secondary electrons are liberated at the
mosaic of the Iconoscope because the high-velocity electron beam im-
pinges upon the target with considerable force. The electrons striking

g e

F16. 4.13 Early R.C.A. field camera for use with the Orthicon pickup tube. (Courtesy
of Radio Corporation of America, Tube Division.)

the target develop very high velocity owing to the great potential dif-
ference existing between cathode and target.

When a low-velocity beam such as that used in the Orthicon
is employed, beam electrons which attempt to land on the target are
repelled and retire without ever reaching it. But with photoemission,
which occurs when a light image is optically focused upon the target,
the target assumes a slight positive potential with reference to the
cathode, and the beam electrons impinge without the development of
appreciable secondary emission, restoring the target to the potential it

* Proc. I.R.E., Vol. 6, No. 1 (Feb. 1918), p. 5.
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held before photoemission developed the slight positive charge. It may
be seen, therefore, that the Orthicon, with target operating at cathode
potential, is & distinct improvement over the Iconoscope. The improve-
ment is due principally to the absence of secondary emission when the
mosaic is lighted and under electron bombardment during scanning.
413 The Mosaic of the Orthicon. In any electron tube for image
pickup that has thus far been developed, a photosensitized surface is
necessary. The reflected light from the scene being televised is imaged
upon this sensitized surface by means of an optical lens system that is
accessory to the pickup tube. The Orthicon employs such a light-sensi-
tive surface, but it is quite different from that employed in the conven-
tional Iconoscope. The target of the Orthicon is a sheet of thin mica.
The surface facing the electron beam is coated with a mosaic of photo-
sensitive elements, but the other surface, the side opposed to the beam,
is translucent. Herein lies a principal departure from the target design
of the Iconoscope.

The light imaged upon the mosaic must then pass through this trans-
lucent signal plate before being imaged upon the photosensitized surface
of the mosaic. The geometry of the tube is such that the mosaic is close
to the optical glass window at one end of the containing envelope. This
closeness results in a reduction in the actual physical difference between
the optical lens system and the sensitive target. The position of the
mosaic and the translucent signal plate may be clearly seen in Fig. 4.11.
With this improved construction, the camera lens may be made very
short in focal length, and a short focal length lens may be employed
for wide-angle shots. Too, the small target area reduces the required
diameter of the optical lens. Because of this, the Orthicon, its lens
system, and the camera which houses it may be made much smaller
than required for Iconoscope operation. In fact, the tube has had some
early use for outdoor or remote pickup work. An Iconoscope camera
is too bulky and cumbersome for practical operation in the field. The
Image Orthicon is now the principal tube for outdoor use.

The reduction in camera size afforded by the Orthicon results in greater
mobility and maneuverability in the field. Since the mosaic operates at
approximately cathode potential at all times, no high-voltage power
supply mount at the camera dolly or tripod is required. A positive
potential of 100 v. sometimes connected to the conductive metal coating
of the envelope, is the highest d-c¢ potential ever employed. This coat-
ing may also be operated at ground potential, if desired. In the latter
case, plus 25 v, d-c is the maximum potential applied. When we con-
sider that 750 to 1,000 v. are required for second-anode potential at the
Iconoscope, an additional advantage of the Orthicon can be readily seen.
Then too, there is less danger of the operator or cameraman coming




200 PRACTICAL TELEVISION ENGINEERING

in contact with high potentials. It may now be seen why it replaced the
Iconoscope as a principal tube for outdoor pickup, at least until the
more sensitive Image Orthicon was evolved.

414 The Orthicon Electron Gun. The electron gun of the Orthicon
is a very simple structure. It comprises a conventional, spirally wound
heater coil enclosed in a suitable cathode cylinder. The end of the coil
is coated with strontium and barium oxides to reduce the surface poten-
tial at which electrons are copiously emitted. Beyond the emissive
cathode are two low-voltage anodes. One anode has an aperture
diameter of 1 mm.; the second, placed slightly farther along the gun
structure and in the direction of the target, has an aperture diameter
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of 0.004 in. The electron beam leaving the gun structure is thus masked
to this latter effective diameter before entering the electrostatic field
of the horizontal deflection plates. The cross section of the electron
beam is limited to the size of a single picture element by the defining
aperture of the last electrode.

The inner surface of the glass envelope enclosing the tube components
is suitably coated with a metallic covering, which may be connected to
ground. The cathode is operated at 25 v. negative with respect to
ground. The signal plate at the target is also connected to ground
through the load resistance, across which the signal is developed. The
input to the video preamplifier is connected across this load resistance.
The electron beam, masked to 0.004 in., reaches the target at approxi-
mately the same diameter owing to the presence of the long focus coil
employed. The theory of the long focus coil has already been discussed
in Chap. 2.

Because the Orthicon is of much smaller physical size than the Icono-
scope, the electron beam is less affected by extraneous electrostatic or
magnetic fields. The distance through which the beam must travel,
cathode to target, is relatively short. Once the beam leaves the gun, it
is better assured of traversing a uniform deflection field, and there is
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less possibility that distortion will be brought about by stray fields in
the vieinity of the apparatus.

415 Beam Deflection in the Orthicon. The electron beam emerging
from the gun structure of the Orthicon possesses both low voltage and
low velocity. This eliminates the need of utilizing the type of electro-
static focusing system commonly employed when a high-velocity beam
is involved. An important problem in the design of the tube, which
employs both an electron gun for beam generation and a target operating
at cathode potential, was to deflect the beam without appreciable defocus-
ing. It is a well-known fact that in any tube employing an electron
gun only the exact center of the target is normally connected with the
emissive cathode by a magnetic line. Therefore, if electrons emitted by
the gun are to impinge upon other parts of the total photosensitized
area, either the beam must pass over the magnetic lines of the axial
field, gun to target, or it must pass or be forced to other areas of the
target surface by warping the normal axial magnetic field. Thus, a
gun and an axial magnetic field have been employed in the Orthicon
of R.C.A. Laboratories to obtain scanning.

The Orthicon is immersed in a uniform magnetic field developed by
a long field coil which extends the complete length of the device. High-
speed horizontal deflection is obtained through use of a pair of electro-
static deflection plates in addition to the axial magnetic field. With
this arrangement, the electron beam is deflected in a plane parallel with
the horizontal plates and diverges from the axis only when it is between
the plates. It has been shown that the amplitude of deflection is pro-
portional to the electric field and the transit time of the electrons moving
between the parallel deflection plates, and that it is inversely proportional
to the strength of the axial magnetic field. The deflection plates are made
as wide as the target, since the maximum amplitude of deflection is a
function of the width of the plates.

If the beam could be conveniently viewed from the gun end of the
plates, it would be seen to “wiggle” through in the pattern of a series
of cycloids. This is representative of the two-dimensional path of elec-
trons moving in crossed electric and magnetic fields. It was found by
R.C.A. engineers that it was entirely possible to ensure that the beam
leaving the plates retained none of the transverse velocity acquired in
the plates. This was accomplished by suppressing the amplitude of cy-
cloidal motion within the plates, the beam being admitted between the
parallel plates through a gradually increasing electric field. The plates
are so designed that they flare out at the entrance and exit ends.

It has been pointed out by R.C.A. engineers that two distinctions are
noted in comparing electrostatic deflection in the presence of a magnetic
field with electrostatic deflection in an ordinary cathode-ray tube. In
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the cathode-ray tube, the plane of deflection is perpendicular to the
plates. In the Orthicon, the plane of deflection has been rotated through
90 deg. into a plane parallel to the deflection plates. Also, in ordinary
cathode-ray tube electrostatic deflection the deflection plates impart a
transverse velocity to the electron beam. As a result the beam continu-
ously diverges after departing from the plates. In the Orthicon pickup
tube, the beam diverges only from the mean axis while between the
plates.

The magnetic lines of force are essentially in a straight line from
one end of the Orthicon to the other, owing to the presence of the long
magnetic coil surrounding the envelope. Thus, if no deflection forces are
applied, a beam 0.004 in. in diameter leaving the gun at one end of the
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Fi1e. 4.15 Diagram of the path of an electron beam
in electric and magnetic fields. (After A. Rose and
H. Iams.)
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tube will emerge at the target with its initial diameter. In addition
the magnetic field tends to constrain the beam to motion parallel with
the axis after it emerges from the plates.

A pair of magnetic coils are used to obtain vertical deflection in the
Orthicon because of the low frequency involved. The separation of
these coils must be made equal to the height of the mosaic, since the
amplitude of deflection is a function of the magnitude and axial length
of the axial magnetic field. It can be seen that once the beam leaves
both the horizontal and vertical pairs of deflection plates, it is in the
same condition as when it left the electron gun, except for displacement
from the mean axis through the tube. Moreover, the beam reaches
the target at near zero velocity owing to the electric retarding field
through which it passes. Thus, secondary emission is practically non-
existent.

When a target is not illuminated by reflected light from the studio,
the mosaic is not at positive potential. This last occurs only when the
mosaic’s photosensitive elements are receiving light from some source.
Hence, due to the fact that the cathode and target are at precisely the
same potential, the electrons will not impinge upon it. Instead, they
will first come to zero motion near it, then will be accelerated in the
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reverse direction. They eventually return to the collector, just in ad-
vance, physically, of the gun structure, passing once again through the
deflecting mechanism, but in the reverse direction.

But, should the mosaic be illuminated by light that is reflected upon
it from some source, then enough of the beam will impinge upon the
target to replace the photoelectrons which have been taken away during
the previous time of one frame. Thus, the beam serves to maintain
the cathode and target at potential equilibrium and the video signal
is produced.

Of course, since the beam reaches the target perpendicularly, no key-
stone correction of horizontal deflection is necessary. This is a distinct
advantage over the Iconoscope type of pickup tube. The absence of
keystoning circuits greatly simplifies the television system and, inciden-
tally, reduces the amount of training required to produce a competent
operating engineer.

416 Characteristics of the Orthicon. As has been shown, no signal is
actually developed at the output of the tube when no light image is
focused upon the mosaic. But when a lighted scene is imaged upon the
target, a signal proportional to the light intensity of each point on the
surface and corresponding to light and shade in the scene is carried to
the video preamplifier of the camera. The amplitude of beam current
limits the maximum signal which may be obtained from the device and a
modulated beam current of 1 ma. has been measured in some tubes.
This is equivalent to a signal current about 300 times greater than
the average noise level encountered in a typical television amplifier.
Thus, the snow, or noise, level may be considerably reduced in a tele-
vision system employing the Orthicon. The quality of the resulting
picture is, in part, of course, a direct function of the signal-to-noise
ratio.

_ The conversion of possible photoemission into signal approaches 100

per cent efficiency with the Orthicon, as compared to a maximum of 25
per cent efficiency attributed to the Iconoscope. Since the collector
electrodes surrounding the target are at times about 100 v. positive, a
saturated photocurrent is obtained under static conditions. During
frame time, the photoemission from the target is swept over the collect-
ing elements by the vertical coil fields.

The Orthicon, with a target photosensitivity of 1 ma. per lumen, dem-
onstrates the same operating sensitivity as an Iconoscope that possesses
a target sensitivity of 10 ma. per lumen. The Orthicon will demon-
strate as much as 600-line resolution in the center of the picture. For
a target of the size used in the Orthicon (2.5 in. wide), this means
that the scanning beam is capable of resolving elements on the target
separated by less than 0.02 in. As will be seen in Fig. 4.4, the tube
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has the same spectral-response characteristics as those possessed by the
Iconoscope.

417 The Image Orthicon. A very efficient electron tube for image
pickup has been developed by R.C.A. Laboratories. It is called the
Image Orthicon and represents a considerable improvement over the
early commercial version of the Orthicon previously described. A photo-
graph of a developmental model of the new Image Orthicon is shown
in Fig. 4.16, and a schematic of the tube is illustrated in Fig. 4.17.

Physically, the tube is much smaller than the earlier Orthicon. It
is, of course, considerably smaller than the Iconoscope. It measures
only 15 in. along its greater axis and just 3 in. at its greatest diameter.
This small size makes it a very desirable pickup tube for portable-
equipment applications, and it has become the principal tube for indoor
work as well as for remote pickup work outside the studio. A very small
camera housing is required to enclose the device completely.

Problems of lighting become inconsequential because of the extreme
sensitivity of the Image Orthicon. The device demonstrates almost
unity gamma. Satisfactory results are obtained in scenes illuminated
with less than 0.01 c. per sq. ft. The tube incorporates an electron
multiplier, and the gain of the multiplier is about 10 at the 0.01-c. level.
It increases to about 100 at a 10-c. level. Thus, the image signal is
amplified sufficiently to cause the video signal leaving the tube to be
above the noise level before it enters external connecting circuits.

Clearer television images under shifting light conditions may be ob-
tained through the use of the Image Orthicon. Satisfactory pictures
have been obtained from scenes illuminated by the light of a candle or
match. Its sensitivity through the infrared portion of the light spectrum
is such that pictures have been obtained in almost total darkness when
the infrared rays were focused upon the scene to be televised. This
was accomplished through use of the type 2P23 Image Orthicon tube, .
which possesses greater infrared sensitivity than certain other types.
Today, several commercial varieties of the Image Orthicon have been
made available for pickup purposes. The type 2P23 is principally
adapted to pickup work outside the studio, whereas the type 5655 has
been especially developed for studio pickup indoors. Another Image
Orthicon tube, which may be used both indoors and outdoors, is the
type 5769.

The type 5820 Image Orthicon tube was recently announced. It is
particularly suitable for outdoor or field pickup purposes and is unusually
stable in performance at all incident-light levels ranging from bright
sunlight (several thousand foot-candles) to a deep shadow (1 ft.-c. or
less). Pictures of commercial quality are obtainable at incident-light
levels greater than approximately 10 ft.-c. The minimum light level
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Fic. 416 Early commercial version of the Image Orthicon. (Courtesy of Radio
Corporation of America, Tube Division.)
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required of this tube is 0.15 of that required for the type 5769, and 0.4
of that required by the type 2P23. The type 5820 tube may be sub-
stituted for the type 5655 in the studio in order to get improved gray-
scale rendition of color, but not without some sacrifice in over-all per-
formhnce because of the lower signal-to-noise ratio of the type 5820.
418 Operation of the Image Orthicon Tube. The Image Orthicon
may be best understood if it is considered to comprise three principal
sections: the image-multiplier section, the scanning section, and the
electron-multiplier section. All three are combined within the glass
envelope to provide the complete electron tube for image pickup (see
Fig. 4.18).

The #mage-multiplier section comprises a photocathode, an electron
lens system, and a suitable target. The operation of this section is of
considerable interest, since it functions in a somewhat different manner
from anything previously described. The reflected light from the studio
stage is passed through the Image Orthicon camera’s optical lens sys-
tem, with the result that the scenc before the camera is imaged on the
face of a translucent photocathode. Photoelectrons are emitted from
the back surface of the photocathode. The number and distribution of
the photoelectrons are directly related to the luminous flux incident
at the face of the photocathode. Because of the electron lens action and
the longitudinal magnetic field present, an electron image (synonymous
with the reflected-light image) obtains at the front surface or face of
the target. This target, located just back of the translucent photo-
cathode, is actually a very thin glass plate, in front of which is a screen
of fine wire mesh. The mesh for the sereen can be made with 1,500
gossamer wires to the linear inch, or 2,250,000 openings to the square
inch. It is so fine that an ordinary pinhead will cover 7,000 of the
tiny openings. The screen used for commercial purposes is termed
“200” and “500 mesh” screen.

The incident photoelectrons are accelerated approximately 400 v.
before passing through the fine mesh screen, and secondary electrons
are emitted upon their contact with the front surface of the target.
The secondary eclectrons are collected by the mesh and are passed to
ground. The result is a charge deficiency on the target which corre-
sponds to the electron emission obtaining at the photocathode of the
tube.

A charge pattern several times greater than that at first originating
at the photocathode is produced on the target. This amplification 1s
due to the fact that the secondary-emission ratio of the target of the
image-multiplier section of the tube is greater than unity. The charge
is positive at the points where picture high lights are present in the
image.
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The fine wire mesh screen is utilized for collecting the secondary elec-
trons generated at the surface of the target, thereby preventing their
irregular rain and fall back onto the face of the target. The possible
development of a spurious shading signal of any consequence is elimi-
nated, and therefore the necessity for special shading circuits at the
camera control equipment.

The potential of the wire screen determines the potential of the tube
target. When the target potential becomes more positive than the
potential present at the mesh screen, the secondary electrons encounter
a retarding field which serves to prevent their reaching the screen and
obviates the possibility of a further potential rise. The glass target is
very thin, and the ratio of its transverse to longitudinal resistivity is
therefore sufficiently high, so that the pattern of charge on the face of
the target is transmitted to its rear surface without any serious loss
of resolution.

The scanning section of the tube is also of interest. The electron gun
for generation of the required scanning beam is similar to that encoun-
tered in other cathode-ray tubes. The potential at grid 2 (G-2) deter-
mines the velocity with which the generated electrons are fired by the
gun. The potential at grid 1 (G-1) serves to limit the beam current.
Grids 2, 4, and 5 (G-2, G-4, and G-5) combine with the longitudinal
magnetic focusing field and cause the electron beam to be focused upon
the rear surface of the target. Grid 3 (G-3) has negligible effect during
the forward travel of the electron beam.

It should be noted here that the scanning section is physically situated
to the rear of the image-multiplier section, and that the image-multiplier
section is located at the front of the tube. It is important to keep
thi