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TELEVISION, Volume VI 

PREFACE 

TELEVISION, Volume VI, covering the years 1949 to June, 1950, 
is the twelfth volume in the RCA Technical Book Series, and the sixth 
volume devoted exclusively to television. The first television volume 
was published in 1936 followed by Volume II in 1937. Volumes III 
and IV appeared in 1947. 

Original plans called for the publication in 1950 of a volume cover- 
ing the years 1947 -1949. Because of the extraordinarily large amount 
of work done in television during this period, too many valuable papers 
would have had to be excluded for lack of space in a single volume. 
For this reason, two volumes are being published simultaneously, 
covering the periods 1947 -1948 (TELEVISION, Vol. V) and 1949 - 

June, 1950 (TELEVISION, Vol. VI). 
Even with the two -volume presentation, the large number of ex- 

cellent papers on the subject of television has made necessary a very 
stringent selection process. All the available material can not be in- 
cluded in full form. A number of papers are, therefore, presented 
herein in summary form only; it has been necessary to omit others 
entirely. Suitably balanced presentation of the various phases of tele- 
vision was the major criterion in deciding which papers to include in 
full and which in summary. The presentation of a paper in summary 
form (or the non -inclusion of any particular paper) is not intended 
to indicate any deficiency in technical accuracy, literary merit, or 
importance. 

The papers in this volume are presented in six sections: pickup, 
transmission, reception, color, UHF, and general. 

RCA Review gratefully acknowledges the courtesy of the Institute 
of Radio Engineers (Proc. I.R.E.), the McGraw -Hill Book Company, 
Inc. (Electronics), Caldwell -Clements, Inc. (Tele -Tech) and the Grad- 
uate School of Business Administration, Harvard University (Harvard 
Business Review) in granting to RCA Review permission to republish 
material by RCA authors which has appeared in their publications. 
The appreciation of RCA Review is also extended to all authors whose 
papers appear herein. 

RCA Laboratories The Manager, RCA REVIEW 
Princeton, N. J. 

July 18, 1950 
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DEVELOPMENT AND PERFORMANCE OF 
TELEVISION CAMERA TUBES *t 

BY 

R. B. JANES, R. E. JOHNSON AND R. S. MOORE 

Summary -Three new television camera tubes have resulted from an 
intensive development program extending over several years. These are 
(1) the well -known 2P23 image orthicon which is especially suited for 
remote pickups where a wide range of illumination is encountered and 
versatility is of the greatest importance; (2) the 5655 image orthicon 
which is capable of producing pictures of studio quality when the illumina- 
tion can be controlled; (3) the 5769 image orthicon which may be used for 
either remote or studio pickups. The construction and operation of these 
tubes are described in detail. The development of image orthicons is traced 
by an examination of their limitations and the improvements which have 
resulted from changes in their construction. 

INTRODUCTION 

DURING the past fifteen years a number of television camera 
tubes have been developed. The first to be considered here is 
the iconoscope'. This tube is still used for the transmission of 

motion picture films and has been extensively used in studio work. 
When carefully used with the needed complicated correcting circuits, 
bias and frame lighting, it is capable of producing a high -quality pic- 
ture. Its resolution is satisfactory and its half -tone response is good. 
It is also completely stable at all light levels. However, in order to 
obtain satisfactory pictures, incident light levels of 800 to 1,200 foot - 
candles are needed on the subject. Even under these conditions "dark 
spot" and "flare" can be troublesome, particularly for rapid changes of 
illumination and for scenes that contain dark areas near the bottom 
of the picture. Although the signal -to -noise ratio may be satisfactory 
at lower light levels, shading becomes nearly impossible to correct 
unless the scene is evenly lighted. Lowering the beam current to 
decrease dark spot is of little help because the signal output drops 
nearly as rapidly as the dark spot and the tube becomes unusable be- 
cause of low signal -to -noise ratio. 

The type of iconoscope presently available is the 1850 -A, which 
has a diameter of 63/4 inches and a mosaic area of 17 square inches. 

* Decimal Classification: R583.6. 
f Reprinted from RCA Review, June, 1949. 
' V. K. Zworykin and G. A. Morton, TELEVISION, John Wiley and 

Sons, Inc., New York, N. Y., 1940. 
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2 TELEVISION, Volume VI 

The signal output in microamperes for a typical tube is shown in 

Figure 1 plotted against illumination on the mosaic in foot -candles for 
two values of beam current. These two values of 0.15 and 0.2 micro- 

ampere are, in general, the values used in operation. As the operating 
personnel become more conscious of dark spot and flare, they tend to 

use the lower value of beam current. However, some may prefer the 
greater signal and signal -to -noise ratio obtained from the higher value. 

With a beam current of 0.2 microampere and a mosaic illumination of 

6 foot -candles, a signal -to -noise ratio (assuming 3 X 10-3 micro- 
amperes of amplifier noise) of 60 can be obtained. Because this is 

"peaked- channel noise ", i.e., noise 
of high frequency which conse- 
quently appears to the eye as fine 

grain, it is not objectionable; it is 
equivalent to a flat -channel noise 
ratio' of 180 to 1. The use of "high 
peaking" to improve resolution may 
reduce this ratio to about 100 to 1. 

It should be noted that these signal - 
to -noise ratios are expressed as the 
ratio of highlight signal to root - 
mean- square noise. 

Another type of iconoscope which has been manufactured is the 

1848. It has a 41/2 inch diameter and a mosaic area of a little over 

6 square inches. The signal output in microamperes is shown in 

Figure 1 plotted against illumination on the mosaic in foot -candles 

for 0.15 and 0.2 microampere beam current. At 6 foot -candles and 

with the same amplifier noise as for the 1850 -A, the value of signal 

to peaked -channel noise is about 30 to 1. To many users this perform- 

ance has not been acceptable when compared with that of the 1850 -A. 

The 1848, however, has certain advantages over the 1850 -A. When the 

amount of mosaic illumination is the same, the depth of focus of the 

1848 is better because only about 1/3 as much total light is needed to 

obtain the same mosaic illumination. Not only is the shading of the 

1848 usually somewhat easier to handle, but its smaller size makes the 

final equipment less bulky. Because of its size the 1848 has been used 

to a certain extent in portable outdoor equipment but here its low 

sensitivity has not made it popular. In motion picture applications 

where design factors of size and depth of focus are not important, the 
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Fig. 1 - Typical signal output 
characteristics for iconoscopes type 

1850 -A and type 1848. 

2 For a comparison of peaked- and flat -channel noise, see O. H. Shade, 
"Electro- Optical Characteristics of Television Systems ", Part I, RCA 
Review, Vol. IX, No. 1, pp. 32 -34, March, 1948. 
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1850 -A, because of its greater signal -to -noise ratio, appears to be 
the logical choice. For studio work, the choice between the 1848 and 
1850 -A is more difficult. 

There have been many proposals for increasing the sensitivity of 
iconoscopes to make them more useful for studio and perhaps outdoor 
pickup. One involves the use of an image stage of multiplication .3 

This proposal permits the use of a continuous photocathode instead of 
a photosensitive mosaic with a possible increase in photosensitivity 
of 2 or 3. However, in order to keep the tube to a practical size, the 
photocathode area has to be small, usually about three square inches 
in size. This size requires the use of a small diameter lens. Although 
the depth of focus improves, there is little, if any, reduction in the 
light level needed, because the signal from a pickup tube depends on 

the total amount of light striking the photosensitive surface rather 
than upon the illumination per unit area. There is, however, a gain 
of four or five because of the secondary -emission gain at the mosaic 
or target. Focusing the electron image from the photocathode to the 
mosaic is tricky even with magnetic focusing with the result that a 
loss of resolution and distortion of the picture is likely. Also, care 
must be taken to prevent interaction between the image- focusing coil 
and the beam -deflecting coil. Because the gain in sensitivity of such 
a tube is small unless very high photosensitivities can be obtained, it 
ha's not been considered as desirable as the tubes described later in 
this article. 

Another possibility for increasing sensitivity of the iconoscope is 
the use of signal multiplication. This method involves collecting the 
secondary emission from the iconoscope mosaic and putting it through 
a multiplier. This procedure is very difficult with the iconoscope be- 
cause the large area from which electrons must be collected adds 
spurious signals. Furthermore, neither image multiplication nor signal 
multiplication offers any hope of eliminating an inherent fault of the 
iconoscope -the dark spot. 

The next pickup tube to be developed was of the orthicon type', 
the now obsolete 1840. In design and operation this tube was a tre- 
mendous departure from iconoscope tradition. Instead of the use of a 
high -velocity electrostatically focused beam to discharge the mosaic, a 

low- velocity beam focused by a long magnetic field was used. The 
vertical deflection is magnetic but in order to avoid the need for high 

8 H. A. Iams, G. A. Morton, and V. K. Zworykin, "The Image Icono- 
scope", Proc. I.R.E., Vol. 27, No. 9, pp. 541 -547, September, 1939. 

4 A. Rose and H. A. Iams, "The Orthicon ", RCA Review, Vol. 4, No. 2, 
pp. 189 -199, October, 1939. 
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4 TELEVISION, Volume VI 

power the horizontal deflection is electrostatic. Because the beam 
strikes the mosaic at a velocity of only one or two volts in the lighted 
areas and not at all in the dark areas, there is no secondary -electron 
redistribution and, consequently, no dark spot. Also, the sensitivity of 
the tube is greater because of more efficient collection of the photo- 
electrons emitted during storage. A curve of signal output is given 
in Figure 2. As the curve shows, the signal -to -noise ratio is the same 

at 1 to 2 foot -candles on the mosaic 
as at 6 for the iconoscope. In addi- 

ILLUMINATION, 
1640 

L MINATION:OAVLIGNT.iLUONESCENT 

tion, even lower light levels can be 
used because of the absence of dark 

y DS 
spot. Part of this sensitivity is 

,. usually used to provide greater 
áG, depth of focus because of the 

smaller mosaic size (4 square 
a inches). The tube was very useful 

in picking up scenes where the in- 

Fig. 2- Typical signal output char- cident illumination was only 100 to 
acteristics for orthicon type 1840. 200 foot -candles. 

Although the 1840 has two advantages over the iconoscope : freedom 
from dark spot and greater sensitivity, it has many disadvantages. 
The iconoscope is stable at all light levels, but the orthicon will tend 
to charge up in areas of bright illumination because the mosaic poten- 
tial is not limited to small values. The "sharpness" of the picture in 
still scenes approaches that transmitted by the iconoscope, but in 
moving scenes the tube loses resolution much more readily because, 
in part, of its much longer storage period. Scenes reproduced by the 
orthicon, moreover, show a smaller range of intermediate grays than 
the same scenes reproduced by the iconoscope. The lack of any detail 
in the low lights is particularly noticeable and is the result of the 
linear signal output characteristic of the orthicon as compared to the 
non- linear output characteristic of the iconoscope which saturates at 
high light levels. 

In order for the orthicon to handle the very large signals from 
local highlights, the grays are pushed down into the noise. It is nearly 
impossible to transmit any information in dark areas of the picture 
when other parts are bright. This limitation is a severe disadvantage 
at baseball or football games when shadows begin to fall across the 
field. Although the orthicon is useful because it can transmit scenes 
which the iconoscope cannot, its versatility is severely limited. 

Further development work has been done to overcome some of 

0 I 3 4 S 6 7 
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TELEVISION CAMERA TUBES 5 

these limitations. Best results were obtained from a tube of the 
orthicon type which uses all- magnetic scanning and a 5 -stage signal 
multiplier. With all- magnetic scanning any difficulty with "sharpness" 
of the picture on stationary scenes disappeared, although on moving 
scenes the same loss of resolution was still apparent. The tube had 
greater sensitivity than the 1840 because of the use of the signal 
multiplier, but such factors as instability and the inability to transmit 
the darker areas in scenes were not improved. The greatest advantage 
of the tube is that its resolving power for still scenes exceeds that of 
any other tube. The signal -to -noise ratio was also adequate for light 
levels of 100 foot -candles but not all of the most severe limitations of 
orthicons were overcome in this developmental tube. 

GENERAL DESCRIPTION OF THE IMAGE ORTHICON 

The most important development in camera tubes for the past 
several years has been the now -well -known image orthicon. This tube, 

Fig. 3- Typical image orthicon. 

on which fundamental work was done by Rose, Law, and Weimer', 
appears to offer the most promise, both for outdoor and studio pickup. 
The development has led to three commercial types, the 2P23 for 
poorly lighted, remote pickups, the 5655 for studio work, and the 5769 

for general use. 
The image orthicon, pictured in Figure 3, combines the features 

of several of its predecessors. It includes in one envelope an image 
section, a target or mosaic assembly, low- velocity scanning of the 
orthicon type, and a 5 -stage signal multiplier. Before its performance 
is described, a brief summary of its construction and operation will 

be given. 
The tube itself consists of a three- inch -diameter image section and 

a two- inch -diameter scanning and multiplier section. The over -all 

length is 151/2 inches. This size has proven to be a good compromise 
between camera performance and portability. Although a smaller size 

5 A. Rose, P. K. Weimer and H. B. Law, "The Image Orthicon -A 
Sensitive Television Pickup Tube ", Proc. I.R.E., Vol. 34, No. 7, pp. 424 -432, 
July, 1946. 
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6 TELEVISION, Volume VI 

would make a lighter- weight camera possible, the loss in performance 
would be objectionable. For convenience, the image orthicon may be 
described in three parts - one covering the image section, one the 
scanning section, and one the multiplier section. Figure 4 is a sche- 
matic drawing of the tube. 

The image section contains a semi -transparent photocathode on the 
inside of the face plate, a grid (grid No. 6) to provide an electrostatic 
accelerating field, and a target which consists of a thin glass disc with 
a fine mesh screen very closely spaced to it on the photocathode side. 
Focusing is accomplished by means of a magnetic field produced by an 
external coil, and by varying the photocathode voltage. Light from a 
scene being televised is picked up by an optical lens system and focused 
on the photocathode which emits electrons from each illuminated area 
in proportion to the intensity of the light striking the area. The 

HORIZONTAL 
& VERTICAL FOCUSING ALIGNMENT ELECTRON 
DEFLECTING COIL COIL GUN 

COILS 
ACCELERATOR DECELERATOR GRID N.4 GRID N><3 

GRID N.5 

PHOTOCATHODE TARGET 

TELEVISED CAMERA 
SCENE LENS 

GRID N2 6 

_ ...... ::: .............:'t::::... ¡-.I C :..:......... ...>........ ..... 
SCANNING 

RETURN REAM 
BEAM 

+:CA¡!:11.{s \:,:.1`ií14Ä! }J:YI. \ÏV . 

GRID N52 
AND 

DYNODE 
NQI 

FIVE-STAGE 
MULTIPLIER 

IMAGE 
SECTION 

SCANNING 
SECTION 

MULTIPLIER 
SECTION 

Fig. 4- Schematic arrangement of image orthicon. 

streams of electrons are focused on the target by the magnetic and 
electrostatic fields. 

On striking the target, the photoelectrons cause secondary electrons 
to be emitted from the glass. The secondaries thus emitted are collected 
by the adjacent mesh screen which is held at a definite potential of 
1.5 to 2.5 volts above that of the scanned side of the glass target. The 
potential of the glass disc, therefore, is limited for all values of light 
and stable operation is achieved. Emission of the secondary electrons 
leaves on the photocathode side of the glass a pattern of positive 
charges which corresponds with the pattern of light from the scene 
being televised. Because the target is a very thin sheet of partially 
conducting glass, the charge image is also seen on the scanned side of 
the target by the scanning beam. 

The electrons are emitted from the gun through a small defining 
aperture and are focused into a fine beam by means of the magnetic 
field of an external focusing coil and the electrostatic field of grid No. 4. 
Magnetic deflection is used to scan the target. Grid No. 5 serves to 
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TELEVISION CAMERA TUBES 7 

adjust the shape of the decelerating field between grid No. 4 and the 
target in order to obtain uniform landing of the scanning beam over 
the entire target area. The electrons stop their forward motion at the 
surface of the glass and are turned back, except when they approach 
the positively charged portions of the pattern and are deposited on the 
glass. This deposition leaves the glass with a negative charge on 
the scanned side and a positive charge on the photocathode side. These 
charges will neutralize each other by conductivity through the glass 
in less than the time of one frame. 

The electrons turned back at the target form the return beam 
which has been amplitude modulated by absorption of electrons at 
the target in accordance with the charge pattern. The returning 
modulated beam strikes the first dynode which as a result, emits 
secondary electrons. These secondaries in turn are drawn down through 
a series of multipliers of high secondary emission which increase the 
signal a 1000 fold. The increased signal is finally collected at the 
anode of the multiplier and fed to a pre -amplifier through a resistance 
of the order of 10,000 to 30,000 ohms. 

As this brief summary shows, the image orthicon has all the 
advantges of the orthicon together with the added advantages of 
greater sensitivity due to the image section, and of greater stability 
due to the mesh screen near the target. Its sensitivity is about 100 
times greater than that of the iconoscope and it is stable over a light 
range of several hundred to one. These features make it very versatile 
and especially useful for outdoor scenes. Without any change in adjust- 
ment, the tube can handle a high light scene and then be used for a 
scene in deep shadow. It is also far superior to the orthicon in repro- 
ducing scenes containing both high lights and shadows. 

This gain in sensitivity, particularly for the earlier image 
orthicons, was achieved only with a loss of signal -to -noise ratio and 
useful resolution. Also, the half -tone response differs from that of the 
orthicon. Why the tube possesses these properties can probably be best 
explained by a detailed examination of its construction and a descrip- 
tion of how each section of the tube contributes to these properties. 
Image orthicons now available include the 2P23, 5655 and 5769. Be- 
cause the 2P23 is the oldest and most widely used, it will be described 
first. 

CONSTRUCTION AND OPERATION OF THE 2P23 
Photocathode 

The photocathode of the 2P23 consists of a semi- transparent layer 
of the cesium -silver -oxide type. As in the 1840 orthicon, the layer must 
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8 TELEVISION, Volume VI 

be semi -transparent because the light strikes it from one side and 
photoelectrons are emitted from the other. However, the 2P23 has the 
advantage over the 1840 in that this layer can be continuous. Higher 
sensitivities are possible with such a layer, the sensitivity to incan- 
descent light being of the order of 10 to 20 microamperes per lumen 
compared to about 3 for the 1840. (This figure for the 1840 includes 
the loss in the semi- transparent signal plate needed in that tube.) It 
has proven difficult, however, to obtain a reproducible color response 
from tube to tube in the 2P23. Figure 5 shows the spectral response 
characteristics for typical low and high sensitivity tubes. Individual 
tubes may have spectral response characteristics anywhere between 
these two extremes. The high infrared sensitivity of some 2P23 tubes 
leads to very good sensitivity when low- temperature incandescent 
lighting is used but also leads to peculiar renditions of certain colors 

or objects. In outdoor use, for ex- 
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Fig. 5- Approximate spectral sen- 
sitivity characteristics of image 

orthicon type 2P23. 

ample, green grass appears to be 
white or very light gray. A fairly 
good color response with a two -fold 
or more loss of sensitivity can be 
obtained by the use of fluorescent 
lighting or by proper filters with 
incandescent light. Care must also 
be taken in the processing of the 
tube to keep the conductivity of the 
photosurface fairly high. Other- 
wise, for high light scenes, the 
picture will be distorted geometri- 
cally because of the voltage drop in 
the photosurface. 

The size of the target limits the 
size of the picture on the photo- 

cathode to a rectangle with a diagonal of about 1.6 inches. This size 
is much smaller than that of any of the other pickup tubes so far 
discussed and means that available short -focal -length lenses having a 

rather small diameter may be used. Part of the increased photo- 
sensitivity, therefore, will have to be used to obtain greater depth of 
focus. Because of the high sensitivity of the tube the exchange of 

depth of focus for sensitivity is not a disadvantage. On the other hand, 
the use of small lenses makes it much easier to use a revolving turret 
containing three or four lenses of different focal length. The use of 

such a turret has become universal in the latest camera design. 
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Focusing of electron image 
The use of a magnetic field to focus the emitted photoelectrons 

onto the target gives uniform resolution with little distortion. In 
general, this resolution is much higher than that of other sections of 
the tube. When a magnetic field of about 75 gauss and a photocathode 
voltage of about -400 volts are used, the electrons will make one 
"loop" in going from the photocathode to the target. Only a small 
improvement in resolution is possible at higher fields and voltages, but 
a serious deterioration of the resolution and signal occurs with a 
photocathode voltage below -200 volts. The voltage on grid No. 6, a 
cylindrical -type grid nearest to the photocathode, is adjusted to mini- 
mize picture distortion (in particular, the so- called "S" distortion) and 
to improve corner resolution. Best results are obtained when the 
voltage of this grid is about 80 per cent of the photocathode voltage. 
A lower grid No. 6 voltage produces "S" distortion in one direction 
and a higher voltage, "S" distortion in the opposite direction. With 
the focusing coil usually used with the 2P23 there is a small reduction 
in the image size at the target. Because the image section is near the 
end of the focus coil where the magnetic field is flaring, the image 
size at the target has a diagonal of about 1.4 inches for a 1.6 inch 
diagonal on the photocathode. 

Image section crosstalk 
Although the image section is not a serious limit to the resolution 

of the 2P23 directly, the resolution in this section can be seriously 
impaired by leakage of the strong magnetic deflection fields from the 
scanning yoke into the image section. The leakage fields cause a 
vibration of the image electrons from the photocathode around their 
normal path during the 1/30- second storage time on the target and, 
as a result, blur the charge image. Because the storage time decreases 
with increased illumination, this "crosstalk" effect on resolution is 
more serious at low light levels on the photocathode. Since the tube 
is generally used so that the high lights are just out of the storage 
range, "crosstalk" control is a serious problem. Although the effect 
may be reduced within limits by going to high magnetic fields and 
photocathode voltages, more than 75 gauss is not practical in portable 
equipment because of the added scanning power needed. Other ap- 
proaches to the problem offer better practical solutions. 

Magnetic shielding to reduce crosstalk 
A number of methods will reduce "crosstalk" difficulty, all of which, 

in one way or another, involve the shielding of the image section from 
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the stray magnetic fields of the deflecting coils. One method which has 
worked out quite well is to wrap the outside of the external focusing 
coil with some magnetic shielding material such as silicon steel or 
Mu metal. In order to avoid high absorption of scanning power, the 
shielding material should be thin strips and wound in several layers 
separated by insulating material. For the same reason, the strips 
making up each layer should not be too wide. The use of such a 
winding tends to pull the stray flux lines away from the photocathode 
into the shielding material. Resolution gains of as much as 200 lines 
have been achieved by this method. 

Loss of resolution due to initial velocities of emission) 

There is another cause that can impair the resolution in the image 
section: the initial emission velocity of the photoelectrons from the 
photocathode. This problem has been analyzed in a paper by H. B. 
DeVore6. The loss of resolution is most noticeable when blue light is 
used to illuminate the scene being televised and the photocathode of 
the camera tube has red and infrared response. Under such conditions 
the initial emission velocities of the photoelectrons are appreciable and 
can visibly limit the resolution. Because many 2P23's have high red 
and infrared response this limitation applies chiefly to this tube. The 
photocathodes used in the 5655 and the 5769 on the other hand, have 
little red and no infrared response, so the loss of resolution is not 
appreciable. In scenes where there is considerable "blue" light such 
as in skylight, the resolution of the 2P23 will be inferior. 

Target mesh structures 
When light causes photoelectrons to be emitted from the photo- 

cathode, the image section focuses these photoelectrons onto the target 
mesh assembly. This assembly is truly the heart of the tube and is 
the main reason for its amazing performance. This type of target 
differs from any which have been used before in commercial pickup 
tubes in that the signal is impressed on one side and taken off the other. 
Such a structure is called a two -sided target or mosaic. 

There have been many attempts in the past to fabricate a successful 
two -sided target. The patent literature is evidence of many types, 
most of which have proven to be too difficult to manufacture. The use 
of two -sided mosaics was first attempted in connection with icono- 
scopes. An image section was also used and the mosaic or target 
consisted of an insulated (generally enameled) wire mesh in which 

6 Henry B. DeVore, "Limiting Resolution in an Image Orthicon Type 
Tube ", Proc. I.R.E., Vol. 36, No. 3, pp. 335 -346, March, 1948. 
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the openings were closed with metal plugs. Such tubes actually oper- 
ated, but the difficulty of making a target free of blemishes such as 
pinholes and surface irregularities proved almost insurmountable. If 
low- velocity scanning is used, such a target would also have too high 
a capacitance and lead to bad lag effects under low lighting conditions. 
The two -sided problem was solved through an entirely different ap- 
proach*. This consisted of a very thin glass membrane of controlled 
resistance together with a fine mesh screen mounted close to it on the 
image or photocathode side. Such a glass membrane can readily be 

made free of pinholes and bad surface imperfections. Many problems, 
however, had to be solved in order to obtain a practical assembly that 
was free enough from other imperfections to be used in commercial 
television. 

Target resistivity 
The operation of the tube makes several demands on the glass 

target. The photoelectrons striking the image side of the glass through 
the mesh openings give rise to secondary electrons that are collected 
by the mesh. At low light levels the potential of the glass target does 
not ordinarily reach that of the mesh screen during the 1 /30- second 
storage time. In order to obtain good resolution for such a storage 
time, the lateral leakage or leakage between elements is kept as low 
as possible, by the use of a high- resistance glass and by the use of a 

target as thin as possible. When the scanning beam approaches the 
scanned side of an element that has been charged, the beam "sees" 
the same potential as that of the charged side because of the thinness 
of the target. Electrons are deposited from the beam on the target 
until the potential returns to nearly the equilibrium potential under 
the beam when no light is present. After the beam leaves the element, 
the positive charge on the image side and the negative charge on the 
scanned side must combine in less than a frame time or 1 /30th second. 
Otherwise, a "sticking picture" which will be of opposite polarity from 
the original picture will be seen if the picture is moved. If the picture 
is stationary the signal output from lighted areas will decrease. If 
the glass resistivity is very high the signal output for a stationary 
picture will, after a few scans, fall nearly to zero. If the resistivity 
is only slightly too high, the sticking picture will disappear as the 
tube warms up in the camera because the resistivity of glass falls 
about 2 or 3 to 1 for each 10- degree- centigrade rise in temperature. 
A satisfactory upper limit for the glass resistivity has been found 
to be about 9 X 1011 ohms per centimeter measured at 20 degrees 

See reference (5). 
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centigrade temperature. For the 2P23 a temperature of about 35 

degrees centigrade at the target is needed to eliminate picture sticking 
entirely, when the glass has this value of resistivity. 

The "sticking picture" puts a top limit to the resistivity of the 
glass. Mechanical handling puts a lower limit of about 0.0001 inch 
on the thinness of the target. A lower limit for the glass resistivity, 
necessary to keep lateral leakage low, is approximately 3 X 1011 ohms 
per centimeter measured at 20 degrees centigrade. With such a re- 
sistivity the tube can be operated at a temperature of about 65 degrees 
centigrade before serious loss of resolution sets in. At higher tempera- 
tures the resistivity will fall below 1010 ohms per centimeter, and a 
serious loss of resolution will occur particularly at low lights. 

Target surface effects 

Besides the mechanical difficulties of making a glass target of 
sufficient thinness and of the necessary strength, many other problems 
arise during the processing of the tube. In order to obtain sensitivity, 
the image side should have as high a ratio of secondary -electron emis- 
sion as possible. Enough cesium reaches the image side of the target 
during processing of the photocathodes to give a ratio of 4 or 5 to 1. 

At times, however, too much cesium gets on the image side, the lateral 
leakage falls, and the target becomes "leaky ", i.e., the resolution of 
the picture is poor. Such leakage, of course, shows up first at low light 
levels, where storage is complete over a frame time. During operation 
or shelf life, it sometimes happens that enough cesium will migrate 
to the target to cause "target leakage ". This trouble can be minimized 
by operating the tube at the lowest possible temperature. (A minimum 
lower limit would, of course, be 35 degrees centigrade because of the 
target resistivity problem.) 

Target contact -potential effects 

There are other changes which occur in the glass that are largely 
the same in all tubes. During operation the scanned area on the beam 
side changes slowly in contact potential with respect to the unscanned 
area. With uniform light on the photocathode, overscanning will show 
the previously scanned area to be, in general, darker than its surround- 
ings because the contact potential of the scanned area changes with 
respect to the thermionic cathode. When the tube is placed in operation 
the maximum area of the target which makes the picture magnification 
smallest should be used, because later it will be impossible to increase 
the area used because of the white edges that will show in the picture. 

In addition to the "sticking picture" that can occur when the tube 
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target is too cold, another type of sticking can develop. If the camera 
is stationary and the tube "looks at" a strongly lighted area for a 
period of time (5 minutes or more), a sticking picture of the same or 
most often of opposite polarity can develop. This trouble is more 
likely to occur when the tube is cold, but it will develop in all tubes if 
the picture is left stationary too long, regardless of temperature. Un- 
like resistivity sticking, the sticking or "burning -in" disappears slowly. 
This type of sticking can be avoided only by care in handling the 
camera. In order to remove a sticking picture once it has been devel- 
oped, point the camera at a flat lighted scene and operate it for 
several hours. 

Target secondary emission 
One last point should be mentioned before leaving the rather com- 

plicated glass target. Whereas the image side should have high second- 
ary emission to produce as much signal as possible, the scanned side 
should have low secondary emission. Although the scanning beam 
approaches the target at nearly zero velocity and is turned back in the 
dark areas, it strikes in the lighted areas with a velocity corresponding 
to one or two electron volts. Even at such potentials, some secondary 
emission will occur. Any such emission increases the number of elec- 
trons returning to the multiplier from the lighted areas and thus in- 
creases the noise, because more beam current is needed to discharge 
lighted areas. The secondary emission of the scanned side is reduced 
by evaporating on it a very light layer of some metal such as silver 
which has low secondary emission. The reduction in the amount of 
noise is readily noted after such an evaporation. During operation 
there is generally a slow increase in the secondary emission so that 
after several hundred hours of operation the picture becomes more 
noisy. A re -evaporation of silver at this time by the manufacturer will 
once more reduce the secondary emission. 

Loss of scanning 
It is important to note what damage can be done to the target by 

a stationary beam. With light on the photocathode and a sharply de- 
fined beam, a hole can actually be started in the target. If the beam 
is defocused the bombarded area may become either darker or lighter 
than the rest of the target. Removing the multiplier voltage will not, 
of course, be of any help because the beam still will strike the target. 
Removal of the photocathode voltage is only a partial solution because 
light can pass through the photocathode and strike the target, which 
being nearly always somewhat photosensitive, will charge up and allow 
the beam electrons to land. The only positive method of preventing 
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damage in case of scanning failure is to bias off the beam or target. 
This precaution should always be taken when the equipment is not 
being monitored. 

Target -to -mesh spacing - close spacing 
For proper functioning of the glass target, a fine mesh screen the 

potential of which can be varied is needed on the image side. This 
mesh serves a two -fold purpose -as an element to increase the capaci- 
tance of the target, and as a limiter to prevent the target from charging 
to high potentials such as occurs in the 1840 orthicon. The maximum 
amount of charge that can be deposited on an element of the target 
depends on the capacitance of the element and the potential of the 
mesh above the potential of the scanned side of the target. This 
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maximum charge also determines the maximum signal -to -noise ratio 
of the tube. At low light levels the target element never reaches mesh 
potential so that the charge rises linearly with light. In this region 
the tube has the same characteristic as a regular orthicon, namely, a 
loss of resolution for scenes in motion. For a spacing of the mesh to 
the target much less than the diameter of a picture element (for a 
500 -line picture this diameter is somewhat less than 0.002 inch), the 
charge rises linearly with light until it becomes limited by the capaci- 
tance and mesh voltage. When this limit is reached the charge caused 
by the high lights cannot increase, although that due to the low lights 
continues to rise. Curve A, Figure 6 shows an extremely simplified 
curve of the charge developed on the target during the time for a 
complete picture frame plotted against the illumination on the photo- 
cathode for a target -to -mesh spacing of less than 0.001 inch. Ordi- 
narily, it would be assumed that the picture contrast would decrease 
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rapidly after the high light signal becomes constant. Redistribution 
of secondary electrons from the bright areas onto the lowlight areas, 
however, tends to preserve the contrast even when the high lights are 
well above the knee. If an intense small area of light, such as a direct 
reflection of the sun from the windshield of a car, is present in the 
picture, this redistribution gives rise to a disturbing black border 
around the light area. The image orthicon cannot faithfully transmit 
such a scene. Also, in pictures with large black and white areas the 
contrast is preserved only at the area boundaries when the high lights 
are well above the knee. In such pictures the blacks appear gray 
although the resolution and "snap" may appear to improve because of 
the outlining of the edges. 

The redistribution of secondary electrons makes a valuable contri- 
bution to the resolution of moving objects. As the picture moves, the 
border around the high lights discharges the high light signal at its 
former position in less than a frame time so that only the latest image 
is seen when the picture is scanned. To obtain the, best picture con- 
trast and the most natural- appearing picture (that is, with blacks 
"black" instead of gray) the high lights should be run just at the 
knee of the curve. To take advantage of the better resolution in 
motion some loss of contrast is usually taken by operation somewhat 
above the knee. 

Target -to -mesh spacing - wide spacing 
If the spacing between the mesh and the target is much greater 

than the diameter of an element, the charge curve becomes more com- 
plicated. In the case of the close -spaced target, the capacitance of an 
element to the mesh greatly exceeds the "free space" capacitance of 
the element itself. For a wide- spaced target the "free space" capaci- 
tance is larger than its capacitance to the mesh. For low lights the 
charge will rise linearly with light until the point is reached where 
it is limited by the product of the capacitance of the element to the 
mesh and the mesh voltage. This point, as curve C of Figure 6 shows, 
is lower than the equivalent point for a close -space target because of 
the much smaller mesh -to- target capacitance of each element. How- 
ever, as the light is increased above this point, the charge of the wide 
space target can increase because of the free -space capacitance of each 
element. This increase is at a slower rate because the discharge of 
the first part of each lighted section also partially discharges sections 
beyond it. Because the "free- space" capacitance is largely between 
neighboring elements, the edges of a lighted section both horizontally 
and vertically will produce a greater signal because of the partial dis- 
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charge of nearby elements. As the light is increased, these partially 
discharged elements are more and more recharged before the beam 
reaches them. Finally, a point is reached where the free -space capaci- 
tance of an element and its mesh voltage limits further increase. As 
curve C of Figure 6 shows, this point occurs at a light level a hundred 
times above that needed to reach the first knee of the curve. The effect 
in the transmitted picture of the free space or interelement capacitance 
is that the blacks are outlined with a white edge at the transition to 
white, occurring at the right end and the bottom of the blacks when 
the beam is scanning from black to white or gray. 

Experience has shown that the proper target -to -mesh spacing de- 
pends on what the tube is expected to do. Very wide spacings, where 
the interelement capacitance is the only one that needs to be considered, 
has the advantage of taking the mesh completely out of focus. How- 
ever, because the signal -to -noise ratio is too small to be useful except 
at very high light levels and because the resulting white edges are very 
annoying, the useful range is limited to intermediate and close spacings. 
The best spacing is determined by actual tests. 

Tests of target -to -mesh spacing 
Tubes with a wide variety of target -to -mesh spacings have been 

tested. For very wide spacings in the order of 0.020 inch to 0.080 inch 
the signal is far too low and the white edges are annoying. Spacings 
of the order of 0.004 inch to 0.008 inch produce useful tubes, but even 
in this range the signal -to -noise ratio is borderline and the white edges 
are still troublesome. A range of 0.002 inch to 0.004 inch was finally 
selected as the best for the 2P23 and the 5769. The white edges have 
largely disappeared and the signal -to -noise ratio is improved. Such 

tubes are of "intermediate" spacing, since the spacing is only slightly 
larger than an element diameter. Nearly all the properties are those 
of close- spaced targets as curve B, Figure 6 shows; only at high lights 
is there an increase in charge due to "wide- spaced" characteristics. In 
general applications this increase is not evident and can largely be 

overlooked. The properties of tubes with "close spacings" will be 

discussed in connection with the 5655. 

Target potential 
With regard to the mesh, two further points are important. As we 

have seen, one of the items limiting the target charge is the capacitance 
of an element, which is determined by the spacing of the target to the 
mesh. For the 2P23 and 5769 the spacing is in the range of 0.002 

inch to 0.004 inch. The target charge is also determined by the ex- 
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ternally applied mesh potential. Experience has shown that the opti- 
mum potential depends to a great extent on the picture content. For 
scenes with flat, even lighting, especially when the scene illumination 
remains constant, the mesh potential can be set in the range of 2 to 
2.5 volts above the point where the picture is cut off. (In actual ex- 
perience, this cutoff point is at -1.0 to -2.0 volts with respect to the 
thermionic cathode.) Above 2.5 volts the picture will be stable but 
may have a peculiar "differentiated" appearance. When the potential 
difference between the target and the mesh is more than 2.5 or 3 volts, 
the beam will be bent by the more positive areas of the high lights 
and a premature discharge of these areas will occur. This action is 
known as beam bending and gives a picture reproduction inconsistent 
with the charge distribution on the target. When the tube has to 
pick up a scene with high lights and then one that is largely in the 
shadows, a mesh potential range of 1.5 to 2.0 volts is preferable. In 
general, the mesh potential should be kept as high as possible, with- 
out endangering picture fidelity in order to obtain the best signal -to- 
noise ratio. 

Development of a suitable mesh 
The problem of a satisfactory mesh has been the subject of a long 

development program. The first experimental image orthicon tubes 
were made with woven screens. Attempts to obtain woven screens that 
had uniformly spaced wires proved unsuccessful. In addition, the 
finest weave that could be obtained with a usable opening was only 
325 to the inch which severely limited the resolution because the size 
of the picture on the target has a diagonal of only 1.4 inches. Various 
methods of electroplating mesh have been tried in the past, but, al- 
though they are capable of producing mesh of up to 400 lines per 
inch, the open area is small, generally not over 25 per cent for the 
finer meshes. A new method of producing an electroplated mesh, was 
originated at RCA Laboratories', and has been developed to a degree 
that meshes of 500 openings to the inch with 50 to 65 per cent open 
area can be produced. Special methods of mounting and tightening 
the mesh, which is only a few tenths of a mil thick, were worked out. 
Because the mesh is so close to the target, it is nearly at the point of 
focus of the image electrons. If a wide -band amplifier is used, this 
mesh can be seen by looking carefully at the kinescope picture. With 
the standard television bandwidth it is just noticeable. However, a 
problem of a "beat" pattern does arise. Because the picture height on 

' H. B. Law, "A Technique for the Making and Mounting of Fine 
Mesh Screens ", Rev. Sci. Instr., Vol. 19, No. 12, December, 1948. 
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the target is approximately an inch, there will be about 500 wires of 
mesh to a picture height. These wires can beat with the 525 -line scan- 
ning frequency to produce a low- frequency beat pattern. In the con- 
struction of the tube this possibility is reduced to a minimum by 
mounting the mesh at a 45- degree angle to the scanning beam. Even 
in this case some regions of the picture may show beat patterns, 
particularly in highly lighted areas. These patterns, also can be 

eliminated at a sacrifice in resolution, by slightly defocusing the beam. 
In operation the beat pattern can be minimized by scanning as large 
a part of the target as possible so as to keep the picture height at a 

maximum. 

Electron gun 
The gun which produces the beam consists of a thermionic cathode 

which is held at ground potential, a control grid (grid No. 1) and an 
accelerating grid (grid No. 2). Grid No. 2 contains a small aperture 
about 0.002 inch in diameter which serves to define the beam. After 
emerging from this aperture, the beam with a velocity corresponding 
to about 300 volts, passes through the grid No. 3 region which is also 
at 300 volts. It then emerges into the focusing section which consists 
of a uniform electric field of about 200 volts and a magnetic field in 
the direction of the beam of 75 gauss. Any component of the electron 
beam which has only forward velocity will go straight down the mag- 
netic field. Other components which have radial velocities will form 
loops around the magnetic field and return to a disc of focus at the 
end of each loop. By means of the fields previously mentioned the 
beam is focused on the target at the end of the 5th loop. When the 
beam passes through the focusing section, it is also deflected in vertical 
and horizontal directions by means of magnetic fields at right angles to 
the focusing field. 

Landing of beam at targets 
As the beam approaches the target it is slowed down. If no light 

is on the target the electrons in the beam will continue to land until 
the target potential drops to a value determined by the initial velocities 
of the thermionic electrons and the contact -potential difference between 
the thermionic cathode and the target. When this potential is reached, 
all of the beam will be turned back unless the tube is illuminated. In 
the lighted areas all the electrons of an ideal beam would land on the 

8 P. K. Weimer and A. Rose, "The Motion of Electrons Subject to Forces 
Transverse to a Uniform Magnetic Field ", Proc. I.R.E., Vol. 35, No. 11, 
p. 1273, November, 1947. 
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target until the target is driven back to equilibrium potential. This 
ideal condition, however, is not reached for several reasons. After the 
beam emerges from the aperture, its direction, as a whole, may not be 
along the magnetic field. In this case the radial velocity of the beam 
may be so high that none of it can land at the target under normal 
conditions. Nothing will be visible in the kinescope picture except 
noise, unless the mesh voltage is raised to a very high value. This 
condition is corrected by the use of an alignment coil which produces 
a magnetic field at right angles to the beam direction near the aperture. 
This field can be rotated and varied in intensity until the direction of 
the beam is along the magnetic field. Even after best alignment, how- 
ever, all of the electrons will not land because of variations in the 
initial emission velocities which range from 0 to about 0.5 volt. For 
¿ow light levels only those electrons with the highest initial velocity 
will land and the percentage landing or the "beam modulation" will be 
poor. However, even for higher light levels only a portion of the 
available electrons will land because of the radial velocities introduced 
by the gun and because of the secondary emission which occurs at the 
target. Some preliminary data indicate that even for a target on which 
silver is evaporated the secondary -emission ratio may be as high as 
0.5 in the high lights. All of these effects combine to lower the possible 
signal -to -noise ratio since a larger beam current is needed to discharge 
the target. The failure to land at low lights can give rise to another 
condition which is described by the term "picture lag ". So few elec- 
trons land that a picture is not discharged by the beam in 1/30 second. 
If the picture is moved there will be a trail behind it of the same 
polarity. This condition is not serious in the 2P23 except at very low 
light levels because of the very small target capacitance. The condition 
is more serious, however, in the 5655. 

Edge landing 
Besides the lack of 100 per cent landing in the center of the target, 

a problem of poor landing at the edges arises because of the radial 
velocities introduced by the deflecting field. In a transmitted picture 
with poor edge landing the signal will be the highest in the center and 
drop off progressively towards the edges. The radial velocities intro- 
duced by the deflection are largely counterbalanced by the use of a 
decelerator grid (grid No. 5) which is in the form of a short cylinder. 
This grid, when operated at a positive voltage between that of the 
target and the focusing grid (grid No. 4) produces, a radial electro- 
static field which is zero at the center of the picture and increases 
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toward the edges. This field gives the electron beam a radial velocity 
opposite to that produced by the deflecting field. 

Landing can also be influenced by many other factors. In the 
design of the tube it has been found necessary to control accurately 
the shape of the glass near the decelerating region. Otherwise, the 
deflected beam tends to strike the glass in this region and not reach 
the target. Also, the deflecting coil, image socket, and focusing coil 
must be carefully designed. Best results have been obtained with a 
deflecting coil 5 inches long. With a longer or shorter coil, the flare 
fields are different and cannot be counterbalanced as readily with a 
simple grid. For the same reason the three -inch image section of the 
tube should be as close to the end of the deflecting coil as possible. 
This space is limited to 0.5 inch by the length of the image leads and 
the socket thickness. Slightly better results can be obtained with a 
spacing of 0.3 inch. The effect on landing of any shielding windings 
on either the deflecting or focusing coil must also be considered. It is 
general practice to wrap the deflecting coil with a layer of iron wire, 
to help prevent leakage of the deflecting field into the target lead which 
generally returns over the deflecting coil from the image section to 
the rear of the focusing coil. However, this winding has a slight 
deteriorating effect on the landing because of its modications of the 
flare field. When image focus was studied, it was found necessary to 
reduce the "crosstalk" from the deflecting field into the image section. 
As mentioned previously, "crosstalk" can be reduced by the use of an 
external shield over the focusing coil. Such shields, because they 
modify the flaring of the deflecting field, can also affect the landing. 
The shields, therefore, should be designed with this item in mind. In 
fact, proper arrangement of shields will actually lead to better landing 
than can be obtained with no shields. 

In general, the beam imposes no severe limitation on the center 
resolution of the 2P23 in its present state of development if a field of 
approximately 75 gauss and a focusing voltage of about 200 volts are 
used. However, the corner resolution is somewhat deteriorated when 
the center is in best focus. This deterioration occurs chiefly in the 
beam section rather than the image section. Some improvement can 
be obtained by proper adjustment of grid No. 5 provided the landing 
is not seriously affected. The resolution limits of the beam will be 
considered more thoroughly in the discussion of the 5655. 

Return beam 

The portion of the beam that does not land on lighted sections of 
the target returns and strikes the accelerating grid (grid No. 2) which 
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also serves as the first dynode of the signal multiplier. The amount of 
deflection received in going to the target is not quite balanced by that 
received in returning so that the beam scans a small area of the first 
dynode. The size of this scan is roughly 1/4 inch. This 1/4 -inch scan 
poses quite a serious problem in keeping the dynode free from spots 
because it is magnified by 25 or more in the kinescope picture. For- 
tunately, the dynode is not quite in focus for best focus at the target. 
In operation, however, it is usually necessary to defocus the picture 
slightly in order to minimize the spots, especially for dark scenes. 
These spots are nearly always white, indicating a lower secondary 
emission. In general, for dark scenes these spots are the most severe 
limitation on resolution, while for well -lighted scenes the target mesh 
is the limiting factor. Several methods have been tried for reducing 
the dynode spots including the use of highly polished surfaces and 
uniformly roughened ones for the dynode both being coated finally 
with an evaporated film of a metal with a high secondary emission. 
No completely successful solution, however, has as yet been found. 
In any event, the spot due to the aperture opening is always present. 

Signal multiplier 
The first orthicons and image orthicons were generally made with 

only one stage of signal multiplication. The signal in the form of 
secondary emission from this stage was collected by a nearby electrode. 
In general, the gain from this single stage was found to be insufficient. 
The purpose of signal multiplication by secondary emission is to obtain 
a nearly noiseless multiplication of the small signal which modulates 
the return beam to a level well above the noise of the first stage of the 
video amplifier so that amplifier noise is no longer a limitation. As 
mentioned previously, the maximum charge that a target element 
can have is limited by the product of its capacitance and the mesh 
voltage swing. For the 2P23 with a mesh voltage of 2 volts, the total 
charge for the whole target, if it is entirely highlighted, is about 
1.6 X 10 -10 coulombs. Because this capacitance is discharged in 1/30 
second, the calculated signal current at the target is only about 
5.0 X 10 -9 amperes from the highlights. If the first video amplifier 
is connected directly to the target, a root -mean -square noise current 
of 3 X 10 -9 amperes may be assumed. It can be seen that the high- 
light signal -to -noise ratio is less than 2 to 1 with the amplifier the 
limiting item. The gain of the multiplier should at least be such that 
the beam noise is the limiting item. This noise which is, of course, 
due to shot effect of the temperature -limited thermionic emission, is 
given by the expression (2eiL f) %. In this expression, e is the charge 
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of an electron (1.59 X 10 -19 coulombs), i is the beam current in am- 
peres, and ,Lf is the frequency bandwidth of the picture in cycles per 
second. For a bandwidth of 4.25 megacycles and if it is assumed that 
all of the beam is useful in discharging the picture, the beam noise is 

0.08 X 10 -9 amperes. A gain of at least 40 is needed to bring this 
value up to the level of the amplifier noise. If the tube is to be used 
to pick up lower light scenes with no highlights so that the beam 
current can be reduced, a higher gain is useful. This condition is 
unusual in the field. Another reason for higher gains, however, is to 
reduce the number of electron tube amplifier stages required. For this 
purpose, a gain of several hundred is useful. 

In order to obtain a gain of several hundred several multiplier 
stages are needed because the average gain per stage is usually only 
about 4. Many multiplier designs have been suggested and tried. 
Because the second stage must collect all of the electrons from an 
appreciable area of the first stage (because of the scanning of this 
stage), it has been found advisable to use a symmetrical multiplier. 
Such a multiplier can be a series of screens set one below the other 
around the gun and first dynode. The principal problem has been to 
get all the secondaries from the first stage over to the second stage. 
The best solution has proven to be the use of an extra cylindrical grid 
(grid No. 3) above the first dynode. The voltage of this grid is gen- 
erally set at or slightly below the first -dynode potential. The beam, 
which emerges from the aperture in the first dynode with a 300 -volt 
velocity, passes through an aperture in the top of grid No. 3 into the 
grid No. 4 section without being affected. However, the slow -velocity 
secondaries emitted by the return beam find themselves in a region 
of uniform potential except for the second dynode and will be attracted 
to it. This second dynode is parallel to the first but generally slightly 
below it. The magnetic field should also be weak near the first dynode 
to prevent the secondaries from spiraling about it and eventually 
returning to the first dynode. Any failure to collect all the secondaries 
at the second dynode will lead to a picture that is darker in one section 
than another. As in the iconoscope, this condition shows up most 
clearly when there is no signal due to light so it also is referred to as 
"shading ". This shading signal differs from iconoscope shading in 
that it is smaller than the picture signal and can usually be cancelled 

by the insertion of a simple horizontal -sawtooth component in the 
amplifier. It does not vary greatly with illumination as does the 
iconoscope shading but depends almost entirely on the beam current. 
Consequently, the shading control requires little readjustment once it 
has been set. 
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The second dynode is an efficient multiplier consisting of a 32 -blade 
pinwheel with the blades set at an angle of about 30 degrees to the plane 
of the multiplier. Primary electrons which strike the blades emit sec- 
ondaries which are drawn through the slots to the next stage. A high - 
transmission screen is mounted on top of the pinwheel to prevent the 
secondaries from being pushed back into the surface by the lower 
voltage of the preceeding stage. Such multipliers will give gains of 
about 4 per stage at a primary electron velocity of 300 volts. A 5 -stage 
multiplier as used in the 2P23 will give gains of about 1000. The 
signal output which will be discussed later is about 10 microamperes. 
This value is considerably higher than the 0.018 microampere output 
of the 1850 -A iconoscope. The gain of the external amplifier can thus 
be reduced by a value of about 500 permitting the elimination of at 
least two amplifier stages. 

Generally, the recommended voltage per stage of the multiplier is 
between 200 and 300 volts except for the first dynode which is held at 
300 volts. The over -all voltage required by the multiplier stages will 
then be in the range of 1100 to 1500 volts. 

Operation of 2P23 

Although the 2P23 has proved very successful for field use because 
of its high sensitivity, wide light range, and the relative freedom from 
shading, it has several limitations. Because of the low capacitance of 
the mosaic, the maximum charge any element can attain is small. This 
limitation, and the fact that all the beam that approaches a lighted area 
of the target does not land, limits the signal -to -noise ratio to a relatively 
low value so that the picture appears somewht "noisy ". The type of 
photocathode used, although it has a high over -all response does not 
faithfully reproduce colors in black and white. This poor color response 
is particularly troublesome in studio work. Also, the "white edge" 
effect gives a somewhat unnatural looking picture which, although 
it is not too serious for outside pickup, is very noticeable on high - 
quality studio scenes. 

The effect of beam modulation on the signal -to -noise ratio and its 
improvement by a change in gun design will be considered first because 
the results are applicable to both the 2P23 and 5655. In low lighted 
sections of the target it has been pointed out that the percentage of 
the beam that lands is low because of the spread in initial velocities at 
the thermionic cathode. When light is not present, the target is driven 
to a voltage corresponding to the highest initial velocities. For small 
illuminations there is only a small percentage of the total beam which 
can discharge the target. At high lights this limitation is no longer 
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present and it would be expected that the initial velocities would not 
be a problem. However, with the original gun design of the 2P23 the 
percentage of the beam that landed in the highlights was only about 
15 per cent. For a maximum signal at the target of 0.005 microampere 
the beam current needed is 0.033 microampere. The beam noise given 

by the expression (2e i 0 f) % is 0.0002 microampere. The maximum 
signal -to -noise ratio is, therefore, about 25 to 1. The type of noise, 
because it is due to the beam, is not "peaked channel noise" but is 

spread over the entire bandwidth so that long noise pulses in the 
form of streaks come through. This ratio is less favorable than the 
60 -to -1 ratio of the 1850 -A iconoscope with a "peaked channel noise" 
in which the noise pulses are all short and appear only as small dots. 

Development of an improved gun 
The original gun of the 2P23 consisted of a thermionic cathode 

and a control grid with a large aperture spaced at a rather large 
distance from the cathode. The spacing between the control grid and 

the accelerating grid (grid No. 2) was also high. This gun could 

readily be manufactured but the beam current was drawn from a 

rather large area of the thermionic cathode. Because only the center 
portion of this beam passes through the small aperture in grid No. 2, 

it was expected that only the part of the beam that is emitted by the 
center of the cathode would be used. Extensive study, however, has 
shown that the center of the beam is not all that is used. The electrons 
drawn from parts away from the center of the cathode and which 

would be expected to have a radial component of velocity enter the 
beam and raise its radial component. 

A new gun design has been developed to draw electrons, as far as 

possible, only from the center of the cathode area. The grid No. 1 

aperture was made smaller, the grid No. 1 -to- cathode spacing was 

made as close as possible and an extra accelerating aperture which 

is also at grid No. 2 potential was added close to the grid No. 1 

aperture. The result of these changes is that the cathode is much 

more heavily loaded; i.e., for a given beam current a much higher per- 
centage of the electrons are drawn from the center of the cathode. 

Because these electrons have a smaller radial velocity, most of their 
energy is in the forward direction and they will be more likely to land 

at the target. When the new gun is used, the percentage of modulation 
rises to about 30; the signal -to -noise ratio is increased to about 35 

to 1. Although this value is still on the low side, it is acceptable for 
outside pickups. It is interesting to note that the signal -to -noise ratio 
of good 35- millimeter film is also 35 to 1. 
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In addition to the improvement in signal -to -noise ratio, this new 
gun provides an improvement in resolution due probably to the smaller 
radial velocities which make the final spot smaller. (The presence of 
radial velocities cause a point source to be imaged as a spot of measur- 
able magnitude at the target.) With the new gun, the beam itself is 
at present not a limitation on the usable resolution of the tube unless 
the magnetic field and grid No. 4 focusing voltages are too low. In 
general, a field of 75 gauss and a grid No. 4 voltage of 200 volts is 
a good compromise between good resolution and the need for excessive 
scanning power. With such operating conditions the beam is able to 
resolve better than 1000 lines in the roughly one -inch vertical height 
of the picture, or more than 1000 lines per inch. 

Whether the 30 per cent modulation efficiency represents a limit to 
what can be done with gun design is not known. Initial velocities of 
electron emission at the thermionic cathode, of course, even at high- 
lights present some limitation. Measurements at a variety of cathode 
temperatures have shown no definite improvement. The main limita- 
tion may be the secondary emission and electron reflection that comes 
at the target. 

The new gun was originally developed in connection with the new 
5655 studio image orthicon. However, it is equally useful in the 2P23 
and has been adopted there. The 5655 now differs from the 2P23 only 
in the target to mesh spacing and in the photocathode surface. Why 
these changes give a tube (the 5655) which is superior for studio use 
but which is not so versatile for remote pickup will be discussed next. 

Use of closer target -to -mesh spacings 
In discussing target -to -mesh spacing for the 2P23 tube, the spac- 

ings were arbitrarily divided into two groups : wide -spaced where the 
spacing is much greater than the size of a target element; and close - 
spaced where it is much less. Wide spacing is not used because the low 
capacitance results in an unusable signal -to -noise ratio and annoying 
white edges around lighted areas. The 2P23 has a spacing of 0.003 
inch which is in the intermediate range where the signal -to -noise 
ratio is usable and the white edges are not particularly annoying. 
The question of what occurs as the spacing becomes closer is an 
important one. 

If the spacing is reduced to 0.001 inch, the capacitance rises by a 
factor of about 3. The signal output will also be three time as high 
and the signal -to -noise ratio is improved by a factor of or about 
1.7, provided the modulation for the higher beam currents required 
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does not change. Numerous experimental tubes have been made with 
this reduced target -to -mesh spacing in which the signal -to -noise ratio 
is definitely improved but is still borderline for high -quality studio 
work. The white edges have disappeared and the half -tone response 
is improved. This improvement is due to the much longer straight - 
line portion of the curve of target charge vs. illumination which 
is shown in curve A of Figure 6. If these tubes are operated so 

that the highlights are at a point somewhat over the knee of the curve, 
the half tones will have a better signal -to -noise ratio than the 2P23. 
The improved signal -to -noise ratio and the lack of white edges make 
the picture look more "natural ". 

The close -spaced assembly, however, is not without its drawbacks. 
Because an inferior picture is obtained below the knee of the signal - 
output curve, it is nearly always preferable to operate these tubes at 
the knee or slightly above it. Although a better picture is obtained at 
this point with a close- spaced target, for the 0.001 -inch spacing three 
times as much light is required. This requirement makes the sensitivity 
of the experimental tubes appear to be lower than that of the 2P23. 
The close spacing is also not satisfactory for low -light scenes because 
the higher capacitance causes picture "lag ". The higher capacitance 
causes a smaller potential rise at the target for a given amount of light. 
At these small potentials, the beam modulation is very poor and the 
target is not completely discharged in one frame time. For outdoor 
scenes the greatest drawback is probably a lack of versatility in 
handling a wide range of lighting. This drawback shows up in two 

ways. The beam current needed in the 2P23 is very small and the 
multiplier shading is a minor item. If the beam is set for a high -light 
condition and the camera swung over to a low- lighted scene, the shading 
is not noticeable and the scene can readily be handled. In the close 

spaced tubes, the higher beam current causes disproportionally more 
shading. Thus, when the camera is used on a high -light scene a picture 
of better quality can be obtained; but when the camera is swung to a 

low -light scene the shading and beam noise are often troublesome. 
If the beam current is reduced this trouble disappears. In field use, 

however, this reduction is not always possible, especially when a scene 

contains both sunlight and shadow which often happens during sport 
events. Also, because of the long straight section of the target- charge 
curve, the highlights have more tendency to cause "blooming' at the 
kinescope. In a scene with a few high lights the picture is set so 

that the normally lighted parts appear bright at the kinescope. The 

signal in the highlights therefore, can be high enough to cause loss of 

resolution in the kinescope and consequent "blooming". 
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From a manufacturing standpoint the close spacing also puts a 
greater demand on the thermionic cathode because of the need for a 
higher beam current. If the center of the cathode is slightly low in 
emission, the beam will be insufficient to discharge the highlights com- 
pletely and loss of resolution will occur. Because of this demand for 
higher beam currents, grid No. 2 of the close -spaced tubes is operated 
as near to 300 volts as possible and not near 200 volts which has been 
satisfactory in some cases for the 2P23. 

OPERATION AND CONSTRUCTION OF THE 5655 

Target -to -mesh spacing 
Because it has not been possible to make a completely universal 

tube, it was decided to design the close- spaced tube for studio use 
where the lighting can be controlled. Under such conditions the 
apparent decrease of sensitivity and inability to handle scenes of 
widely varying illumination is not important. Because a 0.001 -inch 
spacing does not give too good a signal -to -noise ratio, the question 
arises as to what happens at closer spacings. For a 500 -mesh screen 
the center -to- center spacing is 0.002 inch. For 60 per cent transmission 
the hole size is about 0.0016 inch, that is, the center of the target 
element under each hole is 0.0008 inch from the mesh. One would 
expect that the capacitance would increase slowly for values of spacing 
less than 0.001 inch. However, the increase is definitely apparent in 
tubes with still smaller spacings. The capacitance increases until the 
target and mesh touch. The gain in capacitance over a 2P23 target 
is about 4 to 6 to 1 and the gain in signal -to -noise ratio is about 2 to 
2.5 to 1. The signal is, of course, about 4 to 6 times higher and the 
apparent sensitivity 1/4 to 1/6 as high. This gain in signal -to -noise 
ratio is very worthwhile and makes the tubes acceptable for studio 
application. For such tubes, the signal -to -noise ratio has an average 
value of about 80 to 1. 

Target -mesh structure 
The actual manufacture of a target -mesh structure with such a 

close spacing (the spacings are held between contact and 0.0004 inch) 
presents many problems. A description of the manufacturing process 
follows. The thin glass target is sealed at its edges to a metal ring. 
Before sealing, the surface of this ring is coated with a binder. After 
the seal is made, there is a measurable thickness of this binder above 
the glass. Also, at the inner edge of the ring the glass target tends to 
seal around the edge so that it is slightly depressed below the metal. If 
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the mesh is then placed against this structure, it will have about the 
correct spacing for the 2P23. To obtain closer spacing it is necessary 
to design the structure so higher points on the mesh are actually 
pushed into contact with the glass target. The tolerances are so small 
that careful fabrication is needed. Any minor deviation from flatness 
of either the mesh or the target will also show up much more clearly in 
the close- spaced target. 

Picture sticking 
Before leaving the close- spaced structure, it is interesting to note 

that its "picture sticking" characteristics due to glass resistivity are 
different from those of the 2P23. It has been mentioned previously 
that in a cycle of operation the charges, remaining on the target after 
the beam has scanned it, must be neutralized in a frame time by con- 
duction through the glass. If charge neutralization does not take place, 
the signal will fade for a fixed scene and return to its full value only 
when the picture is moved. A picture of opposite polarity will then 
be left on the target and can be seen if this area is lighted. The point 
of interest here is that for a given glass thickness and conductivity, 
fading depends on the target -to -mesh spacing in the region of very 
close spacings because, with the close -spaced assembly the capacitance 
and, consequently, the amount of charge to be neutralized are greater. 
For a 2P23 with a target of average thickness and conductivity, the 
percentage of fading at 20 degrees centigrade is about 10 per cent. 
If the temperature is increased to 30 or 35 degrees centigrade, the 
lowered resistivity makes the fading nearly negligible. For a close - 

spaced tube, however, the value at 20 degrees is closer to 30 per cent. 
A higher temperature of operation is needed to reduce fading to a 
low value. Generally, a temperature in the range of 40 to 45 degrees 
is sufficient. This need for a higher operating temperature, of course, 
reduces the operating temperature range of the close- spaced tube over 
that of the 2P23 because the 5655 is limited on the high side by lateral 
leakage in the same way as the 2P23. During tube life the 5655 target 
also changes more noticeably than that of the 2P23 because of the 
greater amount of charge that has to be transported through the 
glass. The change in contact potential, which generally makes the 
scanned area appear darker, may amount to several volts and requires 
shifting the mesh potential to more positive values during the life 
of the tube. In addition during operation the resistivity of the target 
slowly increases and after several hundred hours a higher temperature 
of operation may be needed. 
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Beat pattern 
Because the mesh of the 5655 is nearly in contact with the target, 

the mesh is in better focus and is more visible than in the 2P23. The 
beat patterns also show up more readily. Some improvement has been 
made by using higher- transmission mesh with a transmission of 60 

per cent or better. This value is equivalent to a wire 0.0004 inch in 
diameter. At present, however, the mesh limits the resolution of the 
tube in the highlights. As the techniques for manufacturing meshes 
improve, it is expected that eventually a finer mesh will be available. 

Photocathode 
Because the close -spaced tube has been designed for studio work 

a high sensitivity, especially for incandescent light, is not of prime 
importance. The spectral response, however, is of importance. Because 
of the variation in the spectral response of the 2P23 from tube to 
tube and because of the high infrared sensitivity of many of the 
tubes, it is very difficult to light the scene properly and get repro- 
ducible results. For these reasons, a different photosurface has been 
developed for the close -spaced 5655 tube. 

The well -known photosensitive surfaces are those of cesium, silver - 
oxide, and silver, and those of cesium- antimony. Both can be made in 
the form of semi -transparent surfaces. It has already been shown 
that the first is not satisfactory for the 5655. The cesium -antimony 
surface gives a high response to both incandescent and fluorescent 
sources which is quite reproducible from tube to tube. It has no infra- 
red response but, unfortunately, also very little red response. Even 
with incandescent illumination its red response is too low to be satis- 
factory. A photosurface that overcomes this objection, however, has 
been developed. It consists of a silver- antimony surface sensitized 
with cesium. The silver and antimony are made into an alloy in the 
proportions that give best results. This alloy is evaporated onto the 
face plate at exhaust and then sensitized. The surface as shown in the 
spectral response curve of Figure 7 has the high blue response of the 
cesium -antimony (S4) surface plus an added red response. The over -all 
sensitivity to incandescent light is only about one -third of that of 
the 2P23 surface. For fluorescent light and sunlight, the surface com- 
pares very favorably with the 2P23. Under certain conditions such as 
near sunset when considerable blue light is scattered, the 5655 surface 
is more sensitive. 

Operation 
Because of the greater capacitance and different photocathode 
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SPECTRAL SENSITIVITY CHARACTERISTIC 
FOR EQUAL VALUES OF RADIANT FLUX AT ALL WAVELENGTHS 

w 20 

4000 8000 12000 
WAVELENGTH -ANGSTROMS 

rl_ )Zy 
QWWJIb J 61W 
JOOm J Z 

surface, the signal- output of the 
5655 differs from the 2P23. The 

140 signal output curve is given in Fig- 
ure 8. Because the maximum out- 
put is 4 to 6 times that of the 2P23, 
a two-fold or better increase in the 

crux 

cc 

better choice. 
used on a scene, with 200 to 300 a 

signal-to-noise ratio results a1- ii 
though more light is needed to 

1 80 
obtain this higher value. As the 

5 curve indicates, the illumination is 
of the order of 0.2 foot-candle at 
the photocathode. In order to ob- 40 

> tain good depth of focus, a mini- 
mum of 100 foot-candles should be 

The type of lighting needed to 
get a good spectral response is 
fairly well met with a mixture 

Fig. 7- Approximate spectral sen- of fluorescent and incandescent 
sitivity characteristics of image sources. In general fluorescent orthicon types 5655 and 5769. 

lamps of 3500 or 4500 degrees Kelvin 
color temperature are most suitable for obtaining a good level of 
lighting. However, when only fluorescent lighting is used, the red 
response is somewhat lower than the yellow or blue. The use of incan- 
descent flood lights will help this condition and at the same time 
permit high lighting of various scenes. Although the 5655 is able to 
handle a wide range of light it is more restricted than the 2P23. For 
this reason care should be taken to eliminate very brightly lighted 

Fig. 8 - Simplified 
signal output char- 
acteristics for image 
orthicon types 2P23, 

5655, and 5769. 

8 ILLUMINATION 2870 °K TUNGSTEN 
EQUAL MULTIPLIER GAINS 

4 

2 
5655 

10 2 P23 
e 
6 

r 
2P23 i 

5769 4 

2 

/ 
0 ` ee 5655 

5769 

4 

2 

11 
2 4 6 8 2 4 d 8 2 4 6 8 2 4 6 8 2 4 6 8 

0.001 0.01 0.1 10 IO 100 
HIGHLIGHT ILLUMINATION ON PHOTOCATHODE- FOOT -CANDLES 

www.americanradiohistory.com

www.americanradiohistory.com


TELEVISION CAMERA TUBES 31 

areas such as can be caused by highly reflecting objects or by the use 
of intense spot lighting. 

OPERATION AND CONSTRUCTION OF THE 5769 

As has been discussed, the 2P23 has the advantages of fair signal - 
to -noise ratio, good ability to handle a wide range of scenes, and good 
sensitivity particularly for incandescent lighting. However, because of 
its high red and infrared response, it does not portray colors faithfully 
and resolution suffers particularly for the colors near the blue. The 5655, 
on the other hand, has a good color response. The 5769 is a new tube 
which is identical with the 2P23 except that it has the 5655 photocathode 
surface and color response. Its sensitivity for incandescent light is only 
about one third that of the 2P23 but for fluorescent and daylight it 
is nearly the same. For a large majority of outdoor pickups it is 
superior to the 2P23 because of its color response. In addition, 
operating experience has shown the 5769 to be more stable. Because 
the photocathode surface of the 2P23 demands an excess of cesium 
for best sensitivity, it is difficult to prevent migration of the cesium 
around the tube while it is on the shelf or in operation. If the excess 
cesium migrates to the target the resolution and signal output of the 
tube will be lowered, and the tube will fail because of "target leakage ". 
The 5655 and 5769 have, in general, proved less susceptible to this 
condition and, consequently, are more stable. Because of its good 
color response, the 5769 can also be used for studio operation. In this 
use it is somewhat easier to handle because of its wide light range. 
The 5655, however, is superior in its signal -to -noise ratio and rendition 
of grays. 

OVER -ALL OPERATING CHARACTERISTICS 

The over -all operating characteristics of image orthicon tubes can 
best be considered in terms of the curves of signal output versus light. 
Figure 6 shows curves of the charge built up during a frame time for 
increasing illumination on the photocathode. If the charge is divided 
by the frame time of 1/30 second and multiplied by the multiplier 
gain, the signal output will be obtained. For a gain of 1000, the 
maximum signal for a 2P23 of average mesh spacing is about 5 micro- 
amperes. For a photocathode sensitivity of 14 microamperes per lumen 
and a secondary emission ratio of 2.5 at the target (the ratio of the 
cesiated glass is probably about 4 at 400 volts but the mesh trans- 
mission is 60 per cent), the high light illumination on the photocathode 
needed to obtain this maximum signal is about 0.02 foot -candle. With 
this information the signal output curve (Figure 8) for the 2P23 can 
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be constructed. As in the charge curve, the signal- output curve rises 

linearly with light until a point is reached which corresponds to the 

maximum signal output. Above this point it does not rise except for 

very high values of light where interelement capacitance comes into 

effect. This curve is extremely simplified. It holds more closely for 

the case of a small area of light on a dark background, but even under 

this condition the break at the knee is rounded off because of the 

initial emission velocities of the secondaries from the target. These 

velocities ránge from 0 up to 5 volts with an average value of about 

2 volts. 

Should there be more than one bright spot, the curve becomes more 

complicated. Any lighted area tends to preserve its contrast by re- 

ducing the charge on the areas with a smaller amount of light by 

spraying them with secondary electrons. This spray, however, will 

also tend to discharge the poorly lighted areas which already have a 

rather low signal. Brightly lighted areas will, consequently, suppress 
the grays and make the gray parts of the scene appear flat and noisy. 

Gray suppression can be reduced by keeping the mesh potential high 

so that more of the electrons are collected and not redistributed. How- 

ever, this expedient is of the most help when the highlights are just 
above the knee of the curve .9 

In its present state the image orthicon can handle a scene contain- 
ing very bright high lights and grays better than an orthicon. In 

outdoor work many such scenes will be encountered. Inferior results 
in the grays will always occur, however, so that where lighting is 

under control such as in the studio, every attempt should be made to 

avoid extreme highlights. Not only do the secondary electrons redis- 

tributed directly from the highlight parts of the target suppress the 
grays, but also secondary electrons from the mesh have the same 

effect. Internal reflection of the highlights inside the lens and tube 
add to this limitation. Very poor results are obtained if a direct light 
gets into the lens from the sun or other sources. 

A simplified signal output curve is also shown in Figure 8 for the 
5655. Because of its high capacitance, the maximum signal output of 

the 5655 is higher than that of either the 2P23 or 5769. This advan- 

tage leads to a higher possible signal -to -noise ratio and a better gray 
scale because of the longer straight part of the curve. For the same 

photosensitivity, however, more light is needed to reach these improved 

conditions. In addition, more beam current is necessary to discharge 

9 O. H. Schade, "Electro- Optical Characteristics of Television Systems ", 
RCA Review, Vol. IX, No. 4, pp. 663 -665, December, 1948. 
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the highlights. For any given scene, the 5655 can produce, in general, 
a picture as good or better than that produced by a wide- spaced tube. 
It also has about the same ability to hold down highlights. However, 
because of the greater beam current needed for a strongly illuminated 
picture, when the camera is turned to a low light scene, the high beam 
current produces more noise and shading than is produced by the 
2P23 or 5769. If the beam current is reduced for the low -light scene, 
the picture is again good. Because a continual shifting of the beam 
current is not practical, the 5655, in general, is not recommended when 
high -light and low -light scenes must be picked up in quick succession. 

CONCLUSION 

This paper has discussed in some detail the limitations and oper- 
ating problems as well as the advantages of the image orthicon. As 
a result of a continuous program of development, many of the limita- 
tions of this tube have been minimized and the image orthicon has 
evolved from a laboratory device to its present status of being the 
work horse of television. With continued development, the possibilities 
of which have by no means been exhausted, the image orthicon can 
be expected to show further steady improvement. 

The operating problems show a measure of the complexity of the 
image orthicon. This complexity, however, makes it possible for this 
tube to do what no other camera tube can do. An outstanding ad- 
vantage of the image orthicon is its exceptional sensitivity which 
enables the tube to pick up scenes illuminated at very low light levels 
-only a few foot -candles -and greatly extends the range of outdoor 
subjects which can be televised. In addition, the image orthicon can 
reproduce scenes having great depth of field -a valuable advantage 
which provides flexibility of operation. Both in outdoor and studio 
pickups, the use of image orthicons has resulted in steady improvement 
in picture quality. The tube has earned its place today as the best 
choice for a universal camera tube. 
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A NEW IMAGE ORTHICON*1. 

BY 

R. B. JANES, R. E. JOHNSON AND R. R. HANDEL 

Tube Department, RCA Victor Division, 
Lancaster, Pa. 

Summary -The design of a new panchromatic high -sensitivity photo - 
surface has resulted in the development of a new image orthicon, RCA -5820, 
which permits the televising of low -level illuminated scenes with a faithful 
gray -scale rendition of colors. Performance results of this new tube in 
comparison with other types for both remote and studio pickup are given. 

INTRODUCTION 

IN 1946 the 2P23 image orthicon was introduced for remote pickup 
use? In spite of drawbacks such as a rather low signal -to -noise 
ratio and unfaithful gray -scale color rendition because of its infra- 

red sensitivity, the versatility of the 2P23 in picking up scenes having 
wide ranges of illumination quickly led to its nearly universal adoption 
for remote pickups. Further development2 brought about a consider- 
able improvement in its signal -to -noise ratio and resolution, but the 
color rendition still presented difficulties, especially for studio use. In 
1947, the 5655 was brought out to fill the urgent need for a studio 
tube.2 The use of a different photosurface with no infra -red response 
gave a considerably better color rendition. The signal -to -noise ratio 
was also improved by a change in the target structure which raised 
the target capacitance. The photosurface of the 5655, however, had a 
lower sensitivity, particularly to incandescent light, than that of the 
2P23. Because of the lower sensitivity and the greater capacitance 
of the target, the 5655 requires the use of more light. Studio lighting 
levels of 200 to 300 foot -candles of incandescent light or 150 to 200 
foot -candles of fluorescent light have been needed for use with this 
tube in order to obtain good depth of focus. The better color rendition, 
however, was so advantageous that in 1948 the 5769, which has the 
same target structure as the 2P23 but with the photosurface of the 

* Decimal Classification: R583.6. 
Reprinted from RCA Review, December, 1949. 

i A. Rose, P. K. Weimer and H. B. Law, "The Image Orthicon - A 
Sensitive Television Pickup Tube ", Proc. I.R.E., Vol. 34, No. 7, pp. 424 -432, 
July 1946. 

2 R. B. Janes, R. E. Johnson and R. S. Moore, "Development and Per- 
formance of Television Camera Tubes ", RCA Review, Vol. X, No. 2, pp. 
191 -223, June 1949. 
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6655, was introduced. The 5769 has found wide use in both remote 
pickups and studio use. In the studio, it has been preferred by many 
over the 5655 because it requires less light and because of its ability 
to handle a wide range of illumination. 

Although the 5655 and 5769 have better color rendition than the 
2P23, they have two shortcomings. First, their over -all sensitivity is 
only about one -third that of the 2P23 for incandescent lighting. For 
fluorescent lighting and daylight, the tubes are more comparable 
partly because the sensitivity of the 2P23 falls off for this type of 
lighting. Second, the spectral response of the 5655 and 5769 is largely 
in the blue end of the spectrum. Unless a considerable amount of 
incandescent "modeling" lighting is used, facial tones which are largely 
in the yellow and red come out too dark. For example, light beards 
when televised would appear almost black. 

Experience with these three image orthicons has pointed to the 
need for a high -sensitivity photosurface which more closely matches 
the response of the eye. Such a surface has now been incorporated 
in a new image orthicon, the RCA -5820. The 5820, which uses the 
wider -spaced, lower- capacitance target structure of the 2P23 and 5769, 
is especially useful for remote pickups. In addition, it may be pre- 
ferred by many for studio use because of its ability to handle wide 
ranges of illumination. 

SPECTRAL SENSITIVITY CHARACTERISTICS OF IMAGE ORTHICONS 

Curves comparing the spectral sensitivity characteristics of all the 
image orthicons are given in Figure 1. The curves are plotted on an 
absolute scale, i.e., for any given wavelength of light the response is 
given in microamperes of photo current for one microwatt of light 
energy falling on the photo cathode. The over -all response of the 
different surfaces to incandescent light of 2870 degrees Kelvin is also 
given. This figure must be used with care because incandescent light, 
which contains a good deal of red and infra -red, makes the response 
of a tube with infra -red sensitivity higher than it would be for 
sources with less red. 

Two curves (C and D) are given for the 2P23 to show the wide 
range of response that may be encountered in different tubes of this 
type. The higher -sensitivity tubes (curve C) have a high infra -red 
sensitivity resulting in a high sensitivity to tungsten illumination (20 
microamperes per lumen) . These tubes have been useful in the past 
for picking up scenes illuminated with low -level incandescent light. 
The infra -red response, however, causes peculiar color renditions. 
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Reds appear almost white and objects which reflect infra -reds such as 
green grass appear a light gray. Tubes of lower sensitivity (curve D) 
have a smaller response to infra -red, but also lack high sensitivity to 
incandescent light. Because of the wide range in spectral response, 
it is difficult to obtain two matched 2P23's. In one tube grass might 
appear gray and in another nearly white. Usually, in operation, a 
higher- sensitivity tube tends to lose infra -red response and sensitivity 
so that its characteristics gradually shift towards those of the lower - 
sensitivity tube. 

The 5769 and 5655 make use of a photosurface that has a fairly 
good blue response but is deficient in the yellow and red compared to 
the response of the human eye. Curve B of Figure 1 is a typical 
curve for these two tube types. The sensitivity to 2870 degrees Kelvin 
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incandescent sources is much lower than that of the higher 2P23. For 
blue -rich sources such as fluorescent lights or blue skylight, however, 

the sensitivity of the 5769 or 5655 may be actually higher. In the 
studio, the use of a proper balance of fluorescent base lighting and 
incandescent "modeling" leads to a fairly good color rendition with 
the 5655 or 5769, but the lack of good yellow and red response tends 
to give flat facial appearances. 

CHARACTERISTICS OF THE 5820 

Curve A of Figure 1 shows the spectral sensitivity characteristic 
of the new photosurface incorporated in the 5820. The surface has a 
high sensitivity to 2870 degrees Kelvin incandescent sources -on the 
average 40 microamperes per lumen. Because its spectral response is 
fairly close to that of the eye, the total response does not depend 
greatly on the type of light source. For incandescent, fluorescent, and 
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daylight sources, the response of the surface will average about the 

same. The curves of Figure 2 show how the spectral response of 

the 5820 compares with that of the eye. Curve A of Figure 2 gives 

the uncorrected response of the tube, Curve B the response when a 

Wratten No. 6 filter is used, and Curve C gives the eye response. If 
a picture of various colored objects is observed critically on a 5820 

without a filter, it can be noted that although the reds and yellows 

give about the same response as the eye, the blues and greens appear 
to be somewhat lighter to the tube than to the eye. This characteristic, 
however, will be objectionable only under special conditions. The use 

of a Wratten No. 6 filter drops the blue and green response to nearly 
the eye value with a loss of sensitivity of only about one lens stop. 
The closeness of the response to that of the eye makes the problem of 
proper scenery and makeup a much simpler one. In general, if lighting 
and makeup look satisfactory to the eye, the camera will also give a 

good color rendition. Any further changes that are made can be 
checked with the eye without the 
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Figure 3 gives the spectral response characteristic of three differ- 

ent 5820's all with the new photosurface. As these curves indicate, 

there is some variation in spectral response from tube to tube, espe- 

cially in the region of 5000 to 6000 angstrom units. This variation is 

much less than that encountered among 2P23's and, under normal use, 

is not noticeable. 

OPERATING CONSIDERATIONS 

The much higher sensitivities of the 5820 poses some problems in 

its use. With a lens aperture of f :2.8 it is possible to obtain a usable 
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picture with only 1 or 2 foot -candles of illumination. Such low light 
levels, however, should be used only when there is no other way of 
obtaining a picture. To obtain good depth of focus and to pick up 
the grays near black, a light level of 20 to 30 foot -candles should be 
used. In the studio, it is very seldom worthwhile to drop below about 
100 foot -candles. With too low a light level, modeling lights will give 
too sharp contrasts which are undesirable unless special effects are 
wanted. It is better to use a base lighting of perhaps 50 to 60 foot - 
candles of fluorescent light and to use modeling lights to build up the 
total illumination to approximately 100 foot -candles. In the studio, 
slim -line instant -start white fluorescent lights of 3500 to 4500 degrees 
Kelvin are satisfactory for base lighting. 

When the 5820 is used for outdoor pickup, operators will encounter 
a problem of too much light on very bright days. In this case, the use 
of neutral filters is helpful. When the illumination is of the order of 
several thousand foot -candles, as is obtained with bright sunshine, a 
Wratten neutral filter with a transmission of 5 per cent can be used. 
For slightly cloudy days with an illumination of 500 to 1000 foot - 
candles, a filter with a transmission of 10 per cent should be satis- 
factory. Because of the higher sensitivity of the 5820, stray light also 
will be troublesome. Wherever the possibility of stray light entering 
the lens exists, a lens shield should be used. 

FEATURES OF PHOTOSURFACE 

In addition to the gain in sensitivity and the improvement in 
spectral response, the use of the new photosurface has led to other 
desirable characteristics. In the 5769 and 5655 the photosurface is 
quite transparent so that a good deal of light passes through it. This 
light may be reflected from different parts of the image section and 
return to the photocathode where it will cause unwanted photo emission. 
Also, because all of the targets are somewhat photosensitive, light 
passing through the photosurfacé can cause trouble in the darker parts 
of the picture. The lower degree of transparency of the new surface 
reduces both of these effects. In addition, the much higher photo- 
sensitivity of the new surface will in itself cause a reduction in the 
amount of light reaching the target and, therefore, reduce the emission 
of unwanted electrons from the target. Because of these features, the 
5820 gives a picture with a better gray scale and more "snap ". The 
new tube also has, on the average, better resolution than its predeces- 
sors although all the reasons for this improvement have not as yet been 
fully determined. 
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ILLUMINATION AND CAMERA REQUIREMENTS 

Figure 4 is a simplified curve of the signal output of the 5820. 
This curve is for a small white object on a black background, but it 
holds reasonably well for a more complicated picture. Photocathode 
illumination at the knee of the curve averages about 0.01 foot -candle. 
The curves of Figures 5a and 5b show how much illumination is 
needed for a given angle of view and for a lens with a given f : number. 
Two sets of curves are given -one for black- and -white rendition and 
one for better half -tone rendition. These curves are calculated from 
the simple formula, 
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tion on the scene measured with a light meter positioned 

towards the lens of the camera, 
f = f : number of lens, 

Ipo = photocathode illumination in foot -candles, 
in = linear magnification of scene to target, 
T = total transmission of lens, 
R = reflectance of principal subject in scene. 

For black- and -white rendition, the conditions are set up for a 

barely acceptable picture, i.e., one in which the high lights just reach 

the knee of the curve. The reflectance R for these high lights is taken 

as 0.5, the lens transmission as 75 per cent (there will be some error 
here as not all the lenses will have this transmission), 40 is taken as 

0.01 foot -candle, and in can be neglected. For half -tone rendition, the 

conditions are the same as for black and white except it is assumed 

that the reflectance of the object when the high lights just reach the 
knee of the curve is 0.16. Figure 5a shows the effective lens diameter 
or opening in inches plotted against the f : number of the lens. Curves 

are given for many of the lenses used with television cameras along 

with their respective angle of view. Figure 5b gives the lens diameter 
plotted against angle of view for different values of seen.; illumination 
for both black- and -white and half -tone rendition. The following ex- 

amples illustrate how these curves can be used. In the studio, a scene 

has an illumination of 100 foot -candles. For half -tone rendition and 

an angle of view of 8.7 degrees, the required lens diameter of 0.5 

inch is determined from Figure 5b. In Figure 5a, it can be seen that 
for an 8.7- degree lens with a diameter of 0.5 inch, an f : number 
of 17 is satisfactory. For an outdoor shot with a scene illumination 
of only 10 foot -candles where black and white may be useful, Figure 5b 

shows that a 2.9- degree angle of view calls for a lens diameter of 2.6 

inches. In Figure 5a this value of lens diameter corresponds to an 

f : number of 10. 

For complete information, curves of depth of focus for each lens 
should be included. These curves, however, would be very complicated 
because a separate curve is needed for each f : number and each object 
distance. This information, in most cases, is either given on the lens 
or can be obtained from the lens manufacturer. 
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THE VIDICON - PHOTOCONDUCTIVE 
CAMERA TUBE *t 

BY 

PAUL K. WEIMER, STANLEY V. FORGUE AND ROBERT R. GOODRICH 

Research Department, RCA I.aboratories Division, 
Princeton, N. J. 

Summary - Simplification of design, high sensitivity and good resolution 
are available in a new tube having a photoconductive target. Its application 
results in economy of equipment designed for unattended industrial appli- 
cations as well as broadcast use. 

THE phenomenon of photoemission of electrons has been widely 
used for the light- sensitive surface of television pickup tubes. 
This is true for the image orthicon' as well as for its prede- 

cessors, the orthicon and the iconoscope. 
The related phenomenon of photoconductivity has not been em- 

ployed in any commercially useful pickup tube. However, this applica- 
tion of photoconductivity has by no means been ignored either in the 
experimental laboratories or in the patent literature. In fact, one of 
the earliest proposals for a television system envisioned the use of a 
selenium photoconductive cell in combination with a mechanical scan- 
ning disc. Actually, the sluggish freque;acy response of the selenium 
cells made them inadequate for this application. Photoemissive cells 
which became available in the early part of this century were found 
to be much more suitable. 

During the middle 1930's, work on photoconductive targets for 
television pickup tubes was carried on in this country,2 as well as in 
England3 and Germany.' In these experiments an electron beam similar 
to that used in the iconoscope scanned the photoconductive target. 
This mode of operation allowed the possibility of obtaining increased 

* Decimal Classification : 621.388. 
f Reprint from Electronics, May, 1950. 
' Rose, Weimer and Law, "The Image Orthicon -A Sensitive Television Pickup Tube ", Proc. I.R.E., Vol. 34, No. 7, p. 424, July, 1946. 
2Iams and Rose, "Television Pickup Tubes with Cathode Ray Beam Scanning ", Proc. I.R.E., Vol. 25, No. 8, p. 1048, August, 1937. 
3 Miller and Strange, "The Electrical Reproduction of Images by the Photoconductive Effect ", Proc. Phys. Soc., Vol. 50, p. 374, 1938. 
4 Knoll and Schroeter, "Transmission of Pictures and Signals by Insulating and Semi -conducting Surface ", Phys. Zeitschrift, Vol. 38, p. 330, 1937. 

41 

www.americanradiohistory.com

www.americanradiohistory.com


42 TELEVISION, Volume VI 

sensitivity by means of storage. Furthermore, the photoconductor 

needed to respond to changes in light intensity no faster than thirty 
cycles per second as compared to the several million per second that 
is required for nonstorage operation. 

None of these experiments resulted in a useful tube able to compete 

with the iconoscope available at that time. The principal defects were 

insensitivity, retention of images and spurious spots on the target. 
Once again photoconductivity for pickup tubes was set aside at least 

temporarily in favor of photoemission whose processing art was some- 

what more advanced. 
Work done during the war on photoconductive materials for infra- 

red detectors has served to focus attention on the basic advantages 
which photoconductivity has to offer to television pickup tubes. It is 

well known that the light sensitivity obtainable with photoconductive 
cells greatly exceeds that reported for any photoemissive cells. Where- 

as a sensitivity of 50 microamperes per lumen (about 0.10 electron 

per quanta) is considered good for photoemission, tens of thousands of 

microamperes per lumen (many electrons per quanta) are not un- 

common with some photoconductive materials. (An image orthicon em- 

ploying a photocathode giving 50 microamperes per lumen has an 

operating sensitivity comparable to that of the human eye.) 
If high- sensitivity materials suitable for pickup tube targets could 

be found, the benefits could be used in two ways. Perhaps least im- 

portant at present would be the possibility of developing tubes capable 

of operating at much lower light levels. An improvement of about 
10 times over that of the present day image orthicons is theoretically 
possible, assuming that on the average, the best photoemitting surfaces 
are only 10 per cent efficient. Second and more important, any sizeable 

increase in target sensitivity would permit such simplification in 

pickup tube design as to open up entirely new fields of application. The 

electron image section and the electron multiplier, which have been 

required in the image orthicon for good sensitivity, may be entirely 
eliminated. The tube is reduced to the basic elements of gun and target. 
This makes for economy, compactness and simplicity of operation. 

In addition, all the tube dimensions may be scaled down, if desired, 
because the extra target sensitivity is available to compensate for the 
reduction in target area. It was easily conceivable that a simple, 

compact and dependable television pickup tube would find many appli- 
cations in industry, business and in scientific investigations far wider 
than that of entertainment broadcasting. 

5 Janes, Johnson and Moore, "Development and Performance of Tele- 
vision Camera Tubes ", RCA Review, Vol. 10, No. 2, p. 191, June, 1949. 
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Work on photoconductive pickup tubes has been carried on inten- 
sively at RCA Laboratories during the past several years. High - 
sensitivity materials suitable for targets have been found and many 
experimental photoconductive tubes of various sizes have been tested. 
The name "vidicon" has been coined to distinguish these tubes from 
the photoemissive tubes. 

The particular form of vidicon to be described is in an advanced 
stage of experimental development. It is one inch in diameter and six 
inches long, and is particularly suited to industrial applications. It 
appears likely that both larger and smaller forms of vidicons will 
eventually become available for other applications. 

The comparative sizes of the vidicon and the image orthicon are 
shown in an accompanying photograph. A miniature television camera6 
employing the vidicon is also illustrated. 

Experimental one - 
inch - diameter vidi- 
con, with the stand- 
ard commercial im- 
age orthicon in the 

background. 

ONE -INCH VIDICON 

The cross- sectional diagram of an experimental tube given in 
Figure 1 shows the relative positions of the gun and the target. 

As shown in Figure 2, the photoconductive material is deposited 
on the transparent conducting signal plate and scanned directly by the 
electron beam. A uniform magnetic field is used to focus the beam. 
The velocity of impact of the beam may be either below first crossover 
as in the orthicon, or above first crossover as in the iconoscope. The 
video signal is taken from the target by connecting the amplifier to the 
transparent signal plate. The wall screen shown in Figure 1 provides 
a uniform field in front of the target, but does not appear in the 
transmitted picture. 

6 Webb and Morgan, "Industrial Television System ", paper presented at IRE National Convention, New York, March, 1950. 

www.americanradiohistory.com

www.americanradiohistory.com


44 TELEVISION, Volume VI 

Miniature television 
camera employing 
the vidicon pickup 
tube6, monitor in 

background. 

CHARGE- DISCHARGE CYCLE 

For purposes of explanation, assume that a low- velocity orthicon - 
type scanning beam is used. A fixed potential of about 20 volts positive, 
relative to the thermionic cathode, is applied to the transparent signal 
plate. The beam deposits electrons on the scanned surface of the 
photoconductor charging it down to thermionic cathode potential. Al- 

though considerable field is thereby developed across the opposite faces 
of the photoconductor, its conductivity is sufficiently low that very 
little current flows in the dark. 

If a light image is focused on the target, its conductivity is in- 
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Fig. 1- Cross -sectional diagram of an experimental vidicon photoconductive 
television pickup tube. 
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creased in the illuminated portions, thus permitting charge to flow. In 
these areas the scanned surface gradually becomes charged a volt or 
two positive with respect to the cathode during the 1 /30- second in- 
terval between successive scans. 

The beam deposits sufficient electrons to neutralize the accumulated 
charge, and in doing so generates the video signal in the signal plate 
lead. It will be noted that the target is sensitive to light throughout 
the entire frame time permitting full storage of charge. 

The charge- discharge cycle is identical to that of the orthicon with 
the exception that the positive charging effect is achieved by photo- 

conduction through the target it- 
self, rather than by photoemission 
from the scanned surface. This 
mode of operation requires that 
the resistivity of the photoconduc- 
tive target be sufficiently high that 
its time constant exceeds the 1/30 - 
second television frame time. A 

dark resistivity of 1012 ohm- centi- 
meter or greater is satisfactory. 

Many materials such as sele- 
nium, sulfur, as well as the sulfides, 
selenides and oxides are known to 
be photoconducting. Several of these 
materials when properly processed 
have been found suitable for pickup 
tube targets. The spectral response 
is a function of the material and 
the processing. Targets which are 
sensitive to the entire visible range 
of the spectrum have been made. 
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EXAGGERATED) 

SCANNING 

BEAM 

10-30V D- 

GLASS FACE 
/OF TUBE 

TRANSPARENT 
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(SIGNAL LEAD 
CONNECTION) 

VIDEO 

SIGNAL 

Fig. 2- Detail of the target con- 
struction in the experimental pho- 

toconductive camera tube. 

OPERATING CHARACTERISTICS 

Photoconductive targets free from the spurious spots and lag which 
troubled the earlier workers, have been made. Sensitivities in excess 
of 1,000 microamperes per lumen are obtainable. Resolution is limited 
only by the electron optics of the beam while in the image orthicon 
a fine mesh screen at the target limits resolution. 

The one -inch diameter vidicon is capable of resolving more than 
600 lines. Under similar conditions the larger image orthicon will give 
about fifteen hundred lines. The capacity of the target may be made 

www.americanradiohistory.com

www.americanradiohistory.com


46 TELEVISION, Volume VI 

sufficiently large in any size target that the high light signal-to -noise 
ratio of the output signal can be as high as needed. 

The signal- versus -light curve is linear at low lights as in an orthi= 
con, but with some flattening off at high light levels. In general, the 
photoconductive targets made to date will not accommodate as wide a 
range of light levels for a given lens aperture as an image orthicon. 
For extremely bright illumination on the target, the picture loses con- 
trast without any tendency for unstable charge up as in the early 
orthicon. An image orthicon under similar conditions would maintain 
good contrast by virtue of the redistribution of secondary electrons 
on the picture side of the glass target. 

Photograph of picture transmitted by a one -inch vidicon. 

In general, pickup tubes with photoconductive targets are simpler 
in operating adjustments than an image orthicon. The electron image 
focusing control is completely eliminated, and the target voltage ad- 
justment is somewhat less critical. 

The high signal level obtainable at the target removes the need for 
an electron multiplier whose contribution to spurious spots and shading 
in the image orthicon has been a steady source of concern. The 
beam -current adjustment is accordingly less critical. In short, the 
simplicity of operation of the photoconductive targets combined with 
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their adaptability for small tubes has made them particularly suitable 
for equipment designed for unattended industrial applications. 

Sufficient satisfactory tubes have been constructed in the laboratory 
to demonstrate the advantages listed above. However, questions of 
tube life, allowable temperature limits and reproducibility of results 
will require additional intensive development before equipment reliable 
enough for industrial use can be made available. For example, condi- 
tions necessary to ensure targets free of objectionable time lag are 
still in an experimental stage. 

SENSITIVITY OF THE TUBE 

A one -inch vidicon possessing a target sensitivity of 300 micro- 
amperes per lumen will transmit a noise -free picture with a scene 
brightness of several foot -lamberts using an f/2 lens. Since this light 
level is less than ordinarily present in most laboratories or factories, 
special lighting is not required. 

It is impossible to compare the relative sensitivities of the vidicon 
and the image orthicon without specifying at what light level the 
comparison is being made. At intermediate light levels, with a few 
foot -lamberts scene brightness, the two tubes will transmit a picture 
having about the same signal -to -noise ratio. At higher light levels, 
the vidicon will deliver a higher signal -to -noise ratio than the image 
orthicon since its target capacity is higher. At lower light levels its 
signal -to -noise ratio will be inferior to that of an image orthicon 
with a multiplier. 

This follows from the fact that the noise background for the vidicon 
is the amplifier noise that remains fixed at all light levels, while for the 
image orthicon it is shot noise in the scanning beam, which may be 
reduced somewhat for low signal levels. With the development of still 
more sensitive targets, the vidicon without a multiplier may be ex- 
pected to exceed the present image orthicon at all light levels. 

It will be noted that the elimination of the electron multiplier will 
require a stronger beam current at the target of the vidicon than in 
the image orthicon. Assuming the input noise of the video amplifier 
to be 2 X 10 -3 microampere, a target current of 0.2 microampere is 
required for a signal -to -noise ratio of 100. This current is about ten 
times that required in the image orthicon. 

Some explanation as to why a smaller pickup tube may require a 
more sensitive target for equal scene brightnesses is in order. If the 
entire tube and optical system are scaled down in size, keeping the 
same f number lens, the quantity of light in lumens intercepted by 
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the lens is reduced. The output signal of the tube in microamperes is 

also reduced unless the target sensitivity in microamperes per lumen 

is increased. 
On the other hand, if the lens diameter for the small tube were 

kept the same as for the large tube, no increase in target sensitivity 
is necessary. However, for the same angle of view this means a faster 
or slower f number lens. Such lenses, if available at all, are likely to 

be less highly corrected and more expensive. Thus, in general, the 
smaller tube will be operated with smaller diameter lenses requiring 
higher scene brightnesses or more sensitive targets. The gain in depth 

of focus accompanying the use of the smaller diameter lens may, how- 

ever, be very useful. Motion picture 16- millimeter lenses have been 

found to be satisfactory. 
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THE IMAGE ISOCON - AN EXPERIMENTAL TELE- 
VISION PICKUP TUBE BASED ON THE SCAT- 

TERING OF LOW VELOCITY ELECTRONS t 
BY 

PAUL K. WEIMER 

Research Department, RCA Laboratories Division, 
Princeton, New Jersey 

Summary 

The image isocon is a new experimental television pickup tube simi- 
lar in performance and physical appearance to an image orthicon. 
However, a novel method of generating the video signal is used giving an 
output signal of opposite polarity with the maximum current in the light. 
This results in an improved signal -to -noise ratio in the darker parts of 
the picture and freedom from spurious signals caused by multiplier dynode 
spots. The low -light sensitivity is comparable to that of the image orthicon, 
but a wider range of light levels can be accommodated without readjust- 
ment of the beam current. Resolution of experimental image isocons has 
been slightly inferior to the conventional image orthicons but this is 
partially compensated by their inherent freedom from dynode spots whose 
presence in the image orthicon occasionally requires deliberate defocusing 
of the beam. The more exact electron optical requirements of an image 
isocon place a greater burden on the skill and patience of the operating 
crew. Most experimental tubes have shown more objectionable time lag 
than found in an image orthicon. Closer tolerances in tube and coil design 
are required in an image isocon for consistent and reproducible results. 
Applications of the electron optical techniques used in the image isocon 
are suggested for storage tubes and pickup tubes for color. 

(21 pages, 14 figures) 

* Decimal Clasification: R583.11. 
j RCA Review, September, 1949. 

NEW TV STUDIO RELAY SWITCHING SYSTEM "t 
BY 

W. E. TUCKER AND C. R. MONRO 

Engineering Department, RCA Victor Division 
Camden, N. J. 

Summary 

A video switching system is described which provides an economical 
means of switching for small stations, is adaptable to modifications for 

* Decimal Classification: R583.3. 
f Tele Tech, August, 1949. 
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enlargement, and which finds important applications in large stations 
where it is impossible to use manual switching. 

(3 pages, 7 figures) 

MIXING LOCAL AND REMOTE TELEVISION 
SIGNALS'` i 

BY 

J. M. WEAVER AND W. E. WELLS 

Engineering Department. National Broadcasting Co., Inc., 
New York 

Summary 

Circuits are described which solve the problem of fading composite 
video signals from sources controlled by different sync- generators. 

(3 pages, 5 figures) 

* Decimal Classification: R583.3. 
f Tele Tech, January, 1950. 

TELEVISION PHOTOMETRY AND OPTICAL 
BACKGROUND' ̀t 

BY 

R. L. KUEHN 

Engineering Department. National Broadcasting Co., Inc., 
New York 

Summary 

A method is suggested for obtaining direct and precise light measure- 
ments for scenes being televised with an image orthicon. The use of pro- 
jected backgrounds is discussed. 

(3 pages, 6 figures) 

* Decimal Classification: R583.2. 
Tele Tech, July, 1949. 
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STANDARDIZATION OF THE TRANSIENT 
RESPONSE OF TELEVISION TRANSMITTERS *t 

BY 

R. D. KELL AND G. L. FREDENDALL 

Research Department, RCA Laboratories Division, 
Princeton, N. J. 

Summary -Standardization of the square -wave response of a television 
transmitter is suggested on the basis of a comparison of the response of 
a standard monitor to square -wave signals generated by the transmitter 
and the calibrated response of the monitor to a double -sideband television 
signal modulated by a square -wave. 

Standardization of picture monitors also appears to be imperative 
because uniform quality of transmission is desirable from all broadcasters. 

INTRODUCTION 

WHEN the standards of the present television system were 
agreed upon by the engineers of the industry, it was realized 
that additional standards relating to the amplitude and 

phase or some equivalent characteristics of the transmitter would have 
to be adopted later in order to fully specify the picture quality or 
fidelity. At that time there was insufficient technical data and operating 
experience with the complete television system to specify the addi- 
tional standards and tolerances. There was, however, sufficient experi- 
ence with vestigial sideband transmission and reception for stand- 
ardization of the radio -frequency amplitude characteristics of the 
transmitter and receiver, which are shown in idealized form in Figure 
1. It is specified that the carrier position in the receiver shall be at 
the point of 50 per cent amplitude response and that the lower side - 
band spectrum and part of the upper sideband spectrum shall be 
attenuated as shown. It is standard that the amplitude response in 
the transmitter shall substantially cover the receiver characteristic 
since the basic premise of the entire arrangement is that receiver 
operation shall be essentially the same whether the receiver is supplied 
with signal from a double -sideband signal generator or from a trans- 
mitter in which the lower sideband is suppressed beyond the frequency 
at which the receiver has no response. It was assumed that eventually 
the phase characteristic of the vestigial sideband transmitter would 
be specified. Adherence to standards is required of broadcasters. The 
observance by manufacturers of receivers can only be advised. 

Decimal Classification : R140. 
f Reprinted from RCA Review, March, 1949. 
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During the seven years since the adoption of the standards shown 
in Figure 1, considerable knowledge concerning the fidelity of trans- 
mitters and receivers has been accumulated. In this paper a basis is 

proposed for additional standards equivalent to a specification of 
amplitude and phase but logically superior. The suggested standards 
will include phase compensation networks for installation in the video 

section of the transmitter that will make possible the attainment of 

the fidelity of which the present system is capable. 

Sole dependence on the amplitude and phase characteristics of 

various parts of the system as the criterion of fidelity of picture trans- 
mission has proven to be illusive because these quantities are not 

directly observable in a television picture, and therefore are difficult 

to specify with logical tolerances. In a television picture of high 

fidelity the transitions in half -tones corresponding to abrupt changes 

in the subject are sharp and there is a minimum of spurious halftone 

variations, such as leading whites or blacks, ringing, long black or 

white smears, and so forth. Possible tolerances or permissible devia- 
tions of phase and amplitude from 
the distortionless state within the 

< á 
< ä W = channel would have to be tried in 
aW 3 °W _z - connection with the transmission of rg 
xu g critical waveforms which permit ßjá ykRECEIVER CHARACTERISTIC 

,i A observation of abrupt transitions 

0 45751 
25 2 S a 5 25 e and spurious signals. Such a criti- 

MC aMc 
MIN 

a.5 MC . cal waveform that has received 
fi MC general recognition by engineers is 

Fig. 1 -RMA idealized amplitude the unit function or its practical 
characteristics of transmitter and equivalent, the square wave. The receiver. 

abrupt transition in a square wave 
represents an abrupt transition in picture halftone value that involves 

the transmission of video frequencies ranging from a few hundred 
kilocycles to 4 megacycles per second. The flat part of a square wave 

permits testing for long black or white smears and involves the lower 

frequencies of the video spectrum beginning with 60 cycles per second. 

It is reasonable, therefore, to use the square -wave response as the 
primary measure of the overall performance of the television system. 

In brief, the standard of Figure 1, which defines the type of trans- 
mission, may be supplemented by standards which prescribe certain 

significant characteristics of the wave shape of the output of a 

as modulation to the input of the transmitter. 
standard monitoring receiver in response to a square wave applied 
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SQUARE -WAVE RESPONSE OF A TELEVISION RECEIVER 

The concept of a standard receiver appears to be necessary in the 
discussion of transmission and reception in a vestigial sideband system. 
The sidebands of the radiated signal are not in proper balance until 
the signal is passed through a selective receiving circuit having an 
appropriate amplitude response such as the standard response of 
Figure 1. It is obvious that all broadcasters should monitor with a 
standardized receiver so the transmission characteristics of various 
transmitters will not vary. A chaotic condition is likely to occur if 
monitors are non -standard. At this point it is sufficient to observe 
that a monitor should be a good receiver, the performance of which 
could be duplicated in a high -grade commercial television receiver. 
The combined radio- frequency and intermediate -frequency amplitude 
response should approximate that shown in Figure 1. Before a basis 
for the specification of standard monitor is given, a preliminary study 
of the square -wave response of actual television receivers is helpful. 

The response of a certain commercial receiver to a square -wave 
transition generated by a double -sideband laboratory signal generator 
is shown by curve 4, in Figure 2. This simulates the ideal functioning 
of the transmitting portion of the television system and permits 
analysis of the receiver alone'. The ultimate criterion by which the 
real receiver may be judged is curve 3, the response of an idealized 
receiver having the RMA amplitude characteristic of Figure 1 and a 
linear phase characteristic. The real response (curve 4) departs from 
the idealized response in two respects. First, the time of rise of the 
real transition (0.13 microseconds) as measured between the points 
of 10 per cent and 90 per cent response is greater than that of the 
idealized transition (0.1 microseconds), and second, the transition 
itself is dissymmetrical. The time of rise T, is a measure of capability 
of the receiver for the reproduction of sharp edges or transitions in 
picture halftones. Symmetry or dissymmetry of the transition as 
relates principally to the damped oscillatory component, commonly 
termed a "cutoff transient ", occurs before and after the main transition 
of curve 3, but only after the transition of curve 4. Cutoff transients 
appear visually as striated patterns near the transition and are seen 
more clearly when the amplitude is large and the frequency of repeti- 
tion is low. The question which naturally arises concerning the desira- 

' In all observations cited, the depth of modulation of the radio - 
frequency carrier was moderate so that the peculiarities of vestigial side - 
band transmission near 100 per cent modulation were avoided. For a dis- 
cussion of these effects see R. D. Kell and G. L. Fredendall, "Selective 
Sideband Transmission in Television ", RCA Review, Vol. 4, pp. 425 -440, 
April, 1940. 
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bility of a symmetrical cutoff transient is answered in the following 
section. 

In practice, means must be provided at the transmitter for the 
attenuation of one sideband in accordance with Figure 1. This attenu- 
ation is provided in the output of the laboratory signal generator by 
the use of a commercial vestigial sideband filter identical in design 
to those currently used in the field'. In some transmitters sideband 
attenuation is accomplished in several cascade stages of band -pass 
amplification at the radio -frequency level'. Ideally, the square -wave 
response measured at the output of the receiver should remain 
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unchanged when the vestigial sideband transmission is substituted 
for a double -sideband transmission. However, there is additional 
waveform distortion introduced into the response due principally to 
phase distortion associated with the attenuation of the sideband 
spectrum. This is shown in curve 5 of Figure 2. A leading spurious 
signal T,,, which is barely evident in double sideband operation, curve 
4, is prominently displayed in curve 5. If the transition is from white 
to black the spurious signal appears as a leading white; if the transi- 
tion is from black to white the spurious signal is a leading black. The 

2 RCA vestigial sideband filter, type M19104 -4 for channel 4. 
3 "Design Trends in Television Transmitters ", Electronics, Vol. 21, 

p. 76, January 1948. 
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time interval occupied by this signal, as well as its amplitude, is of 
considerable importance. Usually the interval T,,, is about equal to 
a complete cycle of the cutoff transient, and therefore represents a 
visible halftone variation when the viewing distance is such that the 
eye tends to average the variation of a cycle of the cutoff transient 
without responding to the halftone variation over the cycle. The axis 
XX of the cutoff transient represents the general trend in halftone 
variation as the transition attains the final level of 100 per cent. If 
the axis does not coincide with the final level a smear component is 
thereby introduced following the abrupt transition. A measure of 
the smear component is the deviation D of the axis from the reference 
level of 100 per cent and the length of time required for the axis to 
attain this level. The slope may be either positive or negative, depend- 
ing in part upon the position of the carrier on the receiver charac- 
teristic. Operation below the point of 50 per cent response tends to 
result in a negative slope. 

Recourse to the steady -state ,_° 

characteristics of amplitude and °° - - - 

phase is helpful in explaining the = 11 
various aspects of the square -wave 

=°,11:c-# 
° 

response. Fortunately, the square- ä 60-, 
. ° wave response contains all of the 

information necessary for deriva- 'MIN'-,E 
tion of the effective or overall am- 
plitude and phase distortion of the Fig. 3- Receiver (A) DSB trans- 
receiver'. The term "overall video 
distortion" is especially appropriate 
since the picture signal enters the signal generator as a video signal 
and reappears at the terminals of the picture tube as a video signal. 
Distortion originating in the radio -frequency, intermediate -frequency, 
or the video sections of the receiver are conveniently lumped as an 
equivalent video distortion. Figure 3 shows the steady -state character- 
istics for double -sideband operation of the receiver. A more convenient 
term, the relative time delay, equal to ¢/27rf is substituted for the 
phase angle, 0. The amplitude and delay characteristics of an ideal 
receiver would be independent of frequency out to a limit imposed by 
the width of the television channel. However, in practice both the 
amplitude and delay characteristics fall short. The delay distortion 
in Figure 3 exhibits a sharp up -turn at the end of the video band in 

° 
iiY[ AISC<. 

mission. 

4 A. V. Bedford and G. L. Fredendall, "Analysis, Synthesis, and Evalu- 
ation of the Transient Response of Television Apparatus ", Proc. I.R.E., 
Vol. 30, pp. 440 -457, October, 1942. 
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the range 3 to 4 megacycles as a consequence of the cutoff of the 
intermediate -frequency and video -frequency amplifiers of the receiver. 
A more gradual increase in delay occurs as the frequency becomes 
lower over the range below 1.5 megacycles. If the delay distortion 
in the lower frequency interval and the delay distortion above 3 mega- 
cycles are removed, the magnitude of the following cutoff transients 
of curve 4, Figure 2 is approximately halved and a similar transient 
is added before the advent of the transition. That is, when the delay 
distortion in curve 4, Figure 2, is arbitrarily removed, the resulting 
response closely resembles curve 3, Figure 2, which is the ideal re- 
sponse. The remaining discrepancy in the compensated response is a 
slower time of rise caused by deficiencies in amplitude response, as 
revealed in Figure 3. 
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Fig. 4- Receiver (A) VSB trans- Fig. 5 -Delay distortion introduced 
mission. by VSB transmission. 

A steady -state analysis corresponding to the square -wave response 
(curve 5) of the complete vestigial sideband system appears in Figure 
4. It is seen here (curve 9) that the introduction of vestigial sideband 
transmission has acted chiefly to increase the delay distortion in the 
frequency range below 3 megacycles. The shape of the delay curve 9 

above 3 megacycles is unaltered and is still controlled exclusively by 
the cutoff of the receiver. There is some modification of the amplitude 
characteristic. The effective delay distortion introduced by the filter 
as shown in Figure 5 is the difference between the overall delay 
characteristic measured with and without the filter. 

The existence of this delay distortion due to the means for obtain- 
ing sideband attenuation prevents the reception of pictures with the 
full fidelity possible within the 4- megacycle video channel unless cor- 
rected. Fortunately, the delay distortion can be substantially removed 
by the use of phase compensating networks connected in the video 
input of the transmitter. For complete compensation, the delay of the 
correcting network is complementary to the overall time delay char- 
acteristic as calculated from the square -wave response of the receiver 
when supplied with signal from a vestigial sideband transmitter. A 
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very considerable improvement in the square -wave response of the re- 
ceiver resulted when delay networks shown in Figure 6 were connected 
in the video input of the laboratory signal generator. The total correc- 
tion consisted of two parts, (1) a bridged -T all -pass section for 
correction of the delay distortion introduced by the vestigial sideband 
transmission and (2) an eight-section lattice type network for the 
correction of delay distortion due to cutoff in the receiver. Figure 7 

illustrates the successive stages of the improvement. Curve 4 is the 
response of the receiver to a double sideband signal taken from Figure 
2 ; curve 5 is the uncompensated response of the receiver to the vest =gial 

sideband signal taken from Figure 2; curve 11 is the response after 
compensation of the delay distortion due to the sideband filter; curve 
12 is the response involving compensation of the delay distortion due 

to cutoff in the receiver, as well as compensation for the filter. 

Compensation of the effective delay distortion due to vestigial side - 

band operation by means of video networks is not absolutely inde- 

pendent of the amplitude and delay characteristics of the particular 
receiver over the range for which the upper and lower sidebands are 
presents. This dependence does not 
exist if the correction is made in 

the radio -frequency section of the (4) D58 TRANSMISSION (5)V58 TRANSMISSION 

transmitter, but the utilization of 
all-pass networks at television 
radio -frequencies is not feasible in 

6OVS13 +m CORRECTION (12)V58+á CORRECTON general. However, since the resent MN MS5.0NV56 F RED FOR VSB p TRANSMISSION 
XNCHIGH ,F television system has been estab- OFF OF RECEIVER 

lished on the basis of the receiver Ik__ 

characteristic illustrated in Figure Fig. 7- Television receiver square - 
1, it is not anticipated that the wave response. 

5See appendix 1, Eqs. (8) and (9); appendix 2, Eq. (14). 
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designs of various commercial receivers will differ to such an extent 
that a network can not be found that yields a high measure of correc- 
tion for all receivers. Figure 8 confirms this assumption. Here the 
effective delay characteristic of the filter has been calculated from 
square -wave measurements made on unselected television receivers of 
five different manufacturers. In this figure no curve deviates seriously 
from the arithmetic average of all curves. Curve 4) is the delay which 
is exactly compensated by the bridged -T network shown in Figure 6. 

It may be concluded, therefore, that this network connected in the 
video input of a transmitter will substantially compensate for the delay 
distortion due to vestigial sideband transmission. The means for 
attenuating one sideband of the transmitter in accordance with Fig- 
ure 1 will differ depending upon the transmitter design of the various 
manufacturers. This means merely that the appropriate phase com- 

pensation networks for the trans - 
mitters of various types may differ 
slightly. Some amplitude compen- 

e43.08 sation may also be required. 
The fidelity of receivers would 

Ell ME. 
LEM moms 

REnCE01FERS 

INS ,k 

c .os be measurably improved if the de- 
w lay distortion due to the high -fre- 
h .04 

quency cutoff were compensated. 
.02 Since involved networks such as the 

lattice structure in Figure 6 prob- 

0 2 3 auly s e L "Ct;ULL "CLL, ue&r uG wuulu 

FREQUENCY -MC. be justified only in receivers of the 

Fig. 8 -Delay distortion introduced deluxe class. However, it is to be 
by VSB transmission. anticipated that the compensation 

required by the receivers of various 
manufacturers will be similar, since the amplitude response of all 
receivers must show high attenuation at the associated sound carrier. 
Similarity follows from application of the minimum phase shift laws. 

The possibility of including in the video section of the transmitter a 
delay correction for all receivers is convincingly demonstrated by the 
data taken on the receivers of various manufacturers as shown in 
Figure 9. The amplitude characteristics of this group of receivers 
ranged from substantially flat out to 4 megacycles to very low at 2 

megacycles. The delay curves of this group of receivers are seen to 
be similar in the range 2.5 to 4 megacycles. Curve (fr in Figure 9 is 

e H. W. Bode, NETWORK ANALYSIS AND FEEDBACK AMPLI- 
FIER DESIGN, p. 276, D. Van Nostrand Company, Inc., New York, 
N. Y., 1945. 
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the delay characteristic which is exactly compensated by the all -pass 
lattice structure shown in Figure 6. 

COMPENSATION OF A TELEVISION TRANSMITTER 

A working illustration of compensation is given in Figure 10, 
which shows the uncompensated and compensated response of a tele- 
vision receiver located in Princeton, New Jersey, to a signal radiated 
from television station WNBT in New York. 

Figure 11 is a demonstration of the extent of phase compensation 
possible in television transmitter WNBT, Washington, D. C., when the 
networks shown in Figure 6 were inserted in the video frequency sec- 
tion of the transmitter without modification of this particular trans- 
mitter. In practice, adjustments would be made based on square -wave 
measurements of the transmitter. 
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THE STATION PICTURE MONITORING RECEIVER 

A standardized monitor is the first step in the direction of achiev- 
ing uniform transmission characteristics among the television stations. 
Such a monitor should have the characteristics of a receiver of a high 
class that could be duplicated for domestic use if desired. The monitor 
would not include costly compensating circuits for the correction of 
delay distortion due to cutoff. There are various alternative approaches 
to the specification of a standard monitor. One alternative involves 
only steady -state amplitude and phase characteristics. It has been 
pointed out above, however, that this approach must depend finally 
upon transient response as a primary criterion. Hence, in devising 
the standards which are proposed here, reference is made only to 
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TIM E - 
.1 MICROSECOND 

UNCOMPENSATED COMPENSATED 

Fig. 10- Overall 
response of station 
WNBT -}- receiver 
at Princeton, N. J. 

certain frequency intervals of the Radio Manufacturers Association 

(RMA) idealized receiver characteristics in Figure 1 that affect criti- 

cally the performance of the monitor. One such interval is f1 to f4 

(Figure 12) which contains the sloping portion of the amplitude char- 

acteristic. Tolerance in amplitude response of about -F 5 per cent are 

proposed from f, to f3 as shown in Figure 12. This amounts to a 

definite restriction upon the position of the carrier between the points 

of 45 and 55 per cent response. Symmetry of the remainder of the 

sloping characteristic about the carrier position is desirable within 

limits as suggested in Figure 12. The amplitude of the wing response 

which occurs in the lower adjacent channel should not exceed a specified 

maximum of about 5 per cent. A restriction on this wing response is 

necessary in connection with the following specification of the transient 
response of the monitor. The portion of the RMA receiver character- 

istic between a frequency such as f4 and the frequency associated 

sound, f, - does not require specification since the overall video ampli- 

tude and phase response corresponding to this region may be divided 

in any physically possible way between the carrier -frequency and the 

video -frequency portions of the monitor. The net contribution is 

implicitly contained in the square -wave response of the monitor. The 

wing response beyond the associated sound should be restricted to a 

maximum amplitude of about 30 per cent. The response of the monitor 

to a double -sideband signal which is modulated with a square wave 

should be subjected to the tolerances illustrated in Figure 13. Such 

Fig. 11-Overall 
response of station 
WNBW + station 

monitor. 
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Fig. 12 - Standard- 
ization of amplitude 
characteristic of 

monitor. 
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tolerances pertain to the fidelity of a response to an abrupt transition, 
and therefore do not involve the low- frequency characteristics of the 
monitor. The time of rise as measured between the points of 10 and 90 
per cent response shall not exceed a specified value, that is, the transi- 
tion must lie within the region ALG. A time of rise at least as fast 
as 0.12 microseconds is attainable. The anticipatory signal shall be 
contained within the region DEFLGHJ. This limits the amplitude 
and length of the leading white and leading black signals. The cutoff 
transient shall be a damped sinusoid with a periodicity equal to or 
greater than 4 megacycles. Cutoff transients having a periodicity 
appreciably below the video cutoff frequency of 41/2 megacycles are 
visible at normal viewing distances. The axis of the damped cutoff 
transient shall lie within A, B, C, C', B', A'. This sets limits on the 
smear signal component. The maxima and minima of the cutoff tran- 
sient measured from the axis of the transient shall not exceed a 
specified ampliture of about 20 per cent. Provision for a minimum 
rate of damping can be imposed by stating for example that the fourth 
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and successive maxima and minima shall not exceed 2 per cent. 

Os OO 

The response of the monitor corresponding to the rising and falling 
transitions of a square wave shall be subject to the same standard. 

TRANSMISSION STANDARDS FOR TELEVISION TRANSMITTERS 

A proposed standard for transmitters, including the means for 
sideband attenuation, involves essentially a substitution method 
wherein the monitoring receiver is the instrument for comparison of 

the transmitter with a double -sideband signal from a distortionless 
source such as a signal generator. Figure 14 illustrates one method 
for establishment of tolerances. The square -wave response of the 
monitor for a double sideband source is enclosed by two limiting 
curves, which represent the tolerable limits. The response of the 
monitor to an acceptable transmitter would lie within the area formed 
by these. Compensating networks such as those used for compensation 
of phase distortion introduced by the sideband attenuating means 
would be regarded as an integral part of the transmitter when the 
comparison with a double -sideband signal is made. The standardized 
phase compensation for distortion due to cutoff in the average receiver 
is conveniently specified on a basis of the steady -state delay and is 

not included when Figure 14 is a 

considered. Figure 15 is the delay 
413.08 

characteristic of the compensating 
network shown in Figure 6. 
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Fig. 15 - Delay characteristic of 
network for compensation of phase 
distortion associated with cut -off in 

receiver. 
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STANDARDS FOR LOW- FREQUENCY RESPONSE 

The effects of amplitude and phase distortion in the low- frequency 
video spectrum ranging from 60 cycles per second to about 100 kilo- 
cycles per second has been extensively studied by means of square - 
waves having a repetition rate of 60 cycles per second. The fidelity 
of television apparatus is judged by the extent of the deviation of the 
output over the constant portion of the square wave, as illustrated in 
Figure 16. A standard governing the low- frequency response of the 
monitoring receiver may be set up by assigning limits within which 
the flat top of the response must fit as shown in Figure 16A, and 
Figure 16B illustrates limits centered about the response of the 
monitor within which the response of the transmitter may fall. In a 
manner analogous to Figure 14, the low- frequency square -wave re- 
sponse of the transmitter may be 
assigned limits centered about the (A) 

response of the monitor to a double 
sideband signal bearing 60 cycles 
square -wave modulation. Such tol- 
erances are indicated in Figure 
16B. 

02P 
II 7MAX. 
p DEVIATION 

.MONITOR SQUARE- 
WAVE RESPONSE 

.02P 

CONCLUSIONS 

A square -wave response is set (B) OIP 

forth as the logical criterion of -_ Ito, P 

fidelity for reproduction of tele- 
vision detail, involving frequencies MONITOR SQUARE - 
above 100 kilocycles per second, WAVE RESPONSE 

and also subject matter involving 
the low frequencies between 60 Fig. 16- Standarization of low -fre- 
cycles and about 100 kilocycles per quency square -wave response (A) 

Station monitor, (B) Transmitter. 
second. 

An experimental study of vestigial sideband transmission shows 
that the phase distortion introduced by the means of obtaining side - 
band atténuation in the transmitter and the phase distortion asso- 
ciated with high frequency cutoff in the receiver may be compensated 
by all -pass networks inserted in the video input of the transmitter. 
Definite indications resulting from an analysis of five receivers having 
different effective bandwidths are that a network designed for the 
compensation of the average delay distortion of these receivers in the 
range of 21/2 to 4 megacycles improves the square -wave response of 
all receivers. It is proposed that correction for such an average 
delay distortion be incorporated in the transmitter. Standardization 
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of transmitters and station monitoring receivers is suggested through 
the medium of square -wave response. The tolerances to be applied in 

such standards involve engineering judgment as well as theoretical 
considerations, and therefore are matters for industry -wide agreement. 

APPENDIX 1 

OVERALL VIDEO AMPLITUDE AND PHASE CHARACTERISTICS OF A 

VESTIGIAL -SIDEBAND TRANSMISSION SYSTEM 

As used here, a vestigial -sideband transmission system comprises 
the carrier- frequency portions of the transmitter and receiver. The 

input is a video signal applied as amplitude mcdulation of a carrier 
wave and the output is the envelope of the carrier signal after passage 
through the system. The overall video amplitude and phase character- 
istics of the system refer to the ratio of output to input amplitudes of 

a sine -wive of video modulation and the relative phase shift of the 

output and input wave as a function of frequency. 

A carrier wave of frequency f, modulated by a video sine -wave of 

frequency f has the well -known form: 

e= E (1 + m cos wit) cos wet 

mE mE 
= E cos wet + -- cos (wo + t + - cos (co, -01) t. 

2 2 
(1) 

The vestigial sideband system alters the relative amplitudes and phases 

of the signal so that (1) becomes: 

j mA 
v = E LA0c05 

( (pct + 4,) + cos ((we + (D1) t + 4 ) 
mAL 

+ COs (((Dc - wi) t + On} (2) 
2 

in which the subscripts e, u, and L refer to the carrier frequency, the 
upper sideband, and the lower sideband, respectively'. The way in 

which the alteration is divided between transmitter and receiver has 
no significance provided the system is linear. 

Since the envelope of the carrier signal is sought, (2) is expressed 

' D. W. Epstein and W. J. Poch, "Partial Suppression of One Sideband 
in Television Reception ", RCA Review, Vol. 1, pp, 19 -85, January, 1937. 
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in the form: 

v = Vecos (wet + a) . (3) 

The envelope Ve is found to be a function of all of the amplitude and 
phase factors and the percentage of modulation, namely, 

no 
Ve= E CAe2 + - {Au2 + AL2 + 2AuAL cos (2wit + (ku - irk) ) 

4 

i 
+ mAe (Au cos (wit + cku - fie) + AL cos (wit + ¢e - 'L) )1 (4) 

Although no use is made of a in (3), it is interesting to note that 
tan a as given by 

mAu mAL 
Ac sin Oe+ sin (wit + Ou) - sin (wit - 'L) 

2 2 
tan a = 

mAu mAL 
Ae cos 0e+ cos (wit + Ou) + cos (wit - Y'L) 

2 2 

(5) 

is in general a function of time and that therefore there is some phase 
modulation of the carrier in a vestigial sideband system. 

In all of the following derivations the assumption is made that 
the percentage of modulation is sufficiently small that terms in m2 

and higher orders can be neglected. That is, 

m 
Ve= E C& + 2 

(Au cos (wit + -0e)+ALcos (wit +che-OL)} 

(6) 

The amplitude of the envelope is therefore proportional to 

Au cos (wit + Ou - 4e) + AL cos (wit + 4e - çL) 

= V (f i) cos (wit + (i) (fi) ). (7) 

Therefore, the overall video amplitude characteristic is given by 

V (fi) = [Au2 + AL2 + 2AuAL cos (Ou + 4L - 24e) ] (8) 

and the overall video phase characteristic by 
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0(h) = tan-1 
Au sin ( ' -4 ) + AL sin (Ic - ch) 

As cos (4>u- 00) + AL cos (chc -4 L) 

APPENDIX 2 

(9) 

EQUALIZATION OF OVERALL AMPLITUDE AND PHASE DISTORTION IN A 

VESTIGIAL SIDEBAND SYSTEM 

Since, in general, V (h) is not independent of frequency and ¢ (f 1) 
is not proportional to frequency within the video band, some amplitude 
and phase distortion will exist. It is possible to insert equalizers in the 
video input of the transmitter for the compensation of the output of 
the system at the receiver. 

A. Phase equalization 

If a phase angle ß(f1) is introduced into the video input of the 
transmitter by a phase equalizer, (1) modified 

and 

e = E [1+ m cos (wit -¡- ß) ] cos (DJ (10) 

cke (fl) = tan-1 
Au sin (sbu - 00 + ß) + AL sin 

Au cos (sbu - chu + ß) + AL cos 

(95c- (AL +ß) 

(0c- Or, +ß) 

An equivalent form for (11) is 

tan 43e = tan (95 + ß) 

or ¢e =Sb +ß 

where 43 is the uncompensated phase characteristic. Hence, 
is defined such that 

(11) 

(12) 

if ß(f1) 

Sbe=ch+ß=af (13) 

where a is a constant, the overall phase is proportional to frequency 
and there is no phase distortion. 

A different requirement may be that the overall phase character- 
istic of a given receiver and an imperfect vestigial -sideband trans- 
mitter with a suitable phase equalizer in the video input is the same as 
the response of the receiver and an ideal double sideband transmitted. 
That is, only the phase distortion due to the vestigial sideband trans- 
mitter is to be compensated. For this case 
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ß=m1T- (Ova-skia) (14) 

in which T is a constant time delay, 43 is the phase shift in the uncor- 
rected vestigial sideband system, and <frd8 is the phase shift of the 
system when the transmitter is ideal double sideband. If the value of 
ß in (14) is substituted in (11) or (12) there results 

e=vs+ß=Oroa+m1T - (Ovs- Sbds) =W1T+a, (13) 

That is, the partially phase equalized vestigial sideband system has 
the same distortion ßd8 as the receiver operating in a double sideband 
system. A formula for ß may be developed as follows: 
From (14) : 

tan (ß - w1T) = tan (4d8 - 0,8) _ 

According to (9) 

where 

tan ¢d8 - tan X18 

1 + tan (Au tan 418 
(14) 

Aal sin v1 + AL1 sin ci 
tan sbd8 = (15) 

Aa1 cos y1 + AL1 cos el 

Aut Au2 sin (y1 + v2) + AL1 AL2 sin (el + E ) 
tan 418 = (16) 

A,1 Au2 cos (y1+ y2) + AL1 AL2 cos (E1 + E2) 

vi= Chcl E1= -OL1 

V2 = Ou2 ckc2 E2 = Ch2 cAL2 

The subscript 1 refers to the amplitude and phase response of the re- 
ceiver alone to the sidebands, and the subscript 2 refers to the ampli- 
tudes and phases of the sidebands as radiated by the vestigial sideband 
transmitter. 

Case 1. 

ß in region of transmitted sideband for which AL1= AL2 = O. Set- 
ting AL1 = AL2 = 0 in (15) and (16) and substituting the values of 
tan 95dß and tan ¢18 in (14), there results 

ß=-v2+(01T=-Ou2+ckc2+tu1T. (17) 
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Case 2. 

ß in region in which both sidebands are transmitted. 

ß = tan -1 AL1 Au1 Au2 sin (El - y1 - v2) 

+ Aul ALI AL2 sin (v1- EI - E2) 

- A20. Au2 sin v2 - A2L1 AL2 sin 2 

AL1 Au1 Au2 cos (EI -y1- 1,2) + Au1 AL1 AL2 cos (v1 - Ci - E2) 

+ A2u1 Au2 cos y2 + A2L1 AL2 cos Cl (18) 

+ w1T. 

B. Amplitude equalization. 

Phase and amplitude equalization may be applied independently and 

without interaction. The amplitude characteristic V(f1) given by (8) 

is the basis for design. 
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PHASE AND AMPLITUDE EQUALIZER 
FOR TELEVISION USE *t 

BY 

E. DUDLEY GOODALE AND RALPH C. KENNEDY 

National Broadcasting Company. Inc., 
New York. N. Y. 

Summary -A phase and amplitude equalizer is described which permits 
considerable improvement to be made in the performance of a transmission 
system whose overall response has been deteriorated by poor phase and 
amplitude characteristics. Specific examples are given in which it is shown 
that the picture quality is appreciably enhanced by the use of such a device. 
A brief discussion of the effects of phase and amplitude distortion on square 
waves is included. 

INTRODUCTION 

AMPLITUDE equalizers for use on audio frequency systems have 
long been known to the art. Their use in conjunction with 
everyday transmission practice is as accepted as the use of 

an amplifier. Phase equalizers have not become so well known, prob- 
ably because the effects of phase distortion are generally considered 
to be of secondary importance in the reproduction of sound and 
they may be made to occur at frequencies above the audio range by 
merely increasing the frequency response of the system. They are, 
however, employed on many long distance circuits to compensate for 
different times of transmission and to minimize the objectionable 
effects of echoes. In video systems' such is not the case. For the 
transmission of good television pictures the phase and amplitude 
characteristics of the system assume equal importance. As a matter 
of fact, in some instances the phase characteristic may be of greater 
significance than the amplitude characteristic in contributing to pic- 
ture deterioration. This is particularly noticeable at the higher video 
frequencies when reproducing a sharp transition from white to black 
or black to white. 

Considerable information is available on methods of measuring and 
calculating the phase and amplitude characteristics of a transmission 

* Decimal Classification : R246.2XR583. 
t Reprinted from RCA Review, March, 1949. 
' H. E. Kallmann, R. E. Spencer and C. P. Singer, "Transient Response," 

Proc. I.R.E., Vol. 33, No. 3, p. 169, March, 1945. 
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system,2' 3 but thus far the art does not include much useful informa- 
tion on how to apply corrections to result in an improved phase and 
amplitude characteristic. One method of approach is to design con- 
stant impedance lattice networks to produce the desired correction.' 
Then by a series of transformations they can usually be unbalanced 
and built in the Bridged -T configuration. This method is time consum- 
ing and difficult, and the networks are fixed allowing no adjustable 
correction to take care of normal variations in the many elements of 
the transmission system. With the equalizer described in this paper 
it is possible by simply turning knobs to effect not only amplitude 
correction in the response of a transmission system but also to effect 
phase correction within limits5 6 The amplitude corrections do cause 

some phase changes but the phase 
corrections do not cause amplitude 
variations. The equalizer may be 
used in camera chains, in trans- 
mitter feeds, at video relay points, 
or other locations where it is de- 

1 

MOAK IC 

Fig. 1- Response curve of phase sired to effect some improvements 
and amplitude equalizer when used in overall transmission. 

as a video amplifier. 

EQUALIZER CHARACTERISTICS 

The equalizer, when all phase and amplitude equalizing controls 
are at zero, consists of an eight stage video amplifier whose response 
is flat to 8 megacycles (see Figure 1) and down about 16 per cent at 
10 megacycles. It is intended to be fed from a 75 -ohm source and to 
work into a 75 -ohm load. The normal output level is 1 volt peak to peak. 
The overall amplifier gain is 4. There is an 18 decibel variable wide 
band attenuator located in the input circuit together with an additional 
6 decibels of fixed attenuation which may be inserted if required. Thus 
an input signal level of 0.25 volts peak to peak minimum and 4 volts 
peak to peak maximum may be used to feed the equalizer to produce 

2 R. D. Kell, A. V. Bedford and H. H. Kozanowski, "A Portable High 
Frequency Square Wave Oscillograph for Television," Proc. I.R.E., Vol. 30, 
No. 10, p. 458, October, 1942. 

3 A. V. Bedford and G. L. Fredendall, "Anlysis, Synthesis, and Evalu- 
ation of the Transient Response of Television Apparatus," Proc. I.R.E., 
Vol. 30, No. 10, p. 440, October, 1942. 

4 O. J. Zobel, "Distortion Correction in Electrical Networks with Con- 
stant Resistance Recurrent Networks," Bell Sys. Tech. Jour., July, 1928. 

5 R. D. Kell and G. L. Fredendall, "Standardization of the Transient 
Response of Television Transmitters," pp. 17 -34 of this issue. 

6 E. L. C. White, U. S. Patent No. 2,178,012. 
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1 volt peak to peak output. The equalizer capacitively couples to input 
and output circuits. The load may be coupled to either the plate or 
cathode of the output stage thereby making available either polarity 
of signal for utilization. This greatly increases the flexibility of the 
unit. Facilities are also provided to terminate the unused output in 
75 ohms. The equalizer requires 6.3 volts at 4.9 amperes for the heaters 
and +285 volts regulated at 140 milliamperes for the plates and 
screens. All the tubes are self biased. 

The amplitude equalization is accomplished by having adjustable 
shunt peaked compensation circuits act as variable plate loads. There 
are two such circuits, one preceding and one following the phase cor- 
rection sections of the equalizer. One consists of a single coil shunted 
with a variable resistance. This circuit provides high frequency peak- 
ing at about 7 megacycles depending upon the value of the coil induct- 
ance. The other amplitude correction circuit consists of three coils 

any one of which may be connected 
across a variable resistance. The 

1 
7 

ue 

100 

PLAT/ Our 

We 

Fig. 2- Measured relative ampli- Fig. 3 -Block diagram of phase 
tude response of equalizer for two compensating network. 
different settings of peaking con- 

trols. 

three coils produce maximum peaking at approximately 4, 2.5, and 
1.5 megacycles respectively. The maximum peaking ratio is in the 
order of 2 or 3 to 1. Figure 2 shows the measured amplitude peaking 
response curves for two different settings of the variable resistance 
across one of the coils. 

The operation of the phase correcting portions of the equalizer 
may best be understood by referring to Figure 3. The signal EIN to be 
corrected is fed to the grid of the phase splitting tube. The plate out- 
put of the phase splitter E1 is fed to Amplfiier #1. A phase shifting 
network is included in the plate circuit of the phase splitting tube. 
The cathode output of the phase splitter E2 is fed to Amplifier #2. 
The output of amplifiers #1 and #2 are added vectorially in the grid 
circuit of amplifier #3. The voltage E3 applied to the grid of ampli- 
fier #3 is the vector sum of E1 and E2. 
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It is possible to produce different degrees and types of phase shift 
by shunting the plate load resistor of the phase splitting tube with 
different variable reactances. In the schematic, Figure 4, there are 
shown two specific cases, one of which is a capacity across the load 
resistance, the other of which is a capacity in series with an induct- 
ance, the combination of which is across the load resistance. These 
two combinations permit the introduction of either leading or lagging 
phase throughout a limited range of frequencies. 

Figure 5 shows the measured overall relative time delay character- 
istic of the unit for several typical settings of the phase knobs. Curve 
A is for resistance and capacitance only in the plate circuit of the phase 
splitter. Curves B, C, D, and E are for combinations of resistance, 
capacitance and inductance in the plate of the phase splitter. 

Figure 6 shows the effect produced on a square wave by various 
values of inductance in the first "peaker" circuit. Likewise Figure 7 

shows the effect on similar square waves of the second "peaker" circuit. 
It is obvious that the several coils operate throughout different fre- 
quency ranges. The purpose of these two compensating stages is, of 
course, to correct mainly for certain amplitude deficiencies in the in- 
coming signal. As might be expected the rate of rise of the wave 
front is in general improved. Since the original signal used for test 
was not particularly deficient amplitudewise the effect produced on the 
signals exhibits itself as an overpeaking or an overshoot on the leading 
edge. This effect is characteristic of a high boost. By selecting the 
proper coil or combination of coils and an optimum amount of resist- 
ance across them it is possible to produce a large family of amplitude 
response curves. If the exact curve which is needed to compensate 
any given system is known, it is generally possible to design a two 
terminal network which could be inserted in place of the coil and 
resistor combination to serve as the plate load of one or both of the 
peaker stages in order to obtain the correct amplitude equalization.', 8 

OPERATION 

Figure 8 shows the effect of varying the capacity across the load 
resistor of one of the phase shifting sections. The general effect of 
an RC combination in the plate of the phase shifting tube is to pro- 
duce an overall phase angle versus frequency curve which is concave 
toward the frequency axis. The slope of such a curve decreases with 

7 T. E. Shea, TRANSMISSION NETWORKS AND WAVE FILTERS, 
D. Van Nostrand Company, Inc., New York, N. Y., 1929. 

S K. S. Johnson, TRANSMISSION CIRCUITS FCR TELEPHONIC 
COMMUNICATION, D. Van Nostrand Company, Inc., New York, N. Y., 
1925. 
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Fig. 6 -Effect produced on a square 
wave with the peaker potentiometer 
open for various values of induc- 

tance (first peaker). 

L. 

AK 

Fig. 5- Measured relative time de- Fig. 7 -Effect on a Square Wave 
lay characteristic obtained with with the peaker potentiometer open 
various settings of phase controls. (second peaker). 

increasing frequency. This has the effect of producing an anticipatory 
or leading transient as shown. By judicious juggling of the capacitance 
and resistance it is often possible to neutralize reasonably well a 

following transient or overshoot on the wave front. Practically speak- 
ing the use of such a phase section enables one to partially neutralize 
the following transient characteristic of an "overpeaked" chain of 
television equipment. In making the final overall adjustments on a 

chain of television gear it has generally been accepted practice to 
adjust the "high peaker" stage until either the following transient is 
objectionable or the noise level has been increased to the point where 
it becomes too noticeable. The peaking control is then reduced slightly 
to the point where the following transient and noise are acceptable. 
If, in the adjustment of such a chain, the noise level has not been the 
determining factor but rather the following transient has been the 
main limitation it is possible with the use of this device to partially 
neutralize the following transient, in some cases actually see it dis- 
appear from the right side of a transition from black to white and 
appear on the left side of the transition as an anticipatory transient. 
It is then possible to "repeak" the circuit and in many cases snap up 

the pictures and improve the overall performance of the chain of 
equipment. 

In Figure 9 is shown the effect produced on the square wave of 
the various inductances in the phase section when they are added in 

CI Ca Cs NOW_ 
Fig. 8- Effects produced on a 
square wave by the introduction of 
various values of capacity in the 

phase shifting sections. 

Lt Ls Ls 

Fig. 9- Effects produced on a 
square wave by the introduction of 
various values of inductance in se- 
ries with a small fixed capacity in 

the phase shifting sections. 
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LIC ñ L[ 

AMPIITUDE 
PEAKINÇ 

Fig. 10- Effects produced on a 
square wave by the introduction of 
various values of inductance in se- 
ries with additional capacity in the 

phase shifting sections. 
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NIL 

Fig. 11- Measured characteristics 
of equalized picture transmitter 
vestigial side band filter and WM- 

12A Monitor. 

series with a small amount of capacitance. Figure 10 shows the effects 
produced on a square wave of the same coils in series with a larger 
capacitance. When the L and C are properly chosen it is possible to 
produce an overall phase versus frequency curve which is convex away 
from the frequency axis throughout a limited range of frequencies. 
For this range of frequencies the slope of the phase curve increases 
with frequency. This has the effect of producing an overshoot on the 
wave front or following transient similar in some respects to that 
produced as a result of overpeaking. Practically, such an adjustment 
of the phase equalizer has been used to advantage to partially com- 
pensate for or minimize the leading or anticipatory transient intro- 
duced by the side band filter at the transmitter. 

In Figure 11 the overall amplitude, relative time delay and transient 
characteristics of a typical television transmitter after equalizations 
are shown. 

When using the equalizer with the LC combination in the circuit 
as mentioned before the slope of the phase curve increases with in- 
creasing frequency only throughout a given range of frequencies. 

Fig. 12 -Phase and amplitude 
equalizer (front view). 

Fig. 13 -Phase and amplitude 
equalizer (rear view). 

www.americanradiohistory.com

www.americanradiohistory.com


76 TELEVISION, Volume VI 

Thereafter the slope reverses and starts to decrease with increasing 
frequency. The effect on a square wave then may be to produce, as in 
Figure 10, both leading and following overshoots. Generally speaking 
it has been found desirable to avoid this condition. 

CONCLUSION 

This type of equalizer has been successfully used at Station WNBT 
for over a year. Other similar units have been fabricated and used 
in conjunction with a new system of high speed communication called 
Ultrafax,9 the kinescope recording of television images on film,10 and 
outside plant shows originating in the field or out of town where 
noticeable deterioration of picture quality had taken place during 
transmission. In many cases a noticeable improvement in overall 
picture quality resulted from the use of the equalizer. 

ACKNOWLEDGMENTS 

Credit should be given the Television Operating Group of Station 
WNBT, and especially to T. J. Buzalski, for the excellent cooperation 
rendered during testing of the device, and to RCA Laboratories Divi- 
sion, in particular to G. L. Fredendall, for assistance in making the 
overall phase delay measurements. 

9 D. S. Bond and V. J. Duke, "Ultrafax," pp. 99 -115 of this issue. 
10 R. M. Fraser, "Motion Picture Photography of Television Images," 

RCA Review, Vol. IX, No. 2, pp. 202 -217, June, 1948. 

www.americanradiohistory.com

www.americanradiohistory.com


ARTIFICIAL LINES FOR VIDEO DISTRIBUTION 
AND DELAY 

BY 

A. H. TURNER 

Engineering Products Department, RCA Victor Division, 
Camden, N. J. 

Summary -The multisection artificial lines discussed in this paper have 
essentially lumped constants. Each section provides a low impedance feed 
point of full line voltage and a delay depending upon its position relative 
to the input end of the line. The branch lines from these feed points must 
behave as lumped capacitors and therefore must be unterminated and short 
compared to the signal wavelength. 

Artificial lines composed of "T" sections, bridged -"T" sections, and 
especially combinations of these are capable of quite faithful distribution 
and delay of video signals. One combination of these is recommended be- 
cause it has extremely small delay distortion to 0.85 of its cut -off frequency. 

The quality of picture signals transmitted through several experi- 
mental lines of twenty sections each confirmed this theory. 

The specifications of several other investigators of this subject are 
given but have not been tested by this writer. 

The paper begins with a short history and ends with a bibliography of 
important closely related works. 

HISTORY 

HILE working on telephone problems, G. W. Pierce'', t dis- 
covered that inductive coupling of negative polarity provided 
useful correction of delay distortion in T networks. G. A. 

Campbell' suggested the use of the lattice for delay correction and 
better impedance match. Very little use was made of these suggestions 
until about 1925 when improved lines were needed for picture and 
radio program transmission. The lattices became popular at this time 
for delay correction but not until a little later did the B -T (bridged -T) 
get much attention. It may have been used first on a radio program 
circuit between New York and Washington. 

DISTORTION IN ARTIFICIAL LINES 

The quality most needed in artificial lines is constant transmission 
time or delay of all significant components of the picture signal. This 
means that these components of different frequencies must arrive at 

* Decimal Classification: R583.14. 
# Reprinted from RCA Review, December, 1949. 
f Reference numbers refer to bibliography on pages 88 -89. 
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the far end or at any tapping points at exactly the same instant to 
retain accurately the form of the transmitted signal. The other two 
causes of waveform change, (1) amplitude and (2) "phase- intercept" 
distortion, are not apt to degrade the picture quality as much as delay 
distortion. 

Constant delay of all significant frequencies in the picture means 
that the phase rotation through the network is exactly proportional to 
frequency, inasmuch as the slope of this phase -angle versus frequency 
curve is the transmission time delay. It can be stated here that the 
"phase- intercept" distortion is zero when this phase -angle curve inter- 
cepts the zero -frequency ordinate at angles of zero or any whole 
number of radians. Amplitude distortion is present in small amounts 
in all of the filter sections to be described. The transmission losses 
can be minimized by winding the coils with large sizes of wire, but 
this does not decrease the amplitude distortion. 

The problem of delay distortion is capable of at least ten partial 
solutions as indicated in the concluding bibliography and summary. 
The single characteristic common to all ten of the artificial line pre- 
scriptions is that the delay correction in the low frequency region is 
obtained by various coefficients of mutual inductive coupling, k, be- 
tween adjacent half -sections of T's or whole sections of ir's. And, 
in general, it requires twice the percentage k between half sections 
as between whole sections for the same delay correction. 

The use of inductive coupling between filter sections requires 
modification of the component values to maintain the same character- 
istic impedance and cut -off frequency as belong to their "constant -k" 
(constant impedance) protypes without coupling. The modification is 
handled by a factor in from which the term "m- derived" is taken. 

ANALYSES OF T AND B -T 

The constants of the important m- derived low -pass T will be given 
first in Figure 1. 

In this ladder the design cut -off or resonant frequency, in cycles, is 

i 
fo= 

Var 
the design series inductance, in henrys, of one whole line section is 

R. L=-, 
Tic 
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the design shunt capacitance, in farads, of one whole line section is 

1 
C= 

7f, RO 

the design characteristic or surge impedance, in ohms, is 

Ro = VL/C, 

and the mutual inductance, in henrys, of two half- sections is 

1-m2 
M=. L. 

4m 

m is the factor used in the design of m- derived filters. 

M has a negative sign when the 
coils are wound continuously in the 
same direction (m > 1) and has a 
positive sign when the coils are 
wound oppositely or when a physi- 
cal coupling inductance is inserted 
in the center leg (m < 1). In Fig- 
ure 1 

o 

Li M Li 

Yr -M T`2 M 

R1 

Fig. 1- Constants of the T. 

mL 2 Lm2 - Lm2 / m2 + 1 \ 
L1= -M= - I` JI L. 

2 4m 4m 

Coefficient of coupling is 

M m2 -1 
k = = when m > 1, from which m2 = 

m2 4. 1 L1 

The angle of phase shift through one T section is 

B = 2 sin -1 

m- 
a 

1 - 1/( 2 (1 - m2) 

1-1-k 

1 -k 

= no radians, (1) 
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and the slope at each point of the curve of this angle versus the 
frequency ratio co/co, is the time delay Two seconds per section between 
f = 0 and f = fo given by 

dB 

w 
d 

2m 

z 1 

J C1- 
WC I (1- m2) 

Fig. 2- Constants of the 
Bridged -T. 

= Two seconds. 
(2) 

Before presenting plots of these 
delay curves, the constants of the 
other important delay network, the 
conventional B -T of Figure 2 will 
be given. All of the component 
values are exactly the same as given 
immediately above for the T, and 
an additional capacitor, 

C 
Cl = -, 

4m 

bridges 2L1. R is the same as for the T at zero frequency, but does 
not fall to zero at f, as does the R of the T. In other words, the all -pass 
B -T is much more constant in impedance than the low -pass T. The 
phase shift of one section of B -T is given by 

w m- 
wo 

B = 2 tan-1 = To) radians, 
w 2 

wo 

and again the first derivative is the delay 

(3) 

2m 1-I- 
C Z ) dB wo/ 

_ = Two seconds. (4) 

do 
C 1- (o / 2+ 

m- ( L l 2 
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Several plottings of Equations (2) and (4) for the more interesting 
values of m are given in Figure 3. If w is zero, the T and B -T both 
have the same delay of 2m. It is quite apparent that the curves for the 

z 
o 

460 

4.40 

4.20 

4.00 

3.80 

3.60 

.340 

1= 

w 320 
U) 

p 3.00 
z 
o 
w 2.80 
tor) 

F- 2130 

á 
W 24 
o 

2.20 

2.00 

1 80 

1.60 

1.40 

1.20 

EQUATIONS OF THE BRIDGED 
PHASE SHIFT PER SECTION 

.T 

e e atan 

PER 

( ` -T= 
wl 

SECTION 

i 

DELAY 

=TWe d- 
L (ga rf-n,T-IY- 

9T" 
7n -1.75 

Btn== 
GOO DALE 

1.65 __ 
p9 

BT+T IMINY11 
=WM/ 

OTURNER 0,, &limn! 
LEStEQ' } "anol4o , "\ .' EVE 
HALL MANN 't+..= I.27 

Minalliard allik 
P 
PHASE 

e =zsIÑ) 

DELAY 

dB _ 

NS T T 
IFT PER SE CTION _ Elk 

T 

VI- (. .. )` (I 
PER SECTION 

Z11% 

-.'.) 

. t= 
. doua iI-( )LL- (W)Z(I -m/ 

o .2 .3 .4 .5 .6 .7 .8 
RELATIVE FREQUENCY 

.9 IO 1.2 

Fig. 3 -Delay curves of interesting T's and bridged -T's, and one combi- 
nation of these. 

T sections pivot closely about a point Twc = 2.6, w /wo = 0.6, and the B -T 
curves tend to pivot about Twc = 3.3, w /w,, = 0.47. Furthermore, curves 
symmetrically located relative to these pivot points are quite compli- 
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mentary such that the delay distortion of a T can be compensated 
approximately by an equal and opposite distortion of a B -T having 
the proper m. The most desirable combination of T and B -T occurs 
with both having an m of 1.49 because this permits all coils to be alike. 
This combination also appears to maintain the compensation nearest 
to f in this case to 0.9 fc. 

An m of 1.75 for the B -T and 1.15 for the T gives fair compensation 
to 0.75 fo by combining curves that have no reverse curvature if this 
has any merit. Other single curves shown are the recommendations 
of Goodale (NBC) (B -T, m= 1.65), Kallmann13 (T, m= 1.27), Lester" 
(T, m= 1.4) . Johnson' recommended all T's with an m of 1.225 or 
combinations of lattices and T's which are probably quite effective 
but involve a mixture of balanced and unbalanced circuits. The com- 
bination of T and B -T did not appear to have occurred to him, possibly 
because the equivalence to the lattice did not become generally realized 
until later. 

To illustrate the use of the delay Equations (2) and (4), a delay 
line example will be given. Suppose a 10 microsecond delay for fre- 
quencies up to 5 megacycles is required. Using the preferred line of 
equal numbers of B -T and T with an m of 1.49, the delay will remain 
very close to 2.98 Two seconds per section up to .85fc. The resonant 
frequency f, of this line of conservative design should be 5 megacycles 
divided by .85 or 5.9 megacycles. 

The delay per section then becomes 

2.98 
T = = .0806 microseconds. 

2,r 5.9 

The number of sections required is then 

10 
N = =124 sections 

.0806 

and from this it obviously becomes necessary to keep the delay distor- 
tion per section at a minimum by choosing a preferred line assembly 
and by not operating the line too close to f ,. 

EXPERIMENTS 

Before describing some of the less conventional delay corrected 
artificial lines, experimental verification will be given of the foregoing 
analyses of the T, B -T, and combinations of these. Several artificial 
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lines of twenty sections each were assembled to test these theories. 
Picture quality on a 16 -inch kinescope laboratory monitor was used to 
check the delay error. For those who wish to measure the delay error 
Kallmann12 describes a convenient technique. 

In general, there was a very marked difference in the character of 
the pictures transmitted through 20 sections of B -T as through 20 
sections of T. A white background test pattern came out of the B -T's 
with white edges leading and following the black bars and ringing 
when the m was too low. From a similar line of T's the pictures were 
"softer" and without the white edges and ringing. The effective 
resolutions were about the same even though the high frequency 
transmission was greater through the B -T's. These fault differences 
were exaggerated by having the line resonant frequencies within the 
range of the transmitted picture components. 

The superiority of the T over the B -T was not easy to explain at 
first, especially since the B -T was known to have much less amplitude 
distortion and impedance mismatch. The T and B -T delay distortions 
were shown in Figure 3 to be roughly equal and opposite. The probable 
explanation of the poor behavior of the B -T is that only slight attenua- 
tion occurs at fc where the delay distortion is large. In contrast, the 
attenuation through the T is large at f removing the faulty high 
frequency components. 

To test the theory of combining the T's and B -T's, a 20 section line 
was assembled half and half. The actual in of 1.51 was close to the 
chosen value of 1.49. The quality of the test pattern transmitted 
through this combination line was the best of any of the tests with 
the low f,, of 5 megacycles. This result was checked several times by 
adding bridging capacitors one at a time while watching the output 
monitor. The picture slowly improved in resolution until leading and 
following transients appeared when more than twelve of the twenty 
sections were bridged. 

The significance of the difference in faulty behavior of the lines 
near their cut -off frequencies may appear to be unimportant when a 
safer design is to be had by moving the filter resonances farther from 
the highest picture frequencies. This is safer from the delay and 
amplitude distortion standpoint, but still requires approximately the 
same total series inductance and shunt capacitance for a given time 
delay. However, for video distribution where vacuum tubes or short 
unterminated lines may replace the shunt capacitors of the line taps, 
lower values of fc may be necessary to provide larger tap capacitances. 

The subjects of input impedance and amplitude variation were 
studied in another series of tests with the T's and B -T's. A video 
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SWEEP 
VIDEO 
SIGNAL 

GENERATOR 
0 -I0u 

-H 
100-0- 

Me . 1 

SCOPE 
INPUT 

100 OR 200FT 
RG-II/U 

SCOPE 
20TH. TAP SCOPE 

OUTPUT R 

56 

Fig. 4 -Test setup to study the impedance match and attenuation of T's 
and bridged -T's. 

sweep signal generator was connected to 100 or 200 feet of 75 -ohm 

RG -11/U coaxial cable and the artificial lines under test provided the 
termination for this cable. The envelope outlines were observed and 
traced on an RCA Type 715 wideband oscilloscope. A rectifier and 

narrowband "scope" could have been used if certain of the linearity. 
Impedance mismatch was studied with the scope connected at the 
input of the 75 -ohm reflection line. A 100 -ohm resistor was used to 

accentuate the standing waves seen at this point. The test setup was 

essentially as shown in Figure 4. Typical half -envelope curves sketched 
from this equipment were as shown in Figure 5. This line was the 

only one assembled with separated coils. The curves of Figure 6 are 
of the same line with coils pushed together on each form. 

The larger mutual coupling gives less disturbance through the fc 

region and less high frequency voltage at the taps. Showing the result 
of still larger mutual coupling, a third coil group of twenty sections 
is presented as all B -T's, all T's, and half and half in Figures 7, 8, and 9. 

It is evident from these three sets of curves that the amplitude and 
impedance variations of the combination of B -T's and T's are not as 
small as those of all B -T's nor as large as those of all T's. But more 

200 

o 
T620 

0 

ONE OF 20 SECTIONS 
EACH HALF SECTION 15 TURNS 
OF .NO.22 EN. 1/2 O.D. FORM 

COIL SEPARATION 1/4. 
K= 4.6 % in= 1.05 

fc= 5.3 Mc. 

INPUT TO RG -11/U 

Fig. 5 -Input standing wave and output voltage curves of 20 sections of 
bridged -T having the half- section coils separated to reduce the mutual 

coupling. 
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150 

olt"i --- 'A 1 

2.17 2.17 

T 
1000 

O 

ONE OF 20 SECTIONS 
K -26.3% m_1.31 
fez 5. 4 M 

M= .57 

O 
o 

0 

INPUT TO RG-II /U 

5 I0 

Fig. 6 -Same as in Figure 5 except the half- section coils pushed together. 

important is the earlier conclusion that the combination is much su- 
perior to either type alone in regard to delay variation. 

The approximate relation between coil form factor, l /d, and k and 
m is as follows: 

m 

1.00 
1.15 
1.27 
1.40 
1.49 
1.65 
1.75 

k l/d 

0 Spaced > 2d 
0.138 2.0 
0.236 1.45 
0.324 0.95 
0.379 0.72 
0.462 0.45 
0.507 0.35 

l/d = length of whole coil (close wound) /diameter. 

120 

2.25 2.25 
M =.887 

1050 IO 
ONE OF 20 SECTIONS 
EACH HALF SECTION IO 
TURNS NO. 22 EN. 3/4 O.D. 
FORM. COILS CONTINUOUS, 
CLOSE WOUND- 
K.39 = =39% TM 1.51 
1c= 5.4Mc 

INPUT TO RG-II /U 

10 

Fig. 7- Another group of coils of larger diameter to provide greater mutual 
coupling. Connected all bridged -T. 
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0 

INPUT TO RG -II /Ur 

OUTPUT R 

V &20TH.TAP 

MEGACYCLES 
5 0 IO 

INPUT TO 
RG -II /U 

OUTPUT 
R & 20TH. 

V TAP 

0 MEGACYCLES 
0 5 IO 

Fig. 9 -Same coils as in Figures 7 
Fig. 8 -Same coils as in Figure 7 and 8, but half of the 20 sections 
except bridging capacitors removed bridged, making 10 sections of 

making 20 sections of T. bridged -T and 10 sections of T. 

BRIEF DESCRIPTION OF OTHER DELAY CORRECTED ARTIFICIAL LINES 

Less conventional approaches to the delay distortion problem have 
been made by several other investigators. Complete analyses of their 
works have not been made nor models of their lines tested by this 
writer. Some of their results appear reasonable and others do not. 

Inasmuch as these lines differ largely in the treatment of the 
bridging reactance, a universal line is drawn in Figure 10 to show 
what determines the values of the bridging capacitors for a "single - 
frequency" network. In these continuous lines 

f= 
1 

, 

ir LC 

but in the usual isolated resonant circuit 

o 

L/2 

C/2 C/2 -II- 2 

- F - 

ÌC,2 C, 

1 

f= 
2a NIZT 

C/2 --- 

Fig. 10- Different ways of distrib- 
uting C for "single- frequency" 

ladder lines. 

Thus, the usual constant LC be- 
comes LC /4 for ladder lines. Ac- 
cordingly, in the above sections, the 
product of each C and its shunting 
L is equal to LC /4. Previously it 
was shown that negative inductive 
coupling modifies these capacitor 
values, the bridging capacitor be- 
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C, 

11 
M 

I` I` T` I` 
L, L, L, 

z - ̀ =r I` 
`t `' = z T T Golay's line from Refer- 

ence 11. 
Fig. 12- 

KeM = 13.5?0. 

fe ,.T WHERE T. DELAY PER SECTION 

L Zr r R. 
I 
t 2M C2 ` Ze C¿ 

T. y, _ ALI* 2141)C2 L}214= ZeT 

_ .022 
C2 

LI = 767 ZoT 
M= .1063 ZoT 

Fig. 11 - Batchelder's line from 
Reference 10. 

coming smaller, and shunt capacitor 
larger, by the factor m. With these 
relations in mind, we are ready to 
consider two more line prescrip- 
tions in Figures 11 and 12. 

Whatever the basis of Batch - 
elder's computation,10 in Figure 11, 

bridging capacitors having the 
value of .022 C2 are too small to 

resonate L1 to f,, but may be large enough to appreciably straighten 
the delay curve. 

In Golay's work11 of Figure 12, the coupling coefficient k = 0.18 
and Cl = 0.08 C. The bridging C1 is across 2L as was the C/8 in one 
of the examples of Figure 10. Modifying Cl for an m of 1.46 corre- 
sponding to this value of k would give a value of Cl equal to 0.06 C 
instead of 0.08 C. But the phase relations and the operation of this 
network with the wide bridge are not clear to this writer. 

When two sections, having complex values of m, are combined into 
a single section, the result is as shown in Figure 13. Ghosh (RCA) 
found by deriving this bridged -T from its equivalent lattice, that delay 
is most constant when 

m =1.3 -I- j0.86, 

Cr-n-1-")L 

Fig. 13 -The resultant network of 
a combination of two sections hav- 
ing complex values of m as calcu- 

lated by S. P. Ghosh (RCA). 

1.07L .233C 
111 

M =. 32 L 

.98L .98L 
2.6C 

o T o 
Fig. 14 -In terms of the conven- 
tional L and C, Figure 13 reduces 

to these values. 
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m=1.3-j0.86. 

m+m=2.6, 

min= 2.425. 

The resulting values in terms of the conventional L and C of the ladder 
are as shown in Figure 14 and are : M = .32 L; k= 32.7 per cent. This 
uniform section solution has more elements than the BT -T combination 
recommended by this writer, but it may correct the delay just as 
accurately. 

Summary of Delay Corrected Artificial Line Prescriptions 

Writer Type in 

Inductive Coupling 
Percent 

M M 
k k 

Bridging Claimed 
Ci in Corrected 

terms of C2 To: 
= - 

Li 
= - 

2L, 

Pierce4 ?r 10 0 
Johnson6 T 1.225 20 0 
BatchelderN m' 12.5 0 .7 fe 
Batchelder10 BIT 13.5 0.022 C2 .955 fo (?) 
Goodale (NBC) BT 1.65 46.2 0.0917 C2 .6 fo 
Ghosh (RCA) T 1.4 33 0 .85 t (?) 
Ghosh (RCA) Sp. BT 1.3 + j.86 32.7 0.09 C2 .95 fo (?) 

1.3 -j.86 in series 
with L 

Golay13 B7 18 0.08 C2 
alt. taps 

Lester14 T 1.4 33 0 .95 fe (?) 
Kalimann" T 1.27 23.7 0 .6 fe 
Turner BT-T 1.49 37.9 0.1125 C2 

and 0 
.9 f< 
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DEVELOPMENT OF A LARGE METAL KINESCOPE 
FOR TELEVISION *t 

BY 

H. P. STEIER, J. KELAR, C. T. LATTIMER AND R. D. FAULKNER 

Tube Department, RCA Victor Division, 
Lancaster, Pa. 

Summary -In recognition of the desirability of providing larger directly 
viewed television pictures at reasonable cost, a 16 -inch metal kinescope has 
been developed. This tube provides a picture size intermediate between that 
obtained from the popular 10 -inch kinescope and the large screen of projec- 
tion television systems. 

The envelope of this tube consists of a truncated metal cone. To the 
large end of the cone is fused a relatively flat glass face plate; to the 
smaller end, a tubular glass neck section containing the electron gun. The 
metal cone is made of a high- chromium iron alloy chosen for its excellent 
characteristics for sealing to high -quality inexpensive sheet glass. The 
shape of the cone was chosen after consideration of methods of tube fabri- 
cation adaptable to mass production and determination of strength require- 
ments of the finished tube. Unique features of the tube are the large -area 
vacuum -tight seal between face plate and metal cone, and the stress system 
which permits the use of a relatively thin face plate of uniform curvature. 

In order to fit into a wide range of applications, the tube was designed 
to operate either with a lower -cost power supply such as used in present 
10 -inch receivers, or at much higher voltages. Elimination of ion -spot 
blemishes is assured through the use of an ion trap in the electron gun. 
The ion -trap system employed separates a stream of mixed ions and elec- 
trons by means of a combined electrostatic tilted -lens and external mag- 
netic fields. 

INTRODUCTION 

N January, 1948, the development of a 16 -inch directly- viewed metal 
kinescope was announced to television receiver manufacturers. 
This tube, the 16AP4, is the first metal kinescope ever developed 

and is the outgrowth of 13 years of research, development, and produc- 
tion in metal receiving tubes. 

The 16 -inch metal kinescope adds a very significant milestone in 

the quest for larger and brighter television pictures at reasonable cost 
in the home. Development of the metal -cone kinescope marks a distinct 
cleavage with past practice in the manufacture of large television 
picture tubes. In fact, the metal construction of the 16AP4 is the 
factor which makes volume production of large directly- viewed kine- 

scopes practical. The 10 X 131/3 -inch picture obtained with this tube 

* Decimal Classification : R138.31 XR331. 
Reprinted from RCA Review, March, 1949. 
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bridges the gap, both in entertainment value and cost, between the 
now popular 6 X 8 -inch picture of the 10 -inch kinescope and the 15 X 
20 -inch picture provided by home projection receivers. The picture 
size afforded by the 16AP4 answers the popular demand for larger 
pictures at a lower cost than is possible with all -glass construction for 
a directly- viewed tube with the same screen size. 

A cathode -ray tube for television consists of three fundamental 
parts: an electron gun, a fluorescent viewing screen, an an elongated 
envelope which contains the electron gun and fluorescent screen and 
through which the electrons are directed. As the picture size require- 
ment increases so does the size of the tube envelope, and with that 
increase the advantages of the metal construction become increasingly 
evident. 

This paper describes the design and construction problems en- 
countered in the development of the new 16 -inch low -cost kinescope for 
mass production. The discussion covers highlights of the metal kine- 
scope design and structural requirements, the method used for sealing 
glass to metal, application of the screen materials and tube coatings, 
details of the ion -trap electron gun, and general electrical and physical 
characteristics of the tube. 

REQUIREMENTS OF LARGE -SIZE KINESCOPE 

In the development of the 16AP4, it was recognized first that to 
make a large -size picture available to a sizable portion of the tele- 
vision public, the kinescope to do the job must be designed for mass 
production and low cost. A design suitable for high -speed production 
by automatic machinery is inherently low in cost. A design with 
electrical requirements within the range of inexpensive high -voltage 
and deflection power supplies makes for lower -cost television receivers. 
A design having minimum volume and weight for a given picture size 
lowers cabinet cost which is important because of the critical relation- 
ship of cost to cabinet size. In addition, a kinescope must have a face 
of good optical quality and little curvature to provide high -quality 
pictures on an essentially flat viewing screen. 

The 16AP4 metal kinescope meets these important criteria of low - 
cost design and quality quite effectively. 

SELECTION OF ENVELOPE MATERIAL 

The reasons for the selection of metal as a material for a cathode - 
ray tube envelope are lower cost, plentiful supply of raw materials, 
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ease of control of the dimensions of the fabricated part, durability, and 
adaptability of the tube assembly to mass production. 

The cost of an all -glass envelope to obtain a picture size equivalent 
to that of the 16AP4 is, from all present indications, considerably 
greater than the cost of the metal and glass assembly used for this 
new tube. The formation of large masses of glass into the shape now 
common to kinescopes involves techniques which are inherently expen- 
sive. The art of heating and forming, and annealing and cooling heavy 
masses of glass is highly specialized. The extent of the art and science 
of metal working, on the other hand, is so vast that the supply and 
control of metal components gives the user the ability to make rapid 
changes at low cost. Glass as a raw material is not expensive compared 
to the high -quality chrome -iron alloy used for the metal cone of the 
16AP4, but here the advantage ends. Large all -glass tube designs 
suffer in flexibility, because each minor change in shape or dimension 
often necessitates extensive developmental work and major tooling 
expense. 

The manufacture of large glass products with accurate dimensions 
is very difficult. Tolerances of 0.030 inch or less are considered ex- 
pensive in glass kinescope bulbs, while in metal forms of the shape 
used in this tube, tolerances of ± 0.010 inch are easy to maintain. 
Mass production of tube assemblies by high -speed automatic equipment 
requires close dimensional control if a high- quality product is to be 
assured. 

The foregoing comparisons between glass and metal kinescopes are, 
of course, based on present conditions. They are not meant to imply 
that progress in glass has stopped. Indeed, when one considers the. 
vast progress that has been made in the fabrication of large glass 
envelopes since the end of the war, the very considerable force of skilled 
technicians who are currently attacking the problems, and the com- 

petitive threat of the metal envelope, it is to be expected that additional 
improvements will be made. However, the art of using metal in kine- 
scope envelopes is relatively new and, like all new techniques, is subject 
to rapid improvement. In certain respects, notably in weight, accuracy 
of dimensions, strength, and relative ease of manufacture it appears 
to have inherent advantages. 

ESSENTIALS OF METAL -CONE KINESCOPE 

The basic construction of a kinescope consists of a circular, nearly 
flat, glass plate on which is formed the picture image, and a conical 

body to the large end of which is attached the viewing screen and to 
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the small end a cylindrical neck containing the electron gun. The gun, 
cone, and screen have coaxial symmetry. 

Associated with the tubes of this type are external magnetic, elec- 
tron- beam -deflecting and focusing coils and ion -trap magnets. Because 
a minimum of magnetic shielding is desired between these external 
magnetic fields and the electron beam, glass serves best as the neck 
material. Also, there must be sufficient electrical insulation between 
the external magnetic coils and the high -voltage anode area of the 
metal cone. 

As can be seen in the cross section of the tube given in Figure 1, 
the metal tube consists of a truncated metal cone to the large end of 
which is fused a relatively thin, nearly flat face plate, and to the 
smaller end of which is fused a glass flared neck section containing the 
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Fig. 1- Cross sec- 
tion of metal kine- 

scope 16AP4. 

electron gun at its lower end. The flared section provides electrical 
insulation between the deflecting coils which operate at ground poten- 
tial and the exposed metal cone surface which operates at high potential. 

SELECTION OF METAL FOR CONE 

In the selection of a metal for use in the cone portion of the tube 
the primary concern is with its glass -sealing properties. The major 
properties required of a good glass -sealing alloy are: 

1. The coefficient of expansion of the metal must match that of 
the glass. 

2. The metal oxide formed in heating the metal must be soluble 
in glass. 

3. The metal oxide must have excellent adherence to the base 
metal. 
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4. The metal shall not be readily over -oxidized to form a thick 
porous oxide. 

Of all the glass -sealing alloys available, those including chromium 
in their composition have the above properties to the largest degree. 
The investigation of metal suitable for the cones was, therefore, limited 
to the chromium -bearing alloys. 

Additional requirements imposed on the metal by the use for which 
it is intended are that it have a high tensile strength, both at room 
temperature and at tube baking temperatures, that it have good cor- 
rosion resistance, and that it be vacuum tight. 

The metal chosen after considerable experimentation was a modifi 
cation of a commercially available high- chromium alloy - S.A.E. Type 
446. Fortunately, it has most of the desired properties although it is 

difficult to form. 

METAL -CONE DESIGN CONSIDERATIONS 

In addition to the selection of a suitable metal, design of the metal 
cone involved a mathematical analysis of the mechanical stresses. As 
was anticipated, the critical point in the structure was found to be the 
junction between the glass face plate and the metal cone. 

Atmospheric pressure on a face plate 16 inches in diameter exerts 
a total force of about 11/2 tons. For safety purposes, however, the 16- 

inch kinescope was designed to withstand a minimum of three atmos- 
pheres or 4.5 tons. In an all -glass bulb the loading created by the 
atmospheric pressure is supported by a relatively heavy wall near the 
maximum diameter of the bulb. In the case of the metal cone this 
support is achieved by building up the face -plate -sealing surface of 
the cone in the shape of a truncated rim -cone supported at one end by 
a cylindrical rim and at the other end by the main cone. Figure 2 

gives a cross section of the face sealing area. The rim of the cone is 

shaped to afford maximum resistance to tangential tension forces ap- 
plied to it by the face plate. This rim shape was designed during the 
early stages of development of the metal kinescope by Tube Depart- 
ment engineers in 1937 and has proved to be the most practical solution 
to the problem of providing sufficient strength at the tube face periphery 
where the forces of atmospheric pressure on the slightly curved face 
plate are concentrated. Figure 3 is a picture of the device used to 
measure mechanical deformation of the sealing rim during the experi 
mental work on the tube. In making these measurements the tube was 
gradually evacuated and deformations of the rim and face were 
measured by the gauges shown in the picture. 
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Fig. 2 -Cross section of cone rim. 

The conical shape was chosen 
for the metal cone to keep the vol- 
ume as small as possible. The cone 
is fabricated by a spinning process, 
and, as is shown in Figure 2, the 
main cone wall thickness is thinner 
than the sealing surface. The extra 
strength is not needed in the side 
wall and so it is made proportion- 
ately thinner. 

SELECTION OF FACE -PLATE MATERIAL 

Most kinescopes, at the present time, have faces made by pressing 
molten glass in an iron mold. Face plates made by this method are 
characterized by roughness, light scattering, and visible foreign parti- 
cles which cause noticeable reduction in picture quality. Improving the 
face plate quality without incurring additional cost was accomplished 
in the 16AP4 by selecting high -quality window glass for the face plate. 

In a kinescope, some face curvature is made necessary by the fact 
that to support atmospheric pressures, an evacuated envelope must be 
curved or have an excessively thick wall. The glass face of even a 
10 -inch kinescope is subject to a total force of about 1200 pounds. As 
the glass kinescope becomes larger, the force on it becomes greater 
and the face, therefore, must be relatively thicker. With increasing 

Fig. 3- Pressure 
deformation test 

equipment. 
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thickness, of course, the problem of achieving good optical quality be- 
comes greater. The 16 -inch metal kinescope was designed to have high 
strength in the metal rim so that the face plate can be relatively thin 
and nearly flat. The face plate is only 3/16 inch thick and has a radius 
of curvature of about 27 inches. With glass of this thickness good 
optical quality is easily obtained. 

An examination of the expansion curves of all the available brands 
of window and plate glass manufactured in the United States showed 
that they all had practically identical expansion curves. To check the 
expansion, however, samples of every brand of window glass that 
could be located were purchased and seals made. One of these glasses 
showed a substantial reduction in seal strain, being about one -half 
that of the other samples tested. This glass had a lower setting point 
which made the over -all expansion difference between the metal and 
glass lower. Because the glass was lower in expansion than the metal, 
the metal would contract more than the glass when cooling from the 
annealing point, and thereby would put the glass into compression. 
Since glass is very strong in compression it was decided to develop face 
plates of this glass. The initial seals proved disappointing because 
little was known of the sealing and annealing techniques necessary for 
the new glass -to -metal seal. As more experience was gained, however, 
a practical method was evolved which permitted control of the stress 
distribution in the face plate, so that finally both tangential and radial 
compression was obtained. The resulting assembly is considerably 
stronger than an all -glass envelope of comparable size. 

The face plate used in this tube is made by either pressing or 
sagging window glass. It takes the form of a section of a sphere 27 

inches in radius. This curvature was adopted as a compromise between 
cost, strength, and flatness after face plates of various radii of curva- 
ture were tested. The face -plate radius of curvature is uniform from 
center to edge. In an all -glass construction the face radius of curva- 
ture usually becomes smaller near the rim of the tube in the region 
where the television picture corners are located. 

GLASS -NECK CONSIDERATIONS 

The glass neck section for this tube requires a glass which matches 
the expansion characteristic of the chrome -iron cone, has softening 
and annealing temperature properties which permit its use and process- 
ing with the glass chosen for the face plate, and has expansion proper- 
ties suitable for sealing to the stem glass containing the electrode 
connector leads. In addition, high electrical resistance between the 
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outside and inside of the neck is required. Lead glass, #0120 meets 
these qualifications fairly well and was adopted for use. As stated 
previously, insulation between the deflecting yoke coils and the metal 
cone is necessary. This requirement was met by the flared design of 
the lower portion of the glass cone as shown in Figure 1. The feasi- 
bility of manufacturing the lower cone by a pressing operation on high - 
production equipment reduced the cost of the part. 

A butt seal between the lower glass cone and the metal lip at the 
small end of the metal cone was needed so that the operation of sealing 
the two parts could be performed on automatic machinery. The butt 
seals have been quite successful and a very clean sealing operation 
results between the two parts, although the expansion properties of 
#0120 glass are not matched to the chrome -iron of the cone as advan- 
tageously as are those of the face -plate glass. By a selective system of 
strain distribution through parts design and a proper annealing and 
cooling cycle, the correct structural strength is obtained. 

GLASS -TO -METAL SEALING 

Until now the discussion has been limited to the design and economy 
of components. The processing costs, however, as reflected in process- 
ing speeds are just as important to low -cost design. 

The processing of bulbs in the manufacture of kinescopes involves 
heating, annealing, and cooling of the tube envelope. The time required 
for these three processes is approximately dependent upon the square 
of the glass thickness. Any reduction of glass thickness, therefore, 
permits reduction of processing time. Because the glass required for 
the 16AP4 is 1/4 to 1/3 the thickness used in an all -glass construction, 
a large reduction in processing time is possible. 

As previously mentioned, the "sealing" of glass and metal parts 
depends, in general, upon the ability of glass in the molten state to 
partially dissolve strongly adherent metallic oxides, thus forming a 
mechanically strong bond between the glass and metal. The sealing 
process, therefore, consists of oxidizing the metal and then melting 
the glass in contact with the metal and holding it in the molten state 
until the bond is formed. The process used for sealing the glass face 
plate and the metal cone consists of placing the face plate and cone 
on the sealing machine, rotating the assembly, and heating it uniformly 
until it is close to the annealing point (temperature at which glass is 
fluid enough to allow stress relief without deforming) of the glass. 
At this time, the sealing heat is applied to the sealing area so that 
the glass in contact with metal is melted and the seal formed. Air 
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pressure is used inside the cone during this operation to hold the face 
plate in position and to work and form the seal. The shape of the seal 
is important, because a smooth contour eliminates points of high stress 
concentration in the seal area. Such stresses weaken the glass and may 
cause glass breakage. At the completion of the sealing operation, the 
bulb is transferred to an oven maintained near the annealing tempera- 
ture of the glass and allowed to temperature -equalize. It is at this 
point that the most radical change in processing has been made. Norm- 
ally, when glass is cooled from its annealing point, it is necessary to 
lower the temperature of the glass very slowly to avoid excessive 
strains. In the case of the metal kinescope, it was found that this slow 
cooling is not necessary and that the bulb can be removed from the 
oven at a temperature near the annealing temperature and then allowed 
to cool in air at room temperature. This operation is possible because 
cooling and shrinking of the metal places the glass in both tangential 
and radial compression to limit the formation of tensile stress. 

Prior to the face -plate sealing 
operation, the neck assembly is 
sealed on by conventional glass -to- 
metal sealing methods and then 
flame annealed. 

BULB STRENGTH TESTS 

The mechanical strength of the 
bulb is extremely important. After 
the sealing operation, the cone -face 
plate -neck assembly should be able 
to withstand air pressure of 60 

pounds per square inch, or pressure 
one atmosphere greater than speci- 
fied for the finished tube. This extra strength is necessary to allow 
for any additional strain that might be caused during processing. 

Figure 4 is a picture of a pressure -test failure which occurred at 
a higher- than -normal test pressure. Radial cracks indicate that the 
sealing lip was expanded under pressure, placing the glass in tangential 
tension. 

In addition to the standard pressure test, other tests have been 
made to test the strength of the metal bulb. One of these was a thermal 
shock test in which the face end of the bulb was taken from boiling 
water and plunged into liquid air, allowed to temperature -equalize, and 
then transferred back to the boiling water. No breakage of the glass 

Fig. 4- Pressure test failure. 
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occurred. Other tests have been made on the effects of deformation or 
impact while the bulb is under vacuum. It is interesting to note that 
the failure of a glass bulb under similar conditions is usually accom- 
panied by an implosion which shatters the entire bulb. To date, all 
test failures of metal kinescopes have shown the typical radial crack 
pattern shown in Figure 4. The face plate is held together by com- 
pression until the vacuum is relieved. At worst, a portion of the face 
plate may then fall in and bounce out, but with insufficient force to 
cause appreciable damage. Failure of an all -glass bulb face is accom- 
panied by a failure of the glass rim inward toward the bulb center 
where the glass meets and is again broken into smaller particles by 
the impact. 

SCREEN APPLICATION 

The phosphor employed in the screen of the 16AP4 is a mixture of 
blue- emitting zinc sulphide and yellow- emitting zinc cadmium sulphide. 
This combination, when properly manufactured, blended, and applied 
to the kinescope face plate, is a very efficient emitter of white light. 

A most important preliminary step in the application of screens to 
the 16AP4 consists of a thorough cleaning of the interior of the bulb 
assembly. The slightest trace of dirt or grease would prevent the 
phosphor particles from adhering properly to the face plate. Handling 
marks such as fingerprints and etched areas on the face plate, would 
harm the appearance of the screen and the resulting picture. The 
presence of traces of certain metallic impurities, for example iron, 
cobalt, or nickel, can "poison" or decrease the efficiency of the phosphor. 
It is interesting to note that the limits of most chemical purification 
processes coincide with the order of magnitude of activator usually 
necessary to produce efficient phosphors, and with the magnitude of 
a poisoning element detrimental to phosphors. The magnitude of the 
activator is in the range of one thousand to one hundred million parts 
of phosphor to one part of activator or impurity. 

The cleaning of the metal kinescope bulb is more difficult than that 
of a glass bulb because of the matte surface of the metal. In addition, 
the large areas of metallic oxide formed by the heat of the glass -sealing 
fires and the attendant possibility of scaling add to the problem. The 
cleaning process consists of flushing with solutions of sodium hydroxide 
and hydrofluoric acid, and rinsing thoroughly with tap and distilled 
water. Vigorous agitation is required to remove small flakes of metallic 
oxide hanging loosely from the metal. The washing is done by auto- 
matic machinery. 
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The screen is applied to the 16AP4 bulb by settling the phosphor 
from a suspension of double -distilled water and phosphor containing a 
suitable binder to promote adherence of the phosphor particles to the 
glass face plate. A "cushion" layer containing a dilute potassium sili- 
cate solution is poured into the bulb assembly and the suspension of 
screen material evenly distributed over the surface of the cushion layer. 

In manufacture, the screens are applied to the bulb assemblies on 
a continuously moving belt, similar to that developed for the 10 -inch 
television tubes. The bulbs are loaded into pockets on one end of the 
belt, face plate downward, and settling solutions introduced. All opera- 
tions are conducted while the belt is advancing at the rate of a few 
inches per minute. By the time the bulb assembly has reached the 
opposite end of the belt, the screen has settled to the face plate, and 
the settling suspension is decanted as the belt moves around a large 
pulley at the end of the belt. When the neck end of the assembly is 
inverted and all the settling suspension drained off, the glass neck is 
cleaned with a dilute solution of hydrofluoric acid to remove the re- 
maining silicate. As the bulb assembly moves along the underside of 
the belt, the screen is dried and the assembly is then removed by the 
same operator who loaded it. 

Each screen is inspected by transmitted and reflected light, and 
with ultraviolet radiation before the tube is completed so that no 

defects such as spots, holes, or colored areas are present which can be 
detected by the eye at normal viewing distance. 

COATING APPLICATION AND TUBE ASSEMBLY 

A graphite conductive coating is applied to the inside of the glass 
neck section from the flared end down to just beyond the middle of 
the tubular section. This coating, shown in Figure 1, connects with the 
metal cone and is the conductor which maintains the inside of the 
glass neck section at the same potential as the metal cone. The screen 
and the conductive coating are baked to insure their adherence to the 
glass surfaces. 

The electron gun is sealed into the bulb assembly and the tube is 

then exhausted by a straight -line exhaust machine initially developed 
for the 10 -inch kinescope. The base is cemented to the tube neck. The 
cathode is aged to stabilize emission and the tube is then tested. 
Finally, the large sealing rim is wire -brushed to remove oxides in 

order to insure a good electrical connection for the anode high voltage. 
Externally, the tube receives three different coats of paint. One 

is a conducting paint applied to the metal rim used as the anode con- 
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nector, the second is applied to the main cone as a decorative finish, 
and the third is an insulating paint applied to the flared part of the 
glass neck section. This coating prevents electrical leakage between 
the anode and the deflecting coils under conditions of high humidity. 

ION -SPOT PROBLEM 

The electron gun of the 16AP4, although it uses conventional as- 
sembly methods and parts, has some novel features worthy of discussion 
in detail. One of these features is the tilted -lens ion trap.' This par- 
ticular type of ion trap is a post -war development and was first used 
in the television kinescope type 10BP4. The ion -spot problem, which 
was so common in earlier television tubes, will be review briefly and 
the operation of the ion trap explained. 

An ion spot is a dark discoloration which may appear on the screen 
of a cathode -ray tube using magnetic deflection after operating for, 
in some cases, only a few hours and in others, a few hundred hours. 
The discoloration often increases in intensity and becomes darker as 
the tube is operated. The spot is the result of deterioration or fatigue 
of the screen phosphor in the area bombarded by the relatively heavy 
negative ions in the beam. In 1935, Freisenwinkel2 and Von Ardenne3 
reported the presence of negative ions in the cathode -ray tube and dis- 
cussed the effect of these ions on the screen. A number of methods 
have been proposed since then to prevent screen bombardment by nega- 
tive ions. The problem can be approached in several ways. The most 
obvious method would be to prevent the formation of negative ions in 
the tube. If it were possible to evacuate the tube so that all residual 
gas were removed, positive ions, which are generally formed by direct 
electron collisions with gas molecules in the space, would not be formed 
along the path of the beam. The residual gas in the space, however, 
is not always the major source of ions. During the normal operation, 
the cathode as well as other parts in the tube are heated and some gases 
and ions are continuously emitted. H. Schaefer and W. Walther' 
indicate that the negative ions originate at the thermionic cathode 
largely as a result of positive ion bombardment and possibly as a result 
of direct emission. Exhaust methods alone, therefore, cannot be con- 
sidered as a means of eliminating ion spot formation but serve merely 

1J. Kelar -U. S. and Foreign Patents Applied For. 
2 Freisenwinkel- Archiv für Elektrotechnik, Vol. 29, 1935, p. 272. 
3 Von Ardenne- Archiv für Elektrotechnik, Vol. 29, 1935, p. 731. 

(Translation in Television and Short Wave World, Nov., 1936, p. 626.) 
4 H. Schaefer and W. Walther- Zeitschrift für Physik, Vol. 121, pp. 

679 -701, 1943, 
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to delay this formation. Another approach is to use a screen phosphor 
which can withstand ion bombardment without damage. However, such 
phosphors capable of fluorescing in the proper colors and with reason- 
able efficiency are, at present, not available. 

Ever since the effect of ions on the screen was recognized, attempts 
have been made to prevent them from reaching the screen. Such at- 
tempts have usually been concerned with removal of negative ions 
from the beam. The fundamental principle of separating streams of 
particles of different mass by passing the mixed beam through a mag- 
netic field is well known and has been used for a long time in the mass 
spectograph to obtain an ion spectrum. It was used by Strigel5 to 
separate positive ions from mixed beams of electrons and ions. 

Because, in an electrostatic field, deflection of a beam of particles 
is independent of the mass of the particle and, in a magnetic field, is 
not, a method is available by which the electrons can be extracted from 
a mixed beam of electrons and relatively heavy ions. A number of 
designs have been proposed which use electrostatic and magnetic fields 
separately or in combination to separate electrons and ions.6 In tele- 
vision tube applications, it is desired to use the electron beam but to 
discard the ions. The device used to separate and discard the ions is 
called an ion trap. 

TILTED -LENS ION TRAP 

Most ion traps proposed in the past have used combinations of non - 
symmetrical gun structures, bent necks, and extra electrostatic deflect- 
ing electrodes which required additional connections for the application 
of voltages. Such designs were complicated and, therefore, added to 
the cost of the tube. Because of the need for a simple but dependable 
ion trap, a development program was undertaken which resulted in 
the tilted -lens ion trap used with the 16AP4. This design has been 
tested on many thousands of 10 -inch tubes and has proved highly satis- 
factory. The principal feature of this method is the electron gun which 
has a tilted electron lens formed by cutting the adjacent ends of grid 
No. 2 and grid No. 3 at a slight angle to the plane normal to the gun 
axis. The arrangement is shown in Figure 5. The tilted lens deflects 
the mixed beam of electrons and ions away from the axis of the electron 
gun. In order to return the electron stream toward the axis of the gun 
a magnetic field of proper direction and strength is positioned in the 

5 Strigel -U. S. Patent 1,911,976. 
s Branson -U. S. Patent 2,274,386. Bowie -U. S. Patent 2,211,613/4 

and others. 
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GRID N2 GRID N22 GRID N23 

CATHODE 

t, 
-------- _ 

-"_ 

MAGNETIC 
FIELD 

ION BEAM 

ELECTRON BEAM 

Fig. 5- Single -mag- 
net ion -trap system. 

vicinity of the bend. Because it is difficult to obtain a magnetic field 
which will, at all points along the axis, exactly neutralize the effect of 
the electrostatic field, the electron beam does not quite succeed in 
returning to the axis of the gun but can only approach or cross it. 
Operation of the tube with the beam off the neck axis is undesirable 
because it usually leads to spot distortion and requires additional 
centering current. A better solution was needed before the develop- 
ment could be considered complete. 

The eventual solution was to use a second magnetic field on the 
ion -trap magnet. The first magnetic field was located as in Figure 5 

but its strength was adjusted to cause the beam to cross the axis within 
the gun. The second field was of opposite polarity and of lower strength. 
It was located at the point where the beam crossed the axis and served 
to align the beam to coincide with the gun axis. Figure 6 shows the 
approximate path of the beam when the double magnetic field is used. 
It is obvious that, theoretically at least, both fields should be inde- 
pendently adjustable for each operating voltage on grid No. 2 and 
grid No. 3. In practice, however, the ratio of the two field strengths 
is fixed at the time of installation of the magnet assembly on the re- 
ceiver, and by slight adjustment of position with respect to the gun a 
satisfactory adjustment is obtained. Various designs of ion trap mag- 
nets have been announced commercially ranging from double electro- 
magnets to various permanent- magnet designs. The ion trap is a 
positive method of eliminating ion spots and is independent of gas 
pressures over a very wide range. 

GRID N2 GRID N22 GRID N23 1 

1 CATHODE 

Fig. 6-Double-mag- IOAAA» 
net ion -trap system. 

ELECTRON BEAM 

FIRST SECOND 
MAGNETIC MAGNETIC 

FIELD FIELD 

ION BEAM 
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The gun for the 16AP4 was designed for magnetic focus and de- 
flection, and incorporates the tilted -lens ion -trap system. The gun is 
a tetrode type having a heater, thermionic cathode, and three grids. 
Magnetic pole pieces attached to grid No. 2 form part of the tilted -lens 
system of the ion trap. 

Figure 6 shows the gun system and how the external ion -trap 
magnets and tilted -lens system affect the electron beam and ion stream. 
The limiting aperture in grid No. 3 serves to mask off the edges of 
the electron beam including most secondary electrons which may arise 
from collision with parts of the gun near the cathode. This action of 
the limiting aperture serves to produce a well- formed spot with clean 
edges and improves detail resolution. Although not shown in Figure 6, 

the edge of grid No. 2 in practice is rounded in the manner of a 
corona shield. This construction has been found necessary to reduce 
cold- emission of electrons from grid No. 2 to grid No. 3. Such emis- 
sion is caused by the high potential difference, amounting to nearly 
the full anode voltage, between these two electrodes. Grid No. 3 is 
connected to the metal cone by the internal conductive coating on the 
flared glass section. As noted previously, this coating is carried up to 
the metal envelope. Contact to the coating is made by means of spring 
contacts on grid No. 3. Figure 1 shows that the limiting aperture in 
grid No. 3 is placed not at the end but inside the grid cylinder. 
This arrangement prevents extension of the magnetic focus field into 
the aperture. Such extension would result in interference with the 
normal path of the electron beam through the aperture depending 
upon the alignment of the focusing coil on the tube neck. 

PHYSICAL AND ELECTRICAL CHARACTERISTICS 

Many considerations determined the final physical dimensions and 
electrical characteristics of this tube, but the major aim was to 
develop a low -cost tube to provide a large picture of high quality and 
brightness which could be operated from low -cost power supplies. The 
16AP4 kinescope as finally developed, and as shown in Figure 7, has 
a maximum outside diameter of 16 inches, and a length of 221/4 inches. 
Its shape permits efficient utilization of cabinet volume for component 
placement. The great strength of the metal lip to which the face plate 
is sealed provides a most efficient relationship between the outside 
tube diameter and picture size. In addition, it permits the use of a 

uniform face curvature right up to the corners of the picture area. 
Tests of the mechanical strength of this tube, have shown it to be 

unusually resistant to impact and air pressure. 
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Because a major portion of the external area of this tube is metal, 
a large anode contact is available. Provision for positive contact has 
been provided in the form of a low- resistance area on the outside of 
the cone lip at the face end of the tube. Over 30 square inches of 
contact area are available for the anode contact. Either a spring or 
the weight of the tube may be used to insure good contact between 
the contact area and a metal connector. For protection against corona, 
the upper rim lip of the tube is rounded. The 16AP4 weighs about 11 

pounds and, thus, compares very favorably in weight with the 10BP4 
kinescope which also weighs about 11 pounds. 

Fig. 7 -Metal Kine- 
scope 16AP4. 

The 16AP4 may be operated with an anode voltage ranging from 
9 kilovolts to 14 kilovolts which is a wide range for a tube of this size. 
These voltages may be obtained from low -cost pulse- operated or radio - 
frequency- operated power supplies. With the chosen deflection angle 
of 53 degrees, full scanning of the useful screen area is possible with- 
out increasing deflection -power requirements over that needed for 10- 
inch picture tubes operating at the same voltages. 

The 16AP4 provides a picture of approximately 130 square inches 
which is 21/2 times that of a 10 -inch tube. Highlight brightness of 
60 foot lamberts at an anode voltage of 12 kilovolts provides enough 
light so that the picture may be viewed under average conditions of 
ambient light in the home. Picture definition surpasses that required 
by present -day television practice. 
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REVERSIBLE -BEAM ANTENNA 
FOR TWELVE- CHANNEL TELEVISION RECEPTION *t 

BY 

O. M. WOODWARD, JR. 

Research Department, RCA Laboratories Division, 
Princeton, N. J. 

Summary -This paper describes a unidirectional receiving antenna 
which is effective over all twelve of the presently assigned channels without 
adjustment. 

The array is made up of dipole elements which themselves maintain 
desirable characteristics over the entire television range. These elements 
are united by a simple transmission line network to yield a directive pattern. 

The antenna maintains a high front -to -back ratio over all channels, 
and is particularly useful in fringe areas where it is necessary to reduce 
co- channel interference. 

The directional beam is reversed on any channel by a simple switch 
which transposes a single transmission line. 

INTRODUCTION 

HE rapid growth of television during the last few years has 
created new problems in securing satisfactory fringe -area re- 
ception. Several of these problems are directly related to the 

antenna system at the receiving location. 
The television transmitters in a given region generally locate some- 

what closely together in metropolitan areas to obtain the greatest 
population coverage. Therefore multi -channel reception of the stations 
at a distant point is restricted to a fairly narrow azimuth angle in 
direction, requiring a receiving antenna with a beam orientation that 
remains fixed in direction for all television channels. As the presently 
assigned twelve channels cover the widely separated bands of 54 to 88 
and 174 to 216 megacycles, very broad-band response characteristics 
are necessary for efficient operation. Many of the simpler types of 
antennas in current use exhibit widely varying radiation properties in 
the higher television band. While a compromise may be effected by 
rotating the antenna for maximum signal or by the use of both low 
and high band antennas, a single antenna array having a fixed beam 
orientation is the more desirable solution. 

Another difficulty confronts the viewer situated between co- channel 
stations. In many such instances the signal strength from one of the 

Decimal Classification: R125 X 11326.61. 
t Reprinted from RCA Review, June, 1949. 
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stations is sufficient to mar the otherwise good reception from the other. 
This interference is generally characterized by a "Venetian blind" 
effect of dark horizontal shadows moving up or down with the relative 
drift of the stations' carrier frequencies. Tests have shown that the 
interfering signal amplitude need only be a very small fraction of the 
desired signal to cause this interaction. Hence the receiving antenna 
should have a unidirectional beam throughout the television ranges to 
reduce the objectionable interference as well as to improve the power 
gain and signal -to -noise ratio. 

Many of these viewers are located in regions where multi- channel 
reception is possible from opposite directions. For example, in the 
Princeton, New Jersey area, usable signals are received from six sta- 
tions serving the New York City area and three Philadelphia stations 
at the present time. This requires an antenna with a unidirectional 
beam capable of being reversed in direction at will on any television 
channel. 

Unidirectivity is quite easily obtained electrically by means of 
surface reflectors such as parabolic and plane screens. However, to 
secure an appreciable suppression of the backward lobe at the lower 
channels, their size becomes impractically large. 

Arrays using sharply tuned parasitic elements have not been found 
to provide good front -to -back field ratios over a wide frequency band. 
Also such antennas are not suited for beam -reversing. 

Long wire antennas, such as rhombics, are fairly broad -band and 
also electrically reversible in direction, but the large area needed for 
installation rejects their application for the average set owner. 

On considering the limitations of these various types of antennas 
it was concluded that an array made of phased dipoles presented a 
better solution. 

The simplest system of this type consists of the familiar two -dipole 
end -fire antenna producing a cardioid unidirectional pattern. However, 
a four -dipole phased array was chosen for its broad -band properties as 
the better system satisfying the outlined requirements. 

This paper describes such an array constructed without the me- 
chanical and electrical difficulties of reflectors, parasitic elements, or 
tuning adjustments. 

GENERAL PRINCIPLES OF ARRAY 

The reciprocal relationship between transmitting and receiving 
antennas makes it possible, for purposes of explanation, to consider 
the simplified array of four point source radiators (Figure 1). The 
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four sources are arranged in the form of a square and equally spaced 
one -quarter wavelength from the center (0) of the array. The cur- 

rents are assumed to be equal in 
amplitude and phased with respect 

i+ to the center as indicated in Fig - 
I ure 1. 

d 
I The system is seen to be a com- 

+ cl bination of a broadside array super- 
^ d d-, imposed upon and fed in quadra- 

ture with an end -fire array. Both 
I arrays have bi- directional proper - 

ties. Relative field patterns in the 
elevation plane of each array taken 

Fig. 1 - Simplified four -radiator separately with respect to point O 
array. are, respectively: 

and 

where 

F (broadside) = K cos (90° sin 0) 

F (end -fire) = K sin (90° cos 0) 

F = field strength at a distant point, P. 

K =a proportionality constant. 

O = elevation angle, degrees. 

(1) 

(2) 

Figures 2 -A and 2 -B show these field distributions graphically in 

polar form. 
Simultaneous operation of both arrays permits direct addition of 

the lobes on one side and subtraction on the other side, resulting in the 
unidirectional pattern given by : 

F (combination) = K [cos (90° sin 0) + sin (90° cos 8) ] (3) 

and plotted in Figure 2 -C. 

The elevation field pattern of Equation (3) will remain unchanged 
if the point source radiators are replaced by four horizontal dipoles 
parallel to one another. However, the dipole field distribution becomes 
a factor in the relative azimuth field patterns as follows : 

F (broadside) = K f(¢), (4) 

F (end -fire) = K f (0) sin (90° cos 0) (5) 
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and F (combination) = K f (0) [1 + sin (90° cos 43) ] (6) 

where f (0) = the relative field pattern of individual dipole. 

43 = azimuth angle, degrees. 

A. Broadside array. B. End -fire array. 

C. Combination array, d = 90°. D. Combination array, d = 270 °. 

Fig. 2- Relative elevation field patterns. 

Several important points become apparent from inspection of Equa- 
tions (3) and (6). Under the previously assumed conditions of feed, 
the dipole spacing (d) from the center of the array may depart con- 
siderably from one -quarter wave length without seriously affecting 
the front -to -back field ratio, thus permitting a coverage equivalent in 
percentage frequency variation to the lower television band. Further- 
more, unidirectivity may be obtained with the dipole spacing (d) made 
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odd multiples of one -quarter wave length. Since the higher television 
band bears a three -to -one frequency ratio with a portion of the lower 
band, satisfactory operation is assured at the higher band. In this 
case, however, the beam is reversed in direction, (Figure 2 -D). 

Azimuth field patterns for dipole spacings of 90 and 270 electrical 
degrees, respectively, are shown in Figures 3 -A and 3 -B. The function 
f (4)) was taken to be that of a simple half -wave dipole in both instances. 

It is evident, also, that a 180- degree phase reversal of the currents 
in either the broadside or the end -fire arrays will reverse the direction 
of the unidirectional pattern. This property is independent of fre- 
quency variation and dipole spacing. 

Finally, since the field distribution of the individual dipole is a 
multiplying factor in Equation (6), it is observed that f (0) should 
maximize at cß = 0 degrees. Stated in other words, this means that the 

A. Combination array, d= 90 °. B. Combination array, d = 270 °. 

Fig. 3- Relative azimuth field patterns. 

individual dipole pattern must be oriented in the same direction as 
the array and have essentially the same radiation characteristics 
throughout the required frequency ranges. 

It is desirable at this point to describe the dipole modifications 
required to fulfill this latter condition. 

MODIFIED DIPOLE 

In order to prevent the efficiency from falling off too rapidly at 
the lower frequencies, the dipoles are made one -half wave in length in 
that region. Azimuth field patterns taken at representative frequencies 
in the lower television band of such a dipole are shown in Figure 4 -A. 

The arrows shown on all of the field patterns indicate the direction 
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A. At lower band frequencies; 

B. At higher band frequencies. 

Fig. 4 - Measured azimuth field 
patterns of simple dipole. 
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normal to the dipole axis. In the higher band of 174 to 216 megacycles, 
however, the dipole becomes in the order of 11/2 wave lengths long, 
producing multi -lobe configurations with little radiation broadside to 
the dipole axis (Figure 4 -B). 

The desired bi- directional characteristics may be obtained at the 
higher frequencies by altering the current distribution along the dipole 
legs. One manner of accomplishing this result is by the use of the 
well -known "sectionalizing" method of inserting a series reactance at 
the proper position in each of the dipole legs as diagrammed in Figure 
5 -A. A coaxial sleeve element shorted at one end, (Figure 5 -B), offers a 
practical means of securing this series reactance at the television fre- 
quencies. Tests, however, have shown this type of dipole to be rather 

A narrow in band width, due partially 
00000 --1 -'oo000 to the low characteristic impedance 

obtainable with the coaxial -sleeve 
element. 

B 

1=3 i I 

C 

D 

I I 

ve 
R00 

42- 
TUBINO 

4. 

48' i 

Fig. 5-Development of high fre- I 

quency "vees ". Fig. 6- Modified dipole details. 

A higher characteristic impedance and correspondingly increased 
band width is obtained by replacing the coaxial sleeves with open -wire 
"hairpin" loops as shown in Figure 5 -C. As a final step, the loops are 
straightened out into right -angle `bees," Figure 5 -D. Numerous field 
measurements were made to arrive at the optimum dimensions and 
placement of the `bees" as indicated in Figure 6. 

While the evolution of the `bee" design outlined above was devel- 
oped from a nonradiating, sectionalizing reactance, the final `bee" form 
may be considered also as part of the radiating system. 

Installation of the "vees" was found to have practically no effect 
upon the dipole patterns in the lower band of frequencies. Measured 
azimuth field patterns of the dipole with `bee" attachments at the 
higher band of frequencies are given in Figure 'T. The multi -lobe 

patterns of the simple dipole are seen to be altered to "figure- eight" 
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patterns with fixed orientation by the addition of the "vees." The 
elevation field distribution was found to be very slightly elliptical, with 
the maximum intensity normal to the plane of the `bees." 

It will be noted that such a modified dipole by itself is well suited 
as a receiving antenna for many receiver locations where a "figure - 
eight," bi- directional pattern suffices for interference -free reception on 
all twelve channels. 

Fig. 7 - Measured azimuth field 
patterns of modified dipole. 

Other field tests were made on the modified dipole constructed as 
in Figure 6 to determine its performance as a television receiving 
antenna. The standing -wave characteristics versus frequency, meas- 
ured on a 300 -ohm balanced transmission line, are plotted in Figure 8. 

The standing -wave ratio is given in terms of the ratio of minimum 
voltage to maximum voltage. The measured relative power gain, com- 
pared to a matched simple dipole one -half wave in length at each fre- 
quency of operation, is shown as the solid curves in Figure 9. The 
relative power gain as calculated from the measured field patterns and 
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standing -wave characteristics is plotted as the dashed curves. Part of 

the discrepancy between the curves in the higher band may be due to 
dielectric losses in the dipole mounting not considered in the calculated 
curves. 

DIPLEXER NETWORK 

Means must now be considered for securing the desired feed con- 
ditions of the array. Referring to the wiring diagram of Figure 10, 

the two dipoles of the broadside array are joined for in -phase feed by 
a length of balanced transmission line fed at its midpoint, A. The 
two dipoles of the end -fire array are similarly connected to midpoint, 
B, with the exception of a transmission line transposition as shown to 
provide for out -of -phase feed. 

tC 

3 

e 

6 

A Mi 

c 
50 55 60 65 70 75 GO e5 90 

FREQ -MC. -------- 1=----- -------- -------- -------- IIIIMI---- 
-------- .---- 

175 leo 105 190 195 200 
FREQ.- MC. 

205 210 21S 

An important advantage is 
gained with this arrangement. As 
the broadside array is symmetri- 
cally located in the electrically neu- 
tral plane of the end -fire array, 
independent operation of the two 
arrays is assured at all frequencies. 

2. 

1. 

o 
w 

2 

3 1. 

ad 
46. 

o 
175 

55 60 65 70 75 
FREQ.-MC. 

80 85 90 

180 185 190 195 200 205 210 215 
FREQ -MC. 

Fig. 8- Standing -wave character- Fig. 9- Power -gain measurements 
istics of modified dipole. of modified dipole. 

The two feed points, A and B, are joined to terminals C and D 

of a four -terminal network called a diplexer. One of the two lines is 
made one -quarter wave length longer than the other to provide for 
the necessary quadrature phasing between the broadside and end -fire 
arrays as previously described. 

The diplexer consists of a bridge made of four one -quarter wave- 
length lines, one of which is transposed. An absorbing resistor and 
the television receiver are connected, respectively, to the remaining 
two bridge terminals. 

The explanation of the array in connection with the diplexer may 
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be described most simply by tracing the paths of the incident and 
reflected waves throughout the system, rather than on a more rigid 
mathematical basis. 

Assume that an incoming signal approaches the array as indicated 
by the arrow in Figure 10. The two resulting main waves traveling 
down the lines from points A and B in quadrature phasing arrive at 

Fig. 10 - Wiring 
diagram of array 

and diplexer. 

MODIFIED DIPOLE 

RECEIVER 

RESISTOR 
150 OHMS 

points C and D in -phase due to the quarter -wave difference in line 
lengths. 

The in -phase voltages at C and D transfer to point E in opposite 
polarity because of the line transposition in one of the diplexer legs. 
Hence point E is at zero potential, and the resistor takes no power. 
It will be observed that this action is independent of frequency as the 
lengths of the legs are equal. At frequencies other than that at which 
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the legs are one -quarter wave length, the legs act as identical reactances 
attached at points C and D, respectively. 

The two main waves arrive in -phase at point F and on to the 
receiver. In case the receiver input is mismatched, a reflected wave 
is propagated back to the antenna, where part of the energy is re- 
radiated and part is re- reflected back down the two lines. 

These reflected waves, which left the receiver in- phase, now arrive 
at points C and D out -of- phase, since one of the waves has traveled 
over the extra quarter -wave phasing section twice. As the lower legs 

of the diplexer are not transposed, point F will now be at zero voltage 

Fig. 11-Reversible- 
beam array. 

and no energy delivered to the receiver. However, the out -of -phase 
voltages at C and D will now arrive at point E in -phase and be absorbed 
by the resistor. For complete absorption the value of the resistance 
should be one -half of the transmission line characteristic impedance, 
assuming that all lines in the system are identical. 

Hence, it is seen that the reflected waves produced by the receiver 
and antenna mismatches are absorbed in the resistor only. As the 
diplexer may be installed quite close to the receiver, "ghost" images 
caused by transmission line reflections can thereby be eliminated. 
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Assuming now that the 
signal approaches the array 
from the opposite direction, a 
relative phase reversal occurs 
between the main waves leav- 
ing points A and B, and points 
C and D now become out -of- 
phase. Under this condition, 
all of the energy is absorbed 
by the resistor and none will pass to the receiver. 

Thus the resistor serves a dual purpose; absorbing the undesired 
signal from the backward direction as well as the reflections caused by 
mismatches in the system. The small reduction in power gain of the 
array due to this loss in the resistor is more than offset by the broad- 
band, unidirectional properties gained. 

117 

Fig. 12- Diplexer assembly. 

Fig. 13- Measured azimuth field patterns of array in lower band. 
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Fig. 14- Measured elevation field patterns of array in lower band. 

The amplitudes of the main and reflected waves are a function of 
the impedances looking back into each of the two -dipole arrays. Hence, 

for the above action to take place as described, the impedances should 
be identical. By using arrays of two dipoles each, their impedances 
vary approximately together, being altered somewhat by the mutual 
coupling between individual dipoles of each array. 

As the undesired signal is absorbed in the resistor, it is evident 
that the beam may be reversed in direction by interchanging the re- 
sistor and the receiver. This beam reversal may also be accomplished 
by merely transposing either of the two lines extending from the 
antenna to the diplexer. With either method, best results are secured 
by using a transposition switch which introduces little discontinuity 
on the transmission line. 
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Fig. 15 - Measured azimuth field 
patterns of array in higher band. 

The bridge legs, dipole spacing (d), and phasing line in the con- 
structed array were chosen to be one -quarter wave length at a fre- 
quency of 65 megacycles. While some error occurs at other frequencies 
where the phasing line is not one -quarter wave length, overall measure- 
ments have shown it not to be serious. These dimensions become three - 
quarter wavelength at a frequency of 195 megacycles, the midband 
frequency of the higher band. Thus, proper operation of both the 
diplexer and dipole pairs is assured at the higher channels also. It 
will be noticed that the additional half -wavelength effectively added to 
the phasing line at the higher band compensates for the beam reversal 
in the higher band previously described, so that the beam remains in 
the same direction for all twelve channels with a given switch position. 

CONSTRUCTION OF THE ARRAY 

A photograph of the complete array is shown in Figure 11. The 
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Fig. 16 - Measured elevation field 
patterns of array in higher band. 

vertical rod extending above the antenna affords lightning protection 
and is not part of the array. The individual dipoles are mounted at 
the ends of tubular metal arms clamped at right angles at their mid- 

points. The array is attached on the mast by clamps to the lower 

portion of the vertical arm. Standard 300 -ohm transmission line is 

used throughout. The lines are carefully supported with stand -off 

insulators to prevent undesired discontinuities. 
The diplexer, (Figure 12), may be strung on spreaders to permit 

compact installation behind the television receiver. The resistor is an 

ordinary % -watt carbon type with a resistance of 150 ohms. A double - 

pole, double -throw toggle switch (not shown), connected as a trans- 
position switch in one of the feed lines, may be mounted conveniently 
near the front of the receiver. 

Other variations are possible for certain requirements. For viewers 
desiring reception from opposite directions, the beam switching may 

be done automatically with the use of a relay and a tap switch ganged 
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Fig. 17- Backward -to- forward field Fig. 18- Standing -wave character- 
istics of array. ratios of array. 

to the station selector shaft of the receiver. For installations requiring 
reception from only one direction, the diplexer may be mounted near 
the array without the transposition switch and only one line extended 
down to the receiver. 
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Fig. 19- Power -gain measurements 
of array. 
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FIELD TESTS 

Measured azimuth and elevation field patterns of a typical array 
at representative frequencies throughout both bands are shown in 

Figures 13, 14, 15 and 16. The backward -to- forward field ratios taken 

from the measured field patterns are plotted in Figure 17. Slight 

changes in the length of the quarter -wave phasing line will alter the 

shape of this curve considerably. For example, a reduction in length 

of the phasing line to favor Channel six will cause an increase in 

the backward radiation on Channel two. In addition, the pattern will 

be changed in the higher band. In some installations minor corrections 

in this line length may be necessary to compensate for transmission 
line discontinuities. 

The measured input standing -wave characteristics (Figure 18) 

show approximately a 2:1 standing -wave ratio throughout both bands. 

Averaged results of several power gain tests are given in Figure 
19. In making the power gain measurements, the array was compared 

to a matched 300 -ohm dipole one -half wave in length at each test 
frequency. 
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CHARACTERISTICS OF HIGH -EFFICIENCY 
DEFLECTION AND HIGH -VOLTAGE SUPPLY 

SYSTEMS FOR KINESCOPES *t 
BY O. H. SCHADE 

Tube Department, RCA Victor Division, 
Harrison, N. J. 

Summary -The energy required for cathode -ray beam deflection is 
determined as a function of kinescope constants and operating voltages. 
The total power input to the deflection -coil system can be reduced if circuit 
and tube losses are minimized. Because power and regulation in an asso- 
ciated pulse -operated high -voltage supply system are functions of the stored 
energy in the circuit, the kinescope screen brightness depends on the 
kinescope parameters and the circuit efficiency. It is shown that practical 
deflection systems having high efficiency and employing inexpensive tubes 
and components can be designed to provide satisfactory kinescope per- 
formance. 

INTRODUCTION 

IT IS of great value in the development of new cathode -ray tubes 
and deflection circuits to be able to predict the energy and power 
required by ideal and practical circuits for deflection of the 

cathode -ray beam. One likes to think that deflection of an electron 
beam requires, in principle, only energy, and that large field energies 
can be maintained in a tuned circuit by a small oscillator tube. What 
then is the cause for the large power loss in deflection circuits? The 
answer to this question lies in the fact that the deflection system in 
television cameras and receivers does not function like a simple tuned 
circuit but more like a motor generator where the output of the 
generator is connected for a full load test back to the power line to 
circulate real power and not volt- amperes. In a deflection system, the 
electron tubes must control and supply not only the power loss but 
also the total reactive power circulating through the system. It is, 
therefore, of interest to determine the power required for beam de- 
flection, express this deflection power in terms of the kinescope pa- 
rameters, and derive general relations for determining the required 
direct -current input power from the circulating power, circuit element 
losses, and tube losses. 

The first two sections of this paper deal with fundamental functions 
and relations in deflection systems, while the third section illustrates 
the application of these principles to the problem of determining the 

* Decimal Classification: R583.15. 
f Reprinted from RCA Review, March, 1950. 
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circuit constants and the power loss distribution in practical deflection 

systems. 

ENERGY AND POWER REQUIREMENTS FOR KINESCOPE BEAM DEFLECTION 

AND LIGHT OUTPUT 

Energy and Circulating Power 

The deflection cycle in the basic circuit given in Figure 1 is started 
by closing the switch S. Energy is built up in the magnetic field of 

the deflection coil L by the current i which increases exponentially 

during the time t1 to a value 11. The value of il is determined by the 

Fig. 1 -Basic deflec- 
tion circuit. 

E 

required beam deflection angle a. At t1 the switch is opened. The 

stored field energy, 

W = 0.5L í12, (1) 

causes the tuned circuit LC to oscillate at its natural frequency f,. 
Within one -half cycle of oscillation the current flow in L reverses and 
builds up to a negative peak value i2 the magnitude of which depends 

on the circuit losses as expressed by the effective Q -value of the tuned 
circuit: 

12 = - i1E- 1.05/Q. (2) 

Current and field reversal in L cause, therefore, a rapid beam deflection 

in the opposite direction beyond the kinescope screen center over a 

total angle al a2 within the retrace period. The retrace period T, is 

expressed by' 

Tr = 0.525/fo. (3) 

At the end of the retrace period the switch is closed again. The current 

* The retrace time is approximately 5 per cent longer than one half 
cycle as shown in Figure 2 of Reference (1). This relation furnishes the 
constants given in the exponents of Equations (2)., (3)., (5), (8), (9) and 
Table I. 
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In L decreases now approximately at the rate di /dt = E/L from the 
negative value 12 to zero within the time t2 thereby recharging the 
battery E and returning the beam to the center of the kinescope screen. 
After crossing the zero axis, the current increases again towards 11 

and the switching operation is repeated. 
In loss -free circuits (Q = co) the energy W stored in the magnetic 

field of the coil provides deflection over a total angle a1 + a2 = 2a and 
the peak -to -peak current is îl + 12 = 211(a). The full deflection energy 
can then be recovered in the portion of the scanning period t2 during 
which energy is returned to the power -supply system. 

It is apparent that whatever the energy -control system (mechanical 
or electronic switches, transformers, etc.), it must handle the reactive 
energy W at the rate of the scanning frequency (fh), i.e., 15,750 times 
in one second. The reactive power P1 supplied to L during T, is, hence, 

Pl = W fh. (4) 

Because of circuit losses in practical systems, the current î1(a) must 
be increased by the factor 

q= Zl/Zl (a) _ ̀ L/ (1 -f- e-ls:;/Q) (5) 

to maintain full deflection over the angle 2a. Furthermore, a syn- 
chronizing margin of approximately 3 per cent requires a current 
increase by the margin factor 

m = 1.03. (6) 

The reactive power supplied to L (including the factors q and m 
given in Equations (5) and (6)) is, therefore, given by 

P1 = q2 X 0.5Lf h (m21(a) ) 2 = g2P0 (7) 

where Pa is the reactive power required by a loss -free system and 
includes the synchronizing margin factor m. The fraction Pr of the 
power P1 dissipated during the retrace time in the tuned circuit LC 
is given by 

Pr = P1(1- es.a/Q), (8) 

The power P2 available for recirculation through the circuit is, there- 
fore, 
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P_ = P1E-3.3/0. (9) 

The decay functions in (2), (5), and (9) are given in Table I of the 
Appendix. 

Kinescope Constants and Circulating Power 

The current î11a1 is a function of the deflection angle a and the 

electron velocity in the beam, i.e., the anode potential Ea (in volts) 

of the kinescope, and the deflection -coil constants as expressed by the 

following equations :1 

and 

î(a) = 2.651 (sin a) VEa /X'N amperes, 

L = 4irN2DÀ'/ (1109) henries, 

(10) 

(11) 

where N= number of turns in deflecting coil L, 

l = length, in centimeters, of the magnetic flux lines in air, 
which is taken as the inside diameter of the iron shell of 
the coil, 

X' = effective field width, in centimeters, acting on the beam, 
i.e., the effective yoke length, 

D= average field height or coil diameter, in centimeters, 
which corresponds closely to the kinescope neck diameter 
(outside diameter). 

When Equations (10) and (11) are combined with (7) an expres- 

sion for the reactive input power P1 in terms of kinescope and coil 

constants is obtained. 

P1= 4.4g2m2 ( singa) EaDlf n /ß.'10s. (12) 

To minimize the power P1, the kinescope neck diameter D and the 

iron shell diameter I should be small and the effective field length X' 

should be large (See Figure 2). The effective field length X' is given by 

X'= r'2 sin a /(1- cos a), (13) 

(r', in centimeters, defined in Figure 2), and can be eliminated from 

Equation (12), yielding 

Pi /Ea = 8.8g2m2KD f n sin a (1 - cos a) 10 -6 watts per kilovolt (14) 

with K = l /2r' (dimensions in centimeters). 

1 O. H. Schade, "Magnetic- Deflection Circuits for Cathode -Ray Tubes ", 
RCA Review, Vol. VIII, No. 3, p. 506, September, 1947. 

www.americanradiohistory.com

www.americanradiohistory.com


HIGH -EFFICIENCY DEFLECTION SYSTEMS 127 

The ratio K = l /2r' can be regarded as a design constant for a given 
type of yoke design and has the value 1.66 for present kinescope yokes. 
It should be noted that r' and a,' are effective values (see Figure 2). 
For 2a = 50 -70 degrees, r' is approximately 1.2 times the actual 
clearance radius r at the neckline, and A.' is approximately 1.2 times 
the physical "window" length À of folded -yoke coils, because of the 
coil fringe fields. With the design values K = 1.66, fn = 15,750 cycles 

BEAM CENTER 

2. 

C 

Fig. 2- Geometric relation of kine- 
scope and deflection -coil dimensions 

to the beam -deflection angle a. 

0 

_ NO AUXILIARY FIELDS 
KINESCOPE NECK DIA. D =1.5 '- COIL LENGTH (X)ADJUSTED 

FOR a 
K =1.66, m =1.03 

6 

8 
10 

/ 15 i/ 30 

4Y/l/ 

jr O 

.j 

30 40 50 60 70 80 90 
KINESCOPE ANGLE (2a) - DEGREES 

Fig. 3- Reactive power input to 
deflection coils as a function of 

kinescope angle 2a. 

per second, m = 1.03, and D = 3.8 centimeters, the power input to the 
deflection coils per kilovolt of anode potential is expressed by 

P1 /Ea = 9.33q2 sin a (1 - cos a) watts per kilovolt. (15) 

A plot of Equation (15) for full- diameter deflection (2a) is shown 
in Figure 3 for various values of Q. 

Regulation and Reaction of an Associated High- Voltage Pulse Rectifier 
Circuit 

A certain amount of power can be taken from the deflection power 
P1 when a high -voltage pulse is generated in LC during the retrace 
period T. With the aid of a transformer and rectifier system, the 
pulse voltage can be adjusted to obtain the desired kinescope anode 
voltage Ea. Removal of power from P1 during T,. reduces the initial 
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no -load value Qo of the system at its natural frequency f o to a lower 

full -load value Q., at the end of T,. and thus decreases the value of the 
negative peak current £2. The beam current obtainable from the high - 
voltage supply circuit with a regulation of 10 per cent can be determined 
as follows. When 19 per cent of P1 is taken out, the no -load peak anode 

voltage Ea is reduced to x/0.81 Ea = 0.9Ea and the current 12 available 
for scanning at the end of T,. is reduced to 0.9 12. The effective deflec- 

tion width on the kinescope screen remains, therefore, substantially 
constant. The 10 per cent change of the ratio 12/11 does not seriously 
affect the deflection linearity. The pulse -voltage peak occurs at 0.5 T 
at which time, because of circuit losses, the available power has then 
decreased from P1 to the lower value 

P0.5Tr = P1E-1.65/Q (16) 

The anode current la at the 10 per cent regulation point 0.9Ea is, 

therefore, 

la = 0.19P0.57,r /0.9Ea = 0.211 (Pi/Ea E- 1.65 /Q) microamperes. (17) 

The value given by Equation (17) is obtainable at 0.9Ea from the 
deflection -coil energy alone assuming an ideal transformer and rectifier 
system. Practical transformers increase the stored energy in the 
deflection coils by their own field energy, which for good design, is on 

the order of 10 to 20 per cent of the deflection energy. Practical high - 
voltage rectifier tubes and series reactance cause a voltage drop which 
more than cancels the current increase due to the transformer energy. 
The value of the available beam current is independent of the anode 
voltage for a given neck diameter and tube angle a because Equation 
(17) is derived for the condition that the voltage Ea is adjusted to 
obtain full deflection over the selected angle 2a. The current at 10 

per cent regulation is substantially constant for Qa >_ 4 as shown by 
Figure 4. 

High- Voltage Power and Light Output 
The design of a satisfactory kinescope and deflection system has 

the primary objective of providing adequate picture brightness with 
good focus. The screen brightness, i.e., the light output per unit area 
of kinescope phosphors, is proportional to the average screen current 
per unit area but increases approximately as the square of the screen 
potential within the range of normal operation. 

When the anode potential is limited, adequate screen brightness 
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may require operation with larger beam currents. Larger beam cur- 
rents necessitate deflection systems in which the deflection field energy 
is supplemented by larger auxiliary fields in transformers or chokes 
to obtain the desired high -voltage power from a deflection pulse supply. 
In this case it may be advantageous to increase the deflection energy 
itself by selecting a shorter kinescope with a larger deflection angle. 

It is, therefore, desirable to consider whether or not the high - 
voltage power available from an efficient deflection system with small 
auxiliary fields can provide adequate screen brightness. 

400 
_ NO AUXILIARY FIELDS 

KINESCOPE NECK DIA D =1.5" - IDEAL HV RECTIFIER 

2 

30 40 50 60 70 60 

KINESCOPE ANGLE (2a)- DEGREES 

Fig. 4- Current obtained with 10 
per cent regulation from ideal 
high -voltage- rectifier system sup- 
plied by the deflection -field energy. 

90, 

The full deflection angle (2a) of 
a 10BP4 kinescope is 55 degrees. 
In a deflection system with a Q 

greater than 4, the beam current at 
0.9Eá is, hence, 100 microamperes 
(Figure 4). This value represents 
the average beam current with pic- 
ture modulation because the filter 
capacitance of the rectifier system 
can supply high peak currents with- 
out noticeable effect on the voltage 
stability. The ratio of peak to aver- 
age current depends, obviously, on 
the picture content. For normal 
television images the peak beam 
currents which correspond to high- 
light brightness values are rarely 
less than 3 to 4 times the average 
beam current. For a peak current 

of 300 to 400 microamperes, the published characteristics of the 10BP4, 
operated with an anode voltage of 9 kilovolts and with a 6 X 8 -inch 
focused raster, show a highlight brightness of 80 to 100 foot -lamberts. 
The highlight brightness is reduced to 58 to 73 foot -lamberts when a 
full screen raster of 7 X 9.35 inches is scanned. The brightness values 
obtainable with practical systems are from 10 to 20 per cent lower 
and can be considered adequate. 

For the same brightness a 16 -inch kinescope operated at 9 kilovolts 
would require that the current be increased by the ratio of the screen 
areas 162/102, or 2.56. When the 16 -inch kinescope is operated at an 
anode voltage of 12.6 kilovolts (0.9 X 14 kilovolts), the current ratio 
can be decreased to (9/12.6) 2 X 2.56 = 1.3; i.e., the required average 
beam current is 100 X 1.3 or 130 microamperes. This current requires 
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a kinescope angle of 60 degrees. For better contrast in the presence 
of ambient light the use of a face plate made of a neutral filter glass 
with a transmission of 70 per cent requires that the beam current be 
increased to 186 microamperes for the same light output from a 16 -inch 
tube. A short tube with a cone angle of 70 degrees provides theoreti- 
cally 195 microamperes of beam current from an efficient deflection 
system and is, therefore, a more logical choice than a longer tube with 
a smaller angle operated with a deflection circuit of lower efficiency. 

It is unfortunate that the performance of a television receiver is 
judged in some cases by the ability of the kinescope to light up the 
viewing room regardless of the fact that definition and picture quality 
are greatly reduced. It is of interest to describe what happens when 
a receiver with a 10 -inch tube and limited high -voltage power is com- 
pared with one having unlimited high -voltage power. When the bright- 
ness test is made with a substantially "white" screen, as in certain 
test patterns, the pulse- operated, high -voltage supply will provide a 

maximum brightness in the order of 30 foot -lamberts; the brightness 
with a supply of unlimited power on the other hand, will remain at 
or even exceed 70 foot -lamberts. With normal television subjects on 

the screen, however, there will be very little difference between the two 
sets even when the kinescopes are over -driven because the average 
currents cannot exceed moderate values because the large peak signals 
cause rectification effects and overload in video and kinescope grid 
circuits. 

CIRCUIT OPERATION AND CHARACTERISTICS 

The Requirement for Linearity 
The simple circuit shown in Figure 1 does not provide linear 

deflection current unless the circuit resistance is reduced to zero. 
Linearity is obtained during the scanning period T, (switch closed) 
by inserting a negative resistance -r in series with the switch, i.e., 
by inserting a power source generating the voltage -ir to cancel the 
positive ir drop across the circuit resistance. This measure insures 
linearity of sawtooth current during T, but does not compensate for 
the power loss in the retrace time. 

A system compensated for series resistance in the inductive circuit 
L -S -E of Figure 1 by a "linearity control" generator but having a 

finite Q -value during Tr can, therefore, provide a linear deflection 
current within T,. However, the power and the average current it 
furnished by the battery E to build up the field energy in L remain 
larger than the power and the average current i2 recovered after T,. 

to recharge the battery. 
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Circuit Q at No -load and Full -load 

The no -load value of Qo at the natural frequency, fo, of a practical 
deflection circuit is determined largely by the power loss caused by 
eddy currents in copper and losses in the magnetic materials of the 
tuned -circuit inductances. The low loss of powdered (electrolytic) iron 
and particularly of ferrite cores has made it possible to obtain values of 
Qo equal to or greater than 15 in circuits with inexpensive transformers. 
By use of these materials, the power dissipation during Tr in yoke and 
transformers has been reduced to less than 20 per cent of the reactive 
deflection power P1 (Equation (7)) . The Qo of the circuit can be 
computed from the equivalent shunt resistance value R across the yoke 
and the associated transformer winding which, in parallel, have the 
inductance L; Q0 = R /o0L. 

The total shunt resistance R is the parallel value of the shunt loss - 
resistances of yoke and transformer, and the reflected values of other 
resistance loads such as isolation or coupling resistors in high -voltage 
doubling circuits. Qo and R are readily measured in a completed circuit 
by connecting a vacuum tube voltmeter across the yoke winding and 
exciting the circuit (scanning tubes not operating) at its natural 
frequency fo (of the order of 70 kilocycles) by loose capacitive coupling 
with a signal generator. The frequency deviation At between the 
0.707 -voltage points on each side of fo furnishes the value Qo = fo /of. 
The value of added shunt resistance which reduces the resonant voltage 
at fo to one -half is equal to R thus giving also the inductance 
L = R /ß00Q0. 

The Q and the equivalent shunt resistance of the yoke can be found 
by tuning the yoke itself with a low -loss capacitor to f 0. These meas- 
urements furnish the distribution of the retrace -time power loss in the 
circuit elements which is proportional to the reciprocal value of their 
shunt resistances. 

P1+ P2+--- -P =R (1 /R1+1 /R2+ --- +1 /R,ti) PR. (18) 

Removal of power by the high -voltage supply system reduces the Q,, 
of the tuned circuit to an equivalent value Q2 which would cause the 
same total power loss during the retrace period Tr. For example, a 
beam current with a 10 per cent regulation (see Equation (17)) causes 
a power loss of 0.19 P1 within Tr. This loss is equivalent to the loss 
in a circuit with Qt - 15 (Equation (8) ). The equivalent Q of the 
circuit can then be computed from 

1/Q2=-1/Q0+ 1 /Qt. (19) 
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Q and Average Current Ratio 
In circuits with electronic switch (Figure 5a), the bidirectional 

deflection current is carried by two electron tubes, V1 and V2. The 
reactive current i is split into two components it and i2 joined at i = O. 

This ideal "class B" operation is seldom realized in practical circuits. 
It is obvious, however, that this condition furnishes minimum average 
currents Ibi = it and Ib2 = i2. These current values have a ratio equal 
to the triangular areas under the current waveforms it and i2 when 
the deflection current is linearized by proper control of V1 and V2 (see 
later). The ratio of the average currents is given by 

= i22/i12 = E-3.3/Q2. 

Fig. 5a - Basic deflection circuit 
with electronic switch. o - - - - 

-ll i p2= i2+ Lm 

o - - 

(20) 

l 

ipi=ii+im 

í2 

1 1 

1 lP l2 2 
Fig. 5c- Waveform distortion in- 
creasing the average value of 42. 

o 
m 

--o1 Tr ` Ts -4-1 
Fig. 5b - Current components in 

circuit of Figure 5a. 

In practice the plate currents 41 and iP2 may overlap in time as 

much as 100 per cent as indicated in Figure 5b. The "matching" 
current, 2m = Ç,1 - 21 = 2. 1,2 - i2, increases the average plate currents 
and the plate dissipation of V1 and V2, but it cancels out in the common 
circuit branch E -r -L of Figure 5a. 

It is, therefore, not possible without the use of a transformer to 

obtain equal charge and discharge currents of the battery E with the 
condition that the inductive current i have a linear or symmetric* 
waveform. It is possible to equalize charge and discharge currents 

* By symmetric is meant an S- shaped current such as a section of a 
sine wave extending equal angles below and above the sine -wave axis. 
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by distorting the current waveforms it and i2 as shown, for example, 
in Figure 5c, but the resultant current i is then non -linear or asym- 
metric. 

Requirements for Series Power Feedback (Transformer Ratios) 
The operating principle of circuits with series power feedback is 

readily understood when it is considered that equal charge and dis- 
charge currents of the battery E result in a total average current 
equal to zero and the battery E of Figure 5a, therefore, may be 
replaced with a capacitor Cb without disturbing the circuit operation. 
In order to start functioning, the circuit must have current waveforms 
giving initially a current ratio i2 /i1 slightly greater than unity so that 
Cb can be charged gradually and the voltage Ecb built up to the normal 
value E. 

Fig. 6 -Power feed- 
back circuit with 

autotransformer. 

-, E 

Ec I=0 

Perfect linearity of deflection requires either an LC circuit with 
an infinite Q or the insertion of a transformer between the tubes V1 
and VZ (Figure 6) to reduce the value of the larger current il so that 
il = i2. 

Linearity of deflection current (di /dt = constant) results in con- 
stant reactive voltages on all of the transformer windings. The reactive 
power values are, therefore, equal to products of reactive voltages and 
average current values. The matching current, 176, of V1 and V2 exists 
only in the section n1 - n2 of the transformer. (See Figure 6) The 
average current components in the common winding n2 are, therefore, 
the values ii and i2 of the ideal (triangular) class B currents, and the 
reactive powers with respect to this winding are P1- 11 EL and P2 
= i2 EL, where il > 12. The power P1 being supplied by V1 is developed 
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actually in two windings; on ni by the current component i'i, and on 
(n2 - n1) by the full plate current lb, so that P1 = EL i'1 + DEL Ib1. 

When the turns ratio is adjusted so that i'i = i2i it follows that 
EL i'1 = P2 and 

AELIb1=P1-P2=Pr. (21) 

In practical circuits a fraction of P2 is dissipated in the process of 
recharging Cb. Unless compensated, this power loss causes a reduction 
in the voltage Ecb to a value less than that of EL, but the voltage loss 
has no effect on EL or 12 which determine Equation (21). It may, 
however, be desirable to use a fraction of the feedback power P2 to 
supply external load circuits with current from the "boosted" B- supply 
voltage EBB = EB + Ecb. 

To supply this "bleeder" current from Cb, the charging current i2 

must be increased by a current component equal to the bleeder current 
'BB and a change is required in the transformer ratio to restore the 
power balance. The power loss Pa subtracted from the feedback power 
by the bleeder- current load is equal to EL IBB and requires that Equa- 
tion (21) be changed to 

DELIbi= Pr +Par 

Substituting this expression into the voltage ratio 
ni /n2 = (EL -F DEL) /EL, gives the equation 

(21a) 

ni/n2 = 1 + (Pr + Pa) /Ibl EL. (22) 

Equation (22) furnishes the required turns ratio n1 /n2 between the 
V1 and V2 circuits. The ratio between V1 and the deflection -coil con- 
nection can be left unchanged or may be given other values in practical 
circuits to adjust IN and EL. For the general case, the voltage EL in 
Equation (22) is the inductive voltage E(n2) across the transformer 
winding having n2 turns and energizing the V2 circuit. The substitu- 
tion Ent = En1 n2 /n1 results in the more useful form 

n2/97,1=1- (Pr + Pa) /I biEni (23) 

where 13 = IBB Ent. 
With respect to the plate circuit of the power tube the net "re- 

active" power load Ibi (E n1- Ecb) has the characteristics of a "buck- 
ing battery" (square wave voltage drop). This load requires the 
increase, DE (Figure 6) in the supply voltage EB but does not cause 
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any change in the plate dissipation of V1 (See Part III). The reactive 
load I, (Ea, -Ecb) does not contain the total copper loss or series 
resistance loss of the circuit. The V1 plate circuit contains, therefore, 
also a series resistance load Rr (See next section). 

Linearity Control Circuits and Functions 
The action of the linearity control (tunable transformer T2) in 

diode circuits (Figure 7) has been explained in detail in a previous 
article.' For the purpose of this discussion it is pointed out that the 
voltage generated across the diode winding of T2 is equal and opposite 
to the resistive voltage drop in the diode circuit V2 -L-Cb and, in 
effect, cancels this circuit resistance, thereby providing linearity of 
deflection. The linearity transformer T2 reflects, therefore, a series 
resistance into the plate circuit of V1 in which the plate current iv, 
develops a power output equal to the diode -circuit resistance loss. This 
action permits these conclusions for circuits with controlled diode 
(V2): 

T 

n4 

-11111 + 

Eg 

T2 

811000 2 
I ó 

n3 

b(L) 

y 

Fig. 7 -Power feed- 
back circuit with 
controlled diode and 
autotransformer 
supplying high -volt- 

age rectifier. 

1. The potential Ecb developed across CI, (termed the "boost volt- 
age") is exactly equal to the inductive voltage Enz = L di /dt 
energizing the diode circuit which may be treated as a loss -free 
rectifier circuit. The reactive power load of V1 is, therefore, 
(Pr + Px). 

2. The power tube Vl supplies all copper losses as well as the 
diode plate loss occurring in the deflection circuit during the 
scanning period T8. These losses are reflected into the plate 
circuit of V1 as a resistive load R5. 

When a triode rectifier (V2) is used in place of the diode, the 
negative resistance (and hence linearity) is generated in the tube by 
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applying a suitable control -grid signal. In this case the resistive power 
loss in the V2 circuit is supplied from the reactive power P2. Conse- 
quently, it may be concluded for circuits with triode rectifier (V2) : 

1. The boost voltage Rob is smaller than the inductive voltage and 
the reactive power tube load lb, (En1 - Ecb) containing resistive 
power losses is larger than in circuits with controlled diode. 

2. The copper losses caused by the current components i1 and i,1 

only appear as a resistance load Rb in the plate circuit of the 
power tube V1. The reflected plate load RP is, therefore, smaller 
than in circuits with controlled diode. 

These characteristics must be considered when the total plate load 
of the power tube and the required B -power input are evaluated. The 
equivalent plate circuit of the power tube V1 has, thus, the form shown 

in Figure 8 and will be discussed 
in Part III. It should be mentioned 

RP that constant velocity of the cath- 
ode -ray spot on a large- radius kine- 
scope screen requires a reduction 

¡PI 

p EQUIVALENT 
UI REACTIVE LOAD of the angular velocity (slightly 

ECI(EnI -Ecb) S- shaped sawtooth current) for 

IIN'!' larger deflection angles. This ve- 
locity correction is controlled by 

Fig. 8- Equivalent plate circuit of adjusting the value of series capac- 
power tube V1. itor Cb(L) (Figure 7). 

Pulse Voltage Step -up and Rectifier Circuits 
The peak voltage ê built up across an LC circuit after 0.5 T,. can 

be expressed in terms of the circulating power P0.5Tr and the cir- 
cuit capacitance; or in terms of current and the circuit impedance 

L = VL /C. It follows from 

E 
a 

P°.BTr = Pl E-1.65/Q = Ci ê2 fn/2 (25) 

that ê = V 2Po.5Tr /C f h. (26) 

Also : ê = îl con L e- 0825/Q. (27) 

The voltage ê at the deflection -coil terminals of practical circuits 
ranges from 1.0 to 3.0 kilovolts. It is largest in direct -drive circuits 
(Figure 5a) where the capacitance C in Equation (25) is the sum 
of the capacitances of the deflection coils, the tubes V1 and V2, and a 
filament isolation transformer for V2. This capacitance is equal to or 
greater than 150 micromicrofarads. 
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General requirements for generating voltages in the order of kine- 
scope operating potentials are indicated by Equation (26). 

a. For a given power, the capacitance C at the input terminals 
of the high -voltage rectifier must be reduced considerably below the 
value in the deflection circuit (by a factor between 52 and 102). This 
impedance transformation is effected by connecting a step -up trans- 
former with low winding capacitance parallel to the deflection coils. 
(Figure 7). The voltage step -up obtainable by this method is limited 
by the specified retrace time. The progressive increase in the diameter 
of the high -voltage coil causes larger layer capacitance and leakage 
inductance within the step -up coil. 

Parasitic tuned circuits are formed by leakage inductance and coil 
capacitance. These circuits (Figure 9) absorb power from the system 

0 

HIGH 
VOLTAGE 

LS Oa 

Ti-to' Fig. 9 - Tuned -cir- 
cuit system formed 
by layer capacitance 
and leakage induct- 
ance of high -voltage 

winding. 

particularly when their resonant frequencies approach the main reso- 
nant frequency fo. Having no direct outlet into the V2 circuit, the 
absorbed power is dissipated largely in the transformer winding. When 
limited by these difficulties the pulse voltage can be increased by 
raising the reactive power. 

b. The circulating power in the circuit can be increased by con- 
necting an auxiliary inductance in shunt or in series with the deflec- 
tion -coil inductance. The shunt inductance of the transformer winding 
may, therefore, be reduced to serve this purpose, a lower limit being 
imposed by increasing core loss and saturation of the magnetic material, 

A shunt inductance with a high Q does not disturb the general 
operation of the circuit because the additional circulating power is 
included in the power feedback. The increased plate currents, how- 
ever, cause increased copper loss and plate loss in V1 and V2. A sepa- 
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rate inductive shunt is used to advantage in deflection systems for 
projection tubes which require a large high -voltage power. Series 
inductance may be introduced into the plate circuit of V1 in the form 
of a separate inductance or by leakage inductance (Figure 10) between 
the V1 and V2 windings of the transformer. 

The series inductance Ls alter the system performance by intro- 
ducing at least one new resonant system formed by Ls and associated 
capacitances Cs. This system has its own natural frequency f8 which 
is usually higher than fo. The series circuit LsCs is relatively un- 
damped as it has no direct power outlet into the V2 circuit and must, 
therefore, dissipate most of its power (Pi(s)) in the form of heat 
(partially in the plate resistance rp of V1). Coupling to the main 
circuit causes a trickle feed of oscillating current of frequency f8 into 
the main circuit and may produce "ripples" in the deflection current. 

HIGH 
VOLTAGE 

T 

Relatively small values 

Tr r I ec_ _, 
I 

I 

l 
t!'ec+ecs 

Fig. 10-Deflection 
circuit with leakage 
inductance in plate 
lead of power tube 
causing negative 
plate -voltage swing. 

of series inductance Ls cause an oscillating 
plate voltage (Figure 10) which becomes negative at the start of the 
scanning period T. giving rise to high- frequency Barkhausen oscilla- 

tions which may be picked up by the receiver on one or more channels. 
These oscillations can be shifted in frequency by changes in the power 
tube structure, usually at the expense of increased plate dissipation. 
Barkhausen oscillations do not occur when a plate voltage swing 
below the "knee" of the power tube plate characteristic is prevented. 

c. High direct -current potentials can be obtained from a low 

pulse voltage by connecting two or more pulse rectifiers in cascade. 
The voltage -doubling circuit Figure 11 removes many of the difficulties 
which have caused low efficiency in deflection systems. Insulation 
problems are eased considerably because transformer and circuit com- 
ponents operate at one -half the direct - current output potential. The 
low tube voltages and high current efficiency are reflected in the design 
of single -ended low -cost rectifiers and power tubes permitting con- 
venient sub -chassis mounting of the circuit components. The efficiency 
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Fig. 11- Voltage- 
doubling circuit with 

coupling resistor. 

= 

= 

OP 

MP 

40 

OP 

OM 

41. 

of the rectifier circuit can be increased still further by replacing the 
coupling resistor Rk in Figure 11 by a diode as shown in Figure 12. 
The coupling diode Dk removes alternating- current loading of the 
transformer circuit during T,. and eliminates the direct -current voltage 
drop on Rk caused by the kinescope current. For a moderate high - 
voltage power, a resistor Rk is satisfactory. It can be given a high 
value such as 3 megohms which causes a 300 -volt drop for a 100 micro- 
ampere current and at a pulse voltage ê = 5 kilovolts (E.= 10 kilo- 
volts) represents a shunt power loss of approximately 0.75 watts. Re- 
placement of Rk by a diode Dk eliminates the direct -current voltage 
drop and reduces alternating- current loading to the 0.25 watts re- 
quired for heating the diode filament. 

PRACTICAL CIRCUIT DESIGN 

The usefulness of the relations derived in the first two sections is 
best illustrated by a description of the sequence of steps encountered 
in the design of a practical deflection system with high efficiency. For 
a numerical example consider a deflection circuit with auto -transformer 
having the circuit arrangement indicated by Figure 7 to operate a 
70- degree kinescope at an anode voltage Ea of 14 kilovolts. Given are 
the scanning frequency f, = 15,750 cycles per second, the retrace 

Fig. 12- Voltage- 
doubling circuit with 

coupling diode. 
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period T,.= 7.5 microseconds, and the scanning period T8=56 micro- 
seconds. 

Yoke Inductance and Voltages 
10 millihenries is chosen for the yoke inductance. This value can be 

readjusted later on if desirable. First, the voltages appearing on L 
are determined. It follows from Equation (7) that the peak current 
îi is given by 

î1 =11.3 \PI /L milliamperes (28) 

for fn = 15,750 cycles per second. 
The inductive voltage during the 56- microsecond scanning period 

is constant and has a fixed value for a given peak -to -peak deflection 
current. It can, therefore, be computed from the reactive power Pa 
letting Q = co. With EL = L 2îI /T, and Equation (28), 

EL = 404 VPoL. (29) 

For 2a = 70 degrees, Ed = 14 kilovolts, and Q = co, from Figure 3 the 
value Pl /Ea = 0.96, hence, Po= 0.96 X 14 _ 13.5 watts. With Li, = 10 
millihenries, from Equation (29), EL = 148 volts. The surge volt- 
age ê can now be computed. For a normal waveshape and time ratios, 
Table II #4, 

ê =12.7 EL (30) 

and the r -m -s value 1E1 = 3.22 EL. (31) 

The numerical values are, hence, ê, = 1.88 kilovolts and 1E1, = 476 volts. 

Transformer Inductance, Shunt -Loss Diagram, and Q 

The transformer inductance L3 in shunt with the deflection coil 
inductance Lv increases the reactive currents of the deflection system 
by the factor 

s= (1+ 4/L3). (32) 

The reactive power is increased by the same factor (s) because 
the total inductance L is decreased to the smaller parallel value 

Li,L3 
L= . Large values of L3 reduce the shunt power, but trans - L + L3 
former windings with a large number of turns increase winding re- 
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sistances and leakage reactance, which in turn can cause a more serious 
power loss. Practical ratios L3/L, vary between 5 and 10 depending 
on the permeability and the flux density BIDBE = ê 108 / (o0nA in the 
selected core cross section (A in square centimeters) and magnetic 
core material. If, for the example, the value L3=70 millihenries, 
s = 1.143 and L = 8.75 millihenries. To compute power, currents, and 
turns ratios it is necessary to determine the losses of the system from 
a shunt resistance diagram such as shown in Figure 13. 

n2 

n 

HV RECTIFIERS 

VI 

2 

Fig. 13- Shunt -loss diagrams of 
deflection circuit. 

Shunt 
Resistance 
(Megohms) Representing Loss in 

Ry = 0.225 Yoke with ferrite shell 
Ro = 2. Ferrite core 

of transformer 
Rd = 1.25 Dielectric 
R, = 0.302 Rectifier filaments 
Rk = co Coupling resistors 

R = 0.110 Total Shunt 
Ly = 10 millihenries 
L. = 70 millihenries 
L = 8.75 millihenries 

The yoke loss resistance, R = 225,000 ohms, is measured by tuning 
the inductance Ly with an air capacitor to f,, = 70 kilocycles as outlined 
previously. The transformer core loss R0 is determined as follows: 
A test coil wound on the transformer core with 10 X 38 Litz wire and 
having an inductance equal to that of L3 is connected in shunt with 
the yoke. The value of the resistances Ry and R0 in parallel can then 
be measured and Re calculated from this value. It will be observed 
that the shunt resistance values are substantially constant for flux 

densities below the saturation of the magnetic material and over a 
range of frequencies from 60 to 100 kilocycles. The value of fo, . 

therefore, does not have to be known accurately. The Q, however, 
changes inversely with fo and requires an accurate frequency adjust- 
ment. It is pointed out that the saturation point of ferrites is also a 

function of temperature and that a relatively small core loss can cause 
a substantial temperature rise in materials having low thermal con- 

ductivity. 
The shunt resistance Rd represents the dielectric loss in winding 

capacitances. It can be measured on the completed transformer and 
circuit or may be estimated by assuming a 0.3 per cent power factor 
for which Rd = 330 /0,,C = 330woL. 
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The filament power P1 of high -voltage rectifier tubes is supplied by 
the transformer. The equivalent load resistance Rf reflected parallel 
to the yoke winding equals, therefore, E2/Pi. The rectifier circuit 
selected for the example (Figure 12) contains 3 diodes and no coupling 
resistor (Rk = co).* With the previously computed voltage lEl = 476 
volts and the filament power Pf = 0.75 watts, we obtain the equivalent 
shunt resistance Rf = 302,000 ohms. The total shunt loss R of the 
circuit is, hence, 110,000 ohms and the value Q,, equals R /w0L for the 
circuit at fo of 70 kilocycles and is, therefore, 26. 

The retrace -power -loss distribution of the circuit, determined by 
Equation (18), is, hence, 110 (1/225 + 1/2000 + 1/1250 + 1 /302)PR. 
The power loss in the yoke represents 49 per cent, the transformer core 
loss 5.5 per cent, the dielectric loss 9 per cent, and the filament power 
36.5 per cent of the power loss during retrace time. It should be 
mentioned that the low losses of yoke and transformer result from the 
use of ferrite cores operated with moderate flux densities. Should 
the transformer core loss prove too high, a higher inductance value L3 
is indicated because the shunt -loss resistance R, is proportional to L3. 

Retrace Power Loss, Reactive Power Input, and Recovered Power 
The power loss occurring during T,. is readily computed from the 

shunt resistance R = 110,000 ohms and the r -m -s voltage during Tr 
(not the actual r -m -s value lEI given by Equation (31) ). 

Pr= (ê2 /2R)Trfh (33) 

For normal time ratios Pr= ê2 /16.9R. (34) 

For the values of the example, Pr= 2.1 watts. The reactive power input 
to the circuit inductance L is increased to P1(L) = sP1. For Q = 26, 
Equations (15) and (5) or Figure 3 furnish P1(L, _ 16.5 watts. The 
recovered power P°(T,) computed from the decay function (Equation 
(9)) is P.,(L) = 0.875P1,L) = 14.4 watts and Pr= 0.125P1(L) = 2.1 watts, 
which checks with the previously computed value. 

The values just computed are the "no load" values at zero beam 
current. The beam current Io, with a regulation of 10 per cent from 
an ideal transformer and high -voltage rectifier system is given by 
Equation (17) or Figure 4. Because of the increase in reactive power 
required by the transformer shunt field (s = 1.143), we obtain for 

* The small high -voltage winding of the voltage- doubling circuit avoids 
resonance effects in the transformer design permitting, therefore, a close 
check of computed values by measurement. 
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2a = 70 degrees the theoretical value I.= 204s microamperes = 235 
microamperes. Series resistance and leakage reactance in the high - 
voltage winding, however, reduce the rectification efficiency. Experi- 
ence indicates that the current of practical circuits at 10 per cent 
regulation has a value between 50 and 70 per cent of the theoretical 
value sia taken from the curve Q = c in Figure 4. For our example, 
a 10 per cent regulation is expected to occur at a current I. between 
110 and 155 microamperes. A current of 186 microamperes will hence 
occur with a regulation between 12 and 17 per cent and give a screen 
brightness from 4 to 14 per cent less than the theoretical values stated 
in the discussion of high -voltage power and light output. 

At this point it is necessary to select an average value of kinescope 
current I. at which perfect linearity of deflection current is to be 
obtained. For this example, the value of 120 microamperes is selected. 
The high -voltage power load for the example is approximately PITY = 
0.95 Emax I, = 1.6 watts. This value increases the power loss during 
retrace from 2.1 watts at zero beam current to 3.7 watts at a 120 - 
microampere beam current. The recovered power is reduced from 14.4 
watts at no load to 12.8 watts at 120- microamperes beam current. The 
various design constants are assembled in Table III of the Appendix 
for further reference. 

Currents and Voltages 
The peak current values are readily computed from Equation (28). 

The peak currents sî in the total inductance for the no -load condition 
la = 0 are obtained with the values P1 =16.5 watts and P2 = 14.4 watts 
and L = 8.75 millihenries. Under load (7a = 120 microamperes) the 
value sî1 remains the same but sî2 is decreased because of the reduced 
power value P2(L). The numerical values are listed in Table III as well 
as the peak currents in the yoke inductance Ly, which are obtained by 
multiplication with the factor 1 /s. The inductive voltage EL for the 
no -load condition is identical with the value computed by Equation (29) 
for Q = co. The voltage EL decreases with load in proportion to the 
peak -to -peak current (îl + î2) which has the previously computed f ull- 
load-to-no-load ratio 0.926/0.949. 

The numerical values of EL so obtained are also listed in Table III. 
Calculation of the average plate current values lb, and 42 requires 

the selection of a representative current waveform. Evaluation of the 
average -to -peak current ratio I/î (See Table II) indicates values from 
0.23 to 0.44 for a linear intermittent sawtooth wave when the operating 
time is varied from the ideal class B case to a full class A sawtooth 
lasting over T,. An inverted sine wave class A operation ( #3 Table II) 
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furnishes the factor I/î = 0.32. A good practical waveform factor is 

1p /Ib - 3. (35) 

The average plate current reflected into the transformer winding n3 to 
which the yoke is connected is, therefore, Ibi = 0.491/3 = 0.164 am- 
peres. 

Transformer Turns Ratios 
A general advantage of a transformer drive circuit is the flexibility 

available for adjusting the effective plate- circuit reactance by varying 
the transformation ratio n3 /n1 between the deflection -coil terminals 
(n3) and the power -tube plate circuit (n1). With properly designed 
transformers the reflected plate- circuit inductance can be made con- 
siderably higher than the yoke inductance in direct -drive circuits for 

Fig. 14- Autotrans- 
former (right) has 
higher efficiency and 
smaller size than 
transformer with 
separate secondary 
winding (left). Both 
transformers have 
powdered -iron cores. 

a specified retrace time. Auto -transformers are particularly suitable 
because the saving in winding space permits a considerable reduction 
in size (See Figure 14), reduces winding capacitances, and decreases 
leakage inductance values. The maximum plate inductance is limited 
by transformer and circuit capacitances and by the retrace time. 
Voltage -doubling circuits require only a small step -up coil to generate 
the required high voltage. Their small effective capacitance permits 
both a wider choice of transformation ratios and a higher operating 
efficiency than possible with single -stage high -voltage rectifier circuits. 

Returning to the turns ratio n3 /n1 between the deflection -coil cir- 
cuit and V1 suppose that V1 is operated with a plate current value 
near 80 milliamperes and the ratio ni/n3= 2.1. The peak and average 
plate currents and voltages î4 'b,, Ent and êp, are readily computed by 
reflecting the yoke circuit values into the plate winding as listed in 
Table III. It is obvious that selection of a ratio n3 /n1 giving lower 
plate currents will cause higher plate voltages. It also must be con- 
sidered that high ratios increase leakage inductance as well as the 
surge voltage and that it may, therefore, be desirable to increase the 
ratio n3 /n1 later on by adjustment of L7 to the subsequently computed 
value n2/n1. 
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The transformer ratio n2 /n1 between V2 and V1 is determined by 
the reactive power input and the power loss of the system 

n2 /n1= 1- (Pr + Pa) /Enllb1. (23) 

The reactive plate power (Enllbl) and the retrace power loss (Pr) 
for a beam current of 120 microamperes have been determined and 
require the values of the bleeder current Ißß and external power load 
Pa, = En2IBB taken from the "boosted" voltage EBB. The voltage En2 
in the expression for Pa, must be estimated at first for a trial value Pa.. 

The true values Pa,, En2 and n2 /n1 are found by successive approxima- 
tion. A bleeder current of 17 milliamperes will be drawn to operate 
the vertical deflection circuit from EBB, thus, for the 120 -microampere 
beam -current load, 

n2/n1 = 0.69; En2 = (n2 /n1)En1 = 210 volts, Pa, = 3.6 watts. 

A diode booster tube V2 with linearity transformer (Figure 7) 

supplies, therefore, a "boost voltage" Ecb = En, = 210 volts. Other 
voltages and currents in the V2 circuit are readily computed from the 
yoke circuit values as listed in Table III. 

The high- voltage stepup n4 /n3 required for obtaining an Ea of 
14 kilovolts with the circuit of Figure 12 is theortically n4 /n3 
= Ea/ (2ê + Er) . Table III furnishes the value n4 /n3 = 3.6. A tap 
may be provided on the high -voltage winding at a ratio 10 per cent 
lower, because a correction for parasitic resonance effects may be 

necessary. A rectifier circuit with a single diode theoretically requires 
a step -up ratio n4 /n3 = 7.45. Resonance effects in the high -voltage 
winding, however, can be effective in generating a higher voltage with 
a lower step -up ratio depending on the phase relation of the pulse 
voltage components. (Compare Figure 9). The power absorption 
increases the retrace power loss Pr requiring, therefore, an increase 
of the ratio n2 /n1 (Equation (23) ). 

r -m -s Currents, Transformer Windings, and Capacitances 

The copper cross section of transformer and yoke windings should 
not be less than 500 circular mils per ampere of r -m -s current. The 
r -m -s value depends on waveshape (See Table II) and amplitude of 
the current. The current in the windings of the auto -transformer can 
be approximated closely by selecting waveforms representing normal 
efficient operating conditions. 

The deflection coil current Illy is a linear sawtooth current without 
/Erect-current component and is given accurately by : 

I v = 0.29 (î + £2). (36) 
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The r -m -s plate current 1711,1 contains a matching current com- 
ponent. A practical plate current i,,1 has the shape of an inverted sine 
wave section (See Table II) which may have a slightly flattened peak 
(due to grid current). The r -m -s value is approximated with good 
accuracy by 

III bi = 1.6 Ibl. (37) 

This current value determines the wire size of the transformer winding 
ni - n2 and part of the plate loss in V1 (see later). 

The r -m -s plate current 111b2 can be computed from the diode peak 
current 

and the relation 

1,2 = (-n-8-181. 
n2 

II1b2 0.41 îP2 (38) 

which assumes a normal waveshape matching the selected plate current 
waveform. 

The currents in the auto -transformer windings (n2 - n3) and n3 
consist of a number of components which have substantially ideal 
triangular class B waveshapes. 

The current in n2 - n3 is the sum of the reflected current (n3 /n2) sit, 
the component (n3 /n2) sit reduced by the ratio n2 /n1, and the small 
direct -current IBE which can be neglected. Because of the triangular 
class B waveshape the r -m -s current is closely 

l 

2 % 
IIIn2-n3 

3 

S21 

- 0.41 
22 / n ) + (si.,)2 . (39) 

n1 

The current in n3 consists of the deflection -coil currents it + i2 
minus the components sit (n3 /n1) from V1 and sit (n3 /n2) from V2, 
and may be approximated by 

r n3 2 n3 

l2 
i 1I3-0.41 --sil + â2--sî2/ 

J (40) ni n2 

The current values computed for the example (listed in Table III) 
determine the wire sizes and permit calculation of coil dimensions, 
winding resistances, and the copper loss (See Table IV). 
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It is beyond the scope of this paper to describe the design of the 
windings in detail. The number of turns per layer and the insulation 
thickness between layers and wires are varied to obtain a most favor- 
able balance between leakage inductance and the winding capacitances 
which can be computed with good accuracy as the series value of layer 
capacitances. The computed winding capacitances of the transformer 
furnish the capacitance network shown for the example in Figure 15. 

Reflected into the yoke winding, the capacitances add up to a total 
of 434 micromicrofarads making fo = 81.5 kilocycles. The desired 
retrace frequency fo = 70 kilocycles requires, therefore, a padding 
capacitance C = 116 micromicrofarads across the yoke terminals. (A 
faster retrace increases the surge voltages.) 

Fig. 15- Capaci- 
tance network of de- 

flection system. 

C 
micro- 

microfarads) Description 
C,,, (micro - 

microfarads) 

1 10 Plate V, and connection 44 
2 15 Cathode V. and connection 32 
3 80 Yoke and wiring 80 
4 38 Winding n, 38 
5 40 Winding n2- n, 48 
6 260 Filament Winding (V2) 60 
7 8 Winding n2 -n, 64 
8 6 High- voltage rectifier circuit 78 

Total Capacitance C= 434 
f, = 81.5 kilocycles 

Plate -Load Diagram, Power Loss Distribution, and Power Input 
The effective load impedance in the plate circuit of the power tube 

(V1) consists of a reactive load representing the power loss Ibl (E1- 
Ecb) _ (Pr + Px) and a resistive load Ri, representing the diode plate 
loss and the copper losses of the circuit. (Compare Figure 8.) The 
equivalent plate -load diagram of V1 is shown in Figure 16. 

The power values for the reactive "square -wave voltage" section of 
the plate load have been computed except for P,. Reactive loads of this 
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type do not contribute to the plate dissipation in V1 and can, therefore, 
be assigned a direct -current to alternating- current conversion. efficiency 
of 100 per cent. The net power which must be supplied by the B- supply 
for this load section is the sum of the retrace power loss Pr (containing 
the high -voltage power output), the direct -current power output Pm 
from the "boost" voltage, and the leakage- or series- inductance power 
loss P,. The leakage inductance in the V1 plate lead of the transformer 
is measured by shorting the yoke winding n3 and measuring the 
inductance of the n1- winding. The transformer constructed according 
to our example has an inductance (L,) of 2 millihenries. The inductive 
voltage drop developed by the plate current ipl increases during T, to 
the value 

EL, = 0,111,./L (n1 /n3) 2. 

DIODE LINE 

!- 
- 

RP SQUARE- WAVE -VOLTAGE LOAD 

o 45 
E MIN. 

13 129 

En1 Ib 

(41) 

223 
ES MIN 

PLATE VOLTS 

POWER FEEDBACK 

(Ecb 
Ibil 

Fig. 16-Plate -load diagram of deflection power tube (V,). 

For the example, EL, = 16 volts and requires the B -power 

P,= EL, Is1. 

433 
EBB 

(42) 

This power, P,= 1.25 watts, is dissipated partly in the transformer and 
partly in the plate resistance of V1. The purely reactive power on L, 
dissipated in the transformer equals 

P,r= 0.5L,ip12 fn= 0.87 watt, (42a) 

the remaining power (0.38 watt) is dissipated in V1 during T,. 
The direct -current power input to the resistive load section (R9) 

is obviously 

P8 = Ibl E129. 
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The alternating- current power dissipated in Rp is given by 

PRP - II I b12 RP - I I I b12 ERP/2p1 

The conversion efficiency is, hence, 

PRp/P III b12 /2p Ibl. (43a) 

The conversion efficiency is controlled by the plate- current waveform 
which relates peak, r -m -s, and average values. Letting III b1 /în1 = K1 

and 41/tip, = K2, Equation (43a) can be rewritten in the form 

PRP/PR = K12/K2. (43b) 

It is readily shown (See Table II) that the conversion efficiency varies 
from 0.625 for an inverted sine -wave current to 0.667 for a linear 
sawtooth current both of which may be continuous or intermittent. 
The value PRp/FR= 0.645 is a close approximation to all practical 
waveforìns, and furnishes the value of direct -current input power to 
the Rp section: 

PR = 1.55 PRp. (44) 

The power difference OP = 0.55 PRp is lost in the form of plate 
dissipation in V1 in addition to the minimum plate power loss 
Pm = Emí,,. Ibl which is determined by the "diode line" or "knee" of 
the plate characteristic. The power -tube plate dissipation is. hence, 
with Equation (42). 

Ppi = Emin Ib1 + 0.55 PRp + (P,-P). (45) 

The power loss PRp is the sum of all copper losses in the circuit 
including the diode (V2) plate dissipation. The copper loss Pop= 
(1112 X r) in the transformer windings and the deflection coil is readily 
computed and totals 1.41 watts (The power losses are itemized in 
Table IV). The diode plate loss can be computed from the r -m -s diode 
current (Equation (38)) and the equivalent diode resistance 

1 r1 a = 1.06 êp /ïp. (46) 

With Equation (38) the diode plate loss is expressed by 

Pp2 = 0.18 îp2 61,2. (47) 
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for the example 1P2 = 0.3 ampere. A 6W4 -GT diode has a peak plate - 
voltage drop en of 24 volts at this current. The diode plate dissipation 
P hence, 1.3 watts. To these losses must be added the copper loss 
in the linearity transformer T2, which will be estimated as 25 per cent 
of the power (P,2 + Pc) handled by T2 i i.e., 0.70 watt. The total 
copper and diode loss is equal to PR, and equals 3.41 watts. 

The total power input to the deflection system is the sum of all 
losses: 

PB = Emin I bl -{- 1.55 PR,, -}- P, -}- (Pr-}- P.,) (48) 

The power tube 6AU5 -GT has a plate voltage drop Emin = 45 volts at 
P1 = 0.234 ampere. The minimum plate -power input PB is, hence, 

17.35 watts, and requires a minimum B- supply voltage 

EBmin = PB /I b1= 223 volts. 

The power -tube plate dissipation P,1 (Equation (45)) is 5.4 watts. 
The power losses in the remaining circuit elements are listed in Table 
IV. The plate load diagram, Figure 16, indicates clearly the power 
distribution and voltages in the deflection circuit during the scanning 
period Ta. 

Discussion of Results 
The lower section of Table IV shows that the power losses of the 

circuit components are well balanced. The largest loss (5.78 watts) 
occurs in the power tube V1; but V1 controls a total plate -power input 
of 0.078 X 433 = 33.8 watts, operating, therefore, with an efficiency 
of 83 per cent. Equation (45) shows that the plate dissipation of V1 

is increased by the copper losses, the V2 plate loss and the leakage 
inductance loss. These losses should, therefore, be made as small as 
possible. (The values in the example are probably lower than in present 
deflection systems.) 

The second largest item in Table IV is the power output of the 
system (P.O. = 5.2 watts) which is used for kinescope light output 
and to operate the vertical deflection tube from the augmented voltage 
EBB = 433 volts. In view of the fact that the conversion efficiency with 
respect to the resistive load section in the power -tube characteristic 
is 100 per cent for these loads, this method of obtaining a higher 
B- voltage for vertical deflection is very efficient and particularly so 
for a system operating with a low B- voltage on the order of 250 volts. 
A further advantage of supplying the vertical deflection power from 
EBB is the fact that the aspect ratio of the raster changes little with 
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high -voltage power output because EBB decreases when the kinescope 
voltage drops due to regulation of the pulse rectifier system. The trans- 
former operates with a power input of 30.3 watts, its power loss is 
1.45 watts, and its efficiency has, therefore, the excellent value of 96 
per cent. Similarly, we find the yoke efficiency to be 86 per cent and 
the efficiency of the diode 93.5 per cent. 

A deflection system with voltage -doubling circuit was built accord- 
ing to the specifications in the example. The currents and voltages 
measured were within the accuracy of meter errors. The variation 
from the computed r -m -s values did not exceed 10 per cent in portions 
of the circuit where insertion of a meter caused small changes in the 
capacitance and resistance values. 

For the minimum B- voltage EB = 223 volts (See Figure 16) the 
screen -grid voltage of the 6AU5-GT was 178 volts and the screen 
current 8 milliamperes. At a B- voltage of 250 volts, the screen current 
dropped to 6 milliamperes. The measured high -voltage regulation is 
10 per cent at a beam current of 130 microamperes. 

The power load diagram, Figure 16, gives graphically the effect 
of circuit changes. If, for example, the coupling diode in the high - 
voltage rectifier were replaced by a 2- megohm resistor, the resistor 
would be reflected as a 154,000 -ohm shunt across the winding n3 and 
cause a power loss 1E1,2/154,000 _ 1.5 watts. When the diode filament 
power (0.25 watts) is removed, the power loss, P. is increased by 
1.25 watts which requires an increase of EB to 240 volts. Similarly, 
if the load Pa = 3.5 watts of the vertical deflection circuit is removed, 
the required B- voltage EB would decrease to 170 volts. Removing the 
high -voltage rectifier system also would drop EB to 146 volts. It is, 
of course, necessary to readjust the transformer ratio ni/n2 in each 
of these cases to comply with Equation (23). 

Replacement of the voltage -doubling rectifier circuit by a single - 
diode high -voltage rectifier requires a re- evaluation of the circuit 
constants. Because of the larger step -up and capacitance of the high - 
voltage winding, it is necessary to decrease the transformer induct- 
ance, and increase the flux density in the transformer. 

A system for deflecting a 70- degree kinescope and generating the 
voltage E0 = 14 kilovolts with a single high -voltage rectifier was 
computed and built for comparison with the voltage -doubling system. 
The plate -power input increased from 17.35 watts to 19.0 watts be- 
cause, for the same value Ibl, the B- voltage had to be increased to 
EB = 250 volts. The plate dissipation in the power tube and the plate 
loss of V2 remained approximately the same but the transformer loss 
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increased from 1.45 to 3.0 watts (increased core loss and leakage 
resonance loss in the high -voltage winding). 

Both systems were free of "ripples" in the deflection raster as 
well as negative "overshoots" in the plate voltage of V1. 

CONCLUSIONS 

The analysis of energy and power in reactive deflection systems 
with associated high -voltage supply has led to a relatively simple 
method of designing and examining practical deflection systems. The 
distribution of the power loss in tubes and circuit elements can be 
accurately determined from data on available materials for any chosen 
type of circuit. The plate load diagram of the power tube is readily 
established by measurement of a few circuit constants and current 
values. Its use can contribute much to the design of efficient deflection 
systems having trouble -free operation of electron tubes. It is shown 
that modern magnetic materials permit the design of efficient deflection 
coils and transformers with negligible power loss which make it pos- 
sible to control large deflection energies with inexpensive electron 
tubes. 

APPENDIX 

Table I -Decay Functions and Q- Factors. 

Q E-1.65/Q E-3.3/Q q q2 

50 0.968 0.936 1.0162 1.0326 
40 0.960 0.921 1.0204 1.0412 
30 0.946 0.895 1.0277 1.0561 
25 0.936 0.876 1.0330 1.0670 
20 0.921 0.848 1.0411 1.0838 
15 0.896 0.802 1.0548 1.1126 
12.5 0.876 0.768 1.0660 1.1363 
10 0.848 0.718 1.0822 1.1711 

9 0.832 0.693 1.0917 1.1918 
8 0.813 0.662 1.1031 1.2168 
7 0.790 0.624 1.1173 1.2483 
6 0.760 0.577 1.1363 1.2911 
5 0.718 0.516 1.1641 1.3551 
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Table II- Average and r -m -s Values of Deflection- Circuit Waveforms. 

$ Wave Form Average Value r -m -s Value 

1 

o-V 
= 

-t(I ..7.z 

I11=0.29 (îi-îx) 

2 = 0.5 t/T 1I1/î = 0.577 ViTT 

{-- T 

3 111/i= 0.476 VTT - 1 - I/î =0.363 t/T 
0 - - 

4 0-- écê/E=12.7 ê/iEl = 3.94 
-.47.5[.- s6 
µsec. µ SEC. 

sawtooth (alter- 
nating current 
only) 

intermittent 
sawtooth (alter- 
nating current 
+ direct cur- 
rent) 

intermittent 90- 
degree sine wave 
section (alter- 
nating current 
+ direct cur- 
rent) 
inductive volt- 
age normal time 
ratios 

Table III -Circuit Constants and Operating Conditions of a 
Deflection System (example). 

Symbol 
Value 

No Load 

Value 
at /. =120 

microamperes 

Circuit at 70 kilocycles 
Parallel value 
Shunt field factor 
Deflection power Q = co 

Reactive power Input 
Reactive power Output 
Retrace loss 
High -voltage power 

output 

Q. 
L 
s 

P. 

P) (L) 

P2(L) 

P. 
Pnv 

26. 
0.00875 henries 
1.143 

13.5 watts 

16.5 watts 
14.4 watts 
2.1 watts 
0 

16.5 watts 
12.8 watts 
3.7 watts 
1.6 watts 

(Loss free 
circuit) 

Inductive voltage 
Yoke peak voltage 

Yoke r -m -s voltage 
Yoke peak current 
Yoke peak current 

Ey=EL 
êL=êy 

148 volts 
1880 volts 

lEl5 = IEIL 476 volts 
î, 0.430 ampere 
î, 0.400 ampere 

144 volts 
Values for deflec- 
tion coil circuit 

0.430 ampere 
0.380 ampere 
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Table III- (continued) 

Value 
Symbol No Load 

Value 
at I. =120 

microamperes 

Peak current in L 
Peak current in L 
Equivalent average 

current 
Peak -to -peak yoke 

current 
Peak -to -peak current 

in L 

sî, 
82, 

Ia l 

0.491 ampere 
0.458 ampere 
0.164 ampere 

0.491 ampere 
0.435 ampere 
0.164 ampere 

11 +12 0.830 ampere 0.810 ampere 

s (î, + î,) 0.949 ampere 0.926 ampere 

Peak plate voltage ê,1 
Peak plate current îP1 

Average plate current Ib1 

3950 volts + ED, 
0.234 ampere 
0.078 ampere 

Values for V. 

Yoke / V, 
V: /V, 

Yoke / V, 

n3/n1 0.475 
n, /n, 0.69 Transformer 

turns ratio 
n,/n, 0.687 

Inductive voltage 

Boost voltage 

E1 311 volts 303 volts Transformer 
inductive 
voltages 

210 volts E , = Eob 214 volts 

Reactive input power Ib1En1 

Direct -current output 
power 

Reactive power loss 
Feedback power 

P. 

Pr + P. 

24.2 watts 23.6 watts Power values 
(for Iss = .017 
ampere and Ls 
= 0) 

3.6 watts 

7.3 watts 
16.3 watts 

Peak V. current 
Peak V, voltage 

iP, 
ê 

0.30 ampere V, 
-2720 volts 

V, current 
Transformer current 

Transformer current 
Yoke current 
V, current 

0.125 ampere 
0.155 ampere r -m -s cur- 

rent values 
0.052 ampere 
0.235 ampere 
0.123 ampere 
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Table IV- Power -Loss Distribution in a Deflection System (example). 

Description Symbol 
Power 

(Watts) 

Resistances and copper 
losses 

r, 19 ohms 1.050 Yoke 

rnl-n, 10 ohms 0.155 Transformer 
rnrn, 6.5 ohms 0.156 Transformer 
In. 17 ohms 0.046 Transformer 

Total copper loss Pon 1.407 (During T.) 
V, plate loss Pp, 1.30 
Loss in linearity 

transformer 
T, 0.70 

3.41 Loss in R, Pap Resistive losses 
during T. 

Loss in R, load section Pa 5.30 (Pa, + conver- 
sion loss) 

Minimum plate loss in Vi Pa, 3.50 (E.,. Ibl) 
Leakage reactance in V1 

plate circuit 
P. (EL, =. 16 volts) 1.25 (EL, Ibl) 

Reactive power loss (I', + P.) 7.30 (Loss during T, 
and power out- 
put) 

Total power input Pa 17.35 

Vi Plate loss Pp1 5.78 Equation (44) 
V, Plate loss P 1.3 During T. 
Total transformer loss 

Linearity transformer 

PT, 

PT, 

1.45 

0.70 

During T. and 
T, including P., 

Total yoke loss P, 1.05 + 1.02 2.07 During T. and 

Power output P.O. 1.6 + 3.6 5.2 
T, 
Par + P. 

Rectifier filaments Pr 0.75 

Total P3 17.35 
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AUTOMATIC FREQUENCY PHASE CONTROL OF 
TELEVISION SWEEP CIRCUITS ''t 

BY 

E. L. CLARK 

RCA Victor Division, 
Camden, N. J. 

Summary -This paper describes three different types of automatic -fre- 
quency- control circuits: (1)sawtooth type, (2) sine -wave type, and (3) 
pulse -time type. 

The sawtooth system forms a sawtooth from the pulse present across 
the deflection yoke. This sawtooth is compared in phase with the syn- 
chronizing pulse to produce a control voltage for frequency phase control 
of the sweep circuit. 

The sine -wave type comprises a stable sine -wave oscillator which is 
controlled in phase and frequency by the synchronizing pulse, and in turn 
controls the sweep circuit. 

The pulse -time system measures the area of the synchronizing pulse as 
it rests on the edge of a shelf. Phase variations change this area, and 
provide information to control the sweep circuit. 

A TELEVISION PICTURE can be considered as being composed 

of horizontal lines of varying brightness. A line is traced by 

a flying spot starting at the left of the picture and uniformly 
traversing the raster to the right side of the picture, and then rapidly 
returning to the start of the next line. In this manner, the lines com- 

posing the picture are built downward from the top to the bottom of 

the picture. 
In order that the picture be perfect, the elements of successive 

scanning lines must coincide exactly. To accomplish this, a trigger 
signal or synchronizing pulse accompanies every line to initiate 
retrace. When the circuit used is such that every line must be started 
by the synchronizing pulse, as in older television receivers, it is termed 
triggered -type synchronizing. This type of synchronizing is satisfac- 
tory if there is sufficient signal and no interference present. However, 
in practice these requirements are not always met, in which case some 

of the lines are triggered by noise or interference. This random trig- 
gering by the noise results in an imperfect picture. 

To improve the picture register and reduce the effects of interfer- 
ence, the automatic -frequency -control system of synchronizing was 

* Decimal Classification : R583.5 X R355.914.431. 
Reprinted from Proc. IRE, May, 1949. 
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developed. In essence, this system consists of integrating a number 
of synchronizing pulses to provide a control, rather than controlling 
each scanning line individually. 

There are three commonly used systems for obtaining automatic 
frequency control. They are often referred to as (1) the sawtooth 
type, (2) the sine -wave type, and (3) the pulse -time type. 

I. SAWTOOTH SYSTEM 

A schematic diagram of the sawtooth -type automatic- frequency- 
control circuit as applied to horizontal deflection is shown in Figure 1. 

This diagram includes a synchronizing amplifier tube V1, a phase 
detector or keying- circuit tube V2, a direct -current -amplifier tube V3, 
and a blocking -oscillator tube V4. T1 is a pulse -type transformer that 
passes the horizontal synchronizing pulses, but not the vertical syn- 

SYNC 
PULSES 

VI /LA_ C I 

S 
d RI 

V2 KI 
PI 

V3 HOLD 
CONTROL 

R T2 

C7 K2 P2 C2 C3 

R6 6s 

VERTICAL .a 
SYNC 

1311 1I.3 
p3 

if p-'-y -y__A-CA%IS 
2 2 2 

B 

V4 

'8 
Fig. 1 -The schematic diagram of the sawtooth -type automatic- frequency- 

control circuit, as applied to horizontal deflection. 

chronizing pulse. The polarity of the pulse in the secondary of T1 is 
such as to cause current to flow in the diodes Pl, Kl and P2, K2 of 
tube V2. The diode current charges capacitors Cl and C7 with polarity 
as shown, which is such as to bias the diodes of tube V2 open except 
when the pulse is present. This diode circuit is in the form of a bridge 
circuit with a voltage from Pl to K2, but no voltage from P2, K1 to 
ground. In operation, it can be used as a keying circuit to key the 
voltage existing on the transformer T1 centertap to capacitor C2. 
This keying action is present only when the diodes of tube V2 are 
caused to conduct by the action of the synchronizing pulses applied to 
them. A sawtooth of voltage as shown at A is applied to the centertap 
of transformer Ti. This sawtooth of voltage is produced by par- 
tially integrating a positive pulse (curve B) obtained from the 
horizontal deflection transformer (not shown). The amplitude of 
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this sawtooth is adjusted so that it is less than the voltage developed 
across capacitors Cl and C7 by the synchronizing pulses, and hence 
will not cause diode conduction by itself. However, during the time the 
synchronizing pulse is present, the diodes conduct and can be consid- 
ered as momentarily connecting the sawtooth to capacitor C2. With 
normal adjustment, the synchronizing pulse occurs at point 1 on curve 
A. Point 1 is on the alternating- current axis of the sawtooth voltage; 
hence no charge will be acquired by capacitor C2. Assume that the 
phase of the sawtooth voltage changes so that the synchronizing pulse 
occurs at point 2 on curve A. The voltage at this point is negative with 
respect to the alternating- current axis and will be keyed to capacitor 
C2, which will gradually acquire a negative charge equivalent to the 
voltage present at point 2. The grid of tube V3, being connected to 
capacitor C2, is also negative, which reduces its plate current, resulting 
in an increase of voltage on its plate. This increased voltage is con- 
nected by way of resistor R4 and transformer T2 to the grid of the 
blocking -oscillator tube V4. Its effect is to change the phase of the 
blocking oscillator in such a way that the synchronizing pulse is re- 
turned toward its original position 1 on curve A. 

If the phase of the sawtooth had changed so the synchonizing pulse 
occurred at point 3 of curve A, the charge acquired by capacitor C2 
would be positive and the voltage on the plate of tube V3 would be 
reduced, which would cause the phase of the blocking- oscillator tube 
V4 to change, again returning the position of the synchronizing pulse 
toward its original position, point 1. Thus, the frequency and phase 
of the blocking oscillator is held in step by integrating the synchroniz- 
ing pulses. It does not matter whether the oscillator changes or the 
rate of the synchronizing pulse changes; the action is the same. The 
grid circuit of tube V3 has no direct -current return, and its potential 
can change only through the action of the keying- circuit tube V2. The 
time constant of the system is governed by the values of C2 and R2, C3. 

This automatic- frequency -control system can also be applied to the 
vertical sweep circuits. 

II. SINE -WAVE SYSTEM 

The circuit of the sine -wave type of automatic frequency control is 
shown in Figure 2. This circuit embodies a stable sine -wave oscillator 
of the Hartley type (V2), a comparator (V1), and a reactance tube 
(V3). 

Its features are automatic operation and good immunity from inter- 
ference. Tube V2 is an extremely stable sine -wave oscillator operating 
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at the horizontal rate of 15,750 cycles per second. In operation, the 
phase of the sine wave and the synchronizing pulses are compared. A 
phase change will produce direct -current information which is applied 
to the grid of the reactance tube V3, which controls the frequency of 
the Hartley oscillator. 

A double -diode tube V1 is used as a comparator, and functions in 
much the same way as an FM detector. The plates of this tube are 
connected to the center -tapped coil S of Tl, which is inductively coupled 
to P of T1, the tank coil of the Hartley oscillator. 

Referred to the centertap of S, sine -wave voltages of equal ampli- 
tude and opposite polarity are applied to each of the diode plates of 
tube Vl. The synchronizing pulses are applied to the centertap, and 

GALS 
VI 

TI 
8 8 

OOTTOY 
OlOOL 

/ 
V3 

e V / m,LL ....nr 

+B 

\z/\ \,/\ \/\ 
w 

OWN, OW o,...kwart, -:ti 

Fig. 2 -The schematic diagram of the sine -wave type of automatic - 
frequency- control circuit, as applied to horizontal deflection. 

consequently this voltage appears in the same phase and with equal 
amplitude on each diode plate. 

When the synchronizing pulses and sine wave are properly phased 
(as shown in Figure 2, curve A), there will be zero voltage developed 
at the output of the comparator. 

If the phase of the synchronizing pulse changes with respect to the 
sine wave (as shown in curve B), then the top diode will produce more 
voltage output than the bottom diode, resulting in a positive voltage at 
the comparator output. In curve C the reverse condition exists, and a 
negative voltage will appear. Obviously, then, the direct -current 
output of the comparator will run from negative through zero to posi- 
tive, depending on the phase relation of the pulse and the sine wave. 
In this way, the necessary control information is produced and applied 
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to the grid of the control tube (V3) through a filter network which 

removes interference pulses and other misinformation, which would 

otherwise affect the frequency of the oscillator. 

The oscillatory action takes place between the screen, grid, and 

cathode of tube V2. The peak -to -peak sine -wave voltage on the oscil- 

lator grid is approximately 130 volts. This grid swing produces the 

wave shape on the plate (as shown in curve D), which is differentiated 
by an RC network. The wave after differentiation is shown in curve E. 

The positive portion of this differentiated wave operates the discharge 
tube. In practice, it is necessary to phase the synchronizing pulse with 
the differentiated wave used to trigger the discharge tube. To do this, 
the winding S of transformer T1 is tuned off resonance from the oscil- 

lator tank circuit P of T1. This circuit is tuned on the low- frequency 

side of the oscillator tank circuit, which operates at 15,750 cycles per 
second. When properly adjusted, the picture raster will show a small 

percentage of blanking on the right side of the picture, and will also 

be blanked to the same extent on the left side. With this adjustment, 
the picture is properly phased with respect to the synchronizing pulses. 

If the blanking bar occurs in the middle of the picture, the winding S 

of T1 is badly out of adjustment, or the diode plates of tube V2 are 

interchanged with respect to the winding S of Tl. 

III. PULSE -TIME SYSTEM 

The schematic diagram of the pulse -time or width -control type of 

automatic- frequency -control circuit is shown in Figure 3. Its operation 

is based on what may be described as "width modulation" of the 

synchronizing pulse. A locally generated sawtooth is phased to allow 

a varying portion of the synchronizing pulse to fall atop the positive 

corner of the sawtooth, while the remaining portion slides down the 

steep side. Control voltage is a function of the pulse width atop the 

positive corner of the sawtooth, the peak amplitude of the combined 

waves being essentially constant. 

Width modulation constitutes the basic difference between the 

pulse -time and other forms of automatic -frequency -control systems. 

Satisfactory operation of this circuit depends upon the proper wave 

shape being formed to apply to the grid of the control tube. 

An exploded view of the wave- shaping network and wave shapes as 

applied to the grid of the control tube is shown in Figure 4. 

The synchronizing pulse El is fed into the circuit at point 1, and 

appears as el at point P, being attenuated by capacitors C1 and C3. 

The wave shown as E2 is obtained from the horizontal deflection 
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Fig. 3 -The schematic diagram of the pulse -time type of automatic - 
frequency- control circuit, as applied to horizontal deflection. 

system and is in the form of a high -voltage negative pulse, which is 
fed into the system at point 2. The network R1, C2, C3 partially 
integrates and attenuates this pulse, E2, to form the wave e2 at point P. 
The third wave shape, E3, is obtained from the discharge capacitor 
connected to the tap on the blocking -oscillator transformer, and is fed 
into the network at point 3. Resistor R2 and capacitor C3 attenuate 
and integrate E3 to form the parabola e3 at point P. 

A parabola has the advantage over a sawtooth of having a steeper 
slope near the peak, and therefore provides increased gating. The 
voltage e2 is necessary to produce a sharp downward slope immediately 
following the peak of the parabola e3. 

The combined wave eo at point P, which is coupled to the grid of the 
control tube, is shown for three different conditions of phase between 
the local oscillator and the synchronizing signal: (1) the curve at (a), 
when most of the synchronizing pulse is atop the parabola; (2) at 
(b), when one -half of the synchronizing pulse is atop the parabola; 
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Fig. 4-An exploded view of the wave -shaping network and wave shapes, 
as applied to the grid of the control tube of the pulse -time 

type of automatic -frequency -control circuit. 
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and (3) at (c), when most of the synchronizing pulse is down the slope. 
Tube V1 (Figure 3) is the control tube and is biased near cutoff by 

the direct -current component of the oscillator grid voltage applied 
through resistors R3 and R4. Its plate current consists essentially of 
pulses whose width is determined by the relative position of the syn- 
chronizing pulse atop the peak of the parabola. The voltage developed 
across resistor R7 by this average plate current is injected from the 
cathode circuit of the control tube V1 into the grid of the oscillator tube 
V2 by way of resistor R9, and thus maintains the phase of the oscillator 
with respect to the synchronizing signal within very close limits. The 
cathode circuit is an integrating network with the following properties: 
a fast response as C6 is relatively small, and a slow response as C5 and 
resistors R6 and R7 are relatively large. The former integrates the 
pulses of current and also acts to prevent hunting, while the latter 
maintains control over a longer period of time, and filters out disturb- 
ances of greater duration. The plate circuit contains a potentiometer 
R8, which acts as a vernier speed control. 

The capacitor C3 is made adjustable, so that the control- tube's grid 
voltage can be varied to suit the characteristics of the individual tube, 
and thus maintain the control range at a uniform level. 

The blocking -oscillator circuit used in this system is somewhat 
different from that of conventional blocking oscillators. The trans- 
former T1 is an autotransformer arranged in an i -f transformer can, 
and uses a powdered -iron core which permits a certain amount of 
frequency adjustment. This is limited by coupling requirements, and 
additional range is obtained by the use of a trimmer capacitor C7, 
which is connected across a portion of the blocking -oscillator's grid 
resistor R7. Tube V2 functions not only as the blocking oscillator, but 
also as the discharge tube. A sawtooth of voltage is developed across 
capacitor C10, and is used for horizontal deflection. 

The synchronizing separator used with the pulse -time automatic - 
frequency- control system must be of a type that provides synchronizing 
pulses of constant amplitude. This system has been called a width - 
modulation system; actually, it can be considered a variable -area 
system. If the synchronizing pulse amplitude is not maintained con- 
stant, the area of the effective portion of the synchronizing pulse will 
not contain the proper information, and poor results will be obtained. 

CONCLUSIONS 

In comparing these three systems of automatic frequency control, 
it can be said that they all provide better synchronizing than can be 
obtained by the use of a triggered synchronizing system. 
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The sawtooth type of afc (Figure 1) as shown does not snap into 
synchronism immediately, but takes an appreciable time. However, 
this undesirable feature of operation has subsequently been overcome. 

The sine -wave type snaps into synchronism the instant the signal 
is applied. It is also the most noise -immune of the three systems. It 
requires more "B" current than the others and uses the most tubes. 

The pulse -time system uses the fewest tubes of the three systems. 
The picture snaps into synchronism as soon as the signal is applied. 
The noise immunity is equally as good as the sawtooth type, and 
approaches the sine -wave type very closely. 
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A STUDY OF COCHANNEL AND ADJACENT - 
CHANNEL INTERFERENCE OF 

TELEVISION SIGNALS *t 

A Report 

BY 

RCA LABORATORIES DIVISION, PRINCETON, N. J. 

Part I - Cochannel Studies 

Summary -The reduction of cochannel television interference with 
monochrome signals, color television signals, and combinations of mono- 
chrome and color signals by the use of the offset- carrier (10.5 kilocycles) 
method has been investigated in the laboratory through the medium of 
observer tests. Included in the study are the field- sequential, the line - 
sequential, and the dot- sequential color systems. The results of extensive 
field and laboratory experiments with synchronization of monochrome 
television carriers are reported in detail. On the basis of subjective view- 
ing of interference by observers, ratios of desired to interfering carrier 
strengths are listed for tolerable interference and perceptible interference. 
Such data lead to a rational criterion for the allocation of monochrome and 
color television stations on an offset carrier (10.5 kilcycles) basis. 

GENERAL DISCUSSION 

N THE Fall of 1948, when the Federal Communications Commis- 
sion (FCC) held hearings on the problem of cochannel interfer- 
ence of very- high- frequency (VHF) television stations, established 

the Ad Hoc Committee to review the available data on tropospheric 
propagation in order to arrive at an acceptable method of predicting 
interference, and instituted the "freeze" on new television station 
construction, the Radio Corporation of America accelerated its pro- 
gram of development on a television carrier synchronizing system. At 
the engineering conference, December 2, a report on the laboratory 
tests concerning television carrier synchronization was made and the 
equipment used in the Princeton laboratory to synchronize WNBT, 
New York, with WNBW, Washington was described. 

Early in 1949, the synchronizing equipment was moved to a field 

site midway between New York and Washington and field observations 
of the operation of the system were made for a period of several 
months. Concurrent with these tests, further laboratory development 

* Decimal Classification v R171 XR430.11 YR583.16. 
1' Reprinted from RCA Review, March 1950. 
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was progressing which resulted in "offset carrier" operation. This 
latter method was simpler in operation, was more economical of equip- 
ment, and yielded results superior to television carrier synchronization. 
Field experience with a number of Channel 4 stations followed. In the 
Summer of 1949, quantitative data was obtained in the laboratory, in 
cooperation with the Joint Technical Advisory Committee (JTAC) of 
the Institute of Radio Engineers and the Radio Manufacturers Asso- 
ciation with a large number of observers, to determine the probable 
desired -to- undesired signal ratio for unsynchronized signals, for syn- 
chronized signals, and for signals using offset carriers. These labora- 
tory tests, as well as much field experience, firmly established the fact 
that offset carrier was a simple and effective method of reducing co- 

channel interference. 
It is the purpose of this report to describe the early work on tele- 

vision carrier synchronizing, to discuss the offset carrier method and 
describe field observations of the method, to discuss briefly the JTAC 
observer tests, and to describe more recent work carried out by RCA in 
determining the desired -to- undesired signal ratios for offset carrier 
operation as applied to the RCA dot -sequential color television system 
and the Columbia Broadcasting System field -sequential color television 
system and in attempting to determine the appropriate ratios for the 
Color Television, Incorporated line -sequential color television system. 

PRELIMINARY EXPERIMENTS WITH SYNCHRONIZED TELEVISION CARRIERS 

When two cochannel television stations are operated normally, the 
carrier frequencies may differ by only a few cycles, by fifty to one 
hundred cycles, and at times by several hundred cycles. The resultant 
beat between the carrier of the desired signal and the carrier of the 
interfering signal appears as horizontal moving black bars in the tele- 
vision picture. With increased interfering signal, the undesired picture 
appears in the background of the desired picture. Experience has 
shown that the horizontal bars due to carrier beat become objectionable 
when the undesired picture in the background is barely visible. With 
the two carriers precisely synchronized in frequency, the moving bars 
are completely eliminated and the undesired picture becomes the next 
source of interference to be considered. Under this condition of precise 
synchronization, the improvement to be obtained depends upon the 
relative phases of the two carriers at the receiving point. If the two 
carriers could be held precisely in time quadrature, the largest improve- 
ment would be secured. The least improvement is achieved when the 
carriers are in phase or in phase opposition. Hence, in observer tests 
carried out in the laboratory to determine improvement ratios, it 

www.americanradiohistory.com

www.americanradiohistory.com


166 TELEVISION, Volume VI 

seemed desirable to determine the improvement ratios which applied 
in the least favorable phase condition. 

A laboratory test was conducted with twenty -five observers. The 
observers were shown a television picture with an unsynchronized 
signal as a source of interference. The interfering signal was adjusted 
to a value which the observer indicated to be objectionable. Then the 
carrier frequencies were synchro- 
nized, adjusted to the least favor- 
able phase, and the undesired signal 
increased until the observer felt 
that the interference was of the 
same degree of objectionableness as 
for the unsynchronized condition. 
The improvement factor was taken 
as the number of decibels which the 
undesired signal was increased from 
the unsynchronized case to the syn- 
chronized case. The results of this 
laboratory test are shown in Fig- 
ure 1, expressed as a probability 
distribution in terms of the percent- 
age of observers noting an improve- 
ment greater than the correspond- 
ing ordinate value. It may be noted 
from Figure 1 that fifty per cent 
of the observers experienced an im- 
provement of 17 decibels in favor 
of carrier synchronization. 

To obtain field experience under home receiving conditions, equip- 
ment was assembled which made possible the carrier synchronization 
of television station WNBT, New York, with WNBW in Washington. 
The equipment used in conducting the synchronizing test consisted of 
two units. The first unit was located in the RCA Laboratories in 
Princeton, New Jersey, and the second was located at Station WNBT 
in New York. The equipment at the Princeton Laboratories included 
two narrow -band superheterodyne receivers. The voltage from a single 
local oscillator was applied to the first detectors of both receivers, 
thus the frequency difference between the two incoming signals was 
retained. The output signals from the two intermediate -frequency 
amplifiers were mixed in a phase discriminator, the output voltage of 
which was a measure of the phase difference between the two incoming 
carriers. The output voltage of the phase discriminator was used to 
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Fig. 1- Improvement in reception 
of a television signal in the pres- 
ence of a cochannel interfering 
signal. (The improvement factor 
is that obtained with synchronized 
carriers in the least favorable rela- 
tive phase, with nonsynchronous 
operation used as the reference 

standard.) 
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frequency modulate an RC oscillator plus or minus 300 cycles about 
a mean frequency of 1000 cycles. This frequency -modulated 1000 -cycle 
tone was the control signal which was transmitted from Princeton to 
New York over a normal telephone line. To receive the radio signal 
from WNBT, a dipole antenna with reflector was used. This arrange- 
ment did not receive enough signal from Washington to interfere with 
the control circuits. The second antenna, used to receive WNBW, was 
a bridge dipole and reflector combination. It had an excellent front -to- 
back ratio, but was not sufficiently good for the purpose. To further 
improve the discrimination against the New York signal, some signal 
from the New York antenna was introduced into the transmission line 
coming from the antenna directed at Washington. This injected signal 
from New York was adjusted in amplitude and phase so as to further 
reduce the undesired New York signal on the output terminals of the 
Washington receiver. 

x In New York the frequency- 
modulated 1000 -cycle tone was 

WNW" 
NEW YORK 

AMPLIFER AM FR reconverted by a frequency discrim- 
inator to a control voltage corres- 
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discriminator on the output of the 
two receivers in Princeton This 
control voltage was applied to a 
reactance tube in the transmitter 

- =Cs crystal circuit in such a way as to 
Fig. 2 -Block diagram of the tele- shift the crystal frequency as much 
vision carrier synchronizing system as plus or minus 300 cycles. The used to synchronize WNBT with 

WNBW. general arrangement is shown in 
the block diagram of Figure 2. 

The operation of the system was as follows. Signals from New 
York and Washington were compared in the phase discriminator at 
the output of the two receivers located in Princeton. The information 
regarding relationship of the two carriers was carried as frequency 
modulation of the 1000 -cycle tone by telephone line to New York. The 
frequency shift of this tone was utilized to change the frequency and 
phase of the New York carrier to maintain a fixed phase relationship 
between the New York and Washington carriers as observed at 
Princeton. 

During the months of November and December, 1948, and part of 
January, 1949, the apparatus of Figure 2 was used to synchronize 
WNBT with WNBW and observations were made at many home re- 
ceiver locations in the vicinity of Princeton. A schedule was arranged 
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so that for a number of short periods through the evening hours the 
stations were operated unsynchronized with interference bars appear- 
ing in the received picture. It was demonstrated that carrier syn- 
chronization brought about a very real improvement in reception of 
WNBT in the Princeton area, a distance of 40 to 45 miles from New 
York. In some locations, the interference from WNBW in the unsyn- 
chronized condition was so severe that the picture from WNBT was 
not usable. At these same locations, synchronization generally improved 
the picture to such an extent that it was quite acceptable. 

While these Princeton tests demonstrated the soundness of the 
principle of television carrier synchronization, real practical operating 
difficulties existed because of the strong WNBT signal and the weak 
WNBW signal at the receiving point where the synchronizing receivers 
were located. Even with the best balancing arrangement that could 
be devised, it was not always possible to balance out the WNBT signal 
in the receiving antenna used to receive WNBW. A decision was soon 

Fig. 3 -The receiving equipment 
site at Brandywine, near Wilming- 

ton, Delaware. 

1. STRAIGHT BACK WITH 
W.0 TOWER_ 

12% STRAIGHT BACK WITH 
NO TOWER 

Fig. 4 -The relative field patterns 
in the horizontal plane of the 
Brandywine receiving antennas. 

reached to move the receiving apparatus to a point where the signals 
from the two stations would be of approximately the same value. 
Arrangements were made to use the building and land available at the 
Western Union microwave relay site at Brandywine, a few miles north 
of Wilmington, Delaware. This property was midway between the two 
transmitting stations, 103 miles from WNBT and 103 miles from 
WNBW. Two large receiving antennas were erected on poles 50 feet 
in height, as shown in Figure 3. The antenna at the right in this 
picture was used to receive WNBW, while the one on the left received 
WNBT. The relative horizontal field patterns of these antennas are 
shown in Figure 4. The proximity of the Western Union tower reduced 
the back signal of the WNBW antenna so that the WNBT signal in 
this antenna system was of no consequence. The antenna receiving 
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the WNBT signal was in an open field and had a back lobe of 12 per 
cent, so the antenna was turned slightly to further suppress the WNBW 
signal. 

The transmitter control gear was installed at WNBW and a tele- 
phone line connected the receiving equipment at Brandywine with 
WNBW control equipment. Both the transmitter control equipment 
and the receiving equipment were those previously used at Princeton. 
Synchronization of WNBW and WNBT, using the Brandywine installa- 
tion, began on January 22, 1949, and continued for several months. 
Shortly after the start of operations at Brandywine, the RCA Victor 
Division supplied new equipment of a more advanced design for use 
at Brandywine and at WNBW. This equipment included refinements 
not used in the original equipment, and in addition provided the means 
for synchronizing three stations. This was done in anticipation of the 
time when WGAL -TV, in Lancaster, Pennsylvania, would begin broad- 
casting on Channel 4. This latter receiving station synchronizing 
equipment and the transmitter control units are shown in Figure 5 
and Figure 6, respectively. 

Continued observations of signal reception in the fringe areas of 
WNBT and WNBW showed that the application of carrier synchroniza- 
tion had indeed proven beneficial to viewers who had been troubled by 
cochannel interference. As a result of the experience gained with the 
Brandywine installation, plans were made with the General Electric 
Company and the Westinghouse Radio Stations, Incorporated, to estab- 
lish a receiving point at Wilbraham, Massachusetts, with the necessary 
equipment to synchronize WBZ -TV in Boston and WRGB in Schenec- 
tady with WNBT. Receiving antennas were erected and some equip- 
ment was installed at Wilbraham in preparation for this next step. 
This project was halted by the advent of "offset carrier" operation, 
which had resulted from continued research at RCA Laboratories on 
the problem of cochannel interference. Since it was soon apparent 
that offset operation was extremely simple, very economical, and yielded 
results superior to television carrier synchronization, the Wilbraham 
propect was dropped, the Brandywine operation ceased, and offset 
carrier experiments were immediately started with WNBT and WNBW. 

EXPERIMENTS WITH OFFSET CARRIERS 

For the condition of nonsynchronous operation where there are 
four or five horizontal black bars in the picture, there are sections of 
positive and negative interfering pictures corresponding to the cycles 
of the beat between the two carriers. With this observation as a basis, 
it was concluded that if the beat difference between the two carriers 
were made to correspond exactly to one -half the line frequency, a 
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condition would be obtained where not only would the beat between 
carriers be a very fine pattern, but also the odd and even lines would 
contain interfering pictures of opposite polarities, with a tendency to 
integrate out when observed at normal viewing distance. To check 
this condition, an experimental arrangement was made in the labora- 

tory where the carrier of the local 
signal was offset by precisely 7,875 
cycles with respect to the interfer- 
ing signal. A group of twenty -five 
observers was used to obtain the 
data shown in Figure 7, which 

Fig. 5- Television carrier synchro- 
nization equipment, receiving sta- 

tion rack. 

Fig. 6- Television carrier synchro- 
nization equipment, transmitter 

control units. 

shows the improvement obtained by this precise offset method with 
respect to the normal unsynchronized condition. It may be seen from 
Figure 7 that fifty per cent of the observers experienced an improve- 
ment of at least 25 decibels. This was an improvement of approximately 
8 decibels over the synchronized carrier condition. 

To operate two stations under this condition requires the same 
equipment as used for carrier synchronization plus a few items of 
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auxiliary equipment requires to produce the precise displacement of 
one -half line frequency, or 7,875 cycles obtained by dividing the actual 
received line frequency by 2. The precision of frequency control re- 
quired to obtain the full advantage of this method of operation requires 
that the synchronizing generators at both transmitters be operated 
from crystals, rather than from 60 -cycle power supplies which may 
not be tied into the same power network. 

At the completion of this series of laboratory tests, it was thought 
that perhaps the frequency tolerance specified above for the half -line 
frequency condition could be reduced in exchange for some of the 8- 

decibel improvement obtained over 
the synchronized condition. In other 
words, if the frequency tolerance 
for the half -line frequency oper- 
ating condition could be made the 
same as the normally- specified 
transmitter crystal stability, the 8- 

decibel improvement over the syn- 
chronous condition could be sacri- 
ficed to obtain this simple operating 
condition. If this arrangement 
were at least equal to the synchro- 
nized condition, it would be without 
the equipment difficulties, telephone 
line charges, personnel and plant 
facilities required for synchronized 
operation. 

To determine the improvement 
as a function of the difference fre- 

quency between the two transmitter carriers, additional laboratory 
measurements were made. A group of observers made observations at 
a number of offset carrier frequencies. The curve of Figure 8 was 
the result. To obtain this data, the difference frequency between the 
two carriers was adjusted to give the fine horizontal black bars their 
most objectionable appearance, that is, they moved slowly either up 
or down in the picture. The data presented in Figure 8 is for the 
worst condition that could be realized for a given nominal offset or 
difference frequency between the two carriers. From the curve of 
Figure 8, it is seen that at a nominal half -line frequency difference 
between the two carriers, an improvement of approximately 20 decibels 
is obtained, as compared to the 25- decibel improvement obtained at the 
precise half -line frequency. 
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Fig. 7- Improvement in reception 
of a television signal in the pres- 
ence of a cochannel interfering 
signal. (The improvement factor 
is that obtained with carriers offset 
by one -half line frequency, 7875 
cycles, with nonsynchronous oper- 
ation used as a reference stand- 

ard.) 
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From Figure 8, it is seen that as the difference frequency between 
the two carriers is further increased, a minimum improvement is ap- 
proached at line frequency, and again another favorable interference 
condition is reached at one and one -half times line frequency. With 
the data of Figure 8 in mind, it is seen that in a situation where three 
stations are involved, one station could be on frequency, the second 
station displaced half -line frequency above, and the third station dis- 
placed half -line frequency below. With this arrangement, the inter- 
ference between stations 1 and 2 and between stations 1 and 3 would 
be at a minimum. However, the interference between stations 2 and 3, 

which would have a carrier difference corresponding to line frequency, 
could be very severe or at best little if any improvement would be 
noticed. To overcome this difficulty in a three -station situation, it was 
proposed that a displacement in carrier frequency of not half -line fre- 
quency but 10.5 kilocycles be used. Again referring to Figure 8, it is 

Fig. 8- Improve- 
ment in reception in 
the presence of a co- 
channel interfering 
signal as a function 
of the frequency dif- 
ference between car- 
riers. (Fine adjust- 
ment of frequency 
for maximum visi- 
bility of interfer- 

ence.) 
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seen that with an offset of 10.5 kilocycles, an improvement of approxi- 
mately 15 decibels is obtained. Also the frequency difference between 
stations 2 and 3 is now 21 kilocycles, with an improvement of approxi- 
mately 15 decibels. 

In order to put laboratory experience to a field test in the simplest 
form, it was only necessary to obtain a new crystal for the WNBT 
picture transmitter and another new crystal for the WNBT frequency 
monitor and to secure permission from the FCC to make this slight 
shift in frequency for experimental purposes. During the late Spring 
of 1949, observations in home receiving locations were made in the 
Princeton area. It was soon apparent that this simple offset carrier 
method was extremely effective in reducing cochannel interference on 
Channel 4 in the fringe area. Many demonstrations were made during 
this period where the WNBT frequency was periodically returned to 
its normally assigned value. The improvement due to offset carrier 
operation was indeed striking. 

On June 17, 1949, WNBT in New York was returned to its normally 
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assigned frequency. At the same time, WBZ -TV, WRGB, and WNBW 
were offset 10.5 kilocycles from WNBT. Station WGAL -TV, Lancaster, 
began offset operation on June 24. Thus by late June, these five 
Channel 4 stations were operating in offset conditions planned to yield 
substantial mutual protection. The offset frequency conditions are 
listed in Table I. 

Table I -Offset Carrier Conditions of Channel 4 Stations 

Station 

Effective Antenna Height 
Radiated Above Average Frequency 

Power (kilowatts) Terrain (feet) (kilocycles) 

WRGB, Schenectady, N. Y. 18.25 832 67,250+10.5 
WBZ -TV, Boston, Mass. 14.3 547 67,250 -10.5 
WNBT, New York, N. Y. 7.0 1280 67,250 
WNBW, Washington, D. C. 20.5 330 67,250 -10.5 
WGAL -TV, Lancaster, Pa. 1.0 260 67,250+10.5 

A panel truck was equipped with measuring gear for making 
observations and measurements in the field. An RCA -8TS30 television 
receiver, an RCA -WX1A Field Intensity Meter with Esterline -Angus 
recorder, a Hewlett Packard 200C audio oscillator, and an RCA - 
TMV122B oscillograph were included. The field intensity meter, to- 
gether with the oscillograph and audio oscillator, afforded a simple 

and accurate means of determining 
the frequency difference between 
pairs of stations. 

Picture observations were made 
in fringe area cities, localities 
where average field intensities 
ranged from 200 to 800 microvolts 

Fig. 9- Fringe area cities where 
observations of cochannel interfer- 

ence were made. 

Fig. 10- Fringe area cities where 
observations of cochannel interfer- 

ence were made. 
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per meter. In each of the fringe area cities, the field intensity meter 
and recorder were used to make a survey through the particular city to 
determine the range of variation of field intensity and the median field 
intensity. Figures 9 and 10 show the fringe area cities visited during 
the Summer of 1949. Table II shows the results of field intensity 
measurements in these cities. 

Table II -Field Strength in Fringe Area Cities 

Distance Surveyed 

Field Intensity 
Corrected to 30 feet 
Microvolts per Meter 

Miles Station Median Field Minimum Maximum 

Adams, Mass.* WRGB 
Baltimore, Md. 13.0 WNBW 320 80 1200 
Bridgeport, Conn. 3.2 WNBT 240 80 480 
Fall River, Mass. 2.5 WBZ -TV 150 80 400 
Frederick, Md. 2.2 WNBW 300 60 400 
N. Adams, Mass.* WRGB 
Newburgh, N. Y. 1.7 WBZ -TV 90 60 140 
Norwalk, Conn. 3.3 WNBT 500 240 1200 
Peekskill, N. Y. 1.4 WNBT 1100 240 8000 
Pittsfield, Mass. 2.1 WRGB -TV 320 100 520 
Providence, R. I. 5.4 WBZ -TV 120 40 400 
Westport, Conn. 1.0 WNBT 590 240 1200 
Worcester, Mass. 4.3 WBZ -TV 300 80 1400 
Newport, R. I. 0.8 WNBT 120 40 280 

* Field strength too low to be usable. 

While observations were being made in each locality, the desired 
station and the nearest cochannel interfering station were operated, 
first with nominally the same frequencies but nonsynchronous, and 
secondly with carriers offset 10.5 kilocycles. Thus direct comparisions 
of the two modes of operation were made under like receiving condi- 
tions. 

Characteristic moving bars or flickering pictures were generally 
seen in the first case and fine bars in the second. In every case where 
it was possible to see the fine bars of offset carrier operation, the 
picture deteriorated severely when the operation was shifted to the 
same nominal frequencies. The change was conspicuous and was seen 
repeatedly. The observers were thoroughly convinced by many field 
demonstrations of the value of offset carrier operation. 

It should be pointed out that the most objectionable thing about 
nonsynchronous operation is either the movement of the bars or the 
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overall changes in average brightness of the picture which appears as 
flicker when the frequency difference is between frame frequency and 
zero beat. 

During the field tour, WNBT picture was received well in Peekskill, 
Newburgh and Poughkeepsie, New York, except in depressions. WRGB 
is evidently quite well eliminated from this area by the Catskill Moun- 
tains which are also responsible for poor reception in Catskill, New 
York, of WRGB. Only a few miles east in Hudson, New York, WRGB 
was received well with little WNBT interference. In and to the north 
and south of Catskill, WNBT interference was very severe, with either 
nonsynchronous or offset operation. In many places in this locality, 
WNBT field strength exceeded WRGB. In western Massachusetts, 
WRGB was received well in Pittsfield and poorly in Great Barrington, 
Adams and North Adams. There was very little cochannel interference, 
day or night, probably because of the proximity of the Berkshires. 
All of these towns are surrounded by large hills. 

Reception of WBZ -TV in Fitchburg, Worcester, Providence and 
Fall River, Massachusetts, was very good, with only slight traces of 
fine bars due to cochannel interference with offset operation. Severe 
interference from WNBT was observed in Newport, Rhode Island, at 
times, but again the improvement due to offset carrier operation was 
apparent. 

WNBT was received well in Bridgeport and Norwalk, Connecticut. 
There was interference from WBZ -TV in Norwalk and interference 
from both WBZ -TV and WRGB in Bridgeport. However, with offset 
carrier operation, the pictures from WNBT were quite satisfactory. 
Good pictures from WNBT (over 110 miles across Long Island Sound) 
were seen in Mystic, Connecticut, in spite of strong WBZ -TV inter- 
ference. 

Very acceptable pictures were received from WNBT in Princeton 
and Trenton, New Jersey, throughout the Summer. Close scrutiny of 
the received picture revealed fine lines due to cochannel interference 
when offset carrier operation was used, while nonsynchronous opera- 
tion usually resulted in a far from satisfactory picture. 

The RCA Service Company reports that the Washington area co- 
channel interference problem has never been serious. Fringe area 
cities include only Baltimore, Annapolis and Frederick, Maryland. 
Baltimore television viewers are discouraged from use of Channel 4 
because it is noisy relative to Baltimore stations and therefore co- 
channel interference complaints have been very few. In Frederick, 
the Channel 4 pictures are very noisy with no complaints of cochannel 
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interference. Annapolis cochannel interference complaints have been 
greatly reduced by offset carrier operation. 

During the field tour, no cochannel interference was seen in Balti- 
more, but slight interference was observed a few miles north of 
Baltimore. No cochannel interference was observed in Frederick or 
reported by the local RCA dealer. 

Severe cochannel interference was observed in Winchester, Virginia, 
where field strengths of WNBW are seldom over 300 microvolts per 
meter. Again offset carrier operation proved beneficial. 

OBSERVER TESTS OF COCHANNEL INTERFERENCE, 

IN COLLABORATION WITH JTAC 

In the research phases of the program on television carrier syn- 
chronization and on offset carrier operation, observer data were ob- 
tained which showed the improvement of the two methods in terms of 
nonsynchronous operation. To be useful for allocation purposes, the 
data must consist of ratios of desired to undesired signal for a given 
method of operation, rather than of an improvement factor of one 
system over another. The assembly of such data requires a large 
amount of equipment and observations by many observers under con- 
trolled conditions. 

In July, 1949, the facilities and assistance of RCA Laboratories 
were made available to JTAC in order to accumulate the desired data. 

The television system tested was the standard black- and -white 
signal using 60 fields and 525 lines, interlaced in the usual manner. 
One hundred observers were used in the tests, and threshold and 
tolerable ratios of desired to undesired signal were obtained for three 
conditions of operation: 1, nonsynchronous; 2, synchronous; and 3, 
10.5- kilocycle offset. A complete description of the tests and delineation 
of the data is contained in Proceedings of JTAC, Vol. 4, September 26, 
1949, COMMENTS ON THE PROPOSED ALLOCATIONS OF TELE- 
VISION BROADCAST SERVICES. A summary of the pertinent data 
is shown in Table III. 

Table III -Minimum Ratios of Desired RF Signal to Undesired RF Signal 
Signal as Obtained for Fifty Per Cent of the Observers in the 

JTAC Observer Tests, July, 1949. 

Type of Interference 

Nonsynchronous Synchronous 10.5- Kilocycle Offset 

Threshold ratio 
Tolerable ratio 

54.5 decibels 40.0 decibels 36.0 decibels 
44.6 decibels 32.4 decibels 27.2 decibels 
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These observer tests showed that synchronous operation was twelve 
decibels better than nonsynchronous operation with respect to tolerable 
ratios of desired to undesired signal, while 10.5- kilocycle offset was 
seventeen decibels better than nonsynchronous operation. The results 
of these extensive JTAC tests fully demonstrated the soundness of the 
philosophy behind the principle of offset carrier operation. 

OBSERVER TESTS OF COCHANNEL INTERFERENCE 

WITH COLOR TELEVISION SYSTEMS 

During the course of the hearings before the FCC in the Fall of 
1949, three color television systems were advanced, namely, the field - 
sequential system, the line- sequential system, and the dot -sequential 
system. In order to establish a television allocation plan which in- 
cluded one of the above color systems as well as the present mono- 
chrome system, it will be necessary to have knowledge of the tolerable 
desired to undesired cochannel interference ratios for the color system 
in question as well as for the color system versus a standard mono- 
chrome system. Experiments were begun in October, 1949, in order 
to obtain data on this important question for the three color systems 
under consideration. 

A. Field -sequential color television system 
In the standard monochrome television system with 525 lines, 60 

fields, and 30 frames, the line frequency is 15,750 cycles per second. 
Figure 8 showed that the maximum improvement in the operation of 
the offset carrier system occurred at one -half of line frequency or 
7,875 cycles per second. A minimum improvement appeared at 15,750 
cycles where beats occurred between the line frequency and the inter- 
fering carrier. It may be recalled that an offset of 10,500 cycles was 
chosen as a compromise which also gave protection in a three -station 
plan. The proposed field -sequential color television system has 405 
lines, 144 fields, and 72 frames. Hence the line frequency is 29,160 
cycles per second. From previous experience with offset operation, 
one quickly arrives at the conclusion that for maximum protection to 
this field -sequential system when the interfering signal is a similar 
field -sequential signal, the carriers should be offset by 14,580 cycles and 
that little improvement would be achieved with the carriers offset 
29,160 cycles. It would seem reasonable to expect that 10,500 cycles 
and 21,000 cycles of offset carrier would be as effective for the field - 
sequential system as it was for standard monochrome. 

The Columbia Broadcasting System has proposed that a dual set 
of standards be established which would permit some stations to operate 
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in color with the field -sequential system, while others continued to 
operate on the present monochrome standards. It seemed desirable to 
first investigate the interference conditions for this dual -standards 
condition. 

An experiment was made with a small number of observers, using 
a field -sequential color signal as the desired signal and a standard 
black- and -white signal as the source of interference. Threshold (per- 
ceptible) interference ratios were determined as a function of differ- 
ence between carrier frequencies. The results are shown in Figure 11, 

with the least interference occurring at a separation of 14,580 cycles, 
one -half the line frequency of the desired picture, and with practically 
no improvement over nonsynchronous operation at a separation of 
29,160 cycles. It may be seen that 10,500 and 21,000 cycle offset is 
effective for a field -sequential signal. Since the interference is largely 
caused by beating of the undesired 
carrier with frequency components 1 

,. 

in the desired signal, it seems 
logical to conclude that the shape I" 
of a curve like that of Figure 11. is 1 

largely determined by the charac- 9 ,o 

teristics of the desired signal and ° 

7 
CARRIER DIFFERENCE (KILOCYCLES) 

that the interfering signal may be erferingasig adeford threshold . 
field -sequential, line -sequential, dot- perceptibility as a function of the 

difference between carrier frequen- sequential, or standard black -and- cies. The desired signal is field - 
white without changing the major sequential color. The interfering 
interfering effects. signal is standard monochrome. 

It may be noted that a limited number of observers found a ratio 
of 38 decibels to be just perceptible for this combination with carriers 
offset by 10.5 kilocycles, while in the JTAC tests with 100 observers 
the corresponding ratio with standard monochrome for both the desired 
and undesired signals was found to be 36 decibels. 

A group of fifteen observers was then assembled for a series of 
tests to determine cochannel ratios for a variety of conditions. Because 
of the great amount of time necessary for these types of tests and 
because Figure 11 showed the large improvement obtained by offset 
frequencies of 10.5 kilocycles, the remainder of the data was taken 
only for this condition of carriers. 

The receiver used for observing the field -sequential pictures con- 
sisted of a modified chassis from an RCA -9T240 television receiver 
using a ten -inch tube with a picture equivalent to a seven -inch tube 
and a magnifying lens to give the equivalent of a ten -inch picture. A 
rotating color wheel was included. 
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For observations where the desired picture was standard mono- 
chrome, an unmodified RCA -9T240 television receiver was used. 

A color slide was used for the desired picture in all cases. This 
slide is reproduced in black and white in Figure 12. The receivers 
were adjusted to achieve a high -light brightness of 15 foot -lamberts. 
The ambient room illumination was maintained at approximately four 
foot -candles. 

Two field -sequential signals and a monochrome signal were used 
for the determination of threshold and tolerable ratios. At the same 
time, ratios were obtained using a standard monochrome signal inter- 
fering with a standard monochrome signal. The results for this latter 
condition are shown as Curves 5, Figure 14C and Figure 15C, where 
Figure 14 applies to threshold ratios and Figure 15 applies to tolerable 
ratios. 

Fig. 12- Black -and- 
w h i te reproduction 
of the color slide 
used as the desired 
picture in the co- 

channel tests. 

Data were taken with a field -sequential picture as the desired 
signal and with another field -sequential signal as the interfering signal. 
The results are given by Curves 3, Figures 14B and 15B. 

Next, the desired signal continues to be the field - sequential picture 
viewed on a color receiver, with standard monochrome signal as the 
interference. Curves 4, Figures 14B and 15B, depict the results of 
this test. 

Then a standard monochrome signal was viewed on the black -and- 
white receiver, with a field -sequential signal as the source of interfer- 
ence, with the ratios displayed as Curves 6, Figures 14C and 15C. 

Some difficulty was experienced when the field -sequential color 
picture was the desired signal, since many of the observers complained 
of flicker in the desired picture and felt that it was difficult to separate 
this effect from the interfering effects. 
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B. Line- sequential color television system 
The line -sequential system uses the standards of normal mono- 

chrome, as far as the number of lines and scanning fields. A flying 
spot scanner, developed to produce color signals of the simultaneous 
type, was used as a picture source, together with suitable circuitry to 

W 
Z 
` 1 
1 

W 

1 

LINE SEQUENCE B 
FIELD -+ 

I 

z 

II III IV V VI VII 
1 RED GREEN BLUE RED 

2 GREEN RED BLUE 

3 GREEN BLUE RED GREEN 

4 BLUE GREEN RED 

5 BLUE RED GREEN BLUE 

6 RED BLUE GREEN 

7 RED GREEN BLUE RED 

8 GREEN RED BLUE 

FIELD- - 
LINE SEQUENCE C 

I II III IV V VI VII 

1 RED GREEN RED GREEN 

2 BLUE RED BLUE 

3 GREEN BLUE GREEN BLUE 

4 RED GREEN RED 

5 BLUE RED BLUE RED 

6 GREEN BLUE GREEN 

7 RED GREEN RED GREEN 

8 BLUE RED BLUE 

Fig. 13- Line -scanning sequences of the line -sequential color system. 
Sequence C was used to obtain Curves 8, Figures 14C and 15C. 

provide sequential line selection from first the red signal, then the 
green signal, and then the blue signal. The necessary circuits were 
added to the receiver' to select the proper line sequence according to the 
transmitted synchronizing information. The sampler normally present 
in the dot -sequential color television receiver was not used, and the 

1 Radio Corporation of America, "A Six -Megacycle Compatible High - 
Definition Color Television System ", pamphlet, September 26, 1949, Figure 
10. 
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scanning and video signals were applied to the red, green and blue 
kinescopes in sequence. The two line -scanning sequences used in these 
tests are shown in Figure 13. When viewed on the color receiver, scan- 
ning sequence B was seen to have very coarse line structure and 
flickered badly on small objects or on nearly horizontal lines. Sequence 
C exhibited coarse line structure and had very poor vertical resolution. 
The pictures for either sequence were so poor in character that to 
determine interference ratios appeared to be without meaning, and 
no data was taken on this phase. 

Interference ratios were determined where the desired signal was 
a standard monochrome picture viewed on a standard television re- 
ceiver, with the line sequential signal using sequence C, Figure 13, as 
the interfering signal. The results are shown in Curves 8, Figures 
14C and 15C. 
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Fig. 14- Threshold values of co- 
channel interfering television sig- 
nals, as a function of the percent- 
age of observers requiring ratios 
greater than the ordinate values. 

e 
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Fig. 15- Tolerable values of co- 
channel interfering television sig- 
nals, as a function of the percent- 
age of observers requiring ratios 
greater than the ordinate values. 

99 q 

C. Dot -sequential color television system 
Interference ratios pertaining to the dot -sequential color television 

system were next determined. The direct -view receiver shown in 
Figure 16 of Reference (1) was used for observations. In the first 
run, the color picture was viewed on this receiver, with a standard 
monochrome signal as the interference (Curves 1, Figure 14A and 
15A). Then the same color picture was viewed on an RCA -9T246 
monochrome receiver, again with a standard monochrome signal as the 
interference, with the results shown in Curves 2, Figures 14A and 15A. 

A third test was made, where a standard monochrome picture was 
received on a standard television receiver, with the dot -sequential 
signal as the interfering signal (Curves 7, Figures 14C and 15C). 
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The results of the observer tests on the three systems, field sequen- 
tial, line sequential, and dot sequential, are summarized in Table IV. 
It may be seen that the tolerable ratios average five decibels higher 
than the corresponding ratio obtained in the previous JTAC tests, 
using standard monochrome for both the desired and undesired signal. 
This may be because only fifteen observers were used in these later 
tests on color television, while one hundred observers were used in the 
JTAC tests. 

Table IV - Summary of Tolerable and Threshold Ratios of Desired to 
Undesired Cochannel Television Signals with Carriers Offset 10.5 Kilocycles, 

Fig- Sym- 
Curve uro bol Desired signal Undesired signal 

Average ratio re- 
quired by the 

observers (decibels) 
Thresh- 

old 
Toler - 
able 

1 A X Dot -sequential color Standard 
viewed on color 
receiver 

monochrome 42.0 36.0 

2 A 0 Dot -sequential color Standard 
viewed on standard 
monochrome receiver 

monochrome 37.0 32.0 

Dot -sequential color Dot -sequential 
viewed on color 
receiver 

color 35.0 29.0 

Dot -sequential color Dot -sequential 
viewed on standard 
monochrome receiver 

color 37.0 31.0 

3 B Field- sequential color Field- sequential 
viewed on color 
receiver 

color 40.0 33.0 

4 B X Field- sequential color Standard 
viewed on color 
receiver 

monochrome 39.0 33.0 

5 C O Standard monochrome Standard 
viewed on standard 
monochrome receiver 

monochrome 36.0 29.0 

6 C Standard monochrome Field- sequential 
viewed on standard 
monochrome receiver 

color 40.0 32.0 

7 C X Standard monochrome Dot -sequential 
viewed on standard 
monochrome receiver 

color 35.0 29.0 

8 C Standard monochrome 
viewed on standard 
monochrome receiver 

Line -sequential 
color, Se- 
quence C 36.0 30.0 

Standard monochrome Standard 
viewed on standard 
monochrome receiver 

monochrome 36.0 27.2 

(JTAC results) 
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The JTAC tests showed an average required ratio of approximately 
45 decibels for monochrome pictures, using nonsynchronous operation 
of carriers. The observer tests conducted by RCA on the color televi- 
sion systems as well as the JTAC observer tests, both groups of tests 
with 10.5 kilocycles for the offset value, indicate that a ratio of 30 
decibels is a very acceptable value, in round numbers. Figures 16, 17, 
18, and 19 have been prepared to assist the reader in relating these 
interference ratios in terms of cochannel station separation. These 
curves were prepared by methods described in the report of the Ad 
Hoc Committee.* 

In the above figures, only the effects on a line joining the desired 
station with the undesired 

70 

BO 

50 

N 40 
W 
J 

-o 30 

20 

10 

90 %OF TIME 
50 %OF LOCATIONS 
f = 63mc. 

station are considered. D is the distance 
between the two transmitters, d is 
the distance from the desired sta- 
tion to the receiving point along the 
line between the stations, and A is 
the ratio in decibels of the desired 
to the undesired signal. All four 

100 200 

D (MILES) 

Fig. 16- Protection ratios A deci- 
bels existing at 50 per cent of the 
locations for 90 per cent of the 
time at a distance d miles from the 
desired station on a line toward 
the undesired station, with the sta- 
tions separated D miles. The fre- 

quency is 63 megacycles. 

300 

f07(, Or TIM{ 
50% OP LOCATIONS 
I 03mc. 

Fig. 17- Protection ratios A deci- 
bels existing at 50 per cent of the 
locations for 90 per cent of the time 
at a distance d miles from the de- 
sired station on a line toward the 
undesired station, with the stations 
separated D miles. The frequency 

is 63 megacycles. 

* REPORT OF THE AD Hoc COMMITTEE FOR THE EVALUATION OF THE 
RADIO PROPAGATION FACTORS CONCERNING THE TELEVISION AND FREQUENCY 
MODULATION BROADCASTING SERVICES IN THE FREQUENCY RANGE BETWEEN 
50 AND 250 MEGACYCLES, Volume I, May, 1949. 
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figures relate to the probability of the particular ratio A occurring 
at 50 per cent of the locations for 90 per cent of the time. Figures 16 

and 17 are estimates for a frequency of 63 megacycles, and may be 

considered to apply for Channels 2 to 6, inclusive, while Figures 18 

and 19 are for the frequency of 195 megacycles and may be considered 
to apply for Channels 7 to 13, inclusive. 

The reader may wish to draw conclusions of his own from these 
figures, together with a number of interference ratios. As an example 
of the type of information which may be readily extracted from these 
figures, one may assume a separation of two cochannel stations of 200 

miles. If the stations are operating with offset carriers of 10.5 kilo- 
cycles, and a ratio A of 30 decibels is assumed, Figure 16 shows that 
this protection value holds for 50 per cent of the locations and 90 per 
cent of the time out to a service radius of 43.5 miles on the line toward 
the interfering station. If the two stations are operating nonsyn- 
chronously, the protected distance is shrunk to 28 miles if an inter- 
ference ratio of 45 decibels is assumed for the nonsynchronous 
operation. On the other hand, it may be noticed that if the stations 

are nonsynchronous and it is de- 
sired to give the same order of 
protection for the nonsynchronous 

70 operation as for offset operation, 
the stations should be separated by 

90% OF TIME 
50% OF LOCATIONS 
f = 195 mC. 

60 

50 

40 

30 

20 

10 

o 
100 200 
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Fig. 18- Protection ratios A deci- 
bels existing at 50 per cent of the 
locations for 90 per cent of the time 
at a distance d miles from the de- 
sired station on a line toward the 
undesired station, with the stations 
separated D miles. The frequency 

is 195 megacycles. 
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Fig. 19- Protection ratios A deci- 
bels existing at 50 per cent of the 
locations for 90 per cent of the time 
at a distance d miles from the de- 
sired station on a line toward the 
undesired station, with the stations 
separated D miles. The frequency 

is 195 megacycles. 
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a distance of 300 miles. The above observations apply to a frequency 
of 63 megacycles, or to the five lower television channels. 

A similar inspection of Figure 18 reveals that at a frequency of 
195 megacycles, or the upper seven television channels, offset carrier 
operation gives protection to a distance of 50 miles, with a protection 
ratio of 30 decibels and a station separation of 200 miles. With the 
same station separation, a protection ratio of 45 decibels (nonsyn- 
chronous operation) exists to a distance of 36 miles. Again, if the 
stations are nonsynchronous, the station separation must be 300 miles 
to secure a protection ratio of 45 decibels out to a distance of 50 miles. 

A rough rule to apply seems to be as follows: (1) with a fixed 
separation of stations, offset carrier operation extends the service 
radius in the direction of the undesired station by about 50 per cent 
over nonsynchronous operation, or (2) for a fixed protected radius, 
nonsynchronous operation requires an increase in station separation 
of approximately 50 per cent over the separation required for offset 
carrier operation. 

CONCLUSION 

Television carrier synchronization has been demonstrated to be 
extremely advantageous in reducing cochannel television interference. 
Offset carrier operation has been shown to be superior in results and 
more economical to apply than television carrier synchronization. 

Extensive application of offset carrier operation to existing televi- 
sion stations, many observations in a mobile laboratory and in homes, 
and the JTAC observer tests have fully demonstrated a remarkable 
improvement in television service when compared to conventional non - 
synchronous operation. 

Limited observer tests demonstrate that offset carrier operation 
is equally applicable to standard monochrome transmissions, the dot - 
,,equential color television system and the field -sequential color televi- 
sion system. Limited data indicate that the line -sequential color 
television system interferes with a standard monochrome signal to the 
same extent as an interfering standard monochrome signal. No 
observer tests using a line- sequential signal as the desired picture 
were made for the reasons stated earlier. 

It is recommended that for either standard monochrome or for 
color transmissions the amount of carrier offset shall be 10.5 kilocycles, 
or in a three -station combination one station shall remain on the 
assigned frequency, the second station shall be offset 10.5 kilocycles 
above the first, while the third shall be offset 10.5 kilocycles below the 
first. 

NOTE: It is planned to print Part II of this paper- Adjacent -Channel 
Studies -in the June, 1950 issue. 
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A STUDY OF COCHANNEL AND ADJACENT - 
CHANNEL INTERFERENCE OF 

TELEVISION SIGNALS *t 
A Report 

BY 

RCA LABORATORIES DIVISION, PRINCETON, N. J. 

Part II - Adjacent-Channel Studies 

Summary- Included in the observer tests were color signals character- 
istic of the field- sequential, line -sequential, and dot -sequential systems. A 

standard monochrome signal was paired with a monochrome signal and 
the color signals in some of the tests. In all instances, the interfering 
sound signal was present. From the standpoint of allocation, no substantial 
difference in the tolerable ratios was found for the various combinations 
of color and monochrome signals used. 

METHOD AND APPARATUS USED FOR THE DETERMINATION OF 

ADJACENT -CHANNEL INTERFERENCE RATIOS 

Part II of this study summarizes the work with adjacent- channel 
interference. The approach to the problem was made through the use 
of subjective visual observations of a limited number of observers. 
The choice of personnel for the test group was made from laboratory 
employees with the intent of approximating a fair cross -section of the 
population by 15 observers. All observers were accustomed to the 
viewing of television pictures and had some previous acquaintance 
with the types of adjacent -channel interference ordinarily experienced 
in standard monochrome television. 

Included in the tests were signals characteristic of the three 
proposed color television systems; the field -sequential system, the line - 

sequential system, and the dot -sequential system. A standard mono- 

chrome signal was paired with the color systems for certain tests to 
represent the coexistence of color and monochrome television on 

adjacent channels. 
All signals were generated by low -power transmitters operating 

on Channels 3 and 4 within the laboratory. Attenuation of the lower 

sideband of an interfering signal on the upper adjacent channel was 
provided by a vestigial sideband filter with attenuation characteristics 

* Decimal Classification: R171 X R430.11 X R583.16. 
Reprinted from RCA Review, June 1950. 
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as shown in Figure 20. Synchronizing waveforms for the interfering 
and desired signals were generated by independent synchronizing 
generators not locked to a common power supply. 

Significant details of the observer tests of adjacent -channel inter- 
ference correspond to the conditions for cochannel interference tests 
as set forth in Part I of this study; namely, 

Receiver 

Picture Size 
Desired Picture 

Interfering Picture 
High -Light Brightness 

-RCA Model 9T246 modified. Video 
output supplied signals for mono- 
chrome and color observations. 

-As stated in Part I. 
-Stationary slide, band leader and 

band (see Figure 12, Part I.) 
-Test pattern 
-15 foot -lamberts 

Ambient Room Illumination -Up to 4 foot -candles 

Observer tests of cochannel interference may ordinarily be con- 
ducted without regard for the selectivity characteristics of the receiver 
used, since the spectrums of both desired and interfering signals 
correspond and are treated equally by the receiver. On the contrary, 

conclusions drawn from observa- 
tions of adjacent -channel interfer- 
ence must take account of the 
selectivity characteristic of the tele- 
vision receiver since the spectrums 

,, of the desired and interfering sig- 
nals are displaced by six megacycles. 
In order, therefore, to place these 
observations on a basis independent 
of a particular selectivity charac- 
teristic, all interference ratios are 
finally referred to the detector. 

The over -all selectivity characteristics of the receiver used in tests 
at the RCA Laboratories are displayed in Figures 21 and 22. 

to 

g.. L" f 
-........ 

SC CTIVITY CNAeACTeeIRiG 
vees EIMINE I. 

eT M 111- 
f. 

Fig. 20- Frequency- response char- 
acteristic of the vestigial sideband 

filter. 

SUBJECTIVE TESTS 

In all tests, observers were instructed to inform the operator when 
the strength of the interfering signal corresponded (1) to interference 
on the threshold of visibility, and (2) to interference at the limit of 
tolerance. The observer was requested not to imagine that the test 
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slide was a favorite program, but to base judgment on the test subject 
as such. Hence, the ratios of desired signal to interfering signal 
which was obtained may be regarded as conservative values. 

A fixed ratio of picture signal to sound signal equal to 3 decibels 

was maintained throughout. 

a. Lower -Adjacent -Channel Interference 

Subjective tests were conducted with the desired signal on channel 
4 and the interfering signal on channel 3. There was unanimous agree- 
ment by 15 observers that the lower adjacent sound carrier was the 
determining factor in lower- adjacent -channel interference. That is, the 
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Fig. 21- Frequency characteristic 
of receiver on Channel 3. 
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Fig. 22- Frequency characteristic 
of receiver on Channel 4. 

presence of an interfering picture, monochrome or any of the types of 
color, was masked by the usual wavering fine bar pattern commonly 
associated in television with an interfering frequency -modulated sound 
carrier. Similar observations were made when a monochrome signal 
was on the lower adjacent channel and the desired signal was a dot - 
sequential picture viewed in color or monochrome or a field -sequential 
color picture. 

In all of the foregoing observations, the average observer required 
a ratio of desired to interfering carriers of approximately -17 decibels 
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for tolerable interference and approximately -13 decibels for threshold 
interference. These values apply for the receiver selectivity character- 
istic shown in Figure 22. Since an attenuation of 48 decibels is afforded 
by the lower adjacent sound trap and the attenuation of the desired 
carrier is 5 decibels, the threshold and tolerable ratios referred to the 
input of the detector are 30 and 26 decibels respectively. 

Table V- Summary of Tolerable and Threshold Ratios of Desired to 
Undesired Adjacent -Channel Television Signals 

Channel 3- desired signal 
Channel 4- undesired picture and sound signals, ratio of sound to picture 

= 0.71 

Desired Signal 

Standard monochrome 
viewed on standard 
monochrome receiver 
Standard monochrome 
viewed on standard 
monochrome receiver 
Standard monochrome 
viewed on standard 
monochrome receiver 
Standard monochrome 
viewed on standard 
monochrome receiver 

Undesired Signal 

Average ratio required 
by the observers 

(decibels) * 

Threshold Tolerable 

Standard monochrome -9 -14 

Field- sequential color -9 -12 

Line -sequential color, 
Sequence C -10 -14 

Dot -sequential color -9 -13 

* Ratios measured at input to receiver. Add +33 decibels to readings for 
input to detector. 

b. Upper- Adjacent -Channel Interference 
Measurements were made with the undesired signal on channel 4 

properly restricted by the vestigial sideband filter characteristics as 
in Figure 20. 

All observers agreed that the sound signal associated with the 
upper adjacent channel did not give rise to observable interference 
before interference due to the picture carrier exceeded the limit of 
tolerance. That is, the tolerable and threshold ratios were dictated by 
interference commonly known as "windshield wiper" effect caused by 
the subject matter of the nonsynchronous interfering picture. 

The observer data are summarized in Tables V and VI. It is clear 
from Table V that the average observer did not distinguish between 
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sources of interference when viewing a monochrome picture. The 
tolerable and threshold ratios for the average observer were about -9 
and -13 decibels respectively. 

Table VI- Summary of Tolerable and Threshold Ratios of Desired to 
Undesired Upper- Adjacent -Channel Television Signals 

Channel 3- desired signal 
Channel 4- undesired picture and sound signals, ratio of sound to picture 

0.71 

Desired Signal 

Dot -sequential color 
viewed on color receiver 
Dot -sequential color 
viewed on standard 
monochrome receiver 
Field- sequential color 
viewed on color receiver 
Field- sequential color 
viewed on color receiver 
Dot -sequential color 
viewed on color receiver 
Dot -sequential color 
viewed on monochrome 
receiver 

Average ratio required 
by the observers 

(decibels) * 

Undesired Signal Threshold Tolerable 

Standard monochrome -5 -8 

Standard monochrome -6 -8 
Field- sequential color -10 -13 

Standard monochrome -15 -19 

Dot -sequential color -11 -18 

Dot -sequential color -11 -18 

* Ratios measured at input to receiver. Add +33 decibels to readings for 
input to detector. 

In Table VI drawn up for the field -sequential and dot -sequential 
color signals as the desired signals and monochrome as the interfering 
signal, somewhat greater spread is recorded. It is believed, however, 
that more extensive observations would bring the data of Table VI 
into line with that of Table V. 

It is reasonable to conclude that the average observer is tolerant 
to about the same extent of upper- adjacent -channel interference caused 
by a monochrome signal as color signals of any of the three types. 
Accepting this generalization, a ratio for threshold interference is 

about -9 decibels and for tolerable interference, about -13 decibels. 

Since upper- adjacent -channel interference is controlled by the atten- 
uation provided in the receiver at the frequency of the adjacent picture 
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carrier, the ratios may be referred to the input of the detector by 
reference to Figure 21. Taking values of 38 decibels and 5 decibels for 
adjacent picture carrier and desired picture carrier attenuations, the 
ratios of 24 and 20 decibels referred to the detector are deduced for 
threshold and tolerable interference ratios.* 

Table VII -Summary of Average Threshold Ratios of Desired to Undesired 
Cochannel Television Signals (Decibels) 

Symbols: 
BW -Standard Black and White Offset -Carriers offset 10.5 kilocycles. FSC- Field- Sequential Color 
LSC- Line -Sequential Color Normal -Cochannel with normal fre- DSC- Dot -Sequential Color quency tolerances. 

Undesired Signal 
Desired BW FSC LSC DSC 
Signal Offset Normal Offset Normal Offset Normal Offset Normal 

BW on 36 
BW Recv'r 

FSC on 39 
Color 
Receiver 

FSC on Note A 
BW Recv'r 

LSC on Note B 
Color 
Receiver 

LSC on Note B 
BW Recv'r 

DSC on 41 
Color 
Receiver 

DSC on 37 
BW Recv'r 

55 

49 

Note A 

46 

52 

54 

52 

40 

40 

Note A 

xxxx 

XX XX 

xxxx 

XX XX 

36 35 
57 57 56 

xxxx xxxx 
50 xxxx xxxx 

xxxx xxxx 
Note A xxxx xxxx 

Note C xxxx 
xxxx Note C xxxx 

Note C xxxx 
xxxx Note C xxxx 

xxxx 35 
xxxx xxxx 44 

xxxx 37 
xxxx xxxx 50 

Note A. -No tests made. 
Note B. -The coarse appearance of the scanning raster gave the same type 

effect as offset carrier interference so observers were unable to 
distinguish between interference and normal appearance of pic- 
ture. 

Note C. -This test would have required two sets of signal generating 
equipment for the line -sequential system. Only one set of equip- 
ment was available. 

CONCLUSION 

When the interfering signal is on the lower adjacent channel, the 
tolerable ratios of desired to undesired signal are very dependent upon 
the adjustment of the adjacent channel sound trap. 

* The standard unmodified receiver type 9T246 has an adjacent picture carrier attenuation of approximately 50 decibels. 
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Upper- adjacent -channel interference comes mainly from the unde- 
sired picture carrier and sidebands closely associated with this carrier, 
and is determined by the attenuation achieved in the upper- adjacent- 
channel picture carrier trap. 

Table VIII -Summary of Average Tolerable Ratios of Desired to Undesired 
Cochannel Television Signals (Decibels). 

Symbols : 
BW -Standard Black and White 
FSC- Field- Sequential Color 
LSC- Line -Sequential Color 
DSC- Dot -Sequential Color 

Offset- Carriers offset 10.5 kilocycles. 

Normal -Cochannel with normal fre- 
quency tolerances. 

Undesired Signal 

Desired BW FSC LSC DSC 
Signal Offset Normal Offset Normal Offset Normal Offset Normal 

BW on 29 
BW Recv'r 47 

FSC on 33 
Color 42 
Receiver 

FSC on Note A 
BW Recv'r 

LSC on Note B 
Color 40 
Receiver 

LSC on Note B 
BW Recv'r 45 

DSC on 33 
Color 45 
Receiver 

DSC on 32 
BW Recv'r 45 

Note A 

32 

33 

Note A 

xxxx 

xxxx 

xxxx 

xxxx 

30 29 
47 48 48 

xxxx xxxx 
42 xxxx xxxx 

xxxx xxxx 
Note A xxxx xxxx 

Note C xxxx 
xxxx Note C xxxx 

Note C xxxx 
xxxx Note C xxxx 

xxxx 29 
xxxx xxxx 38 

xxxx 31 
xxxx xxxx 43 

Note A. -No tests made. 
Note B. -The coarse appearance of the scanning raster gave the same type 

effect as offset carrier interference so observers were unable to 
distinguish between interference and normal appearance of pic- 
ture. 

Note C. -This test would have required two sets of signal generating 
equipment for the line -sequential system. Only one set of equip- 
ment was available. 

Lower -adjacent -channel interference is more severe than upper - 
adjacent- channel interference by about 6 decibels when referred to 
the detector input. 

From the standpoint of channel allocations, no substantial difference 
in the tolerable ratios was found for the various combinations of color 
and monochrome signals tested. 
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SUMMARY OF DATA OF PARTS I AND II* 

For the convenience of the reader, the test data given in Part I of 
"A Study of Cochannel and Adjacent -Channel Interference of Tele- 

Table IX- Summary of Average Ratios of Desired to Undesired Lower - 
Adjacent- Channel Television Signals (Decibels). 

Interference of lower adjacent sound signal controlling for all combinations 
of monochrome and color signals used. 

Tolerable ratio 26 decibels 
Threshold ratio 30 decibels 

Ratios are referred to the input of the detector. 

Table X- Summary of Average Ratios of Desired to Undesired Adjacent- 
Channel Television Signals (Decibels). 

Ratios Referred to Input of Detector 
(Interfering signal on upper adjacent channel.) 

Symbols: 
BW -Standard Black and White 
FSC- Field- Sequential Color 
LSC- Line -Sequential Color 
DSC- Dot -Sequential Color 

Toler.- Tolerable 
Thres. -Threshold 

Undesired Signal 

Desired BW FSC LSC DSC 
Signal Toler. Thres. Toler. Thres. Toler. Thres. Toler. Thres. 
BW on 19 21 19 20 

BW Recv'r 24 24 23 24 
FSC on 14 20 xxxx xxxx 

Color 18 23 xxxx xxxx 
Receiver 

FSC on Note A Note A xxxx xxxx 
BW Recv'r Note A Note A xxxx xxxx 

LSC on Note B xxxx Note C xxxx 
Color Note B xxxx Note C xxxx 
Receiver 

LSC on Note B xxxx Note C xxxx 
BW Recv'r Note B xxxx Note C xxxx 

DSC on 25 xxxx xxxx 15 
Color 28 xxxx xxxx 22 
Receiver 

DSC on 25 xxxx xxxx 15 
BW Recv'r 27 xxxx xxxx 22 

Note A. -No tests made. 
Note B. -The coarse appearance of the scanning raster made it difficult 

and meaningless to make observations. 
Note C. -This test would have required two sets of signal generating 

equipment for the line -sequential system. Only one set of equip- 
ment was available. 

* "A Study of Cochannel and Adjacent -Channel Interference of Tele- 
vision Signals -Part I," RCA Review, Vol. 9, No. 1, pp. 99 -120, March, 1950. 
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vision Signals" together with additional data pertaining to cochannel 

interference is summarized in Table VII for threshold interference 
and in Table VIII for tolerable interference. 

Tables IX and X repeat the data for adjacent -channel interference 
with ratios referred to the input of the detector. 
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METHOD OF MULTIPLE OPERATION OF 
TRANSMITTER TUBES PARTICULARLY ADAPTED 

FOR TELEVISION TRANSMISSION IN THE 
ULTRA -HIGH -FREQUENCY BAND *f 

BY 

GEORGE H. BROWN, WENDELL C. MORRISON, W. L. BEHREND AND 

J. G. REDDECK 

Research Department, RCA Laboratories Division, 
Princeton, N. J. 

Summary -A combining network has been developed which allows two 
transmitting tubes to be operated simultaneously into a common load with- 
out interaction between tubes and without reduction in band width. A 
number of variations of the combining network are discussed and a theo- 
retical analysis is presented which shows that the necessary balancing 
adjustments are not critical. 

A pair of tubes and a combining network may then be considered 
as a unit, with this unit combined with several other identical units to 
provide a transmitter with a large number of tubes in multiple operation. 
In this arrangement, each tube is free from interaction with other tubes. 

Rather simple circuits which apply the principles set forth are described 
for operation at low radio frequencies. A complete television transmitter 
with a carrier frequency of 850 megacycles has been developed, using four 
tubes in multiple to demonstrate the principle of operation. 

INTRODUCTION 

THE ability to generate radio -frequency power has generally 
kept abreast of the demand for increases in power, particularly 
in the broadcast band of frequencies and in the medium -high 

frequencies. With large power tubes available and the techniques of 
multiple use of tubes in push -pull or parallel operation quite com- 
monplace, transmitter design resolves itself into a problem of eco- 

nomics and good engineering practice. Estimates of power require- 
ments for ultra- high- frequency television broadcasting, however, are 
far in excess of the power capabilities of any commercially available 
single tube or of any simple push -pull combination of these tubes.1.2 

* 7ecimal Classification: R355.16 X 583.4. 
f Reprinted from RCA Review, June 1949. 

George H. Brown, J. Epstein, and D. W. Peterson, "Comparative 
Propagation Measurements; Television Transmitters at 67.25, 288, 510, and 
910 Megacycles," RCA Review, Vol. IX, No. 2, pp. 177 -201, June, 1948. 

2 George H. Brown, "Field Test of Ultra- High- Frequency Television 
in the Washington Area," RCA Review, Vol. IX, No. 4, pp. 565 -584, Decem- 
ber, 1948. 
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Several tubes may be used in essentially parallel operation by arrang- 
ing the tubes in a circle on a common cavity.3 In this method, the 
number of tubes is limited by practical considerations of high cir- 
culating currents in the tank circuit and criticalness of tuning, both 
effects due to the paralleling of the tube capacities. The authors have 
undertaken a study of circuit arrangements which alleviate these 
difficulties and have developed a simple bridge circuit which permits 
the multiple operation of transmitter tubes into a common load without 
interaction between tubes and with no limitation on band width other 
than that imposed by a single tube and tank circuit. In this method 
of operation, each final amplifier tube has its own associated tank 
circuit, feeds into a pure resistance load, and is entirely oblivious to 
the existence of the other amplifier tubes. 

THE PHILOSOPHY OF THE USE OF A BRIDGE CIRCUIT TO ACCOMPLISH 

MULTIPLE OPERATION OF AMPLIFIER STAGES 

The bridge circuit which forms the heart of this multiple operation 
method may be depicted for illustrative purposes by Figure 1. How- 
ever, the reader should remember that this circuit per se is not readily 
applicable to the problem at hand. Circuits appropriate to particular 
frequency ranges will be described later in the paper. 

The bridge of Figure 1 consists 
of two equal inductances and two 
equal resistances. This bridge is 
balanced, that is, the generator A 

Ie produces no voltage across the ter- 
minals M -N and the generator B 
produces no voltage across the ter- 
minals P -Q. Thus, the two genera- 
tors may operate simultaneously 
without interaction and the cur - 

Fig. 1 -A bridge circuit used to rents in the network produced by 
illustrate the principle of multiple generator B simply superimpose operation. 

upon the currents produced by 
generator A. The voltages generated by A and B are assumed to be 
sine waves of identical frequency. 

Suppose for the moment that generator B is inoperative. Then 
generator A produces the two currents denoted as fA in each of the 
resistors. One resistor in Figure 1 is called the useful load while the 

DUMMY RESISTOR 

N 

Ie 

USEFUL LOAD 

3 Donald H. Preist, "Annular Circuits for High -Power Multiple -Tube 
Generators at VHF and UHF," presented at the 1949 I.R.E. National Con- 
vention, New York City, March 9, 1949. 
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other is designated as a dummy resistor, for reasons which will soon 
become apparent. The power dissipated in the dummy resistor is IA2 R 
and the power in the useful load is of exactly the same value. Hence 
the power delivered by generator A is 

PA = 2 IA2 R. (1) 

If generator A now becomes inoperative and generator B delivers 
power to the bridge, the currents in the two resistors will be .TB and 
the total power delivered by generator B is 

PB= 21B2 R (2) 

with this power divided equally between the two resistors. 
Now let both generators become operative and assume that the 

voltage produced by generator B can be completely controlled with 
respect to both amplitude and phase. Control is exercised until the 
current IB in the useful load is exactly equal to IA in both amplitude 
and phase. Under this condition, the net current in the dummy resistor 
is zero and no power is dissipated in this dummy resistor. The power 
in the useful load is 

PU= (1.4+IO2R= (21A)2R=4IA2R (3) 

and the total power of the two generators is delivered to the useful 
load. The two generators remain uncoupled one from the other, with 
the total power concentrated in the single useful load. It is interesting 
to note that when one generator ceases to operate, the current in the 
useful load is halved and the power in this load goes to one quarter of 
the full load power. 

When the bridge circuit was first considered, the ability to main- 
tain sufficiently accurate balance of amplitude and phase was imme- 
diately questioned. A subsequent analysis, given below, soon showed 
the rather remarkable insensitiveness and practicality of the circuit 
arrangement. To illustrate this point, assume that the currents IA 

and fB are no longer equal and in phase but are related as follows : 

fA = KfB Lß (4) 

where K is a simple numerical coefficient. For this condition 

PB = 2 Iß2 R (5) and PA=21A2R=2K21B2R (6) 
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with the total power given by PA + PB = 2 (1 + K2) IB2 R. 

Then the total current in the useful load is 

la =Î3(1 -+cosß+ jKsinß) 

and the power in the useful load is 

Pu = (1+ K2 + 2K cos 13) IB2 R. 

Likewise, the current in the dummy load is 

iD= IB(1 -K cos ß- sin /3) 

and the power lost in the dummy resistor is 

PD= (1 -}- K2 - 2K cos ß) IB2 R. 

(7) 

(8) 

(9) 

(10) 

One may easily note that the sum of the Equations (9) and (11) is 
identical with Equation (7) . 

1.0 

9 

.6 

7 

.3 

.2 

.1 

KAI SYSTEM 
EFFICIENCY 

PTOTAL=, PA +PB 
IA -KI84e - K =.5 

K .3 

0 30 60 90 120 

RELATIVE PHASE (to) 

Dividing Equation (9) by Equation (7) gives 

150 180 

Pa 1+K2+2K cos ß 

Pd+PB 2(1+K2) 

Fig. 2 -Power in the 
useful load in terms 
of the total power as 
a function of the 
phase relationship 
between the currents 
produced by the two 

generators. 

(12) 

Equation (12) is plotted in Figure 2 as a function of the phase 
angle, ß, with the numerical value of K as a parameter on each curve. 
This diagram reveals the inherent insensitiveness of the circuit to 
correct phase adjustment. To be specific, suppose that generators A 
and B are each delivering 500 watts to the circuit. Then with truly 
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SYSTEM 
EFFICIENCY 

PTOTAL. PA +PB 

0 .2 .3 A .5 .6 .7 

CURRENT RATIO N Ig 

ß0' 
s 30. 

pBO' 

Fig. 3 -Power in the 
useful load in terms 
of the total power as 
a function of the 

s.9d ratio of the currents 
produced by the two 

generators. 

.8 .9 I O 

zero phase the power into the useful load will be 1000 watts. Reference 
to Figure 2 shows that with ß equal to 30 degrees, the power into the 
useful load will be 933 watts. If the useful load is an antenna, the field 
strength will drop less than four per cent with this degree of phase 
misadjustment. 

The calculations of Figure 2 have been replotted in Figure 3 to 
better illustrate the relative "flatness" of circuit conditions with varia- 
tion in the parameter K. 

So far in the analysis, it has been assumed that the two generators 
produced sine waves of identical frequency. It is reasonably apparent 
that if the signals are of complex wave form, but identical, cancellation 
in the dummy resistor will still be secured and the additive condition 
in the useful load realized. If the two generators represent modulated 
power amplifiers, the necessary conditions of operation are that the 
carriers are substantially in phase in the useful load and that the 
modulation of the two output stages is identical and simultaneous. 

A pair of output tubes and a combining network may now be 
considered as a unit, with this unit combined with several 
identical units to provide a trans- 
mitter with a large number of tubes 
in multiple operation. In this ar- 
rangement each tube is free from 
interaction with other tubes. Fig- 
ure 4 illustrates the manner in 
which eight tubes are combined 
with seven bridges, or diplexers. It 
is now apparent that if n tubes are 
combined, the number n must be 2 
raised to an integral power, that is, 
n must be 2, 4, 8, 16, and so on. 

other 

Fig. 4 -A combination of eight 
tubes and seven diplexers to ac- 
complish simultaneous operation 
into a common load without inter- 

action between tubes. 
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Also, the number of bridges required is n -1. 
Since the currents in the outputs of the bridges are additive, it is 

a simple matter to estimate the overall efficiency and other operating 

conditions of interest without tracing through the rather involved 

bridge network. To accomplish this estimate, the following nomen- 

clature has been set up: 

P = power output of each output stage. 

n = total number of stages. 

nP = total power in useful load when all n stages are turned on. 

mP = total power available when m stages are turned on. 

In= current in useful load with n stages turned on. 

I,,, = current in useful load when m stages are turned on. 

_ (m /n) 1,,. 

P,,, -= power in useful load when m stages are turned on. 

P,,, = 1,,,2 R = (m/n) 2 (42 R) = (m/n) 2 (nP) . 

Ratio of power into useful load with m stages turned on to total power 

available from n stages = Pm/ (nP) = (m /n) 2. 

Circuit efficiency when m tubes are on = (P,,, /mP) 100 = m/n 100. 

Table I- Conditions of Operation in Seven Combining Networks and 
Eight Output Stages 

m mP Im 
( Number of stages -= - 

operative) nP 1 
P,,,/(nP) 

8 1.0 1.0 

7 0.875 0.766 
6 0.75 0.562 

5 0.625 0.391 
4 0.5 0.25 
3 0.375 0.141 
2 0.25 0.063 
1 0.125 0.016 
0 0 0 

www.americanradiohistory.com

www.americanradiohistory.com


MULTIPLE OPERATION OF TRANSMITTER TUBES 201 

As an example, suppose that each of eight tubes is capable of deliver- 
ing 100 watts. Then a total of 800 watts is available for the useful 
load. With any three of the tubes turned on, the power delivered to 
the networks is 300 watts. The current in the useful load is min or 
% of the current found there when eight tubes are on. The power 
into the useful load, Pm, is 112.5 watts, and the combining circuit 
efficiency is 37.5 per cent. 

Table I illustrates still further the conditions of operation for n 
tubes, with n equal to eight. 

PRACTICAL BRIDGE CIRCUITS FOR LOW- FREQUENCY AND 

HIGH -FREQUENCY OPERATION 

A simple method of applying the bridge circuit principles at low 
frequencies, of the order of a few megacycles or less, is illustrated in 
Figure 5. It is apparent that this 
elementary application is a one -step 
bridge circuit which does not lend 
itself to the repetitive use outlined 

A 

B 

Ig 

1 
Fig. 5 -A means of combining four 

tubes at a low frequency. 

LOAD 

R 
Fig. 6 -A bridge arrangement con- 
structed of lengths of transmission 

line. 

above. A circuit much better suited to cascading at low frequencies 
may be best developed by referring to Figure 6. In this particular 
diagram, the arms of the bridge are coaxial transmission lines. Three 
of the arms are each one -quarter wave length at midband, while the 
fourth arm is three -quarters of one wave length. For the sake of 
simplicity, only the inner conductors are shown in Figure 6. Per- 
fection of uncoupling between points A and B depends upon the 
exactness of these line lengths and the device is strictly limited to 
a narrow band of frequencies. When the useful load and the dummy 
resistor have a resistance of R ohms, and the characteristic impedance 
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of the transmission line arms is chosen as f R, the resistance look- 

ing in at points A or B will be R ohms at midband. While the above 

choice of characteristic impedance plays no part in the balancing 

action at midband, affecting only the input impedance, this same choice 

does help in broadbanding the circuit. 
The circuit of Figure 6 may now be used as a guide in forming a 

lumped- circuit network for use at low frequencies. This has been 

done in Figure 7. Each one -quarter -wave line has been replaced by a 

Pi network consisting of two capacitors and one inductance coil. The 

inductance and capacitance values have been so chosen that XL equals 

Xo at midband. The fourth arm is formed from two inductances and 

one capacitance to be the equivalent of the three -quarter wave long 

branch. When XL = XC = MR, the input impedance at A and B is 

Fig. 7 -A bridge circuit con- 
structed of lumped elements, to be 

the equivalent of Figure 6. 

8 A 

Fig. 8 -A simplified circuit, equiva 
lent to Figure 7. 

M2R /2 ohms. Again a choice of M equal to V2 gives maximum broad - 

banding for the input impedance. Figure 7 may be considerably simpli- 

fied as shown in Figure 8 when it is noted that an inductive reactance 
in parallel with an equal capacitive reactance forms a parallel resonant 

circuit and both elements may then be omitted from the system. 

The narrow -band limitations of Figure 6 may be avoided by the use 

of the circuit shown in Figure 9. Here the balance between feed points 

is independent of frequency and the variation of impedance at the 

feed points establish the limits on the frequency band. 

If a circuit balanced to ground is desired, the circuit shown in 

Figure 10 is useful. Here the arms of the bridge may be either parallel 
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USEFUL 
LOA D RESISTOR 

4 

Fig. 9 -A high -fre- 
quency bridge which 
is not sensitive to 
frequency change. 

A 

wire lines or two coaxial cables. This circuit does not depend on the 
line lengths being one -quarter wave for balance. The line lengths 
shown do establish the midband frequency as far as the input im- 
pedance is concerned. Here again a choice of characteristic im- 
pedance equal to MR ohms yields an input impedance of M2R /2 ohms 
and a value of M equal to -\/' the broadest input impedance 
characteristic. The circuit of Figure 10 with M equal to unity is de- 
scribed by Westcott.4 The authors have found that a choice of M equal 
to V2 yields a much more desirable input impedance versus frequency 
characteristic. 

For higher frequencies, particu- 
larly the ultra -high frequencies, the 
authors have found the bridge or 
diplexer of the slotted type shown 
in Figure 11 to be the simplest and 
most easily balanced. This is the 
same diplexer which has been used 

A 
so very successfully to diplex a 
Turnstile antenna, a method of op- 
eration which permits both picture 
and sound transmitters to be fed to 
a single Turnstile. 

R 

Fig. 10 -A bridge arrangement 
which is balanced to ground. 

4 C. H. Westcott, "Transmission -Line Bridge," Wireless Engineer, Vol. 
XXV, No. 298, p. 215, July, 1948. 
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USEFUL 
LOAD OUTPUT 

STAGE A 

OUTPUT 
STAGE B 

1- ABSORBING RESISTOR 

Fig. 11- A slotted 
diplexer or bridge 
which is particularly 
useful at ultra -high 

frequencies. 

AN ULTRA -HIGH -FREQUENCY TELEVISION TRANSMITTER APPLYING THE 

BRIDGE ARRANGEMENTS FOR MULTIPLE OPERATION OF OUTPUT STAGES 

To demonstrate the principle of multiple operation, the authors 
developed a television transmitter using four RCA -5588 tubes in the 
output stages, to produce a total power of 400 watts. The circuit 
arrangement is shown in Figure 12. A crystal oscillator operated at a 
frequency of 7870.4 kilocycles. When the output of this oscillator was 
passed through suitable frequency multiplying stages, the exciter de- 
veloped a signal with a frequency of 212.5 megacycles. At this point, 
the chain was broken into four parallel paths. Each path then led 
through two doubler stages to furnish driving voltage to a final ampli- 
fier stage at 850 megacycles. Three diplexers and three absorbing 
resistors were used as shown to combine the four output stages into a 

Fig. 12 -A block dia- 
gram of an 850 - 
megacycle television 
transmitter using 
the principle of mul- 

tiple operation. 

212.5 MC 

CRYSTAL 
7ST0. RC 

EXCITER 

2S MC 

SSO MC 

ilOEO 
NPVT 

VIDEO 
AMPLIFIER 

MODULATOR 

FINAL 
AMPLIFIER MODULAT 

pAIABLE 
LINE 

DIPLEXER 

ABSORBING 
RESISTOR 

DIM. VCR 

I I I 

LINE 
VARIABLE 

ABSORBMGr-- 

RESISTOR 
850 MC 

ANTENNA 

VA LIN 
LINE 

DIPLEXER I 

1 

ABSORBIN 
RESISTOR 
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single antenna. Each final amplifier was cathode modulated from a 
single picture source to accomplish simultaneous modulation of each 
final amplifier. The diplexers were of the type shown in Figure 11. 

Three variable length lines, shown in Figure 12, were used to pro- 
vide phase adjustment of the radio -frequency carriers. These variable 
length lines were constructed of overlapping tubes, adjusted by a rack 
and pinion. Experience has indicated that these lines may be omitted 
and small phase adjustments accomplished by slight tuning of amplifier 
tank circuits in the doubler stages. 

Fig. 13 -The experi- 
mental 850 -mega- 
cycle television 

trn n mT tter. 

One or more of the final amplifier stages could be turned on or off 

without reaction on the remaining stages. Signal strength in the 
antenna circuit changed according to theoretical predictions. 

The transmitter is shown in Figures 13 and 14, with the diplexers 
visible in Figure 14. This transmitter was operated under an experi- 
mental license as Station W3XCY in Washington, D. C. in the fall of 
1948 and has since been in operation in Princeton, N. J., as Station 
KE2XAY for the purpose of providing further test data in connection 
with the principle of multiple operation. 
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CONCLUSION 

Fig. 14- Another 
view of the 850 - 
megacycle television 
transmitter, showing 
the diplexers used 
in securing multiple 

operation. 

A combining network has been developed which allows transmitting 
tubes to be operated simultaneously into a common load without inter- 
action between tubes and without reduction in band width. A trans- 
mitter has been constructed which shows the method to be applicable 
to the design of ultra- high- frequency transmitters for television use. 
While relatively low power tubes were used in this demonstration 
transmitter, it was done for purposes of expediency and to demonstrate 
the principle of operation. The authors do not mean to imply that 
several small tubes are to be preferred to one large one. However, 
when the largest tube available does not approach the power desired 
for the particular service under consideration, multiple operation with 
diplexing circuits seems to be indicated as a practical solution. 
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EXPERIMENTAL ULTRA -HIGH -FREQUENCY 
TELEVISION STATION IN THE 

BRIDGEPORT, CONNECTICUT AREA *t 
BY 

RAYMOND F. GUY, JOHN L. SEIBERT AND FREDERICK W. SMITH 

Radio and Allocations Engineering, National Broadcasting Company, Inc., 
New York, N. Y. 

Editor's Note: This paper constitutes the first in a series of reports on the 
NBC UHF field tests at Bridgeport, Connecticut. The second of the series - "An 
Experimental Ultra- High- Frequency Television Tuner " -appears on pages 68 -79 
of this issue. 

It is currently planned to include the following two papers in the June 1950 
issue of RCA Review: 

"A New Ultra- High- Frequency Transmitter" 
"Ultra- High- Frequency Antenna and System for Television Trans- 

mission" 
Subsequent papers will include reports on propagation studies, service area 

surveys, service operating characteristics of equipment, and subsequent equip- 
ment and other technical developments. 

Summary -The engineering considerations involved in the construction 
and operation of an experimental television broadcast station in the ultra- 
high- frequency band are presented. The transmitter, KC2XAK, is located 
in the Bridgeport, Connecticut area and operates in a standard bandwidth 
of six megacycles from 529 to 535 megacycles with a newly developed 
transmitter and high -gain antenna. Programs are picked up directly from 
Station WNBT in New York on Channel 4 and are demodulated, processed 
and retransmitted on the ultra -high -frequency band. 

INTRODUCTION 

d S 

World War II drew to its close, it became apparent that great 
expansion in radio service was imminent, particularly in the 
very- high- frequency (VHF) and ultra- high- frequency (UHF) 

spectrums. It was also evident that the whole field of frequency allo- 
cations in these spectrums should be reviewed in preparation for these 
new and extensive services of the future. One of the most important 
of the new services under consideration for the postwar period was 
television broadcasting. Accordingly, the Federal Communications 
Commission (FCC) held a public hearing which began on September 
28, 1944, with the purpose of reviewing existing allocations in the 
light of future needs. As a result of this hearing and subsequent 
developments, commercial television is now assigned twelve channels 
in the VHF band on which there are currently in operation approx- 
imately one hundred stations. But it has been apparent that twelve 

* Decimal Classification: R588XR310. 
f Reprinted from RCA Review, March 1950. 
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channels do not permit adequate television service for a truly nation- 
wide system. 

For future use the FCC set aside a block of ultra -high frequencies 
in the 475 -890 megacycle band for television. Insufficient information 
was available with which to adopt standards and allocate frequencies 
at that time. The need for this information has been most apparent 
and both government and the industry have undertaken to obtain such 
information. It is necessary to determine whether or not the television 
transmitter standards presently used for VHF could be adopted for 
UHF service. It is also necessary to determine the propagation char- 
acteristics of the ultra -high frequencies. These two generalized fields 
require a large amount of data which must be obtained and integrated. 
The areas which could be served by UHF television transmitters with 
practicable radiated powers and antenna heights must be determined. 
Moreover, the propagation characteristics which determine the mini- 
mum separation which can be tolerated between cochannel stations, 
and the characteristics of transmitting and receiving apparatus and 
the propagation characteristics which determine the minimum separa- 
tion necessary between adjacent -channel stations must be known. 

During the last several years, much has been learned from work 
done in the development of apparatus and the studies of propagation 
undertaken by various government and private laboratories and by 
manufacturing and operating companies. 

Radio Corporation of America has conducted, concurrently, a num- 
ber of projects'.' to determine the propagation characteristics and the 
television service potential of the ultra -high frequencies, particularly 
in the band from 475 to 890 megacycles, and has made this information 
available to the FCC and the industry at large. 

Upon completion of the tests described in Reference (2), it was 
decided that an experimental ultra- high- frequency television transmit- 
ting station should be erected in a representative city which was not 
adequately served by a local VHF transmitter. It was felt that such 
a station should be a full scale custom built prototype of future com- 
mercial installations in the UHF band so that the results obtained 
would be truly indicative of the practical possibilities of ultra -high- 
frequency broadcasting in the type of community in which many of 
these stations would be operated. Accordingly, such a project was 
initiated. 

G. H. Brown, J. Epstein and D. W. Peterson, "Comparative Propaga- 
tion Measurements; Television Transmitters at 67.25, 288, 510 and 910 
Megacycles ", RCA Review, Vol. 9, No. 2, p. 177, June 1948. 

2 G. H. Brown, "Field Test of Ultra- High- Frequency Television in the 
Washington Area ", RCA Review, Vol. 9, No. 4, p. 565, December 1948. 
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SELECTION OF THE SITE 

After considerable investigation, an area having Bridgeport, Con- 
necticut as its approximate center was selected for the station site. 
Application for a construction permit for an experimental television 
station, to transmit in the band from 529 to 535 megacycles and 
specifying Bridgeport as the general location, was made to the FCC 
on February 8, 1949. The permit was granted May 4, 1949, assigning 
the call KC2XAK. 

The city of Bridgeport is located on Long Island Sound (see Fig- 
ures 1 and 2) at the mouth of the Poquonock River and has a popula- 

Fig. 1 -Map of general area surrounding Bridgeport transmitter location. 
Courtesy Esso Standard Oil Company (Copyrighted by General Drafting Company, Inc., New York.) 

tion, for the metropolitan district, of approximately 216,600 according 
to the 1940 census. While fringe reception of television stations in 
New York and New Haven is obtained in this area, there is no locally 
originated television service. 

As can be seen from Figure 2, the city is ringed with a series of 
hills all of which are about 200 feet high. Of these, Success Hill, in 
Stratford, Connecticut, which is north- northeast of the center of 
Bridgeport and just outside the city limits, was chosen after extensive 
surveys as the most suitable site for the installation of a television 
transmitter. From the standpoint of covering not only Bridgeport, but 
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Fig. 3- Transmitter 
Building (front 

view). 

UHF TELEVISION STATION 211 

also neighboring communities such as Stratford, Devon and Milford 
adequately, Success Hill appeared to be the most attractive location. 

Application was thereupon made to the FCC, modifying the Con- 

struction Permit to show Success Hill as the exact location of the 
transmitter site. This modification was granted by the FCC on Octo- 

ber 12, 1949, with a proviso that construction should start on or about 
December 12, 1949, and be complete on or before June 12, 1950. 

TRANSMITTER BUILDING 

The transmitter building resembles a conventional Cape Cod cot- 
tage from the exterior, as shown in Figure 3. The floor plans of this 
structure are shown in Figure 4. The useful floor area of the apparatus 

rooms is 1164 square feet. 
The peak power requirement of 

W=° the installation was initially esti- 
mated as 50 to 60 kilovolt- amperes 
at 240 -120 volts alternating current 
and it was therefore necessary to 
provide a 400 -ampere service in 
order to achieve adequate regula- 
tion. Ventilation of the transmitting 
equipment is secured by means of 
vents located in the first floor ceil- 
ing which are arranged to accept 
the air exhausted from the trans - 

n ¡ mitter racks. The attic in turn is 
ventilated by a pair of two speed 
24 -inch exhaust fans which are 
operated whenever it is undesirable 
to retain the equipment heat within 

Fig. 4 -Floor plans of transmitter the building. The construction of building. 
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the transmitter building started on September 22, 1949 and was com- 
pleted on November 15, 1949. 

As a supporting structure for the transmitting antenna, a steel 
tower 210 feet in height with a base 24 feet square was erected next 
to the transmitter building as shown in Figure 3. In order to ade- 
quately ground the tower as protection against lightning discharges, 
copper straps six inches wide were attached to three of the four tower 
legs and these were separately bonded to the well casing. A consider- 
able reduction in cost of the tower lighting system was effected by 
employing a newly developed weatherproof cable, Simplex Anhydrex, 
for the lighting cable runs, rather than conventional cable in conduit. 
These cables were secured to the tower ladder risers by means of worm - 
type hose clamps and this arrangement permitted installation of the 
tower wiring in a fraction of the time normally required. 

F-1 

Fig. 5 -Block dia- 
gram of transmit- 

ting system. 

An efficient ground system for the radio transmitting equipment 
installed in the building was secured by situating all equipment racks 
on a continuous copper sheet placed over the flooring. This sheet was 
grounded to the well casing in the manner described above. Erection of 
the tower was started on November 17 and completed on November 24. 

TRANSMITTING SYSTEM 

The transmitting system employed at Station KC2XAK is outlined 
in the overall system block diagram shown in Figure 5. The trans- 
mitter is arranged to operate as a satellite of the VHF television 
station WNBT in that the visual and aural program signals are picked 
up directly from WNBT and retransmitted on the UHF band. While 
provisions are incorporated for local aural station identification, none 
are included for local origination of test pattern or other video signal. 

The manner in which this system of satellite operation is accom- 
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plished may be seen from Figure 5. The signal from WNBT is picked 
up directly from the transmitter located atop the Empire State Build- 
ing in New York City at a distance of approximately 54 miles by means 
of a parabolic antenna located on the antenna tower. The signal is then 
fed to a preamplifier located in the station building which in turn pro- 
vides the radio -frequency signal for two specially constructed receivers 
tuned to Channel 4. 

The video signal is taken from the receiver through a built -in 
isolation amplifier and is then processed by a stabilizing amplifier 
which improves the quality of the signal and corrects any degradation 
which may have occurred in the synchronizing information. The video 
signal is then applied to the UHF visual transmitter modulator and 
final power amplifier. The output of the visual transmitter is filtered 
by a vestigial sideband filter to attenuate the lower sideband in accord- 
ance with the television transmission standards established by the FCC. 

The demodulated audio signal from the receiver is taken from the 
audio output stage of the receiver, pre- emphasized, and fed into a 
limiting amplifier which prevents over -modulation of the transmitter 
by audio surges. In the event that a local station identification is to 
be made, the output of either a microphone or a turntable may be 
introduced into the system at this point as indicated in Figure 5. 

The output of the limiting amplifier is then applied directly to the 
frequency -modulation exciter which constitutes the UHF aural trans- 
mitter modulator. The outputs of the UHF aural and visual trans- 
mitters are combined in a notch type cross coupling filter and the 
resultant signal is used to excite a newly developed high gain UHF 
television transmitting antenna through a coaxial transmission line. 
Thus, programs originating from Station WNBT on the present VHF 
band are received, demodulated, processed and retransmitted on the 
UHF band. 

In addition to the facilities just described, monitoring equipment 
has been provided which permits observation of either picture or sound 
quality anywhere within the system as indicated by Figure 5. Also, 
frequency monitoring equipment has been installed which makes it 
possible to hold the frequency of the visual and aural carriers well 
within the tolerances set for standard television broadcasting. 

INPUT EQUIPMENT FEATURES 

Although certain components in the overall transmitting system 
are standard units, most contain innovations which are of technical 
interest and will therefore be described. 

The parabolic receiving antenna is located on a platform on the 
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160 -foot level of the antenna tower as shown in Figure 6. It consists 
of a dipole which is mounted in the focus of a circular, parabolic screen 
10 feet in diameter. The parabola has a focal length of 291/2 inches 
and provides an antenna gain of 3.5 decibels as compared to a simple 
dipole. The receiving antenna transmission line consists of an ATV - 
225 balanced shielded pair which has a nominal characteristic imped- 
ance of 225 ohms and a loss of 2.3 decibels per hundred feet at 50 

megacycles. Although the line loss incurred with this cable is greater, 
the use of shielded transmission line affords a degree of noise immunity 
not possible with the standard unshielded 300 -ohm line. 

Fig. 7a- Revised video output cir- 
cuit of Channel 4 receivers. 

Fig. 6- Transmitter building (side 
view) and antenna tower. The 
Channel 4 parabolic receiving an- 
tenna can be seen at the 160 foot 

level of the tower. 
Fig. 7b- Revised audio amplifier 

circuit of Channel 4 receivers. 

The preamplifiers which precede the Channel 4 receivers are fixed 
tuned amplifiers and are identical with the type SX9A amplifier norm- 
ally furnished as part of the RCA Antenaplex television distributing 
system. The amplifier consists of two 6J6 push -pull cross -neutralized 
amplifier stages in cascade which provide a gain of approximately 20 
decibels, as well as an improvement in the signal to noise ratio. The 
output stages of these amplifiers are equipped with isolation pads 
which permit a signal to be fed to one or both of the 300 -ohm receiver 
inputs without undesirable interaction. 

The Channel 4 receivers used for the actual detection of the Chan- 
nel 4 signal are standard RCA 9T246 receivers with 10 -inch screens 
which have been specially modified for this particular application. The 
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major changes made in this receiver are modifications of the audio and 
video output circuits and these are illustrated in Figures 7a and 7b. 

The revised video output circuit is shown in Figure 7a. The normal 
plate load of the first half of the 12AU7 video amplifier has been 
divided in such a way that the input of the 6J6 isolation amplifier may 
be shunted across a portion of it without undesirably affecting normal 
operation of the receiver video circuits. This isolation amplifier will 
provide an output signal of 2 volts peak to peak at an output impedance 
of 75 ohms when the "video adjust" and receiver automatic gain con- 
trols are properly adjusted. 

Figure 7b indicates the modifications made in the receiver audio 
amplifier. The power amplifier has been altered to provide a standard 
audio output impedance of 600 ohms and the overall distortion char- 
acteristics of the amplifier have been improved by the addition of an 
inverse feedback loop from a separate winding on the output trans- 
former to the cathode of the penultimate audio amplifier stage. In 
addition, a tuning meter has been connected across the output of the 
discriminator which permits adjustment of the fine tuning control of 
the receiver for minimum audio distortion, which point is indicated 
by a zero indication on the meter. By this means an audio output of 
+5 dbm* with but .4 per cent second harmonic distortion can be ob- 
tained. The receivers have also been completely shielded, housed in a 
manner suitable for rack mounting, and have been aligned for optimum 
reception on Channel 4. 

The video stabilizing amplifier employed in the system is a type 
ND -329 Clamp and Sync Amplifier. It incorporates clamp circuits 
which stabilize the video signal and contains provisions for the inde- 
pendent adjustment and restoration of sync pulse amplitude so that 
the video signal fed to the visual modulator will at all times meet FCC 
standards. The remaining input equipment consists mainly of standard 
commercial audio amplifiers. 

UHF TRANSMITTER 
The television transmitter, which constitutes the major link in the 

transmitting system, is an RCA type TTU -1A. The TTU -1A, which 
operates in the UHF band, meets the FCC standards for VHF tele- 
vision broadcast transmitters. 

The transmitter is housed in six racks, as is shown in Figure 8, 

the left hand 3 racks containing the aural portion of the transmitter 
and the right hand 3 racks containing the visual portion. The trans- 
mitter includes, as an integral part, a slightly modified RCA type 

Decibels referred to a zero level of 1 milliwatt in 600 ohms. 
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TT -500B television transmitter which comprises the center two racks 
in Figure 8. 

In the visual section of the transmitter, the radio -frequency output 
of the 4X150A's in the final stage of the TT -500B is used to drive a 
tripler employing eight type 4X150A tubes in parallel in a single 
cavity. The output of the tripler in turn drives a power amplifier 
containing eight additional 4X150A tubes and employing a cavity 
design similar to the tripler. These cavities can be seen in the second 
rack from the right in Figure 8. The video modulator circuits of the 
TT -500B have been modified to drive a direct -coupled cathode follower 
stage, consisting of eight 6L6 tubes, which serves as a modulator for 
the UHF power amplifier. 

Fig. 8 -The RCA 
TTU -1A transmit- 
ter, input and mon- 
itoring racks and 

control console. 

In the aural section of the transmitter the arrangement of tripler 
and power amplifier cavities is identical to that just described, and 
these are located in the second rack from the left in Figure 8. Modula- 
tion, of course, takes place in the frequency modulation exciter which 
is located in the TT -500B. 

The transmitter operates in a standard six -megacycle band, 529 to 
535 megacycles, the visual and aural carrier frequencies being 530.25 
and 534.75 megacycles respectively. This requires that the TT -500B 
output stages which drive the UHF tripiers operate at 176.75 and 
178.25 megacycles. An overall frequency multiplication of 108 occurs 
between the oscillator and the final frequency in both the visual and 
aural transmitters. The visual carrier is held within ±.002 per cent 
of the assigned operating frequency and the sound carrier is auto- 
matically maintained 4.5 megacycles above the visual by means of a 
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novel system of frequency control which eliminates relative drift be- 
tween the visual and aural carriers. This arrangement makes it un- 
necessary to hold transmitter carrier frequency stability closer than 
the present FCC requirements for carrier frequency stability in the 
UHF band even though the intercarrier sound reception feature may 
be incorporated in future UHF television receivers. 

Each of the transmitter sections is designed to work into a 51.5 - 
ohm, 1% -inch transmission line, and will deliver normal power outputs 
of .5 kilowatt aural and 1.0 kilowatt peak visual. 

FREQUENCY MONITORING EQUIPMENT 

The arrangement of frequency and aural modulation monitoring 
equipment used in conjunction with the UHF transmitter is illustrated 
in Figure 9. As can be seen, the method used to monitor the tans - 
mitter is to convert the transmitter 
signal frequencies to 45.25 mega- °Y ú 

cycles for the picture carrier and sac I ,,K 

49.75 megacycles for the sound car- { 

rier and then monitor at these fre- 
quencies with a standard RCA WF- 
49A and WF -50A visual frequency 
monitor 
1170 -AT 
converter 
supplied 

and General Radio type 
FM aural monitor. The 
heterodyning signal is 

by a standard frequency 

- 

crystal oscillator at 30.3 megacycles 
and a multiplying chain. The crys- "`.""" 
tal used in this oscillator is of a Fig. 9 -Block diagram of trans -. 

mitter monitoring equipment. 
special design that has a long term 
stability of better than 2 parts per million per 30 days. In order to 
check the actual amount of frequency drift, means have been provided 
for the calibration of the oscillator against WWV. For this purpose, 
a 250 -kilocycle oscillator is used as a secondary frequency standard 
and is calibrated against WWV at 5 or 10 megacycles by the use of 
an external communications receiver. The 250 -kilocycle signal fre- 
quency is then multiplied and the resultant signal frequency compared 
to that of the heterodyning signal so that the heterodyne signal can 
be set to exact zero beat. 

OUTPUT NETWORK, TRANSMISSION LINE AND ANTENNA 

The coaxial vestigial sideband filter and notch filter indicated in 
the block diagram of the system (Figure 5) are located behind the 
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Fig. 10 - Coaxial 
vestigial sideband 
filter and diplexer 
suspended on ceiling 
behind the transmit- 

ter. 

transmitting equipment in the station building as shown in Figure 10. 

The output of these networks is fed to the antenna by means of special 

31/8 -inch UHF transmission line pressurized with nitrogen, similar to 

that employed in the UHF transmission tests in the Washington area." 
The antenna itself is an RCA type TFU -20A. It is similar in struc- 

ture to the standard pylon antenna (See Figure 11) but is operated 
as a slot antenna. The slot radiators are covered by polyethylene covers 

which are the protrusions which appear on the antenna pole in 

Figure 11. 
The antenna has gain of 17, a diameter of 103/4 inches and an 

overall height of forty feet above the pole socket in which it mounts. 

Because of the nature of the antenna structure, efficient operation re- 

quires that ice formation over the slot radiators be prevented. A 

thermostatically controlled de -icing system consisting of a hot air 

Fig. 11 -The RCA 
TFU -20A UHF an- 
tenna in test posi- 
tion before erection 

on towel- 

3 D. W. Peterson, "Notes on a Coaxial Line Bead ", Prot, I..R.E,, Vol. 37, 
No. 11, p. 1294 November 1949- 
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blower has therefore been installed to prevent icing conditions and 
losses due to extreme humidity. The output of the blower is forced 
into the antenna at the base of the antenna pole and is exhausted at 
the top of the antenna just below the beacon. The electrical power 
input to the blower heaters can be increased to as much as 14 kilowatts 
if conditions demand. The overall height above ground of the antenna 
and antenna tower is 250 feet and the overall height above mean sea 
level is 440 feet. The height of the antenna radiation center above 
average terrain is 330 feet. 

SYSTEM EFFICIENCY 

The overall system efficiency from the transmitter to the antenna 
is approximately 80 per cent. With an antenna gain of 17 and a visual 
transmitter power output (peak) of one kilowatt, the effective radiated 
power of the system will be roughly 13.9 kilowatts peak visual. It is 
estimated that the power costs for the entire system for 16 hours per 
day, 7 days per week operation would be roughly $4000 per year. 

Additional developments are under way to increase the efficiency 
of the various UHF system components and raise the antenna gains. 
It would be possible, for example, to employ wave guide operating in 
the TE0, 1 mode for the antenna feed system. Such a wave guide 
would have dimensions of roughly 15 X 91/2 inches and would have an 
efficiency of about 92 to 93 per cent for the length of guide necessary. 

FIELD TESTS 

Experimental television station KC2XAK went on the air with 
full power and full modulation on December 29, 1949. A number of 
television receivers and converters designed to receive KC2XAK are 
being installed in homes in the Bridgeport area. Field tests will include 
observations in homes throughout the service area, at distances and 
under conditions which will determine the extent of coverage of the 
station. Various types of receiving antenna will be tested, shadow 
areas and multipath problems investigated and extensive field intensity 
measurements will be made. 

Such measurements will be taken at representative receiver loca- 
tions and will include actual voltages obtained at receiver terminals 
In addition, measurements will be conducted along various radials 
and an investigation made of field intensity versus receiving antenna 
height under various conditions. Upon completion of the surveys, the 
results obtained will be disclosed to the FCC and the industry in 
subsequent papers. 
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AN EXPERIMENTAL ULTRA -HIGH -FREQUENCY 
TELEVISION TUNER 

BY 

T. MURAKAMI 

Home Instrument Department, RCA Victor Division, 
Camden, N. J. 

Summary -This paper describes an ultra- high -frequency television 
tuner developed for use in field tests of the experimental television station, 
KC2XAK, located in Bridgeport, Connecticut. A compact tuning system 
utilizing modified transmission lines is used in this tuner which covers a 
frequency range of 500 to 700 megacycles. Each tuning element consists 
of two strips of copper foil mounted on a thin cylindrical coil form, tuned 
by means of a copper or brass core. A double heterodyne system is used 
to convert the ultra -high -frequency signals to the 21 -27 megacycle inter- 
mediate frequency of the conventional television receiver, with a switching 
arrangement provided to change from the very- high -frequency to the 
ultra -high -frequency head end. 

INTRODUCTION 

HE experimental ultra- high- frequency (UHF) television station 
KC2XAKt in Bridgeport, Connecticut operates in the channel 
from 529 to 535 megacycles (Mc). This is near the low fre- 

quency end of the UHF band; therefore, it has been possible to obtain 
satisfactory performance using conventional tubes in this particular 
tuner, which covers the range from 500 to 700 Mc. A tuner which is to 
perform satisfactorily in the region above 700 Mc would probably re- 
quire a different tube complement, and other design changes. For this 
reason, the tuner described here is not intended to represent a finished 
commercial design, but rather is an experimental model to be used on 
a limited basis to acquire further technical information pertinent to 
UHF television transmission and reception. 

The particular type of UHF tuned circuit used in this tuner was 
originally developed for a converter built for reception of the experi- 
mental UHF television transmitter in Washington, D.C., which operated 
during the fall of 1948 in the channel from 504 to 510 Mc. The con- 
verter used in the Washington tests tuned from 500 to 600 Mc using 
the same tube complement as the present model for the radio -frequency 

* Decimal Classification: R583.5. 
# Reprinted from RCA Review, March 1950. 

R. F. Guy, J. L. Seibert and F. W. Smith, "Experimental Ultra -High- 
Frequency Television Station in the Bridgeport, Connecticut Area ", pp. 207- 
219 of this volume. 

220 

www.americanradiohistory.com

www.americanradiohistory.com


UHF TELEVISION TUNER 221 

(r -f) amplifier and the mixer -oscillator. These tests indicated that the 
tuning system was satisfactory; therefore, a similar type was adapted 
for the tuner described here. 

The amplified output signal of the tuner is fed to the intermediate - 
frequency (i -f) amplifier of any conventional television receiver; in 
this way either very -high frequencies (VHF) or UHF may be received 
by switching the output of the head ends. Both the tuner and its 
power supply may be mounted directly on the television receiver chassis 
or operated as a separate unit. 

GENERAL CONSIDERATIONS 

As shown in the block diagram of Figure 1, the tuner consists of an 
input high -pass filter cutting off at 500 Mc, an r -f amplifier, a first 
mixer -oscillator, a 132 -138 Mc first i -f amplifier, a second mixer- oscilla- 
tor, the output of which is at 21 -27 Mc and low impedance. The UHF 
amplifier and oscillator tuning elements are designed to cover the signal 
rangs of 500 to 700 Mc. 

Fig. 1 - Block dia- 
gram of tuner and 

power supply. 

HIGH -PASS 
FILTER 

75 -OHM COAXIAL 
LINE FROM ANTENNA 

R -F AMPLIFIER 
AND 

MIXER -OSCILLATOR 

132 -138 MC. 

I F AMPLIFIER 

POWER 
SUPPLY 

MIXER - 

OSCILLATOR 

21 -27MS 
OUTPUT 

The first i -f has been chosen high enough to provide satisfactory 
image rejection with two UHF tuned circuits, but low enough so that 
reasonable i -f gain and noise factor can be realized with conventional 
tubes. If the sound and picture i -f in the VHF receiver were redesigned 
for higher frequencies, a single superheterodyne system might be 
more satisfactory. 

DESCRIPTION OF CIRCUIT 

A circuit diagram of the tuner and its power supply is shown in 
Figure 2. The high -pass input filter reduces (1) the image response, 
(2) the direct i -f response, (3) the oscillator radiation, because in 
this double superheterodyne receiver the first local oscillator is below 
the signal frequency. This filter, shown schematically in Figure 2, is 
a "printed" circuit, as shown in Figures 3 and 4. The "printing" is 
accomplished by photoengraving a 1.5 mil copper sheet bonded to a 
paper -base bakelite sheet. A high -pass filter was used since it was less 
critical to variations in photoengraving than the band -pass type. The 
filter and the r -f amplifier are designed to operate with 75 -ohm coaxial 
antenna transmission line. The insertion loss of the high -pass filter is 
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shown in Figure 5. In the transmission range, the insertion loss is 
approximately 2 decibels. To prevent excessive loading by the trans- 
mission line and the amplifier cathode on the tuned input circuit, 
capacitative impedance transformations have been used as shown in 
Figure 2. 

SPREAD BRAIDING ON 
PLATE B SOLDER TOGETHER 

-13 

LIST OF PARTS 

ITEM DESCRIPTION 

I ASSEMBLY 
2 SHIELD 
3 SPACER 

SCREW -FILL HD -4.40K I/2 LG 
5 LOCK WASHER 
6 STRAPS 
7 HIGH -PASS FILTER 

8 CABLE 
9 CABLE 
IO SOLDER 
II PLATE 

OLAYOUT FOR BLACK B WHITE REPRODUCTION DRAWING. 

NOTE -ALL DIMENSIONS ARE FO N TIMES 
FINAL SIZE OF PRINTED CIRCUIT 
FILTER, THE BLACK AND MOITE 
DRAWING TO BE PHOTOGRAPHED 

TO ACTUAL SIZE. 

Figs. 3a (above) and 3b (below)- Construction details of "printed" circuit 
filter. 

A 6J4 triode is used as a grounded -grid r -f amplifier, and a single 
6J6 tube for the first oscillator- mixer, with cathode injection of the 
oscillator voltage. The 132 -138 Mc first i -f amplifier consists of two 
stages of 6AG5 tubes with three double -tuned circuits. Two stages are 
necessary to sufficiently isolate harmonics of the second oscillator from 
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Fig. 4- Photograph 
of tuner, showing 

high -pass filter. 

the first mixer. Automatic gain control is not applied to this ampli- 
fier because of the effect of varying transconductance on the selectivity 
curve shape. 

A 6J6 tube is also used as the second oscillator -mixer to heterodyne 
the 132 -138 Mc signal to 21 -27 Mc. The output from the tuner is 
linked -coupled to the first picture i -f amplifier of a standard VHF tele- 
vision receiver through a low- impedance line. 110 -ohm shielded twin 
line is used. If the tuner is to be used with a receiver which has an 
i -f of other than 21 -27 Mc, it is only necessary to retune the fixed 
oscillator to the appropriate frequency and redesign the output i -f 
transformer. Switching between the UHF tuner and the conventional 
VHF tuner (which is normally an integral part of the television re- 
ceiver) is made in the low- impedance link circuit. In some television 
receivers it may be necessary to modify either this switching arrange- 
ment or the 21 -27 Mc i -f amplifier, since the link circuit may alter the 
band -pass characteristics of the amplifier. 

UHF TUNING ELEMENTS 

The tuning elements used in the 
r -f and oscillator circuits are shown 
in Figure 6. These elements con- 
sist of strips of 2.5 -mil copper foil 
mounted with a low loss cement on 
natural paper base bakelite tubing 
with an inside diameter of 0.251 
inch and a 10 -mil wall thickness. 
The input and interstage elements 

NDD D00 m0 700 .á0 soo mo 
CNCONCNCY IN NCWCYCLC! 

Fig. 5- Insertion loss of 
high -pass filter. 
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B 
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Fig. 6- Tuning elements used in 
r -f and oscillator circuits. 

are shown in Figures 6 -a and 6 -b. 
The copper foil in these elements 
has been tapered to obtain a de- 
sirable tuning curve and proper 
tracking of the r -f and oscillator 
circuits. The copper foil at the ends 
of these elements has been flared to 
reduce the lead inductance. The 
oscillator element consists of a bi- 
filar winding terminating in a split 
capacitor section. The bifilar wind- 
ing increases the inductance of the 
oscillator tuning element so that the 
oscillator will operate 135 Mc below 
the signal frequency for this par- 
ticular tuner. Oscillator radiation 
is also reduced by use of the bifilar 
winding in the oscillator circuit 
since the fields produced in the 
tuned circuit partially cancel. All 
three elements are tuned by means 

of copper or brass cores, shown in Figure 7, moved inside the bakelite 
tubing. These cores are mounted on kovar wire which is broken in 
several places with glass bead supports. The use of kovar wire mini- 
mizes oscillator drift due to thermal expansion. It is necessary to break 
the wire into small segments to decouple the cores from the surround- 
ing metal and avoid spurious "suck- outs." In the oscillator element 
excessive oscillator radiation is prevented by use of the broken wire 
segments. A 500 to 700 Mc tuning range is covered with a core move- 
ment of approximately 1% inches. 

Fig. 7- Details of oscil- I`- -LI 
lator element. ee3Graeeea'. 

x.097 .068 
6-32 THOS. 
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i 
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2 F 
2 

O030 D 
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16 1 
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M 
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® PS 20 
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When the metal core is moved in the tube, both the effective length 
of the line and the capacitative reactance terminating the line are 
varied. The tuning range of a particular unit can be changed by vary- 
ing the maximum and minimum amount of the capacitative and induc- 
tive reactance of the line. This can be most readily done by changing 
the diameter of the thin -walled tubing and the size of the foil strips. 
If the diameter of the tube is increased, the tuning range, in general, 
will increase. If the length of the line is increased, the open -ended line 
extending beyond the core may become a quarter wave length at some 
frequency in the tuning range. This may cause the impedance of the 
line to fall below a usable value depending upon the core position when 
this critical frequency is reached. However, the length of line will 
determine the highest frequency which can be obtained with the core 
in the extreme "in" position due to the capacity loading effect of the 
overhanging end of the line. 

t32-138 Mc IF AMPLIFIER 
SECOND MIXER OSDILL AT 

--- OUT PI II 

FROM 
NF 

TRANSFORI.ER 

78 -OHM COAXIAL INPUT 

TUNED ' INTERSFAGE TUNED 
CIRCUIT CIRCUIT 

Fig. 8- Bottom view 
of tuner. 

The unloaded Q of the tapered transmission line tuning elements 
measures between 100 and 200 in the 500 to 700 Mc frequency range. 
The effective operating Q of these tuning elements is approximately 
25 at 500 Mc and the overall bandwidth of the input and interstage 
circuits is about 12 Mc at 500 Mc. 

Figure 8 shows a bottom view of the tuner with the r -f and oscil- 
lator tuning elements in place. The 75 -ohm coaxial cable and the 
high -pass filter can be seen to come in to the tuned circuit in the 
cathode of the grounded -grid stage. The tuning element between the 
plate of the grounded -grid amplifier and the mixer grid is shown in 

the center next to the oscillator tuning element. The 132 -138 Mc i -f 
amplifier is placed near the edge of the chassis with the second mixer 
oscillator. The output terminals from the link transformer can be 

seen in the upper right hand corner. 
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PERFORMANCE 

Sensitivity 
The sensitivity of the tuner is defined as the input signal required 

to give a 10 to 1 ratio between peak to peak modulation and peak to 
peak noise. The modulation on the carrier is 400 cycles at 30 per cent. 

The measurements shown in Table I were made with the carrier at 
the top of the picture i -f selectivity curve. 

Table I 

Frequency Sensitivity 
in Mc (Microvolts) 

500 140 

600 200 
700 220 

Noise Factor 
The noise factor of the UHF tuner was measured using the signal 

generator method. The receiver and the signal generator used in this 
measurement were an RCA 9T246 and a Measurements Corporation 
Model 84. The fixed bias applied to the receiver i -f amplifier was such 
that 1.0 volts direct current of rectified noise was developed across 
the second detector load resistor with the tuner coupled to the receiver. 
The detector was checked to insure operation in the linear portion of 
the detector characteristic. With the Model 84 matched to the input 
of the tuner with an M -255 pad (50 -72 ohms, 6- decibel voltage attenua- 
tion), enough carrier was fed into the tuner so that 1.41 volts direct 
current of carrier plus noise was read at the second detector. In 
Equation (1) below, eo is the open circuit voltage of the signal gen- 
erator. The signal generator is calibrated in terms of the voltage 
developed across a load resistor equal to the impedance of the gener- 
ator; therefore, to find eo the output reading of the generator was 
multiplied by the factor 2. With the M -255 matching pad, eo was equal 
to the output reading of the signal generator. 

e02 
F= (1) 

4KT0f Ra 

where R.= 72 ohms, At = 3.4 Mc, T = 290 degrees Kelvin, K= 1.38 

X 10 -23 joules per degree (Boltzmann's constant). 
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Expressing the noise factor in decibels 

Fdb = 10 log (0.254e02), eD in microvolts. 

The noise factor measurements for a representative tuning unit 
are shown in Table II. 

Tabe 11 

Frequency (Mc) 500 

e, (Microvolts) 8 
Noise factor (decibels) 
without high -pass filter ' 12 

10 e, (Microvolts) 
Noise factor (decibels) 
with high -pass filter 14 
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Fig. 9 -Tuner selectivity curves. 
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Fig. 10- Overall tuner selectivity 
curves. 

Gain 

The voltage gain of the tuner is 49 decibels at 500 Mc, 48 decibels 
at 600 Mc and 46 decibels at 700 Mc. 

Selectivity 
Curves in Figure 9 show the 132 -138 Mc i -f selectivity, UHF head - 

end selectivity (including 135 Mc i -f) at 500 Mc, and the 21 -27 Mc 
i -f selectivity of the 9T246 receiver. The overall selectivity curve for 
the UHF tuner and receiver, with the UHF head end tuned to 500 Mc 
is shown in Figure 10. 
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Oscillator Stability 
The UHF tuner operates with the heaters of the tubes on at all 

times. Regulation of the plate voltage for the UHF oscillator is used 

to prevent frequency change due to variations in supply voltage. The 
oscillator drift at 500 Mc with preheated heaters is 150 kilocycles from 
the frequency measured 1/2 minute after the time B plus is turned on. 

All of the drift occurs in less than 21/2 minutes, the oscillator stabilizing 
after that time. At 600 and 700 Mc the drift characteristics are very 
similar to those at 500 Mc. 

Oscillator Radiation 
The power measured across 75 ohms at the antenna terminals is 

less than 0.2 microwatt over the tuning range of 500 to 700 Mc. 

Spurious Responses 

A table of spurious responses with their attenuation relative to the 
desired signal is given in Table III. These values were obtained using 
the constant output method of measurement ; in this case sufficient 
signal at the spurious response frequency was fed into the tuner to 
give the same output as would a given amount of desired signal. The 
undesired signal in each case was set at approximately 0.1 volt to the 
UHF unit. Since some spurious response ratios depend on signal level, 
0.1 volt was chosen as representative of a reasonably strong interfering 
signal. It is also a value that can be obtained from available signal 
generators. 

Table III 

2nd harmonic of oscillator 
Signal heterodyning with un- 

frequency Image Half i -f desired signal to give 135 Mc 
(megacycles) (decibels) (decibels) (decibels) 

500 78 78 42 
550 73 73 42 
600 66 66 58 

650 67 67 59 

700 70 70 - 

The i -f response is more than 80 decibels down from the desired 
signal frequency response when the high -pass filter is used in the input 
circuit. To suppress spurious responses caused by harmonics of the 
fixed oscillator it is necessary to isolate this circuit from the UHF 
circuits. In addition to the mechanical shielding attained by careful 
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placement of components, it is necessary to decouple thoroughly the 
B -plus and heater -supply leads. 

There is a spurious response caused by the fourth harmonic of the 
fixed oscillator (158 Mc) feeding back to the r -f circuits at 632 Mc. 
The 6.8- micromicrofarad capacitor in the B -plus supply line and the 
1 -3 micromicrofarad trimmer in the low side of the primary winding 
of the first 132 -138 Mc transformer are used to suppress this 632 -Mc 
harmonic. This response can be further reduced with a 632 -Mc trap 
circuit inductively coupled to the fixed oscillator. 

TUNING CHARACTERISTIC AND TRACKING 

The tuning curve for the tuner is shown in Figure 11. The tuning 
curve consists very nearly of two linear sections, from 500 to 600 Mc 
and 600 to 700 Mc. The tuning elements for the r -f and oscillator 
circuits track within 1/16 inch of core movement; this tracking error, 
which corresponds to 7 to 10 Mc in frequency, does not appreciably 
degrade the sensitivity. 

Tracking is accomplished first by adjusting the lead length of the 
UHF oscillator capacitance C5 (Figure 2) with the oscillator core in 
its low- frequency position so that 
the frequency is about 365 Mc. Con- 
currently, the UHF tuned circuits 
are tuned to 498 Mc with their 
cores in the low- frequency position 
by adjustment of the lead lengths 
of capacitances C1 to C4 in Figure 2. 

If the tuning cores are made too 
loose in the coil forms, the values 
of the capacitors C1 -05 may have 
to be increased. The tracking is 
further improved over the band by 
adjustment of the relative positions 
of the cores. 

UHF -VHF 

720 

700 

500 

660 

P 
6i0 

620 

: 560 

540 

620 

500 

4600 0.25 0.!0 0.75 10 
CORE NOVENENT IN INONES 

Fig. 11- Tuning curve. 

RECEIVER 

125 IA0 

The tuner chassis does not include its power supply, which is on a 

separate small chassis. One method of mounting the tuner and its 
power supply is shown in Figure 12, where the tuner is mounted 
directly above the regular VHF tuner, and the power supply is mounted 
in front of the horizontal deflection high voltage compartment. Figure 
13 shows a view of the UHF -VHF receiver with the UHF tuning dial 
and directly below it the UHF -VHF switch. 
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Fig. 13- Standard 
VHF receiver with 
UHF tuner added. 
UHF controls are to 
the right of the kine- 

scope. 

231 

Fig. 12- Standard 
VHF chassis with 
UHF tuner added. 
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ULTRA -HIGH -FREQUENCY ANTENNA AND 
SYSTEM FOR TELEVISION TRANSMISSION °# 

BY 

O. O. FIETt 

Engineering Products Department, RCA Victor Division. 
Camden, N. J. 

Summary -An omni- directional, horizontally polarized ultra- high -fre- 
quency antenna with a power gain of 17.3 is described. Some of the per- 
formance characteristics and development problems are given. A vestigial 
sideband filter and notch diplexer constructed of concentric transmission 
line is described. Measured performance characteristics and design consid- 
erations are also given. The concentric transmission line used to feed the 
transmitter output to the antenna is described briefly. A broad frequency 
characteristic is obtained by use of compensated undercut insulators sup- 
porting the inner conductor. Waveguide, elbows, and transitions to concen- 
tric line have been developed for operation in the 500 to 750 megacycle band. 
Considerations which make waveguide attractive for ultra -high -frequency 
television service and measured characteristics of the components developed 
are presented. The antenna system was developed for the operation at 
ultra- high -frequency experimental television station KC2XAK at Bridge - 
port, Connecticut. The antenna system involves the antenna, transmission 
line or waveguide, a notch diplexer and vestigial sideband filter. 

ANTENNA 

1L N 
EFFECTIVE RADIATED power of 10 to 20 kilowatts was 

desired for the experimental ultra- high -frequency (UHF) 
television broadcast station at Bridgeport, Connecticut.' A 

study of the problems involved indicated the antenna should have as 
much gain as practical, consistent with stability of radiated signal. 
Deflection of the antenna and supporting tower by high winds causes 
the vertical pattern of the antenna to tilt from the horizontal. This 
may cause the received signal to decrease to an unacceptable value in 
some receiver locations during high winds. Previous experience and 
study of the vertical pattern accompanying a given gain indicated a 

gain of 20 to 25 would give acceptable coverage. Experience obtained 

* Decimal Classification: R326.81XR117.2. 
# Reprinted from RCA Review, June 1950. 

The material in this paper for which the author is directly responsible. 
together with certain other material, forms the basis of a Doctor's thesis in 
Electrical Engineering to be presented to the faculty of the Graduate School 
of the University of Pennsylvania. 

1 R. F. Guy, J. L. Seibert and F. W. Smith, "Experimental Ultra -High- 
Frequency Television Station in the Bridgeport, Connecticut Area," RCA 
Review, Vol. XI, No. 1, pp. 55 -67, March, 1950. 
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Fig. 1 -End views of the antenna. 

with the antenna herein described, which has a power gain of 17.3, 
will determine the practicability of higher power gains. 

Very -high -frequency television transmitting antennas utilize a 
branching -type feeder system to each radiating element to obtain the 
desired bandwidth and pattern characteristics. An extension of this 
practice to UHF high -gain antennas would result in a very complicated 
feeder system due to the large number of radiating elements involved. 
In the case of the antenna constructed for Bridgeport, the radiating 
system would have required 88 branch lines; this clearly was not 

desirable and a feed system of 
greater simplicity was developed. 

The antenna consists of a 31/2- 
inch outside diameter copper tube 
mounted coaxially inside a 103/4 - 
inch outside diameter, 1/2 -inch wall 
steel tube (Figure 1). The steel 

Fig. 2- Antenna installed in the 
normal vertical position in a rotat- 
ing socket for measuring horizontal 

patterns. 

Fig. 3- Antenna mounted on horses 
horizontally over space cloth to ab- 

sorb ground reflections. 
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tube is in two lengths, each approximately 20 feet long joined by means 
of flanges at the radiation center of the antenna (Figures 2 and 3). 

Each layer of the radiating system consists of four half -wave slots 
equally spaced around the circumference of the steel tube. There are 
twenty -two such layers of half -wave slots, making eighty -eight indi- 
vidual slots in the steel tube. 

The antenna is divided into two electrically identical groups of 

half -wave slots, the slots being spaced approximately a half wave length 
between ends or approximately a full wave length between centers. 
The upper and lower groups of slots consist of eleven layers each with 
a space of 1.66 wave lengths between the ends of the two groups. 
Each successive layer of slots is rotated 45 degrees to suppress trans- 
mission of the TE1,1 and other noncylindrical modes within the steel 
cylinder. The modes which do not have cylindrical symmetry would 
cause unequal excitation of individual slots in a layer resulting in a 

non -circular horizontal pattern. Horizontal patterns deviating consid- 
erably from circular were observed during development work and the 
staggering of the layers was found to eliminate such variations from 
circular. It was interesting to observe, when only one layer was driven, 
that the pattern was closely circular, checking theoretical calculations.' 

The 31 /8-inch copper tube installed within the antenna tube acts 
as a transmission line to distribute the transmitter output to the 
various layers of slots. The slots are driven by radial probes fastened 
within the antenna tube on one edge opposite the center of each slot. 
The current passing through the probe capacity also passes through 
the driving point impedance of each radiating slot. A set of radial 
probes is used between each layer to obtain an impedance bandwidth 
at the input of each succeeding layer of the antenna which is approxi- 
mately equal to the bandwidth of the end layers .3 A similar antenna 
may be constructed without the tuning probes between layers. How- 
ever, it is observed that the system input bandwidth becomes pro- 
gressively narrower as the number of layers, and consequently the 
gain, is increased. 

The 31/8-inch diameter copper tube within the antenna has an inner 
conductor within the lower half which serves as a transmission line 
to carry the transmitter output to the center of the antenna feed 
system. The center feed avoids any tilt or other dissymmetry in the 
vertical pattern with changes in frequency which would be character- 

2 G. Sinclair, "Patterns of Slotted Cylinder Antennas," Proc. I.R.E., 
Vol. 36, No. 12, p. 1487, December, 1948. 

2 H. J. Riblet, "Microwave Omni -directional Antennas," Proc. I.R.E., 
Vol. 35, No. 5, p. 477, May, 1947. 

www.americanradiohistory.com

www.americanradiohistory.com


UHF ANTENNA 235 

A4 ETC.E0 Ali ET 

zo 

}o Zo loh 30 

;ol 
TOP HALF OF ANTENNA BOTTOM HALF OF ANTENNA - 

IDENTICAL ELECTRICALLY TO 

TOP HALF 

IN - 
Fig. 4- Diagram of 
electrical distribu- 

tion system. 

istic of an end fed broadside array. The feed point may be shifted from 
the center of the array if desired to produce a phase difference of the 
currents in the upper and lower half of the antenna. Any such phase 
difference between currents in the two halfs of the antenna is accom- 
panied by a corresponding tilt in the vertical pattern. This adjustable 
tilt in vertical pattern may be used to advantage in any particular 
installation to adjust for particular terrain conditions or cover densely 
populated valleys, etc. 

Figure 4 is a line diagram illustrating the electrical operation of 
the feed system used in the antenna. The tuning and feed probe set- 
tings for successive layers are different. The probe settings required 
for matched impedances in the corresponding layers of the top and 
bottom half of the antenna were usually different due to small 
mechanical variations in the antenna structure. 

A study of the characteristics of the antenna was made using a 
microwave model at approximately 5000 megacycles (Figure 5). A 
matched load was inserted in the end of the microwave antenna tube. 
The relative magnitude and phase of the voltage across the load was 
measured by conventional methods. Phase and magnitude measure- 
ments made with one layer of the antenna matched by means of the 
tuning probes for various settings of the slot probes gave a curve of 
additional phase retardation versus relative power absorbed by the 
radiating layer. This curve was used to determine the proper spacing 
between layers to compensate for the additional phase shift introduced 
by the tuning probes. The proper amount of power absorbed by each 
layer of slots relative to the power transmitted to the subsequent layers 
is determined as follows for the eleven layers in the top and bottom 
halves of the antenna. 

The end layers, top and bottom extremity of the complete 22 -layer 
antenna, have no succeeding layers to which power must be trans- 

Fig. 5 -One -tenth 
scale microwave 
model of one -half of 
the antenna (top or 

bottom half) . 
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mitted. Consequently, they must absorb all of the power which is 

contained in the incident wave. This is accomplished by adjusting the 
four slot feed probes and the shorting plug at the end of the antenna 

until this layer matches the characteristic impedance of the concentric 
line within the antenna, which is approximately 68 ohms. The second 

layer from each end must absorb 1/2 of the power and transmit 1/2 of 

the power to the end layers. A combination of feed probe and tuning 
probe settings is then found which will give this power distribution ; 

i.e., reduce the voltage on the matched load in the end of the antenna 
to .707 of the value obtained when no tuning or feed probes are inserted. 
The tuning probes must be adjusted for an impedance match each time 
the feed probe setting is changed. The setting of the feed probe for the 
third layer transmits 2/3 of the incident power and absorbs 1/3, the 
fourth layer absorbs 1/4 and transmits 3/4 of the power etc. to the 11th 

layer which absorbs 1 /11 of the power and transmits 1%1. The settings 
of the feed and tuning probes and the spacing between each layer of 

slots determined by this experiment were made and the vertical pattern 
and gain of the model were measured. The measured vertical pattern 
closely resembled the expected pattern for 11 layers in phase with 
equal currents. The power gain measured by substitution of a stand- 
ard horn reference for the microwave model was 11.4. This checked 

the gain obtained by integration of Poynting's vector obtained from 

the measured vertical pattern. 
The spacing of successive layers of the full scale UHF antenna 

was obtained by scaling the dimensions of the microwave model. 

The tuning probe locations and settings could not be successfully 

scaled from the model, and it was necessary to repeat the work of 

adjusting the tuning probes individually for each layer. The probes 
were adjusted to obtain an impedance match leaving the slot feed 

probes set at the dimension determined by scaling the model. Since 

the magnitude and phase of the currents in each layer of the full scale 

antenna were not checked, some degradation of vertical pattern and 
gain of the full size UHF antenna resulted. The gain of the full size 

antenna was 17.3 instead of 23 or 24 which would have been obtained 
if the individual layers were directly adjusted for equal phase and 

currents. The variation of results between the model and full size 
antenna is attributed to mechanical variations between the model and 
the full size antenna. It has been found quite difficult to duplicate, 
electrically and mechanically, all of the practical requirements of the 
full scale antenna in a one -tenth scale model. 

Each layer of the full scale antenna was adjusted to obtain an 
impedance match at 531 megacycles. Difficulty in adjustment of the 
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entire antenna by adjusting each successive layer from each end 
simultaneously led to the discovery that the tuning probe settings for 
corresponding layers from each end were not the same if the input 
impedance was matched. The proper reference conditions on the slotted 
measuring line for each half of the antenna were obtained by shorting 
out one -half of the antenna a wave length from the feed point and 
substituting a matched load in the unshorted half of the antenna after 
all feed probes and tuning screws had been removed. The matched 
load was constructed of four radial fins of phenolic laminate about 10 
feet long mounted on a sleeve which would permit the fins to slide 
freely on the 31/8 -inch diameter inner conductor of the antenna and 
just clear the inside of the outer steel tube. The fins were covered on 
both sides with 377 ohms per square space cloth and had a linear taper 
on the input end about three wave lengths long. When the load was 
adjusted for a match, the input impedance to the antenna feeder 
system did not change when the load was moved on the 31/8 -inch inner 
conductor. After the reference conditions were obtained with the 
matched load, it was possible to tune each half of the antenna either by 
using the matched load in one half and tuning the other half or short- 
ing out the one half with the shorting disk installed at a point located 
an integral number of half waves from the feed point. 

Experiments with the microwave model and a large sheet of metal 
to simulate a perfect conducting earth indicated an error in free space 
impedance measurements of about - 6 per cent would occur if the 
UHF antenna were mounted horizontally 6 feet above the earth's 
surface. This was considered undesirable, and experiments using the 
microwave model with space cloth having the impedance of free space 
(377 ohms per square) and a metal ground sheet with space cloth 
equivalent to a full size sheet of space cloth (9 X 40 feet) placed under 
the antenna 1/4 wavelength above the ground plane indicated that im- 
pedence measurements could be made with the horizontal antenna above 
the ground if the 9 X 40 foot space cloth absorber were placed 1/4 wave 
above the ground. The full size space cloth absorber was constructed 
on a group of wooden frames with space cloth on the top and wire 
screen on the bottom to assure terminating the wave in a good con- 
ductor placed at the earth's surface. The setup of the antenna for 
impedance tests over the space cloth absorbers is shown in Figure 3. 
Later impedance measurements on the horizontal antenna 6 feet over 
plain earth without the ground reflection absorbing sheets indicated 
the ground may not affect the impedance as much as expected (see 
Figure 6). 

Calculations of reflection coefficient of the earth's surface for 
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Fig. 6- Standing- 
wave -ratio charac- 
teristic of the an- 
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normal incidence using a dielectric constant of 16 for earth gives a 
reflection coefficient of -.6 compared to the assumed perfectly con- 
ducting earth reflection coefficient of -1. If this were the case, one 
might expect the error in impedance measurements, due to the ground 
6 feet distant, to be in the order of ± 3.6 per cent. Observations have 
indicated that it is probably less than this. 

Vertical patterns were measured by horizontally rotating the an- 
tenna while mounted on a vertical spindle under the center of radiation 
as shown in Figure 7. A receiver was set up at a distance sufficiently 
great from the transmitting antenna that the transmission path length 
difference to the receiving antenna from the ends and from the center 
of the transmitting antenna was less than one -tenth wave length. The 
observer at the receiver setup was in constant communication with 
the engineer at the transmitting antenna (see right inset, Figure 7). 
An accurate compass dial and vernier were installed on the transmit- 

Fig. 7- Vertical pattern test setup for the antenna. 
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Fig. 8- Vertical pat- 
tern measured for 

the antenna. 
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ting antenna spinner to indicate the azimuth with better than .1 degree 
accuracy, as the transmitting antenna was rotated by hand and the 
signal recorded point by point. The vertical pattern was measured at 
529, 532 and 535 megacycles and found to remain about as shown in 
Figure 8. Poynting's vector integrations using the measured vertical 
patterns, give the gain frequency characteristic shown in Figure 9. 
The vertical pattern calculated from the eleven section microwave 
model pattern measurements is shown in Figure 10. The greater side 
lobe levels of the full scale antenna and the deviation of the null angles 
compared to those obtained with the microwave model are largely due 
to variations of the amplitude and phase of the currents in the various 
layers of the full size UHF antenna. The side lobe level of the full size 
antenna may be reduced to compare with the microwave model if the 
current magnitude and phase of each layer are correctly adjusted. 

Calculations were made to determine what transmitter power would 
give an adequate received signal for the vertical pattern measuring set- 
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55 

up used (Figure 7). Based on the 
premise that the ground reflection 
coefficient near grazing incidence 
was -1, these calculations indicated 
that a transmitter power in the 
order of 100 watts would be re- 
quired. Experiments with the actual 
test setup and location indicated 
adequate received signal could be 
obtained with about 2 milliwatts 
transmitter power. This suggests 
the ground reflection coefficient in- 
cluding the effects of brush, grass 
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and irregular terrain is nearly zero or is actually positive (see terrain 
of Figure 7) . 

The horizontal pattern was measured in the setup shown in Figure 
2. The antenna was mounted vertically in a socket and could be readily 
rotated. The receiver and antenna were mounted at a distance, opposite 
the radiation center of the transmitting antenna. The measured 
horizontal pattern varied less than ± 1 per cent from circular, which 
is in close agreement with the pattern calculated for staggered slots.' 

TRANSMISSION LINE 

The commercial very- high- frequency, air dielectric, concentric 
transmission line has a uniform tubular inner conductor with support- 
ing ceramic disc insulators clamped to it at one -foot intervals. This 
type of line is satisfactory for very- high- frequency service where the 
characteristic impedance is practically constant. However, the uncom- 
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Fig. 10- Vertical 
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from measurements 
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model. 

pensated beads at periodic intervals make the line have characteristics 
similar to a low pass filter with attenuating bands in the UHF region. 
The characteristic impedance fluctuates rapidly with frequency and is 
reactive over much of the UHF band. A line of this type is clearly not 
suitable for the stringent standing wave requirements of television 
transmitting antenna systems in the UHF band where a nearly con- 
stant resistance load must be used. 

There appear to be many approaches to the UHF insulator support 
problems', 5 for concentric line. The method developed by D. W. Peter- 

4 R. W. Cornes, "A Coaxial Line Support for 0 -4000 Mc," Proc. I.R.E., 
Vol. 37, No. 1, p. 94, January, 1949. 

5 D. W. Peterson, "Notes on A Coaxial Line Bead," Proc. I.R.E., Vol. 
37, No. 11, p. 1294, November, 1949. 
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son was used in the Bridgeport installation because satisfactory line 
of this type was available. The transmission line in the installation 
changed the standing wave characteristic of the antenna very little, 
as indicated by measurements, taken with the antenna mounted on the 
tower, through 200 feet of transmission line (Figure 6). 

The insulator supports on the transmission line used at Bridgeport 
were mounted in undercut spaces on the inner conductor. Small series 
inductances were cut in the faces of the undercut to compensate for 
the step capacity', 7 as shown in Figure 11. The standing wave charac- 

teristic of a sample of the trans- 
mission line used is shown in Fig- 
ure 12. The line was terminated in 
a resistance of 52 ohms and meas- 
ured on a 52 -ohm measuring line. 
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Fig. 11- Section of compensated Fig. 12- Standing wave ratio of 
undercut insulator for 31/8-inch di- sample run of UHF transmission 

ameter coaxial line. line. 

WAVE GUIDE 

The simplicity and relatively low loss of wave guide led to its con- 
sideration for experimental line to transmit power from the transmitter 
to the antenna. Various wave -guide components were developed for this 
purpose including transitions for terminating the wave guide in coaxial 
lines and E and H plane bends (Figures 13, 14, 15 and 16). The 
problems of using wave guide near the lower end of the UHF band are 
new, and considerable development work and experimentation is re- 
quired before it can be utilized commercially. 

The wave guide investigated is rectangular having inside dimen- 
sions 71/2 X 15 inches. It is fabricated from sheet metal. Hot dipped 
galvanized steel, aluminum or copper clad steel are suitable materials. 

A comparison of the loss of wave guide and common size concentric 

6 HANDBOOK OF DESIGN DATA, Brooklyn Polytechnic Institute, 
Report No. R- 158 -47. 

7 J. R. Whinnery, H. W. Jamieson and T. E. Robbins, "Coaxial Line 
Discontinuities," Proc. I.R.E., Vol. 32, No. 11, p. 695, November, 1944. 
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Fig. 13 -E plane bend for 71/2 X 15- 
inch wave guide. 

Fig. 14 -H plane bend for 71/2 X 
15 -inch wave guide. 

transmission lines is given in Fig- 
ure 17. The standing wave fre- 
quency characteristics of some of 
the wave -guide components devel- 
oped for experimental work are 

shown in Figures 18, 19, 20 and 21. 

The wave guide and components developed correspond closely to 
those employed in current microwave practices. However, the large 
size created new electrical and mechanical problems. It was convenient 
to do much of the development work on the wave guide and components 
using 1/2 and 1 /lo scale models at higher frequencies. No difficulties 
similar to those observed in scaling the antenna were experienced, 
since the wave guide was so simple that all important features could 

be accurately scaled. 

Fig. 15- Transitions 
from 71/ X 15 -inch 
wave guide to co- 

axial line. 
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Fig. 16- Straight wave -guide sec- 
tion 71/2 X 15 inches. 
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Fig. 17 - Curve showing loss of 
various 71/2 X 15 -inch wave guides 

and standard size coaxial lines. 

VESTIGIAL SIDEBAND FILTER 

A high -level vestigal sideband filter for use on the output of the 
transmitter was developed. The filter used was designed to present a 
constant input resistance for picture carrier and both sidebands, 
although only the upper sideband and a portion of the lower sideband 
is transmitted. The transmission characteristic of the sideband filter 
installed at Bridgeport is shown in Figure 22. 

The sideband filter was constructed of coaxial transmission line 
(Figure 23). A line diagram of the 
circuit arrangement used is shown 
in Figure 24. Some of the resonant 
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Fig. 18 -45- degree E plane bend Fig. 19 -90- degree E plane bend 
standing -wave ratio versus fre- standing -wave ratio versus fre- 

quency. quency. 
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FREQUENCY MEGACYCLES 

Fig. 20 -90- degree E plane bend 
consisting of two 45- degree bends 
-standing -wave ratio versus fre- 

quency. 
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Fig. 21 -90- degree H plane bend 
standing -wave ratio versus fre- 

quency. 

circuit elements are constructed of stepped quarter -wave sections to 
obtain a high reactance slope without using long transmission lines. 
The reactance slope obtained with a stepped open -end transmission 
line is: 

. 

Z1 
r Z4 

Is 

dx aZ1 Z7 - 1 -1- 

df 2fo Z2 [1 

t Z2n-1 
Z211-2 

2n +1 
n 

Z3 Z3 

1 1 Z2 \+ Z4 

(1+ZZ2n1)J1/J} (1) 

The equation for the reactance slope of a stepped shorted -end trans- 
mission line is obtained by letting Z.,n +1 equal zero in Equation (1) : 

J4 

dx 7rZ1 Z7 - 1 -1- 

df 2f0 Z2 
[1+ 

Z, 
f2n -2 

Z2n 
2n 

Z3 

Z2 (1+ Z4 1 
Zs 

C... 
Cl 

F 

ZZ2n1 
I I (2) 

All steps in impedance are a quarter -wave long at the resonant 
frequency. 

www.americanradiohistory.com

www.americanradiohistory.com


u 

UHF ANTENNA 

INSERTION LOSS OF 
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Fig. 23- Sideband filter 
photograph. 

The sideband filter is designed 
to have five points of input imped- 

30 ance match. One is at the cross - 526 527 528 529 S30 531 532 53S SS{ 335 
FREQUENCY MEGACYCLES over frequency, where the output to 

Fig. 22- Sideband filter insertion the antenna is reduced 3 decibels. loss versus frequency. 
This is obtained by making the in- 

put impedance of the low pass and high pass portion of the sideband 
filter complementary. The normalized conductance of the input to the 
low pass and high pass sections are equal to + 1/2 at the crossover fre- 
quencies. The normalized susceptances are equal and opposite in sign, 
thus making the input admittance to the filter system a normalized 
conductance of one with zero susceptance at crossover. The rejector 
circuits in the high pass portion of the filter are parallel resonated at 
one frequency fo -}- p., in the pass band. The impedance is matched at 
a frequency very close to this parallel resonant frequency. The rejector 
circuits in the low pass portion of the filter are similarly parallel 
resonated at a frequency f o - in 

INPUT the reject band resulting in a sim- LOAD RESISTOR N, I 9 0' ANTENNA 
RI -1 l90 1 Do` Iw- 

32.1 ilar matched impedance point in the 
reject band. The reject circuits in 9 

the high pass and low pass portions 
G -H 

of the filter are tuned to different ;Ì 

frequencies. Proper selection of the 
reactance slopes and reject frequen- 
cies causes one rejector circuit to 
compensate for the mismatch intro- 
duced by the other to obtain an 
additional matched impedance point 
ideal transmission characteristic of 
in the pass and reject band. The 
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Fig. 24- Sideband filter line 
diagram. 
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LOAD RESISTOR 

E OUT 
E IN 

0.707 

F0 -4 a a = F0tA2F el A notch diplexer is a filter cir- 
cuit which is required to feed the 
sound and picture transmitter out- 
put into the single antenna trans- 
mission line without interaction 

between the transmitter outputs. A coaxial line circuit was developed 
for the Bridgeport installation (Figure 26). A line diagram of the 
circuit arrangement used is shown in Figure 27. The circuit used does 
not differ greatly from the notch diplexers used for very- high -fre- 
quency television. 

The operation of the notch diplexer is as follows, referring to 
Figure 27: The lines of length 11A/4 are tuned for a short circuit at 
picture frequency on junctions D and E. The short circuit at picture 

ANTENNA the vestigial sideband filter is shown 
in Figure 25. 

NOTCH DIPLEXER 

FREQUENCY MC. 529.375 

Fig. 25- Sideband filter ideal 
response. 

Fig. 26 -Notch diplexer photograph. 

frequency for junction D is transformed to an open circuit at junc- 
tion F by a quarter -wave line DF. The open circuit at junction F 
permits the picture transmitter output to go to the antenna. The line 
CA is selected a quarter -wave at picture carrier and therefore does 
not shunt junction C at picture carrier. The length between junction 
F and C is selected to obtain a good om- za impedance match for picture fre- .. aa UU n n 1111 1111 "X »P »,ERTON O5B 

TOIM 1111 OE NOTCN DiPLExER lOR 111111 11 
1111 ncu n O n° ,.w 

= 11111111 u 11i 
BRWCEPORT, CONN. 

c JVrKTO» 
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Fig. 27 -Notch diplexer line 
diagram. 

POTOOCNCT 

Fig. 28 -Notch diplexer insertion 
loss. 
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quencies just below the sound notch 
thus obtaining a sound notch with 
steep skirts and a sharp shoulder. 
Stubs A and B are adjusted so that 
when each 11X14 circuit is attached 
at junction D, maximum rejection 
of sound frequency on the picture 
input exists. This adjustment does 
not correspond to minimum stand- 
ing wave ratio on the sound input 
and an additional stub is used on 
the sound input line to obtain a 
matched input at sound carrier fre- 
quency. The standing wave ratio 
and transmission characteristics 
obtained on the picture input for 
the coaxial line diplexer installed at 
Bridgeport, Connecticut are shown 
in Figures 28 and 29. 
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Fig. 29 -Notch diplexer standing - 
wave ratio versus frequency. 

CONCLUSION 

The various components of the UHF television antenna system have 
been constructed and tested. The practicability of UHF television 
transmitting antenna equipment has been demonstrated by the experi- 
mental test results obtained and will be confirmed by operational ex- 
perience with the experimental UHF Television Station KC2XAK in 
Bridgeport, Connecticut. Adequate power gain can be realized in a 
practical structure to permit adequate service with low power trans- 
mitters. The antenna development indicated no fundamental obstacles 
in the design of a practical commercial antenna for ultra- high -fre- 
quency television. The antenna described is a prototype of the improved 
type TFU -20A commercial ultra- high- frequency transmitting antenna. 
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A NEW ULTRA -HIGH -FREQUENCY TELEVISION 
TRANSMITTER *t 

BY 

L. S. LAPPIN AND J. R. BENNETT 

Engineering Products Department, RCA Victor Division. 
Camden, N. J. 

Summary -A description is given of a new television transmitter which 
operates in the proposed ultra -high -frequency band at a frequency of 529 -535 
megacycles with a power output at the peak of the synchronizing pulses of 
1000 watts. Several novel circuits have been developed, including multi -tube 
cavities operating as tripler and power amplifier stages. The transmitter 
conforms to all the standards pertaining to transmitters operating in the 
very- high -frequency band and is comparable in performance to present day 
very- high- frequency transmitters. 

INTRODUCTION 

THE increasing need for additional television channels placed 
greater emphasis on the utilization of the ultra -high- frequency 
channels which have been proposed by the Federal Communica- 

tions Commission. Practical employment of these frequencies was 
hampered by the lack of operational experience which could only be 

obtained by scheduled operation at power levels capable of delivering 
a useful signal in an urban area. While propagation tests and demon- 
strations were conducted during the Summer of 1948, it became obvious 
that further tests under practical operating conditions would be re- 
quired to demonstrate the suitability and possible limitation of tele- 
vision broadcasting in these channels. It was decided that an output 
power of the order of one kilowatt would be satisfactory for this 
purpose. 

In November 1948, the development of such a television transmitter 
was undertaken. The frequency was to be 529 -535 megacycles, the 
power output was to be of the order of one kilowatt using currently 
available tubes, and the design was to be such that the transmitter 
could be used in commercial operation and would conform with present 
very- high- frequency (VHF) television standards. Thirteen months 
later, on December 29, 1949, the completed transmitter, designated 
TTU -1A, went on the air at Bridgeport, Connecticut. 

* Decimal Classification: R583.4 X R310. 
t Reprinted from RCA Review, June 1950. 
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The first consideration in the development of this transmitter was 
to find a type of tube suitable for the job. In the interest of expediting 
the design it was decided to employ multiple operation of readily avail- 
able tubes. Two tubes which offered possibilities were the 4X150A 
and the 5588. To make comparison tests, single tube cavities were 
built, and the characteristics of each tube were measured at 530 mega- 
cycles. The final decision was in favor of the 4X150A for two reasons. 
First, the 4X150A, a tetrode, would have a higher stage gain and be 
easier to modulate than the 5588 triode. Second, the 4X150A was much 
more stable than the 5588 which would definitely require neutralization. 
Even though it might become necessary to neutralize the 4X150A, 
neutralization of a tetrode would be much simpler and much less critical 
in practical operation. 

The second consideration was to determine the type of radio - 
frequency circuits to be used. The most straightforward way would 
be to use several single tube cavities and combine their outputs by 
suitable passive networks. Another possibility would be to arrange 
the tubes around a circle in a single cavity and drive them in parallel. 
A test cavity was built to see if the proper mode could be set up in 
such a cavity. The encouraging results obtained led to the decision 
to use this type of circuit. 

A tentative radio- frequency tube lineup was decided upon, and from 
these basic decisions, the TTU -1A transmitter was developed. 

DESCRIPTION 

The TTU -1A transmitter is 
housed in six cabinets fastened 
together to form a single assembly 
as shown in Figures 1 and 2. On 
the left is the aural section and on 
the right is the visual section. 

The TTU -1A is built around the 
RCA TT -500B Television Trans- 
mitter, a commercial transmitter operating on channels 7 to 13 with 
a peak visual power output rating of 500 watts and an aural power 
output rating of 250 watts. The TT -500B serves as a driver for the 
ultra- high- frequency stages and the video modulator as shown in block 
diagrams Figures 3 and 4. The visual radio -frequency chain comprises 
a crystal oscillator and four multiplier stages followed by an amplifier 
all of which are part of the TT -500B transmitter. These in turn drive 
an eight -tube tripler consisting of eight type 4X150A tubes in parallel 
in a single cavity. The power amplifier consists of eight type 4X150A 

:'goq.z'apó.1nacc 7.10a0 cac- oMp11 

Fig. 1 -Front view -doors closed. 
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tubes in a similar cavity. The output of the power amplifier is fed to 
the antenna through a reflectometer which measures the incident and 
reflected waves on the transmission line and thus indicates the standing 
wave ratio. The reflectometer is calibrated in peak output power so 

that the output of the transmitter may be continuously metered. 
The video modulator chain consists of three low -power video ampli- 

fiers, including a clamp circuit, all located in the TT -500B transmitter 
and direct coupled to the modulator through a regulated "bucking bias" 
power supply to provide the necessary bias to the modulator. The 
modulator consists of eight type 6L6 tubes . fed in parallel and con- 
nected as cathode followers with the output of each tube directly 
coupled to the grid of a single power amplifier tube. A video monitor 
amplifier is supplied to provide the necessary phase reversal for view- 
ing on a monitor tube. 

Fig. 2--Front view -doors removed. 

The aural radio -frequency chain comprises the frequency- modula- 
tion exciter, to be described later, followed by two multiplier stages 
and an amplifier, all located in the TT -500B transmitter. The output 
of the TT -500B, which is at one third carrier frequency is followed by 

an eight -tube tripler cavity and an eight -tube power amplifier cavity 
identical to those used in the visual transmitter. 

The tripler and power amplifier cavities are designed as plug -in 

units so that in the event of the failure of any component other than 
a tube, the faulty cavity may be removed and replaced by a spare cavity. 

The control circuits are conventional except that indicators are 
provided to assist in the rapid location of a faulty tube in the cluster. 
Individual circuit breakers are connected in the cathode circuit of each 

tripler and power amplifier tube so that, in the event of an over -current 
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in any tube, the associated circuit breaker trips instantly, providing 
the desired indication and at the same time removing the plate voltage 
from all tubes. Indicator lamps are also provided so that there is an 
overload indication even when the doors are closed. 

A separate meter is provided to measure the cathode current of 
each tripler and power amplifier tube to facilitate the tuning of the 
cavities. 

Fig. 5- Tripler and 
power amplifier 

stages. 

The power supply circuits are conventional except that all circuits 
in the visual transmitter which are critical to voltage variations are 
supplied by regulated power supplies. These circuits include all video 
amplifier stages as well as the screen grids of the intermediate power 
amplifier, tripler, and power amplifier tubes. 

RADIO- FREQUENCY CAVITY DESCRIPTION 

The high- frequency tripler and power amplifier are operated as 
grounded cathode -grounded screen amplifiers. Each uses eight 4X150A 
tubes mounted in a single cavity. Figure 8, a cross -sectional view of 
the cavities and the coupling between them, shows that the power 
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Fig. 6 -Power am- 
plifier cavity. 

amplifier and tripler cavities are identical except for the grid circuits. 
Each cavity consists of three concentric cylinders shorted at one end 
and capped by three flat circular plates, referred to as the anode, 
screen, and grid plates. These plates provide a base on which the 
tubes and sockets are mounted. 

A sheet of silvered mica placed over the "anode- plate" of the cavity 
forms the plate blocking capacitor. A thin phosphor- bronze sheet 
which is cut and formed to provide spring contact fingers for the anodes 
of all the tubes is laid over the mica and a metal plate provides rigidity 
to the assembly. The entire assembly is fastened together by means 
of insulated studs. 

The screen grid of each tube is terminated in a ring at the base of 
the tube. These rings are connected through the screen contact fingers 
to a flat circular plate. A sheet of mica between this plate and the 
"screen plate" of the cavity forms the screen by -pass capacitor. 

The center conductor of the output transformer is connected to the 
screen grid. That part of the conductor inside the cavity is an induct- 

Fi ä. 7- Disassem- 
bled cavity. 
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Fig. 8- Cavity cross section diagram. 
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ance which is a part of the resonant circuit of the cavity. If the cavity 
were to be cut into eight pie sections, each tube would be in the center 
of a half -wave resonant line foreshortened by the tube capacity. The 

equivalent electric circuit is shown in Figure 9. The circuit has been 

designed so that when it is resonated at 530 megacycles, approximately 
half the tube displacement current will flow out toward the shorting 
bar, and half will flow in toward the transformer. This tends to keep 

the current distribution uniform in the tube seals. The output im- 

pedance of the power amplifier is about 1/2 ohm at full power output, 
while the impedance in the tripler is about 1/4 ohm. 

The cathode of each tube is individually by- passed to a "cathode 
plate" which is connected electrically to the "screen plate." Thus the 
direct -current component of the cathode current of each tube may be 

metered separately. There is no radio -frequency field in the space 
between the "screen plate" and the "cathode plate "; therefore this 
space is used for the direct -current and 60 -cycle leads to the filament, 
screen, and cathode. These leads are brought out from the cavity 
through four copper tubes which are mounted along the inside of the 
"screen cylinder." 

wanws sm. 

AIIULTDD LOAD AnIrANCI 

C[w1[A CO Toil 

MAN 
pcotnniD 

!AR 

GRID TUNAS; 

TON NODS 
CAPACT-Net 

Fig. 9- Equivalent plate circuit of Fig. 10- Equivalent circuit of 
a single tube. tripler grid cavity. 

In the tripler, the grid of each tube is connected to a feed -through 
type by -pass capacitor which is screwed into the center conductor of 

each tuning stub. The outer conductor of each tuning stub is soldered 

to the "grid plate" of the cavity. The equivalent electrical circuit is 

as shown in Figure 10 where only two of the eight grids are shown. 

By adjusting the main shorting bar and the individual tuning adjust- 
ments, the grid cavity can be resonated and the drive on each tube 
can be balanced. By differentially tuning the main shorting bar and 

all eight of the individual tuning adjustments, the input impedance, 
Z1 may be varied for proper matching. The tripler has been designed 

to match a 51.5 -ohm coaxial line. 
The design of the power amplifier grid tank is different from that 

in the tripler because at 530 megacycles, the reactance of the cathode 

and grid leads is approximately equal to the input capacitive reactance. 
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In order to resonate the power amplifier grids with the main shorting 
bar, an equivalent capacitance is inserted in series with the grid. This 
is done by the individual open circuited tuning stubs the capacitance 
of which is made adjustable by means of a movable dielectric sleeve. 
The equivalent circuit for the grid tank is shown in Figure 11. 

The input impedance to the grids can be adjusted by differentially 
adjusting the main shorting bar and individual tuning adjustments as 
described for the tripler, but the power amplifier grid circuit is de- 
signed to have an input impedance of 100 ohms. 

The power amplifier grid bias connection is not shown in Figure 8. 
The requirements of such a circuit are that it prevent all radiation 
outside the cavity, and present a high impedance to ground for the 
video frequencies. Eight quarter - 
wave chokes do this quite effectively. 

li 
- Since the radio -frequency imped- 

SNO RTING 
is low at the grid terminal of 

the socket, the center conductor of 
BAR W`°".` 

each choke is connected at this 
point. The choke is mounted in an 
insulating block adjacent to the 
individual grid tuning stub and the 
outer conductor of the choke is con- Fig. 11- Equivalent circuit of 

nected to the modulator output. 
Both the anodes and grids of the 4X150A tubes require forced air 

cooling to prevent overheating of the seals. To accomplish this, air is 
forced through a screened slot in the side of the cavity in the anode 
tank. Inside the cavity, the air splits into two paths. Part of the air 
is forced out of the cavity through the anode radiators, and the rest 
is forced down across the grid seals of the tubes and out the grid 
cavity. To increase the air flow across the grid seals, three short 
bakelite pins are cemented into the tube socket. These raise the tube 
slightly above the socket and allow the air to pass across the base of 
the tube and through the center hole in the socket into the grid cavity. 
A plastic shield fastened over the top of the cavity creates a back 
pressure which further increases the flow of air across the grid seals 
and in addition provides a safety cover for the anodes of the tubes 
which would otherwise be exposed. 

NO 
aio Tto..w 

NTEMML TUBE POUT 
LEAD oucT.wtt E.AwcT..CL 

power amplifier grid cavity. 

OUTPUT COUPLING TRANSFORMERS 

The output coupling of the power amplifier cavity consists of a 
two -section impedance matching transformer. Each section is a 
quarter wavelength long, and together they transform the 51.5 -ohm 
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line impedance down to 1/2 ohm at the output of the power amplifier 
cavity. Since the inner conductor of the first section is at the same 
direct -current potential as the screen of the tubes, a re- entrant quarter 
wave section blocks the direct -current screen voltage but provides a 

low impedance radio -frequency path between the inner conductors of 
the first and second sections of the output coupling transformer. 

Transforming from 51.5 to 0.5 ohms would ideally require two sec- 

tions of surge impedance, 1.59 and 16.2 ohms respectively for maximum 
broadbanding, but if a 1% -inch line is used as the outer conductor a 
section of 1.59 -ohm surge impedance is mechanically impractical espe- 
cially since a potential of about 300 volts exists between the outer and 
inner conductor. As a compromise, a surge impedance of 2.5 ohms was 
chosen for the first section. This fixes the surge impedance of the next 
section at 25 ohms, but in order to vary the loading on the power 
amplifier, this section was made variable. A two -to -one change in surge 
impedance of this section results in a four -to -one change in power 
amplifier output impedance, which was considered adequate. The surge 
impedance of the second transformer section should therefore be ad- 
justable between 18 ohms and 36 ohms. 

A cross section of a tentative design was laid out to scale and a 

flux plot was made to determine the capacitance per unit length. A 

flux plot gives a fairly accurate determination of the capacity if it is 

done carefully. To make one, the electric and magnetic lines are 
sketched free -hand following a knowledge that: 

1. The electric lines terminate perpendicular to the conductor. 

2. Electric and magnetic lines are mutually perpendicular. 

If the electric and magnetic lines are drawn to approximate squares, 
then : 

Number of "squares" along magnetic lines 
C = X 8.854 micromicro- 

Number of "squares" along electric lines farads per meter. 

A cross- sectional view of the final design is shown in Figure 12. 

The outer conductor consists of three square rods soldered to the inside 
of the 1% -inch tube and the inner conductor consists of three half - 
round rods supported by a plate at each end as shown. To change the 
surge impedance, the outer conductor is rotated with respect to the 
inner conductor. A slotted flange at one end limits the travel from 
maximum to minimum surge impedance. From the flux plot, Z0 ma :. 
and Z0 min. were found to be 38.7 ohms and 18.1 ohms respectively. 
After the transformer was built, the surge impedance was measured 
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on a slotted line. The realized values of Z0 msz and Zo min. were 37.3 

and 20.2 ohms respectively. 
Although the output impedance of the tripler cavity is 1/4 ohm, it 

is desirable to use the same type of output coupling. If this is done, 
the variable section of the output coupling must be terminated in 25 

ohms. Since the input impedance to the power amplifier grid cavity 
is 100 ohms, a quarter -wave section of 51.5 -ohm line will provide the 
proper match. The cavities are mounted far enough apart to do this, 
and a short section of 100 ohm line completes the connection. 

MODULATOR 

The modulator design is based on the TT -500B modulator which is 
designed to operate from a standard RMA composite video signal. 
The TT -500B modulator (two type 807 tubes in parallel) is capable 
of fully grid modulating four 4X150A tubes with a bandwidth of 
about 5 megacycles. Since the TTU -1A transmitter requires that the 
eight 4X150A tubes be similarly modulated, it is clear that sufficient 
voltage can be obtained for modulation, but at a reduced bandwidth 
due to the additional grid capacity of the extra tubes. In order to 
reduce the capacity that the 807 
tubes must work into, they are fol- 
lowed by a cathode follower which 
in turn delivers its output to the 
grids of the power amplifier tubes. 
Several advantages are gained by 
the use of the cathode follower. The 
input capacitance of the cathode 
follower is considerably reduced be- 
cause of degeneration provided by 
the cathode resistor and the linear- 
ity is very much improved. In ad- 
dition, with a given capacitance load 
and bandwidth, it is possible to use 
a larger load resistor, which results Fig. 12 -Cross section of variable 

impedance transformer. 
in less modulator plate current. 

The choice of a modulator tube was the next problem. It was 
decided to use eight modulator tubes with the grids connected in 
parallel for video signals, rather than one larger tube for several 
reasons. First, by providing a separate bias control for each modulator 
tube and direct coupling each modulator tube to a single power ampli- 
fier tube it becomes quite simple to compensate for any unbalance in 
static plate currents. Secondly, an unreasonably large tube operating 
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at a fairly high plate voltage would be needed to deliver the required 
71 volts peak to peak to the 300 -micromicrofarad load presented by 
the grids of the eight power amplifier tubes. The one objection to the 
use of a multiplicity of modulator tubes was the high input capacitance 
which made the design of the input circuit more difficult. The number 
of components in the input circuit becomes quite large when the 
direct -current grid potentials must be separately adjustable as noted 
above. Thus, it becomes essential that the components be as small as 
possible and the location of all grid circuit components becomes very 
critical. 

A simplified schematic diagram of the modulator is shown in Figure 
13. The video output tubes of the TT -500B transmitter are direct 
coupled to eight 6L6 tubes with grids connected in parallel for video 
frequencies and each tube is direct coupled to a single power amplifier 
tube. 

2 RCA 807 

PLATE 
SUPPLY 

REGULATED 

1 

8 RCA 8L-0 

8 RCA 
40150A 

BUCKING BIAS 
POWER 
SUPPLY 

REGULATED 

_L I 
Fig. 13 - Simplified 
schematic diagram 

of modulator. 

A "bucking bias" power supply was connected between the plates 
of the 807 tubes and the grids of the 6L6 tubes in order to overcome 
the positive voltage at the plates of the 807 tubes. Since the power 
supply has a considerable capacity to ground and is at video potential 
above ground it was necessary to isolate the supply by means of high 
resistance in both positive and negative leads. This was possible since 
the modulator tubes do not draw grid current. In order that the shunt 
impedance presented by these resistors and the power supply capaci- 
tance be held constant over the video frequency range, the power 
supply capacity was increased to make the RC constant of the shunt 
network equal to 0.025 second. Thus, for all frequencies above ap- 
proximately 40 cycles there is a loss of about 2 per cent compared 
to the direct -current response. 

A video amplifier is provided for monitoring the modulator output. 
The input to the monitor amplifier is obtained from the grids of the 
power amplifier tubes by means of eight voltage dividers. These are 
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connected together at the low- potential end which is connected to the 
grid of the amplifier. Thus, the video input is the average of the sig- 
nals applied to the eight power amplifier tubes. The resistors used 
for the voltage dividers are of the deposited carbon type which have 
good high frequency characteristics and a shunt capacitance of only 
0.8 micromicrofarads. This value of capacitance is almost sufficient 
for high frequency compensation of the divider. However, a capaci- 
tance of 1.5 micromicrofarads across only one of the resistors results 
in nearly complete compensation up to about 5 megacycles. By proper 
choice of resistance values, the voltage divider also serves as a meter 
multiplier, so that the average grid voltage of the eight power amplifier 
tubes may be read on a single meter. 

In modulating the power amplifier it was found that the response 
of the modulated wave had a deep valley at approximately 3.5 to 4 

megacycles, although the video voltage applied to the grids of the power 
amplifier was flat to 5 megacycles. This was traced to resonance in the 
cathode circuits of the power amplifier between the cathode bypass 
capacitors and the cathode lead inductance. These leads are of neces- 
sity quite long because the cavities are plug -in. The inductance was 
reduced as much as possible by shortening the lead length and shielding 
the leads and in addition each cathode circuit was critically damped 
by means of a blocking capacitor and damping resistor connected to 
ground. This eliminated all traces of cathode resonance. 

SOUND EXCITER 

The frequency -modulation sound exciter is designed to accept the 
standard RMA audio input signal of 10 dbm* ± 2 dbm at 600 ohms 
and deliver to the multiplier stages of the transmitter a frequency 
modulated signal at 1/18 the output frequency of the transmitter and 
at a power level of about three watts. The exciter is similar to the 
standard frequency -modulation exciters developed for the RCA FM 
broadcast transmitters except that the center frequency is stabilized 
so that the output frequency of the aural transmitter is maintained 
4.5 megacycles higher than that of the visual transmitter within ± 450 
cycles. This relative stability is considerably in excess of that which 
is required for the satisfactory operation of receivers of the inter - 
carrier -sound type. The tolerance proposed by several RMA technical 
committees is -!- 5 kilocycles. 

Figure 14 shows a block diagram of the frequency control system. 

* Decibels referred to a zero level of 1 milliwatt in 600 ohms. 
s N. J. Oman, "A New Exciter Unit for Frequency Modulated Trans- 

mitters", RCA Review, Vol. 7, No. 1, pp. 118 -130, March, 1946. 
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The visual and aural transmitters are driven by a crystal oscillator 
operating at 4.9097 megacycles and a master oscillator operating at 
4.9514 megacycles respectively. The master oscillator is frequency 
modulated by a reactance tube modulator. 

The frequency of the master oscillator is accurately maintained 
at 1/108 of the transmitter output frequency by means of a motor 
controlled capacitor connected, in the oscillator tank circuit. The motor 
is controlled by a frequency detector which compares two frequencies 
derived respectively from a crystal oscillator and from the difference 
frequency between the visual and aural oscillators. Thus, any error 
in the master oscillator frequency causes a correcting force to be 
applied to the tuning capacitor. 

One of the reference frequencies operating the frequency detector 
is obtained directly from an auxiliary crystal oscillator operating at 
a frequency of 104.165 kilocycles through a frequency divider with a 
division ratio of five to one to produce the reference frequency of 
approximately 20.8 kilocycles. 

Ai 
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MODULATED 
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OSCILLATOR 4.951ZMC 

49544 PAC 

MIXER 41.7N 

49097 
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tev833IC 
MULTIPLIER 

X2 
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DIVIDERS 20.6NC FREO11ENCY 
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04160 NC 

534.7SMC 

20.814C DMWER 

Y5 

CRYSTAL O4J65,iL 
OSCILLATOR 

4.9097 MC VISUAL TRANSMTTER 536251.LC 17 

Fig. 14 - Block dia- 
gram of frequency 

control system. 

The other reference frequency is obtained by combining the out- 
puts of the visual and aural oscillators in a mixer to produce a fre- 
quency of approximately 41.7 megacycles which is the difference be- 
tween the oscillator frequencies. This frequency is mixed again with 
the second harmonic of the auxiliary crystal oscillator to obtain a 
new frequency of 250 kilocycles, which after being divided by 12 
becomes the second reference frequency of 20.8 kilocycles. Thus any 
deviation of the master oscillator frequency from 4.9514 megacycles 
causes a change in the second reference frequency which in turn 
causes the motor to rotate and correct the oscillator frequency. In 
this manner, the frequency stability of the visual transmitter is 
determined only by the visual crystal oscillator. The center frequency 
of the aural transmitter is stabilized with reference to the visual 
output frequency so that the frequency difference is maintained within 
the specified limits. 
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TANK CIRCUIT 

During the initial operating tests of the cavity, a power output of 
475 watts was obtained with a power input of 2000 watts. The differ- 
ence between output and input power represents loss due to plate dis- 
sipation in the tubes and also radio -frequency losses in the tank circuit. 
The tank circuit losses were found in the following manner. 

The unloaded Q of the cavity was measured to be 94 and an output 
capacity reactance of 8 ohms was calculated for the eight tubes in 
parallel. Substituting these values in the formula 

Pd= 
E -ma:. 

C2X,J LQd1 
and assuming a radio -frequency output voltage of 900 volts peak, which 
is consistent with the plate voltage applied, the power dissipated in 
tank circuit losses is shown to be 540 watts. 

It is interesting to note that the loaded Q of the cavity can also be 
calculated. Restating (1) and substituting P = 475 + 540 = 1015 watts 
gives 

(1) 

Ezmaz. 
Q0 =49.7, 

2X, P 
(2) 

where Q0 is the loaded Q of the cavity. 
The above calculations are not strictly accurate because they neglect 

the energy stored in the electric field of the cavity itself, but they do 
give a fair enough approximation to indicate an excessive amount of 
circuit loss and in addition point to a possible method of obtaining a 
quantitative breakdown of the various losses in the cavity. 

Since the Q of any electrical circuit is the ratio of the stored 
energy to the energy dissipated in the circuit, the quantity 1/Q is 
proportional to the power loss in that circuit. Thus, to find the loss 
factor, 1 /Q, of any component, the Q of the cavity can be measured 
with the component in and out. As long as the stored energy in the 
circuit has not been changed, the loss factor for the particular com- 
ponent will be the difference between the two 1 'Q factors. It was 
decided to break down the circuit losses by successive Q measurements 
to determine which parts of the cavity contributed the most loss. 

Originally, it was supposed that the low current densities resulting 
from the size of the cavity would allow the top plates to be fitted to 
the cylinders by a press fit. These seams were soldered and a con- 
siderable improvement was measured. 
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Various other possible losses were measured in order to isolate 

each loss as much as possible. For example, the loss in the shorting 
bar was measured by opening half the finger contacts and measuring 
the increase in loss. This increase is equal to the loss in the shorting 
bar. In this manner, many of the losses in the cavity were measured. 

A summary of these results is given in Table I. The values repre- 
sent the average of several readings, and are probably accurate to 
within 10 or 15 per cent. 

Table I 

Loss Loss Factor- (1 /Q) 

Total 87.5 X 10-4 
Plate -cylinder seams 30.5 X 10 -4 
Plate mica by -pass 24.4 X 10 -4 
Screen mica by -pass 6.4 X 10 -4 
Tubes 11.7 X 10 -4 
Transformer section 3.3 X 10 -4 
Main plate shorting bar 6.5 X 10 -4 82.8 X 10-4 

Unaccounted for 4.7 X 10 -4 

It should be noted that the unaccounted loss contains the accumu- 

lated error of all readings and is approximately 5 per cent of the 

total loss. 
Both the plate and screen micas were silvered, and the direct - 

current screen terminal was changed from the tube sockets to the 
center point of the screen finger plate (see Figure 8). Table I shows 

that these improvements together with the improvement made by 

soldering the seams should have increased the Q to 380 if all losses 

in the plate and screen by -pass capacitors had been eliminated. When 

the unloaded Q was again measured, it was found to be 350. With 

these changes a power output of 1050 watts was measured. 
There are two other items of importance in connection with the de- 

sign of the radio -frequency cavities. The first is the spurious responses 

in the plate cavity. When the cavity is operated in the desired mode, 

the electric field is constant around the cavity. Since the cross section 

of the cavity represents an electrical half -wave circuit, it acts like a 

wave guide at cut -off, and there can be no mode propagated around 
the cavity at the fundamental frequency. A few megacycles above the 
resonant frequency however, such modes can be propagated and a great 
many spurious resonances can occur above the fundamental resonance 

because of the multiple reflections of the curved walls of the cavity. 
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The frequencies of these spurious resonances are far enough away 
from the fundamental frequency so that they are not excited by either 
the carrier or the radio -frequency modulation components. 

One other item of interest is the method of neutralizing the tubes. 
Although the 4X150A proved very stable as far as oscillation was 
concerned, it was found necessary to neutralize the amplifier in order 
to reduce the "feed through" power and improve the modulation char- 
acteristic at the cut -off end. Since the screen by -pass capacitance was 
fixed, it was decided to neutralize by means of a Bridged -T circuit. The 
neutralizing voltage is provided by the inductance of the screen contact 
fingers. A single -tube cavity was set up and several different types of 
screen fingers were measured for minimum feed -through. 

EIGHT -TUBE CAVITY PERFORMANCE 

The following discussion of the performance of the eight -tube 
cavity is divided into two parts. First, a comparison of tube perform- 
ance at 530 megacycles and at low frequencies, and second a comparison 
of the performance of an eight -tube cavity versus the performance of 
a single -tube cavity. 

There are four principal differences between the tube performance 
at 530 megacycles and the calculated performance which is based on 
low frequency operation. These are: 

1. Increased driving power, 
2. Lower apparent plate efficiency, 
3. Increased radio -frequency grid voltage required for a given 

value of plate current, 
4. Back heating of the cathode. 

The first two effects were determined to be almost entirely due to 
circuit losses. If all the known circuit losses are taken into account 
by the method previously described, the measured radio -frequency 
power is 90 per cent of the calculated value. The remaining 10 per 
cent is due to transit time effects and to variation in tube character- 
istics. 

The increased radio -frequency grid voltage and cathode back heat- 
ing are probably both due to transit time effects at ultra -high fre- 
quencies. Measurements showed that the grid drive was about 50 per 
cent more than the calculated value for any specified plate current. 
The back heating was easily compensated for by reducing the filament 
voltage from 6.0 to 5.2 volts. 

An accurate comparison between the operation of an eight -tube 
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cavity and a single -tube cavity requires the operation of eight tubes, 
one at a time, in a single -tube cavity and comparing this operation 
with the operation of the same eight tubes in an eight -tube cavity. 
Although this was not done, the performance of a single -tube cavity 
had been observed on numerous occasions, and enough data was avail- 
able to compare the two types of operation under equivalent conditions. 
For example, a 4X150A in a single -tube cavity developed 150 watts 
power output at 240 milliamperes plate current, and under the same 
conditions each 4X150A developed an average of 137 watts or 92 per 
cent of the single -tube output in the eight -tube cavity. The unloaded 
Q of the single -tube and eight -tube cavities were found to be 488 and 
350 respectively. Loaded Q of a single -tube cavity was not measured, 
but assuming it to be the same as the value measured for the eight - 
tube cavity (Q = 58) it can be shown that the circuit efficiencies of 
the eight -tube and single -tube cavities are 83.5 and 88 per cent respec- 
tively. From this one would expect the output of the eight -tube cavity 
to be 95 per cent of the output of the single -tube cavity, a discrepancy 
of 3 per cent from the measured value. 

The conclusion is that when cavity losses are taken into account 
the operation is essentially the same in either a single -tube or an 
eight -tube cavity. 

PERFORMANCE 

The TTU -1A transmitter is designed to meet the proposed stand- 
ards for commercial ultra- high- frequency television transmission. The 
performance limits for VHF transmitters as stated in RMA standards 
and in the FCC "Standards of Good Engineering Practice Concerning 
Television Broadcast Stations," have been met wherever they apply. 
In addition the relative stability of the carrier separation has been 
greatly improved over that required by current or proposed standards. 

The visual transmitter is conservatively rated at a peak output 
power of one kilowatt when transmitting a black picture. Under these 
conditions the output tubes are operating considerably below the 
maximum allowable plate dissipation. The regulation of the output is 
such that the peak output varies less than 5 per cent from an all black 
picture to an all white picture. 

The output of the transmitter contains both sidebands; however, 
the lower sideband is removed by means of a vestigial sideband filter 
externally connected. The radiated signal has the standard RMA 
vestigial sideband characteristic. 
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Fig. 15- Picture at 
input of transmitter. 

The aural transmitter is rated at a power output of 500 watts. It 
is frequency modulated and is capable of more than ±50 kilocycles 
swing with less than 5 per cent distortion from 30 cycles to 15 kilo- 
cycles; ±25 kilocycles swing represents 100 per cent modulation. The 
distortion at 100 per cent modulation is less than the limits stated in 
RMA Standard TR104 -A. 

The carrier frequency of the visual transmitter is held constant to 
within 0.002 per cent of the assigned value. The frequency difference 
between the aural and visual carrier frequencies is constant to within 
±450 cycles which compares very favorably with the stated require- 
ment of ±5 kilocycles. 

The bandwidth of the plate circuit of the power amplifier is suffi- 
ciently broad so that the picture quality is not affected by plate circuit 

Fig. 16- Picture at 
output of trans- 

mitter. 
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Fig. 17- Modulator video response. Fig. 18- Overall video response. 

tuning. In tuning the transmitter, the plate circuit is tuned for 
maximum output. Optimum broadbanding of the grid circuit is readily 
obtained by slightly detuning on the high frequency side of resonance. 

The performance of the visual transmitter is shown by Figures 15 

to 20. Figures 15 and 16 show the input and output signal respectively 
when the standard test pattern is transmitted and viewed on a com- 
mercial master monitor. 

Inspection of Figure 16 shows a vertical resolution of about 460 
lines. Figure 17 shows the video response of the modulator measured 
at the grids of the power amplifier tubes. The response is flat to 
approximately 5 megacycles. Figure 18 shows the overall frequency 
response of the transmitter when operating into a dummy load and 
Figure 19 shows the response to a square wave pulse with a rise time 
of 0.07 microsecond. It indicates an increase in rise time to 0.11 micro- 
second. Figure 20 shows the overall modulation characteristic and 
indicates a feed -through power of only 0.3 watt. A maximum power 
of 1460 watts is indicated. 
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Fig. 19- Square wave response. Fig. 20- Modulation charac- 
teristics. 
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CONCLUSION 

The TTU -1A transmitter is capable of radiating a signal in accord- 
ance with the current FCC "Standards of Good Engineering Practice 
Concerning Television Broadcast Stations," and the RMA "Electrical 
Performance Standards for VHF Television Transmitters." 

The quality of the transmitted picture is equal to that transmitted 
by commercial transmitters currently in operation on the VHF chan- 
nels. In construction and design this transmitter is entirely suited for 
commercial operation from both the operational and performance 
standpoints. 
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A SIX -MEGACYCLE COMPATIBLE 
HIGH -DEFINITION COLOR TELEVISION SYSTEM *t 

A Report 

BY 

RCA LABORATORIES DIVISION, PRINCETON, N. J. 

Editor's Note: This report comprises Exhibit No. 209 submitted by Radio 
Corporation of America at the Hearing before the Federal Communications 
Commission in Docket Nos. 8736, 8975, 9175 and 8976, September 26, 1949 et seq. 

Previous reports on the new color system are contained in Exhibit Nos. 206 and 207 submitted to the Federal Communications Commission on August 25 and September 6, 1949. 
Additional information on various aspects of the system is under prepara- tion. It is planned to publish this information as it becomes available. 

INTRODUCTION 

pirHE color system described herein has its roots in the simul- 
taneous method first disclosed on October 30, 1946 and subse- 
quently described in detail at a Hearing before the Federal 

Communications Commission in Docket No. 7896 and in various pub- 
lished technical papers.1.2 

The new system, as in the case of the wide -band simultaneous 
system, is completely compatible with the current black- and -white 
television system. 

In addition, the new system includes later developments which, in 
essence, compress the simultaneous system into a 4- megacycle band 
suitable for a total channel assignment of 6 megacycles. Not only is 
the system so compressed, but no detail is lost in the process. This in 
turn insures a high- definition color picture, while at the same time 
preserving the normal definition of the black- and -white picture. 

The compression of the simultaneous system is accomplished by a 
combination of two processes : 

(a) use of the mixed -highs principle; and 
(b) color -picture sampling and time -multiplex transmission. 
These band -saving techniques are described in the following pages. 

* Decimal Classification: R583. 
t Reprinted from RCA Review, December 1949. 

1 RCA Laboratories Division, "Simultaneous All- Electronic Color Tele- 
vision," RCA Review, Vol. VII, No. 4, p. 459, December, 1946. 

2 R. D. Kell, G. C. Sziklai, R. C. Ballard, A. C. Schroeder, K. R. Wendt 
and G. L. Fredendall, "An Experimental Simultaneous Color Television 
System," Proc. I.R.E., Vol. 35, No. 9, p. 861, September, 1947. 
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STUDIO AND RELATED EQUIPMENT CHARACTERISTICS 

A block diagram of the color television broadcasting station is 
shown in Figure 1. 

Studio Apparatus 
The color camera (live, film, or slide), its related equipment, and 

the synchronizing generator are the same components used in the 
wide -band simultaneous system. These were described in Dockets No. 
7896 and No. 8976 and in References (1) and (2). 

This studio apparatus provides three signals, one for each of the 
primary colors (green, red and blue). Each of these signals may 
contain frequency components out to a maximum of four megacycles, 
and in addition an average or dc component. 

/--HORIZONTAL 

-HORIZONTAL DRIVE 

X 
i< 

SYNC. 
GENERATOR PULSE 

GENERATOR 
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GL L.P. 
FIFILTER 

0-2 MC. 
GREEN ADDER L.P. V. H.F. 

COLOR 
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L.P. 
FILTER 
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MITTER 
- V.5.B.F H 

SAMPLER 0 -4C 
RED L.P. SOUNOH SOUND 

BL FILTER 
INPUT TRANSMITTER 

BLUE 

ADDER B. P 

ND. 2 FILTER 

2-4 MC. 

Fig. 1 -Block diagram of the color television transmitter. 

Signal Routing 
For one signal routing of Figure 1, each color signal passes 

through a low -pass filter which eliminates frequency components above 
two megacycles. The green -channel signal coming out of its particular 
low -pass filter is designated as GL on Figure 1, indicating that at 
this point the signal contains the do component and ac components 
with frequencies of two megacycles or less. The three low- frequency 
signals, GL, RL and BL are then sent into an electronic commutator or 
sampler (discussed below). 

For the second signal routing of Figure 1, the three -color signals 
from the camera are combined in electronic Adder No. 2 and then are 
passed through a band -pass filter. The output of this filter contains 
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frequencies from two to four megacycles, with contributions from 
each of the three color channels. The signal at the output of the 
band -pass filter is designated as MH, the mixed -high signal. The 
mixed -high frequencies are fed to Adder No. J. which, as will be seen, 
is also receiving the signal from the sampler and from the synchro- 
nizing generator. 

Mixed -Highs 
The principle of mixed -highs, referred to above, was described in 

Docket Nos. 7896 and 8976. It has been demonstrated that the mixed - 
highs procedure is successful and satisfactory in a wide -band simul- 
taneous system. 

In the new system, at the transmitting end, the sampling process 
(discussed below) is capable by itself, of providing high -frequency 
components of each color signal. Since the sampling frequency deter- 
mines the highest frequency which will be passed, when the high - 
frequency components of each color signal are combined the resulting 
band -width does not exceed four megacycles. 

However, photocells used with flying -spot devices in film and slide 
scanners inherently have poor high- frequency response, particularly 
in the red. It is often necessary, therefore, to peak the higher- frequency 
response of such devices. This peaking, of course, raises the level of 
the high- frequency noise components. When the entire frequency band 
of zero to four megacycles is sampled, the 3.8- megacycle sampling 
frequency beats the high- frequency noise to low frequency and vice 
versa. Because, in the case of pickup devices of the type referred to 
above, the high- frequency noise has been peaked, an even interchange 
of noise components does not occur, as it would if the noise spectrum 
were uniform. Consequently, after the sampling process has taken 
place, the low- frequency noise components will have been accentuated. 
This causes a coarse -grain structure in the picture which may be 
objectional to the eye. 

Experience has shown, therefore, that there is a definite advantage 
gained in sampling only the lower half of the video band (up to two 
megacycles) and using the principle of mixed -highs for the upper half 
of the video band (from two to four megacycles) , and this procedure 
is used at the transmitting end. 

In pick -up equipment with uniform noise characteristics, no such 
effects as above described exist. This means that either the dual 
procedure given in the above paragraph or sampling only may be used. 
This also applies to receiving equipment. 
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Sampling and Combining Process 
The sampling pulse generator, which embodies time -multiplexing 

techniques, is an integral part of the electronic commutator and makes 

use of the trailing edge of the horizontal synchronizing pulse to time 
the sampling of each of the color signals. 

In the sampler, each color signal is sampled for a very short time, 
at a rate of 3.8 million times per second for each color. The samples 
for each scanning line are timed with respect to the horizontal syn- 

chronizing pulse for that line. However, for alternate line scans the 
timing of the sampling pulse is such that samples of any one color 

Fig. 2- Functioning 
of the sampling sys- 
tem at the transmit- 

ting end. 

O R 

G 

(a) 

R 

(b) 

R 

(c) (c) 

(e) 

R 

COMPOSITE 
SIGNAL 

2 
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3 

are taken at a point midway between samples of the same color in the 
line above. Alternate scans of the same line are displaced in this same 
way. Thus, the second samples are taken midway between the first 
samples, resulting in dot interlacing (to be discussed in more detail 
in Part IV). 

Figure 2 illustrates the functioning, at the transmitting end, of 
the sampling system in the pickup of large uniform polychromatic 
areas, with the three primary colors represented by three different 
signal strengths. Figure 2(a) shows the output of the sampler due 

to the green signal only. The green channel signal is sampled every 
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0.263 microsecond (0.263 = 1/3.8). At a time 0.0877 microsecond 
after a green sample, a sample is taken of the red signal. This time 
delay is one -third of the time between successive green samples. The 
red samples continue to be taken 0.263 microsecond apart as shown in 
Figure 2 (c) . The blue samples are taken at the same rate and follow 
the red samples by a time of 0.0877 microsecond, as indicated in 
Figure 2(e). The composite output of the sampler consists of a 
superposition of the green, red, and blue trains of pulses or samples. 
Figure 2 (g) shows the signal in the circuit at the output of the 
sampler. 

From the sampler the signals pass to an electronic combining 
device called Adder No. 1 in Figure 1. Standard synchronizing signals 
from the synchronizing generator are also applied at this point. 

This signal and the synchronizing pulses from Adder No. 1 feed 
into the low -pass filter. In the case of large area color only, the 
mixed -highs signal is not present. 

The narrow green pulses of Figure 2 (a) , occurring at a rate of 
3.8 million pulses per second, are smoothed by the low -pass filter to 
give the result shown in Figure 2(b). This wave consists of a dc 
component, which is the average of the pulse sample, plus a sine wave 
which has a frequency of 3.8 megacycles (the filter having removed 
the higher order harmonics). The 3.8- megacycle sine wave and the 
dc component change together, as the green signal changes in strength, 
in such a way that the signal of Figure 2 (b) always passes through 
zero at the same interval of time after the peak regardless of the 
strength of the green signal. The smoothed sample of the green signal 
may be expressed as: 1/3 G(t) [1 + 2cos (27rft)] where G(t) is the 
green signal as a function of time, and f is the sampling frequency, 
namely 3.8 megacycles. A study of this expression reveals that the 
smoothed green sample goes through zero 120 and 240 electrical de- 
grees after the signal has reached its maximum value. 

The above equation is an excellent approximation of the conditions 
existing in the circuit when the duty cycle of the samples for a given 
color is 15 per cent or less. Accordingly, the duty cycle of the system 
is maintained within these limits. 

The red samples of Figure 2 (c) are smoothed by the filter to yield 
the result shown in Figure 2(d). This again is made up of a dc 
component and a sine wave with a frequency of 3.8 megacycles. 

Smoothing of the blue sampling pulses results in the contribution 
shown in Figure 2(f). It should be noted in Figures 2(b), 2(d), and 
2(f) that when any one color signal reaches its maximum value, the 
other two responses are crossing the zero axis. 
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While the curves of Figures 2 (b), 2 (d), and 2 (f) have been shown 
separately for illustrative purposes, it should be remembered that 
the pulse train of Figure 2 (g) goes into the low -pass filter. Thus the 
composite signal of Figure 2 (h) comes out of this filter. In this figure, 
the dc component is the sum of the do components of the green, red, 
and blue signals, while the 3.8 megacycle sine wave is the sum of 
three sine waves of the same frequency. This results in a composite 
3.8- megacycle sine wave with a new amplitude and phase position 
superimposed on the composite do component. 

The action of the system in the pick -up of varying color areas is 
illustrated by means of Figure 3. In Figure 3 (a), the three color 
signals are shown as they enter the sampler, with the appropriate 
sampling pulses as they come out of the sampler indicated by vertical 
lines. These same pulses are shown in Figure 3(b), with the envelope 
indicating the result of smoothing in the filter. It will be appreciated 
that Figure 3 is not quantitative and is used purely for illustrative 
purposes. Fine detail of the color picture, carried by the higher fre- 
quency components, is, of course, now supplied by the mixed -highs 
signal, but this cannot be easily shown in the diagram. 

TRANSMITTER 

The output (time -multiplexed color signal, mixed -high color signal, 
and synchronizing signals) of the low -pass filter (zero to four mega- 
cycles) in the right center of Figure 1 is applied to the modulator of 
a conventional VHF or UHF television transmitter. 

From this point on, including the transmitter itself, together with 
the vestigial sideband filter, diplexer, sound channel and antenna, the 
system is that of a normal black- and -white television station, with no 
changes necessary. 

The signal transmitted is consistent with the "Standards of Good 
Engineering Practice Concerning Television Broadcast Stations." 

RECEIVING EQUIPMENT CHARACTERISTICS 

Figure 4 is a block diagram of one type of color television receiver. 
The radio -frequency circuits, the picture intermediate -frequency am- 
plifiers, the second detector, the sync separator, the sound inter- 
mediate- frequency amplifiers, the discriminator, and the audio circuits 
are identical with those of a conventional black- and -white receiver. 

The composite video and synchronizing signals from the second 
detector enter the sync separator, which removes the video signal and 
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sends the synchronizing pulses to the deflection circuits and to the 
sampling pulse generator. 

Sampling and Smoothing Process 
The sampling pulse generator utilizes the trailing edge of the 

horizontal synchronizing pulse to actuate the receiver sampler in 
identical fashion and in synchronism with the transmitter sampler. 
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Fig. 3- Action of the system in the presence of varying color areas. 

The signal from the second detector also enters the sampler. It has 
the same form as the composite signal of Figure 2(h), or as the solid 
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Fig. 4 -Block diagram of one type of color television receiving equipment. 

envelope of Figure 3 (b) . For ease of reference, Figure 2(h) has been 
reproduced as Figure 5(a). Again, the case of large uniform poly- 

chromatic areas is used for illustrative purposes. 
The electronic commutator samples the composite signal every 

0.0877 microsecond, producing the short pulses shown in Figure 5(a). 
The amplitude of each of these pulses 's determined by the amplitude 
of the composite wave at that particular instant. 

Fig. 5- Functioning 
of the sampling sys- 
tem at the receiving 

end. 

COMPOSITE 
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G G G 
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The commutator feeds these pulses into three separate video ampli- 
fiers which in turn control the picture- reproducing apparatus which 
may consist of three cathode -ray tubes or kinescopes having appro- 
priate color- producing phosphors. This method for portraying the 
single color picture with three kinescopes is similar to that demon- 
strated to the Commission during the Hearing on Docket No. 7896 and 
in References (1) and (2). 

The video amplifiers have a flat frequency response to four mega- 
cycles, and must cut off completely at 7.6 megacycles. (Reference here 
is to the frequency response of the video amplifiers only and not to 
channel requirements.) 

The sampler sends the pulses to each of the video amplifiers and 
its attendant kinescope in succession. For instance, in Figure 5(a), 
the first pulse shown in green goes to the green kinescope, the next 
pulse goes to the red, while the third pulse is sent to the blue. The 
green receives the fourth, seventh, tenth, and so on. Thus, while the 
individual pulses coming out of the sampler are 0.0877 microsecond 
apart, the green pulses going to the video amplifier for the green 
picture repeat every 0.263 microsecond. The green channel pulses of 
Figure 5(a), in passing through the video amplifier, lose all frequency 
components except the fundamental frequency of 3.8 megacycles and 
the dc component. The resultant smoothed signals are shown in Figure 
5 (b) . The green, red, and blue signals are shown in superposition on 
this figure for illustration. It should be remembered that at this point 
the green signal shown is that fed to the green kinescope, while the 
red and blue signals are applied to their individual kinescopes. 

Examination of Figures 2 (b), 2 (d), 2 (f), and 2 (h), has already 
revealed that, when the green signal is maximum, the red and blue 
signals are passing through zero. Hence, since the composite signal 
is sampled for green by a narrow pulse at the receiver at this exact 
instant, the receiver sampling pulse is a true measure of the green 
signal and includes no dilution from the red or blue signals. Likewise, 
the red and blue samples are each taken at points on the composite 
signal where no crosstalk is contributed from the other two color 
signals. 

The above statement concerning absence of crosstalk holds good 
for all frequency components up to one -half the sampling frequency. 
For frequency components approaching the sampling frequency in 
order of magnitude, from a purely circuit aspect, crosstalk is present. 
However, the physiological characteristics of the eye which make pos- 
sible the application of the mixed -highs principle apply equally well 
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to the crosstalk of the higher- frequency components. Consequently, 
crosstalk in the fine detail is of no consequence. 

Assuming that the kinescope actually cuts off with negative applied 
signal, and neglecting the nonlinearity of the input control -voltage 
versus light- output characteristic of the kinescope, the solid lines of 
Figure 5 (c) may be regarded as the effective light intensity along one 
line scan in green. Figures 3 (c), 3 (d), and 3 (e) show the effective 
signals for the green, red, and blue kinescopes, again for a single line 
scan. 

Picture Dot Interlacing and Scanning Sequence 
Returning now to Figure 5 (c) , it may be seen that a single line 

scan on the green channel lays down a series of green dots on the 
screen as shown by the solid lines. As was indicated above, these dots 
occur at a rate of 3.8 million times per second. If fine detail were 
involved to such an extent that two adjacent pulses in the green channel 
in a single line scan were of different amplitude, it is basic that the 
highest frequency component of use in establishing picture detail would 
be a sine wave which went from a crest to a trough in the time between 
the two adjacent green pulses. This sine wave would then have a fre- 
quency of 1.9 megacycles. 

The fact that each pulse has a rise equivalent to twice this fre- 
quency allows the use of picture -dot interlacing to secure full detail 
up to a frequency band 3.8 megacycles wide. This is accomplished by 
shifting the sampling pulses the next time that the same line is scanned 
so that the dots are then laid down between the dots that were laid 
down in the first scan. This second series of green dots is shown by 
the broken curves in Figure 5 (c) . In this figure, the dots shown by 
broken curves are the same amplitude as the dots shown by the solid 
curves. For resolution of very fine detail. the dots laid down in the 
first scan would differ in amplitude from the dots laid down in the 
second scan of this same line. 

Inspection of Figure 5 (d) reveals that while a single line scan lays 
down a series of green dots on the screen with space between dots, this 
space is filled at the same time by red and blue dots, with great over- 
lapping of the dots. The effect of the successive scans of a single 
line, Figure 5(e), shows even more clearly the complete covering of 
the line area with picture dots of three colors. 

The scanning and interlace pattern used in the new color television 
system is illustrated in Figure 6. Each letter represents the center 
of a color dot area on the screen. The actual areas, of course, overlap 
to a great extent as discussed above. 
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During the first scanning field, illustrated in the upper diagram in 
Figure 6, the odd numbered lines are scanned in order. Colored dots 
are laid down in order along line 1 as shown. Next, line 3 is scanned 
with a displacement for each color dot shown, in the same fashion as 
described for the sampling at the transmitting end. The remaining 
odd lines are scanned in order. This scanning of the first field takes 
place in one -sixtieth of a second. 

During the second field, the even lines are scanned, first line 2 with 
the colors laid down as shown, then line 4, and so on. The dot pattern 
laid down during the third field is shown by the lower diagram, where 
the odd lines are scanned in succession. During the fourth field, the 
even lines are again scanned in succession with the color dot pattern 
shown. 
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Fig. 6- Scanning and interlace 
pattern. 

Thus, the odd lines are scanned 
during the first field, but dots of 
the same primary color are sepa- 
rated by spaces. The even lines are 
scanned during the second field, 
again with spaces between like color 
dots. During the third field, the 
odd lines are again scanned but the 
color dots displaced so that the 
spaces are filled. The even lines are 
scanned during the fourth field, 
with the color dots displaced to fill 

in the spaces left during the second 
field scanning. Four scanning fields 
are required to completely cover the 
picture area, with all spaces filled, 

with say, green dots. Simultaneously, the area is being covered with 
red dots and with blue dots. Since there are 60 fields per second, it 
may be said that there are 15 complete color pictures per second. 

It should be remembered that the effective rate for large -area flicker 
is 60 fields per second, the same as for current black- and -white re- 
ceivers. At viewing distances such that the picture line structure is 

not resolved, the effect of small -area flicker due to line interlace and 
picture -dot interlace is not visible. 

Receiving Systems 
In the receiver shown in Figure 4, the total signal consisting of 

the sampled signal plus the mixed highs has been inserted in the 
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receiver sampler and picture -dot interlacing has been used to achieve 
high definition as discussed in detail above. 

Another receiver arrangement is possible. In such a receiver, 
shown in Figure 7, the entire signal is fed into the sampler as before, 
but, in this case, low -pass filters with cut -off frequencies of approxi- 
mately two megacycles are inserted between the sampler and the 
kinescopes. The low- frequency filters smooth out the pulses of Figure 
5 (c), so that the adjacent dots of a single color in one line scan now 
almost completely overlap. Because the pulses have been broadened 
by the two -megacycle filters in this receiver, horizontal resolution will 
not be increased by picture -dot interlacing at the receiver. Full resolu- 
tion, however, is restored by obtaining mixed highs from the signal 
ahead of the receiver sampler and by- passing the mixed highs through 
a band -pass filter to the green, red, and blue kinescopes. 

The color television receiver of Figure 4 and the alternate receiver 
of Figure 7 are examples of the flexibility afforded by this color system. 
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Fig. 7 -Block diagram of color television receiver using by- passed highs 

Reception in Black -and -White 
When the color television signal is received on a current black -and- 

white receiver, the output of the second detector is represented by 
Figure 2 (h), or, when the picture is of varying color, by the envelope 
of Figure 3 (b) . With mixed highs also transmitted as shown in Figure 
1, the black- and -white receiver then develops on its kinescope a black - 
and -white picture with full resolution. The 3.8- megacycle sine wave 
superimposed on the picture signal produces a dot pattern on the 
kinescope in high chroma areas, but the dots are not visible at normal 
viewing distance. Examination of Figure 2 shows that in white areas, 
where the dot pattern would be objectionable if present, the three 
color signals are of the same amplitude and the composite signal 
consists of the dc components only. Hence, there is no dot pattern. 
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For color transmissions received in monochrome on a current 
black- and -white receiver, no band saving is involved, but because the 
transmitted signal contains all the resolution which a black- and -white 
signal of the same scene would have, the resulting monochrome picture 
will have the full resolution of the current standards. 

Using the standard wedge pattern to test horizontal resolution, 
the same resolution figure has been obtained when reproducing the 
color transmission on an unchanged current model black- and -white 
receiver as may be obtained with the same receiver on a well- designed, 
well- adjusted black- and -white system using present broadcast stand- 
ards. The vertical resolution is also consistent with current black -and- 
white standards. 

When a color receiver is tuned to a television broadcasting station 
transmitting a black- and -white signal, the picture will appear in black - 
and white with full resolution on the color receiver picture reproducer. 
The successive pulses delivered to the three kinescopes will all be of 
equal magnitude, and, hence, will produce varying intensities of white 
-or a normal black- and -white picture. 

RECEIVERS AND COLOR CONVERTERS* 

Picture Reproducing Systems 
One method for portraying a single color picture makes use of 

three kinescopes, reflective optics, and dichroic mirrors in a projection 
system. This has been previously demonstrated and described during 
the Hearing in Docket No. 7896 and in References (1) and (2). 

Another method also makes use of three kinescopes in a projection 
system but uses refractive optics and dichroics instead of reflective 
optics. This system appears to lend itself more readily to compact 
design. 

A third method uses three kinescopes with a pair of dichroic 
mirrors so arranged to permit essentially direct viewing. This system 
appears to lend itself more readily to a lower cost design. 

A fourth method uses two kinescopes with a single dichroic mirror. 
This system appears particularly attractive for use in inexpensive 
receivers and color converters. 

Because color receivers will probably be simplified by a color picture 

* The various receivers and color converters illustrated and described 
in this section are research models designed to test and demonstrate the 
basic principles of the system. While indicative of possible approaches to 
the design of suitable receiving equipment, they are not intended to repre- 
sent receivers and color converters of commercial design. 
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reproducer of the single -tube type, intensive research efforts on the 
problem are being continued. 

Direct -View Receiver 
Figure 8 represents a direct -view picture- reproducing system util- 

izing three kinescopes which are standard in every respect except that 
the phosphors are green,- red and blue, respectively. The green, red 
and blue signals are impressed on the grids of their respective tubes. 
The deflecting yokes of the three 
tubes are connected in parallel, so 
that the rasters produced on the 
three screens are identical. 

Fig. 8- Direct -view picture- repro- 
ducing system using three kine- Fig. 9 - Positioning of ten -inch 
scopes and a pair of dichroic kinescopes for direct -view picture - 

mirrors. reproducing system. 

The tubes are viewed through dichroic mirrors. The red dichroic 
mirror reflects the red image from the red tube, the blue dichroic 
mirror reflects the blue image from the blue tube, and both mirrors 
are transparent to green light, so that the green tube is viewed directly 
through both dichroic mirrors. The red dichroic mirror is also trans- 
parent to blue light, so it does not interfere with the blue image. The 
mirrors and tubes are properly arranged so that to the eye the three 
pictures appear superimposed and are viewed as one picture. 

Figure 9 shows three standard -size ten -inch kinescopes and the 
two dichroic mirrors mounted in a framework for proper viewing from 
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the top, through a fully silvered mirror. A receiver using the above 

arrangement could be housed in a cabinet of the type shown in Figure 
10. It is possible in this arrangement that, if the kinescopes are short - 
ended, the cabinet size can be materially reduced. 

Projection Receiver 
Another type of picture reproducing system is shown in Figure 11. 

This gives a projection picture, 15 X 20 inches. Three projection 
kinescopes are used which are standard except for the phosphors. 
Each tube control -grid is connected to the appropriate video channel, 
and the deflection yokes are supplied from a common source. Each 
tube is arranged in a reflective optical system. The light rays from 
each tube first strike a plane mirror, from which they are reflected to 
a spherical mirror of the proper focal length to produce an image on 

the screen. Beyond the spherical 
mirror the rays pass through a 
correcting lens and thence via a 
plane reflecting mirror to the pro- 
jection screen. 

Fig. 10 -One type of cabinet for 
direct -view receiver utilizing three 
kinescopes and a pair of dichroic 

mirrors. 

Fig. 11- Projection picture- repro- 
ducing system using three projec- 
tion kinescopes, reflective optics 

and a pair of dichroic mirrors. 

The green image passes through the red -and -blue- reflecting dichroic 

mirrors. The red image is reflected to the screen by the red -reflecting 

dichroic mirror. Similarly, the blue image is reflected to the screen 

by the blue- reflecting dichroic mirror. The complete optical system is 

so arranged that the three images are superimposed, in register and 

focus, on the projection screen, where they are viewed as a single color 

picture. 
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Fig. 12 - Arrange- 
ment of the projec- 
tion tubes and opti- 
cal system used in 
the projection re- 

ceiver. 

Figure 12 is a photograph of the reflective optical system showing 
the mechanical arrangement of the projection tubes and the optical 
system. The receiver employing this system is shown in Figures 13 
and 14. 

Fig. 13 -Rear view 
of the projection re- 
ceiver with 15 by 20 

inch picture. 
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Projection Receiver with Magnifying Lens 

The same type of projection picture reproducing system, referred 
to above, is used in the television receiver shown in Figure 15. Here 
the projected picture is smaller, and is viewed through a magnifying 
lens. 

Color Converters 
To convert a current black- and -white receiver to receive color 

transmissions in color requires the addition of color sampling circuits 
and a picture reproducer. 

Fig. 14- Projection receiver with 
15 by 20 inch picture. 

Fig. 15- Projection receiver using 
reflective optics and magnifying 

lens. 

The size of the color converter for a direct -view picture or for a 

large projected picture is determined by the size of the kinescopes and 

the optical system. When the cabinet size and shape have been deter- 
mined by these elements, the circuit components which need to be 

added to those already available in the black- and -white receiver can 

be fitted around the kinescopes and optical system in the cabinet with- 
out increasing its size. 

A direct -view converter using three 10 -inch kinescopes is shown 

in Figure 16. Interconnections between the standard receiver and the 
converter are made by a simple harness cable plugged into the tube 
sockets of the standard reciever. (Reduction in cabinet size through 
the use of shorter kinescopes, previously mentioned in connection with 

the direct -view color receiver, applies as well to this color converter.) 
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A smaller color converter can also r 

be made which gives a projected 
picture. Three 11/2 -inch projection 
tubes are mounted as shown in Fig- 
ure 17. The complete kinescope and 
optical system assembly is mounted 
on the back of a standard television 
receiver, which can be either a table 
model or a console. The kinescope 
(any size) is removed from the 
black- and -white receiver and the 
color picture is projected, through 
the space it occupied, to a screen 
mounted in the normal picture - 
mask opening. An additional chas- 
sis containing the sampling circuits, 
reflecting circuits and power sup- 
plies is mounted under or back of 
the television receiver. 

Figure 17 shows this system as applied to a color converter, but 
the principles apply equally well for a color receiver. 

287 

Fig. 16- Direct -view color 
converter. 

Two -Color Systems 
Color transmissions can be received on a simplified receiver which 

reproduces the picture in two colors only, instead of three. The two 
colors used are green -red and blue -green. 

A block diagram of such a receiver is shown in Figure 18. This 
system is similar to that shown in Figure 4 except that only two video 
channels are required, and the method of sampling the composite signal 
is altered. 

Fig. 17 -Color con- 
verter using small 
projection kine- 
scopes and refrac- 

tive optics. 
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Fig. 18 -Block dia- 
gram of two -color 
television receiver. 
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With reference to Figure 3, it was explained that, for the three - 
color system, the composite signal was sampled for green at the instant 
the red and blue components were passing through zero. In like man- 
ner, it was sampled for red and for blue when the other two colors in 
each case were zero. Figure 19 

( f) 

represents the same signals as Figure 
2 and shows the different positions 
of the sampling pulses for a two - 
color picture- reproducing system. 
The composite signal is sampled for 
blue -green at a time when both blue 

(b) and green components are present 
in a positive direction. This is indi- 
cated by the line labeled B -G. The 
composite signal is sampled for 
green -red at a time represented by 
the lines marked G -R. As indicated 
in Figure 19, no sample is taken at 
the third point. The sampling is 
repeated for each of the two color 
combinations once each 0.263 micro- 
second. 

After the composite signal is 
sampled, the two color signals are 
amplified in separate video ampli- 
fiers having frequency cutoff char- 
acteristics as described in connec- 
tion with the three -color receiver. 
They are then impressed on the 
grids of their respective kinescopes. 

In the case of a color converter 
for an existing black- and -white re- 
ceiver, the black- and -white kine- 
scope in the receiver is used with a 

COMPOSITE 
SIGNAL 

(h) 
NO 

G -R SAMPLE B -G G-R 
TAKEN 

Fig. 19- Receiver sampling posi- 
tions for the two -color system. 
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suitable color filter placed in front of it. Another kinescope is added 
and viewed through a dichroic mirror and suitable color filter. 

The color converter employing this two -color system is shown in 
Figure 20. All of the components of the standard black- and -white 
receiver are used, including the deflecting circuits and second anode 
power supply. The only equipment that is added is the second kinescope 
and the sampling circuit. Connections between the television receiver 
and the color converter are few and are easily made. The foregoing 
points to the possibilities for a very low -cost color converter. 

The principle of the two -color 
system is illustrated in Figure 21. 

The two -color picture- reproduc- 
ing system is also applicable to a 
simple and inexpensive color re- 

Fig. 20 - Color converter using 
two -color picture- reproducing sys- 

tem. 
Fig. 21 - Two -color picture- repro- 

ducing system. 

ceiver. In this case, however, the two kinescopes will be made with 
the proper color phosphors and no filters are required. 

SUMMARY OF SYSTEM CHARACTERISTICS 

The all- electronic color television system described herein is a fully 
compatible system, employing the current standards of 525 lines, 
sixty fields per second, and line interlacing. It provides a high- defini- 
tion color (and black- and -white) picture in the standard six -megacycle 
channel through the use of the mixed -highs principle and time- multi- 
plexing with picture dot interlacing. 
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The transmitted signal is consistent with the "Standards of Good 

Engineering Practice Concerning Television Broadcast Stations." This 

is the fundamental basis for compatibility and means that a current 
monochrome receiver will respond in the same way as it would if a 

standard black -and white camera originated the picture signal. 
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AN ANALYSIS OF THE SAMPLING PRINCIPLES OF 
THE DOT -SEQUENTIAL COLOR TELEVISION 

SYSTEM *t 

A Report 
BY 

RCA LABORATORIES DIVISION, PRINCETON, N. J. 

Sumutary -This paper deals quantitatively with a number of aspects of 
the dot -sequential color television system, namely, the influence of sampling 
pulse width on color cross talk, the response of standard monochrome tele- 
vision, receivers and color television receivers to sinusoidal variations and 
to step functions, the manner in which the method of mixed highs combines 
with the sampling procedure to produce high- frequency detail, and circuit 
methods of eliminating cross talk. 

INTRODUCTION 

AQUALITATIVE description of the sampling procedure and the 
use of mixed highs, as well as the dot -interlacing method of 
increasing detail used in the RCA dot -sequential color tele- 

vision system, has already been published.' The reader is referred to 
that paper for background material. A quantitative discussion of a 
number of aspects of the system is given in the following pages. 

CROSS TALK AS A FUNCTION OF THE WIDTH OF THE SAMPLING PULSE 

A block diagram of the color television broadcasting station is 
shown in Figure 1. The studio apparatus provides three electrical 
signals, one for each of the primary colors (green, red and blue). Each 
of these signals may contain frequency components out to at least four 
megacycles, and in addition an average or dc component. 

For one signal routing of Figure 1, each color signal passes through 
a low -pass filter which eliminates frequency components above a fre- 
quency fA megacycles. Where this paper deals with numerical values, 
fA will be taken as 2.0 megacycles. The green -channel signal coming 
out of its particular low -pass filter is designated as GL in Figure 1, 
indicating that at this point the signal contains the do component and 
ac components with frequencies of fA or less. The three low- frequency 

* Decimal Classification: R583.1. 
f Reprinted from RCA Review, June, September, 1950. 
1"A Six -Megacycle Compatible High- Definition Color Television Sys- tem", RCA Review, Vol. X, No. 4, pp. 504 -524, December, 1949. 
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signals, GL, RL, and Br are then sent into an electronic commutator or 

sampler. 
For the second signal routing of Figure 1, the three color signals 

from the camera are combined in electronic Adder No. 2 and then are 
passed through a band -pass filter. The output of this filter contains 
frequencies from fA to fB megacycles, with contributions from each of 
the three color channels. For calculation purposes, f B has been taken 
as 4.1 megacycles. The signal at the output of the band -pass filter is 

designated as M,1, the mixed -high signal. The mixed high frequencies 
are fed to Adder No. 1 which is also receiving the signal from the 
electronic sampler. 

SYNC. SAMPLING 
GENERATOR PULSE 

GENERATOR 

GREEN 

L. P. 

FILTER 

COLOR 
CAMERA 

RED // 
BLUE 

GL 1 

0-fAMC 
RL i 

FILTER 
SAMPLER 

L 
FILTER BBL 

ADDER O.2 
N.2 

B. P 
FILTER 

ADDER 
NO.1 

M 

fA- fe 'AC 

Fig. 1 -Block diagram of the color television transmitter. 

L.F 
FILTER 

O-f, MC 

V.R.F. 
TRANS- 
MITTER 

x 
x x 

V.S-B.F 

SOUND 
INPUT 

SOUND 
TRANSMITTER 

41. 

The frequency relationships in the system are depicted in Figure 2, 

with the following numerical values chosen for purposes of illustrative 
calculation: 

fo = frequency of sampling pulse generator (3.8 megacycles), 
fA = upper limit of frequencies into the transmitter sampler and 

lower limit of mixed high frequencies (2.0 megacycles), 
f5= maximum frequency component transmitted by the system 

(4.1 megacycles). This upper limit may be determined by 
the receiver or transmitter cut -off characteristic, whichever 
is most restrictive. 

fu - fo = upper limit of frequencies free from inherent color cross talk 
without circuit devices (0.3 megacycle). 

Figure 3 is a block diagram of one type of color television receiver. 
The output of the receiver sampler may go through separate video 
amplifiers to the picture reproducer, which may consist of three sepa- 
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rate kinescopes, as indicated in FCC Exhibit 309,2 or the composite 
signal may go from the second detector through a single video amplifier 
to a point where the three kinescope grids are tied in parallel. The 
keying or sampling is accomplished by applying short negative pulses 
in sequence to the cathodes of the kinescopes, as described in FCC 
Exhibit 316.3 

The sampling procedure, at 
either the transmitter or the re- 
ceiver, may be described in mathe- 
matical terms. Suppose that a sig- 

fe -fo nal G is applied to one grid of an 
electronic tube and that the tube 

fA to tB has such characteristics that the 
f output signal is always propor- 

Fig. 2- Frequency relationships in tional to the signal G. In addition, the dot -sequential color television 
system. a second grid is heavily biased ex- 

fa = upper frequency limit of cept for regular periodic short in- 
system. tervals when this grid is driven to 

f., = frequency of sampling of some prescribed positive value. The 
individual colors. signal on this second grid thus acts 

fA = maximum frequency of as a gate on the signal G, and the signals into the transmit- 
ter sampler (also lower output signal is proportional to 
frequency limit of mixed signal G when the second grid is highs). 

positive and the output signal is fn- J..= upper limit of frequencies zero when the second grid is heavily free from inherent color 
cross talk without circuit biased. 
devices. 

The output signal may then be 
regarded as the product of the signal G and the gating signal. A 
representative gating signal is shown in Figure 4. The period or time 
between successive gates is T, while the duration of a gate pulse is 

T. The sampling frequency, f0 = 1 /T. The duty factor of the gate 
may be defined as F = OT /T. Then, if the output is proportional to a 
signal G, the Fourier series for the gated product is 

where 

n=m 
G(t) =G F [1 -{- 2 an cos (moot) ], 

n=1 

sin (nrrF) 
an = 

n7rF 

(1) 

2 "A Three -Color Direct -View Receiver for the RCA Color Television 
System ", Bulletin, RCA Laboratories Division, January 9, 1950. 

3 "A Simplified Receiver for the RCA Color Television System ", Bulletin, 
RCA Laboratories Division, February 28, 1950. 
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Fig. 3 -Block diagram of one type of color television receiver. 

and wo =2afo. 

The input signal G may be varying as a function of time, but for 
this first consideration of cross talk, G will be constant; that is, a 
flat green area is scanned. 

The Fourier coefficients of the gating pulse shown in Figure 4 are 
displayed in Figure 5 for n = 1 and n = 2, as a function of the duty 
factor F. 

Assume that the only signal from the color camera of Figure 1 is 
for the moment a dc signal from the green camera tube. After sampling 
at the transmitter, the signal at Adder No. 1 is 

G n =ao [1+2 N a cos (moot)]. 
3 n -1 

fi 
G 

Fig. 4 -Flat -top narrow sampling 
pulse. 

n_w 
G(t) =GF[1+2 / acos(ncw,t)], 

n=1 
AT 

where F = duty factor = , 

T 
sin (n7rF) 1 

an= , (0. --=.2/710, fo=- 
n7rF T 

(2) 

Since the sampling frequency is 
3.8 megacycles and the upper pass 
limit of the transmitter is con- 
sidered to be 4.1 megacycles, only 
the fundamental term of the sum- 
mation is retained. Then the signal 
out of the receiver second detector is 

G - [1 + 2alcos (mot) ]. (3) 
3 
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The sampling of this signal at the receiver for a single color channel 
may be obtained by multiplying (3) by the Fourier series of (1), but 
assuming a phase displacement of O degrees. (Green channel, O = 0° ; 

blue channel, O = 120° ; red channel, 0 = 240 °.) Hence the signal at a 
particular color kinescope is 

G - [1 + 2alcos (v,ot) ] [1 + 2blcos (00t+O) + 2b2cos (2(00t+20) + - - -] 
9 

G 
= - [1 + 2a1b1cos0 

9 

+ 2alcos ((pot) + 2blcos (04-E-0) + 2a1b2cos (0)0+20) 

{ 2a1b1cos (100t-I-O) + 2b2cos (2°,ot+20) 2a1b3cos (20,ot+30) 

+ ----]. 

n=z 

0.1 02 0.3 04 05 
F (DUTY rAcron) 

06 

0.0 

o.s 

(4) 

In (4), b has been used for the 
Fourier coefficients at the receiver 
sampling to avoid confusion with 
the an values used at the trans- 
mitter. Figure 5 applies equally 
well to b1 and b2 as it did to a1 and 
a0. 

The terms containing 204 or 
greater may be dropped from (4), 

, with the result 
07 

06 

0 f 

U 
03 

0.2 

or 
°i 

Fig. 5- Fourier coefficients of the 
sampling pulse of Figure 4 as a 

function of duty factor. 

G - [1 + 2a1b1cos0 
9 

+ 2alcos (°,ot) + 2blcos (wot+0) 

+ 2alb2cos (04+20) ]. (5) 

The signal on the green kinescope 
is obtained by setting O equal to 
zero in the above expression which 
then becomes 

G 
[ 1 + 2a1b1 + 2 (a1-I-bi+alb2) cos (coot) 7, 

9 

and the peak signal on the green kinescope (PS9) is 

(6) 
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G 
PSg = -[1+ 2 (albl+al+bl+alb2) ] (7) 

9 

By setting B equal to 120 degrees or 240 degrees, and following 
through the proper manipulation, one may find the peak signal on the 
red or the blue kinescope. Since the peak signals on the blue and the 
red kinescopes due to cross talk are equal in magnitude and shifted in 
time, it is necessary to examine only one of these signals. Cross talk 
(CT) may be defined as the ratio of the peak signal on the red kinescope 
to the peak signal on the green kinescope. Then 

1 - a1b1 +2 Va12 +b12 +a12b22- albi -a12b2- alblb2 
CT = (8) 

1 + 2 (a1bl+a1+bl+alb2) 

Three combinations of duty factor choices are interesting to examine. 

Case I. Duty factor of sampling at transmitter equal to duty factor of 
sampling at the receiver (a1 =b1) . 

Equation (8) then becomes 

1-b12+2b1 (1-b2) 
CT = 

1+2b1(2+b1+b2) 

The attendant cross talk is shown by the top curve of Figure 6. 

(9) 

Case II. Duty factor of sampling at transmitter very small (a1 =1). 
Equation (8) then reduces to 

1-b1+2 V1+b12+b22-b1-b2 b1b2 
CT = (10) 

1+2 (1+2b1+b2) 

and the cross talk is shown by the middle curve of Figure 6. It may be 
seen that for a large duty factor at the receiver, the reduction in cross 
talk achieved by a short duty factor at the transmitter is small. 

Case III. Duty factor of sampling at receiver very small (b1= b2 =1). 
in this case, Equation (8) reduces to the very simple form 

1-a1 
CT = 

1+2a1 
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This cross -talk condition is shown by the lower curve in Figure 6. 

The analysis displayed in Figure 6 shows the importance of main- 
taining a short duty factor at the receiver sampler. Since it is possible 

to maintain the effect of a short 
°A° duty cycle at the transmitter sam- 

puer both by .gating control and cir- 
cuit adjustment, it would appear 
that the middle curve of Figure 6 

012 

MIME 
MOM. 4A 

, 
would be applicable for the actual 
receiver conditions. It may be seen 
that when the duty factor at the 
receiver is maintained at less than E° °°° 0.15, the cross -talk signal remains 

a °, at least 30 to 1 down from the de- E" FPi1111 sired signal. 
0.02 

For the remainder of the analy- 
3 sis in this report, it will be assumed 

that the lessons pointed out by 
Fig. 6-Cross talk as a function of Figure 6 will be well learned. Hence 

the duty factor of sampling. ai=b1=b2=1 will be used in the 
Upper curve--duty factor of sam- following analysis. To do otherwise pling at transmitter equal to duty 

factor of sampling at receiver. would cloud the results in unneces- 

Middle curve-duty factor of sam- sary rigor and would add little to 
pling at transmitter very small. the knowledge gained. 

Lower curve-duty factor of sam- 
pling at receiver very small. 

0 1 0.2 

DUTY fACTOR,F 

THE SAMPLING PROCEDURE APPLIED TO LARGE COLOR AREAS 

WITH A SINUSOIDAL VARIATION OF THE COLOR 

a. A large green area with no variation 
The green signal from the camera is assumed to be constant in 

magnitude, of value G. Figure 7(a) shows this fixed value, where G 

has been set equal to unity. Under the new assumptions (a1= 1)1= b2 =1), 
the signal to the transmitter modulator is given by Equation (3) as 

G - [1 ± 2 cos (coot) ], 
3 

(12) 

where the plus sign applies for the first scan of the particular line and 
the minus sign applies to the second scan of the same line. This shift 
of the sampling by one half of the sampling cycle is accomplished by 
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the methods described in FCC Exhibit 314.4 The plot of Equation (12) 
for the two scans of the same line is shown in Figure 7(b). 

The signal from the second detector or on the kinescope grid of a 
conventional black- and -white television receiver will also be given by 

Equation (12). Hence the solid line 
I.o of Figure 7(b) may be regarded as 

the voltage applied to the kinescope 
grid of a black- and -white receiver 
during the first scan of a particular 
line, while the broken line is the 

I. 

o 

' 111IGI[1Ii]IT1IilHlll 
Im'1 HIFHnil4111ul1i11111l111n 

1 

1.0 

TR Vuu111:l _ fill 

corresponding voltage during the 
second scan of the same line. 

Assuming that the kinescope 
actually cuts off with negative ap- 
plied signal, and neglecting the non - 
linearity of the input control -volt- 
age versus light- output characteris- 
tic of the kinescope, the solid line 
above the axis may be regarded as 
the effective light intensity along 
one line scan, while the portion of 
the dotted line above the axis may 

°0 2 0 be regarded as the effective light 
intensity along the same line in the 
next scan. Since the second scan of 
the same line occurs only one - 
thirtieth of one second after the 
first scan, Talbot's law indicates 
that the light intensities may be 
added as far as the effect upon 
the eye is concerned. Figure 7(c) 
was constructed from the positive 
values of Figure 7(b) and may be 
regarded as the response on a 
conventional black- and -white re- 
ceiver. 

Turning now to the color receiver of Figure 3, the signal on the 
green kinescope may be obtained directly from Equation (6) by letting 
a1= b1 = b2 =1. Then Equation (6) becomes Equation (12), and Fig- 
ure 7(b) may now be regarded as the voltage on the green kinescope 

LO 

TIME - MICROSECONDS 

Fig. 7(a) (top)- Constant signal 
out of green camera tube. 

(b) (middle) - Signal to trans- 
mitter modulator. Also the signal 
on the kinescope grid of a conven- 
tional black- and -white receiver, as 
well as the signal on the green 
kinescope grid of a color receiver. 
(c) (bottom)- Combined light in- 
tensity of two successive scans of 
the same line on a conventional 
black- and -white receiver, and the 
combined light intensity of two 
successive scans of the same line 

on a color television receiver. 

4 "Recent Developments in Color Synchronization in the RCA Color 
Television System ", Bulletin, RCA Laboratories Division, February 9, 1950. 
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grid during the first and second scans of the same line, while Figure 
7 (c) depicts the light intensity distribution on one line of the green 
kinescope due to two successive scans of the line. 

The signal on the grid of the red kinescope is determined by setting 
O equal to 240 degrees in Equation (5), and for the assumed condition 
of narrow sampling which sets a1 = b1 = b2 = 1, the result is identically 
zero. Similarly, by setting O equal to 120 degrees, the signal on the 
grid of the blue kinescope is found to be zero. Hence, with narrow 
sampling of a dc signal which represents a flat field of a single color, 
there is no cross talk into the other two color channels. 

b. G-1- g sin (wt) where 0 <f < fB -f o 

In this particular case, the green area is slowly varying so that the 
electrical signal is made up of a do component and an ac component 
of frequency f where 0 < f < fB - fo. This frequency region may be 
noted on Figure 2. For purposes of illustration, fB has been chosen 
equal to 4.1 megacycles and fa equal to 3.8 megacycles, hence the fre- 
quency of variation dealt with in this section must be less than 0.3 
megacycle. 

The signal out of the green camera tube is G + g sin (wt) where w 

is 27rf. This signal is sampled at the transmitter sampler in the fashion 
of Equation (3) so the signal at Adder No. 1 in Figure 1 is 

1 
[G-I-g sin (wt)] - [1 + 2cos (wot) ]. 

3 
(13) 

Equation (13) could be expanded to develop the sidebands generated 
by the product sin (wt) cos (wot) . It would be found that the sidebands 
have frequencies fo + f and fo - f, both of which would pass through 
the filter and the transmitting system. Accordingly, there is no need 
to make the expansion for this case. 

Equation (13) also represents the signal on the kinescope grid of 
a conventional black- and -white television receiver. Reversing the sign 
in the second bracket expression yields the equation for the second 
scanning of the same line. 

When G =1 and g = 1/2, the signal out of the green camera tube 
is G + g sin (wt) =1+ 1/2 sin (wt) . The frequency has been taken as 
0.2 megacycle. Figure 8 (a) shows the signal out of the green camera 
tube for this condition. 

Figure 8 (b) shows a plot of Equation (13) for this same condition 
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and may be regarded as the voltage on the kinescope of a conventional 
black- and -white receiver for two successive scans of the same line. 
Figure 8 (c) shows a summation which depicts the effective light 
intensity on the same line of the black- and -white receiver tube. 
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TIME - MICROSECONDS 

4A 50 

Fig. 8(a) (top) -Signal out of green camera tube; f = 0.2 megacycle, 
G + g sin (6)t) = 1 + 1/2 sin(6)t). 

(b) (middle) -Signal to transmitter modulator. Also the signal on the 
kinescope grid of a conventional black- and -white receiver, as well as the 

signal on the green kinescope grid of a color television receiver. 

(c) (bottom)- Combined light intensity of two successive scans of the same 
line on a conventional black- and -white receiver, and the combined light in- 
te;sity of two successive scans of the same line on a color television receiver. 

Equation (13) is also the signal out of the second detector of the 
color receiver into the sampler. The sampling of this signal at the 
receiver for a single color channel may be obtained by multiplying (13) 
by the Fourier series of (1), but assuming a phase displacement of O 
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degrees. Of course, a short sampling is assumed so that the Fourier 
coefficients are unity. Hence the signal at a particular color kinescope is 

1 - [G +g sin ((ot) ] [1 +2cos (coot) ] [1+2cos (mot+O) 
9 

+ 2cos(2coot+20) + - --], 
1 

_ - [G +g sin (at) ] [1 +2cosO 
9 

+ 2cos (mot) + 2cos (wat-I-O) + 2cos (aot+20) 

+ 2cos (2aot+O) + 2cos (2coot+20) + 2cos (2co0t+30) 

+ 2cos (3a0t+20) + 2cos (3coot+30) + 2cos (3a4+40) 
f ---]. (14) 

Now to find the signal on the green kinescope grid, simply let O equal 
zero in (14), which reduces to 

1 
[G + g sin (at) ] - [1 + 2cos (coot) ]. 

3 
(15) 

Since (15) is identical with (13), it is seen that Figure 8(b) may be 

regarded as the voltage applied to the kinescope of the green tube in 

the color receiver for two successive scans of the same line, and Figure 
8(c) may be regarded as the equivalent light intensity variation for 
two scans of the same line. 

To find the signal on the grid of the blue kinescope, set O equal to 
120 degrees in Equation (14) and it will be seen that the second 
bracketed expression goes to zero. If O is then set equal to 240 degrees, 
an identical result is found, indicating no signal on the red tube. 

Hence, when the frequency of variation is less than f B -f o, there 
is no cross talk and the single -color field is reproduced correctly in 
magnitude and position by the sampling procedure. 

c. G + g sin (cot) where fB - fo < f < fd 

In this case, the green area is varying so that the electrical signal 
is made up of a dc component and an ac component of frequency f, 
where fB - fo < f < fa. This frequency region may be noted on Figure 
2, and for illustrative purposes lies between 0.3 megacycle and 2.0 mega- 
cycles. 

The signal out of the green camera tube is G + g sin (wt). For 
purposes of illustration, f has been chosen to be 1.6 megacycles, G = 1 

and g = 1/2. Figure 9 (a) shows this signal, 1 + 1/2 sin (wt). 
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Fig. 9(a) - Signal out of green 
camera tube; f - 1.6 megacycles, 
G-{-g sin (wt) =1+1 /2 sin (wt). 

Fig. 9 (b) - Signal to transmitter 
modulator. Also the signal on the 
kinescope grid of a conventional 

black- and -white receiver. 

Fig. 9 (c)- Combined light intensity 
of two successive scans of the same 
line on a black- and -white receiver. 

Fig. 9(d) - Signal on the green 
kinescope grid of a color television 

receiver. 
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Fig. 9 (e) -Combined light intensity 
of two successive scans of the same 
line on the green kinescope of a 

color television receiver. 

Fig. 9 (f) - Cross talk voltage on 
red kinescope grid. 

Fig. 9(g) - Cross talk voltage on 
blue kinescope grid 

The signal from the green camera tube is sampled so that the signal 
at Adder No. 1 in Figure 1 is 

1 
[G +g sin (0,t) ] - [1 +2cos (00t) ] 

3 

g g g g 
_ - [1 +2cos (wot) ] + - sin (0t) - - sin (e) 0- c,) t + - sin (0)0+o,) t. (16) 

3 3 3 3 

Since f> fB - fo, fa + f > fB and the last term in (16) is lost in going 
through the final filter before the transmitter in Figure 1. (This filter 
is not necessarily a physical reality, but serves the purpose of specify- 
ing the upper limit of frequencies that may be transmitted. It is likely 
that the upper frequency restriction will be imposed by the receiver 
rather than the transmitter.) Hence the signal at the modulator is 

G g g - [1 +2cos ((,at) ] + - sin (et) -- sin (00-(0) t. (17) 
3 3 3 
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Inspection of (17) shows that the loss of one of the terms with a 
coefficient g/3 has made it impossible for (17) to reproduce the desired 
variation in correct amplitude. This condition may be corrected by 
altering the response characteristics of the low -pass filters preceding 
the sampler in the transmitter of Figure 1. The filters should have a 
response in the region fa - fo < f < IA which is 1.5 times the gain in 
the region 0 < f < f a -f o. Under this new condition, (17) becomes 

G g g - 
3 

[1+ -2cos (o,at) ] + sin (0 t) sin (a)o -cu) t. (18) 

The condition where G =1. and g = 1/2, computed from (18), is shown 
in Figure 9(b) for two successive line scans. These curves apply to 
the modulator signal in the transmitter and to the signal on the kine- 
scope grid of a black- and -white receiver. Figure 9 (c) shows the 
effective light intensity due to two scans of the same line on a black - 
and -white receiver. 

Equation (18) may also be regarded as the signal into the sampler 
of the color receiver of Figure 3. The previously used expedient of 
multiplying by the generalized sampling function may now be resorted 
to just as was done in obtaining Equation (14). The result of sampling 
(18) is 

G - 
9 

[1+2cos ((dot)] [1-i-2cos (wot-}-O) + 2cos (2c,ot+28) + - - -] 

g g 
+ - - sin (wt) - - sin (0)o-w) t [1 +2cos (wot+O) 

3 2 2 

+ 2cos (20)ot+20) + - - -] 
G 

_ - [1-f-2cos ((dot) ] [1+2cos (wot+O) + 2cos (20)0-}-20) + - - -] 
9 

g 
+ - [sin (wt) + sin (wt+0) 

6 

+ sin ( [wo+w] t+O) + sin ( [(0ok -w] t +20) 
- sin ([w,,- w]t+O) -sin(w- w)t + - - -]. (19) 

Now to find the signal on the green kinescope, let O = 0 in (19) and find 

1 - [G +g sin (wt) ] [1+2cos (coot) ]. 
3 

(20) 
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The condition where G =1 and g = 1/2, computed from (20), is shown 
in Figure 9 (d) which depicts the voltage on the grid of the green kine- 
scope for two successive line scans. Figure 9 (e) shows the effective 
light intensity due to two scans of the same line on the green kinescope. 

The signal on the grid of the red kinescope (due to color cross talk) 
is found by setting 0 = 240 degrees in Equation (19), with the result 

g - sin (0t -60 °) [1- }-2cos (coot-120°) ] (on red kinescope), 
6 

and setting 0 = 120 degrees gives 

(21) 

g - sin (wt+60 °) [1- }-2cos (w°t+120 °) ] (on blue kinescope) . (22) 
6 

The voltage on the grid of the red kinescope due to the erroneous 
sampling of the green signal is shown in Figure 9 (f) as computed from 
(21), while Figure 9 (g) shows the signal on the grid of the blue 
kinescope. 

These equations show that cross talk up to fifty per cent is possible 
in the region where the frequency is greater than f B - fo and less than 
fA, or in the example, when the frequency lies between 0.3 megacycle 
and 2.0 megacycles. 

At first glance, this degree of cross talk might seem intolerable. In 
the case shown in Figure 9, it is likely that non -linearity of the light - 
output versus grid -voltage characteristic of the kinescopes would make 
the cross talk of negligible importance. In the converse case, if the 
average intensity of the red tube were high, the erroneous voltage of 
Figure 9(f) might be enhanced to a point where cross talk produced 
undesirable effects. While this cross talk has not appeared to be a 
serious problem in the dot -sequential color television system, means for 
eliminating the effect will be described later in this report. 

d. G + g sin (wt) where f A < f <fa 

In this case, the green area is varying so that the electrical signal 
is made up of a dc component and an ac component of frequency f 
where fA < f < fB. This frequency region may be noted on Figure 2, 

and for illustrative purposes lies between 2.0 and 4.1 megacycles. 
The signal from the green camera tube is G + g sin (wt). For 

purposes of illustration, f has been chosen as 3.4 megacycles, G =1 
and g = 1/2. Figure 10 (a) shows this signal 1 -I- 1/2 sin (wt) . 
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0 .2 .4 .6 .8 
TIME -MICROSECONDS 

Fig. 10(a)-Signal out of green camera tube; f = 3.4 megacycles, 
G g sin (0)t) - 1 + 1/2 sin (wt). 

1.0 

.2 6 

TIME -MICROSECONDS 
Fig. 10 (b)- Signal on the green kinescope grid of a color television receiver. 

1.0 

o .4 .6 .8 

TIME -MICROSECONDS 
Fig. 10(c)- Combined light intensity of two successive scans of the same 

line on the green kinescope of a color television receiver. 
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Fig. 10(d) -Voltage on the red kinescope grid. 
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Fig 10 (e)-Voltage on the blue kinescope grid. 

o 2 .4 .6 
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Fig 10(f)- Combined light intensity of two successive scans of the same 
line, obtained by adding light intensities of the green, red and blue tubes. 
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Fig. 10(g)- Combined light intensity of two successive scans of the same 
line, obtained by adding light intensities of the green and red tubes. 

.8 1.0 
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The dc signal G goes through the transmitter sampler, but since 
the ac term is of a frequency lying in the region committed to "mixed- 
highs," this latter signal goes through Adder No. 2 and the appropriate 
band -pass filter into Adder No. 1 of Figure 1. Hence the signal into 
the transmitter modulator is 

G - [1 +2cos (toot) ] + g sin (a). 
3 

(23) 

Equation (23) also applies to the voltage on the kinescope grid of 
a black- and -white receiver. The background term is sampled while the 
mixed -high signal, unsampled, is superimposed to supply fine detail. 

The signal out of the second detector of a color receiver also has 
the form of Equation (23). Sampling in the receiver results in a 
signal on the grid of the green kinescope of the form 

1 - [G +g sin (Wt) ] [1+2cos (°, °t) ]. 
3 

(24) 

A plot of this equation is shown by Figure 10 (b), while Figure 10 (c) 
shows the combined light intensity on a single line of the green tube 
for two successive scans of the same line. This latter plot shows the 
effect of the beat between the high- frequency component and the 
sampling frequency, so that Figure 10 (c) is not a very faithful repro- 
duction of Figure 10(a). 

The output of the red sampler (the voltage on the grid of the red 
kinescope) is 

g - sin (°,t) [1+2cos (w °t -120 °) ], 
3 

while the voltage on the grid of the blue kinescope is 

g - sin Got) [1 +2cos (°0at -} -120 °) ]. 
3 

(25) 

(26) 

The voltage on the red kinescope is shown in Figure 10(d), while 
the voltage on the blue kinescope is given by Figure 10 (e). 

It is obvious that the high- frequency signal mixing in this region 
is one hundred per cent, since the philosophy of the principle of "mixed - 
highs" has already been accepted, and the high frequency components 
of the three camera tubes have been deliberately combined at the trans- 
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mitter so that these signals have completely lost color identity. Because 
of the inability of the eye to see color in the fine detail, it is possible 
to combine the positive values of Figures 10 (d) and 10 (e) with Figure 
10 (c) with the result shown in Figure 10 (f), which is a more satis- 
factory representation of Figure 10(a). However, it is well known 
that the resolution of the eye is very poor in blue, so it seems more 
fair to combine only Figure 10(d) with Figure 10(c), with Figure 
10 (g) resulting. The improvement in reproduction of Figure 10 (a) by 
Figure 10 (g) is striking, particularly when it is recalled that the rate 
of the variations in Figure 10 (a) is at a high frequency, and that the 
differences between Figure 10 (a) and Figure 10 (g) represent still 
higher frequency components, which are beyond the limits of ordinary 
resolution. 

THE SAMPLING PROCEDURE APPLIED TO STEP FUNCTIONS 
OF LIGHT INTENSITY 

a. Response of conventional black -and -white television receivers 
In the preceding pages, attention has been given to a color intensity 

change which produces an electrical signal consisting of a do term and 
a single ac component. Such an analysis serves to demonstrate the 
detailed mechanism of the system. However, it is not a condition often 
encountered in producing an actual television image. Generally, it is 
more interesting to examine the action of the system near edges of 
objects in order to determine rise time, overshoot, and color cross talk. 

T 
0 

tt =o 
TIME 

Fig. 11- Idealized step function of 
voltage which has a value of 1- M 
for time less than zero and a value 
of 1 + M for time greater than 

zero. 

For purpose of analysis, assume that the voltage coming from the 
green camera tube has the form shown in Figure 11, where the voltage 
has the value 1-M for all values of time less than zero, and has the 
value of 1 + M for all times greater than zero. The function of Figure 
11 may be produced exactly only when the associated circuits have 
unlimited frequency response. For this idealized condition, the signal 
from the green camera tube is given by the following Fourier Integral: 

Green camera signal (G.C.S.) 

2M /3=/3=0, = 
=1 + % dß j sin (4) sin (et) do), (27) 

7r 
B -0 m=0 
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where ß = an integration variable, 

=271f, 

f = a frequency component lying between zero and infinity. 

t = the instant of time at which the signal is to be evaluated. 

Now assume that a circuit is imposed which has unity gain for all 
frequencies below fB and zero response for all frequencies above fß, 
and with no appreciable phase shift. Then Equation (27) becomes 

2M ß= ¡w=28 
G.C.S. = 1 + - dß sin (ß) sin (cot) 

8-0 
de 

w =o 

2M 
= 1 + Si(27rf Bt) , 

a 

where Si (x) = Integral sine of x = 

tabulated function. 

Fig. 12- Response to 
the step function of 
Figure 11 (M = 1/2) 
for a circuit which 
has unity gain for all 
frequencies below 4.1 
megacycles, zero re- 
sponse above 4.1 
megacycles, and lin- 

ear phase shift. 

sin u 

o u 

(28) 

du, a well -known and 

-LO -0.s 0 

TIME - MICROSECONDS 

OS 1.0 

Figure 12 shows a plot of Equation (28) with M = 1/2 and with 
the upper frequency limit fB equal to 4.1 megacycles. It should be 
noted that Figure 12 and not Figure 11 should be used in judging the 
response when other circuit factors have been added. 

To find the signal at the transmitter modulator, use may be made 
of previously developed material to operate upon the term sin (D)t) in 
Equation (28). Three frequency regions must be considered. 

First, when 0 < f < fB- f0, Equation (13) teaches that sin (wt) 
sin (wt) 

becomes [1 +2cos (D,Dt) ] at the transmitter modulator. 
3 

Secondly, when fB - fo < f < fA, Equation (18) shows that sin (cot) 

becomes 1/2 sin (cot) -1/2 sin (0)o- D,) t at the transmitter modulator. 
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Then also in the region where fA < f < fB, Equation (23) shows 
that sin (wt) is unchanged. 

Equation (12) tells that the unit value in Equations (27) and (28) 
becomes simply 1/3 [1 +2cos (wot) ]. 

When these operations are performed on Equation (27), the signal 
into the transmitter modulator (T.M.S.) is 

1 
T.M.S. _ - [1+2cos (wot) 

3 

2M ß =oo /'w= 2a(fB -1,) 
+ [ 1 +2cos (0),t)] / dß J sin (wß) sin (wt) do) 

37r a -o w -o 
ß -oo w =2714 

+ 
M dß sin (wß) sin (wt) dw 
7r s -0 w =27r(IB -1,) 

ß=oo w=2rrld 

dß 
M 

7r B=o w-2aUB-1,) 
sin (wß) sin (wo w) t dw 

ß =oo 0)=21718 2M 
dß j sin (wß) sin (wt) dw. 

7r B -o w =27rld 

Integration and combination of terms yields 

r 2M 
T.M.S. = 1/3 (1 ± cos (wot) } j 1 + - Si [27r ( f $ fQ) t] 

l 7r 

M 
+ {2Si(27rfBt) -Si(27rfAt) -Si27r(fs fo)t} 

7r 

M 
cos (coot) {Si (27rf At) - Si [27r (fB -fo) t1) 

IT 

M 
± sin (wot) {Ci [27r (fs fo) t] - Ci (27rf AO) 

ir 

(29) 

(30) 

°° cos u 
where Ci (x) = Integral cosine of x = - du. Where the ± 

u 
signs appear in Equation (30), the plus sign applies to the first scan 
of the line and the minus sign applies to the second scan of the same line. 
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Fig. 13- Transmit- 
ter modulator signal 
for two successive 
scans of the same 
line. Also the signal 
on the kinescope grid 
of a conventional 
black - and -white re- 

ceiver. 

311 

L I %1 

;I 

I 

' il ' tíiiI 11IIIM1!I11111 
11111:11111M1111111111111111111111111 
MYINIiNIBRE111111101 
111ra1M111ri111u11111I 

Diii 1 

dAIt111i 

I i 

I I^I 

I 111 
d/DNE 

dMi 
111111 

111 \M 1VIIIIIIIM/IlIVIII 11MIN 
TIME -MICROSECONDS 

It should be noted that Equation (30) is also the voltage appearing 
on the kinescope grid in a black- and -white receiver. Figure 13 is a 
plot of Equation (30) for the following conditions: 

M =1 /a, 

f B = 4.1 megacycles, 

f o = 3.8 megacycles, 

f d = 2.0 megacycles, 

fB -fo = 0.3 megacycle, 

and may be considered as the transmitter modulator signal for two 
successive scans of the same line, as well as the signal on the kinescope 
grid of a conventional black- and -white receiver. Figure 14 shows the 
combined light intensity of two successive scans of the same line on a 
black- and -white receiver. This latter figure, constructed graphically 
from Figure 13, shows close agreement with Figure 12. 

b. Response of a color television receiver 
To find the signal on the kinescopes of a color television receiver, 

P.O J 

IO -ob 
:TIME 

0 10 

Fig. 14-Combined 
light intensity of 
two successive scans 
of the same line on 
a black- and -white re- 

ceiver. 
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Fig. 15- Signal on 
the green kinescope 
grid of a color tele- 

vision receiver. 
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the operating procedure on the sin (wt) term of Equation (27) is deter- 
mined by referring to Equations (15), (20), and (24). These equations 

sin (wt) 
show that sin (wt) is converted to [1+2cos (toot) ] in all fre- 

3 
quency regions up to fB so the signal on the green kinescope (G.K.S.) 

is simply 

2M 
G.K.S. = 1/3 [1±2cos (a,ot) ] 

C1 
-- - Si (27rf Bt) , (31) 

L A 

where the ± signs apply to the first and second scans of the same line. 

Comparison of Equations (28) and (31) shows that the signal on 

the green kinescope is a perfect reproduction of the green camera 

signal multiplied by the sampling function. Figure 15 shows a plot of 

Equation (31), the signal on the green kinescope grid of a color tele- 

vision receiver, for the same frequency restrictions used in the previous 

calculations, while Figure 16 shows the combined light intensity of 

two successive scans of the same line on the green kinescope of a color 

television receiver. 
The cross talk may be deduced by using Equations (21) and (25) 

rv\ J 

-I D -0.5 0 0 S 1.0 

TIME - MICROSECONDS 

Fig. 16- Combined 
light intensity of 
two successive scans 
of the same line on 
the green kinescope 
of a color television 

receiver. 
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Fig. 17 - Cross -talk 
voltage on the red 
kinescope grid for 
two successive scans 

of the same line. 

for the red tube cross talk and Equations (22) and (26) for the blue 
tube cross talk in conjunction with Equation (27). Then the red 
kinescope signal (R.K.S.) is 

2M 
R.K.S. _ - (1 ± 2cos (toot -120° ) ) { 1/3 Si (&rrf Bt) -1/4 Si (2afdt) 

7r 

1 3 3 --Si[27r(fn-fo)t] -I--Ci[27r(f6-fo)t] --Ci(2lrfdt)}, (32) 
12 12 12 

and the blue kinescope signal (B.K.S.) is 

2M 
B.K.S. = - { 1 ± 2cos (toot -f- 120°) } (1/3 Si (271f Bt) -1/4 Si (27rf At) 

A 

1 3 f --Si[27r(fB-fo)t] --Ci[2Tr(fB fo)t] -,>--Ci (art At) }. (33) 
12 12 12 

Figure 17 shows the cross -talk voltage on the red kinescope grid 
for two successive scans of the same line, while Figure 18 displays the 
combined light intensity of two successive line scans of the same line 
on the red kinescope. 

Figures 19 and 20 show corresponding effects for the blue kinescope. 

Fig. 18- Combined 
light intensity of 
two successive line 
scans of the same 
line on the red kine- o 

scope. 
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Fig. 19 - Cross -talk 
voltage on the blue 
kinescope grid for 
two successive lin e 
scans of the same 
line on the blue kine- 

scope. 
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CROSS -TALK ELIMINATION BETWEEN THE GREEN AND RED 

CHANNELS WHEN fB fo<f<fA 
It was observed in Section III, where the frequency of the signal 

component lies between f B f o and f A, that the color cross -talk terms 
may be up to fifty per cent of the desired terms. While it has not yet 
been clearly established that it is necessary to reduce or eliminate this 
cross talk, rather simple circuit expedients are possible to completely 
eliminate the cross talk. It should be remembered that the response 
in the mixed -high region has not been considered to be cross talk, since 
the crossing of signals in this region has been regarded as entirely 
legitimate. 

a. Simple modification of the transmitter sampler 

As a first step in describing a number of possibilities, a simple 
modification of the transmitter sampler may first be considered. Fig- 
ure 21 shows the part of Figure 1 which has been changed somewhat. 
The mixed -high circuits have not been changed and are not shown. The 
low -pass filters in the red and the green channels, as before, pass fre- 
quencies up to fA, but now have unity gain up to fB fo and have a 

gain of 2.0 from this frequency up to fA. The low -pass filter in the 
blue channel may cut -off at f B f o, since the eye is very poor in re- 
solving power in the blue. 

A band -pass filter and phase shifter connect the output of the low - 

pass filter in the green channel to the input of the red sampler. This 

I.0 

o 
-0 S 0 05 

TIME -MICROSECONDS 

Fig . 20-Combined 
light intensity of 
two successive line 
scans of the same 
line on the blue kine- 

scope. 
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channel passes frequencies between fB fo and fA, the region where 
it is desired to eliminate cross talk. The signal from the green channel 
to the red sampler position is made one half of the signal going to 
the green sampler position. In addition, all the frequency components 

are advanced 120 degrees in phase 
in passing through the circuit. This 
latter condition is quite easily 
brought about by a double modula - 

I ting and filtering process. The cor- 
responding element going from the 
red channel to the green sampling 
position has the same character- 
istics except that the phase of the 
components is retarded by 120 
degrees. 

With the signal g sin (wt) coming from the green camera, the 
signal going into the green sampler position at the transmitter is 

1 2g sin (et) . This signal is sampled by the function [1 + 2cos (o 0t) ] 
3 

2g 2g 
and becomes - sin (wt) -- sin (0,0-(0)t. The signal into the red 

3 3 
sampler (from the green channel through the phase shifter) is 

1 g sin(wt +120 °). This signal is sampled by the function - [1 + 2cos 
3 

Bk.IEH L 

FILTER 

Fig. 21 - Circuit modifications at 
the transmitter to eliminate cross 
talk between the red and green 

channels. 

E°t g (o -120 °) ] yielding a signal out of the red sampler of - sin (°,t +120 ° ) 
3 

g - - sin [ (°,o -(,) t-240° ] . The total signal into the modulator is 
3 

g 
{sin(wt +30 °) - sin [(°,o- (,)t +30 °]). (34) 

When Equation (34) is sampled at the color receiver by the green 
sampler, using the sampling function 

1 - [1 +2cos (°, °t) + 2cos (20)°t) + - - 
3 

the signal on the green kinescope grid becomes 

g sin (°,t) 

3 
[1 +2cos (coot)]. 
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However, when Equation (34) is sampled by the red sampler at the 

receiver, using the sampling function 

1 - [1-I-2cos (0)°t-120°) + 2cos (w°t-240°) -{- - --], 
3 

the signal on the red kinescope grid becomes identically zero. 

Thus a method of completely eliminating the cross talk between the 

red and the green channels in the frequency region above fB - fo and 

below fA has been displayed. 

b. Addition of a low -pass filter to the color receiver 

The additions of Figure 21 may be added to the transmitter without 

a single change in the receiver of Figure 3. If color receivers of this 

type were in operation in the field, the changes in the transmitter shown 

in Figure 21 could be made without altering a single receiver. The 

immediate effect would be an elimination of cross talk in the region in 

question between the green and red channels. The cross talk of red and 

green into the blue channel would be unchanged, but because of the 

high- frequency nature would probably be of no consequence. Cross talk 

of the blue into red or green would be eliminated by restricting the 

components of the blue signal to frequencies less than f B - fo by means 

of the low -pass filter in the blue channel preceding the transmitter 
sampler. 

As another experiment to investigate the matter of reduction of 

cross talk, a low -pass filter could be inserted in the video amplifier 

circuit leading to the blue kinescope in Figure 3. This filter would also 

remove the fo sampling component in the blue channel. 

Before proceeding with an examination of other circuit details, it 

may prove interesting to see what has happened to the step function 

response for the 'receiver and transmitter condition described in this 

section. 
The desired response of the signal at the green kinescope has 

remained unchanged and is given by Equation (31) and by Figures 15 

and 16. The cross -talk conditions have changed, however. For instance, 

in the red channel, the only signal mixing components are those that 
have been placed there deliberately by the use of mixed highs. The 

signal on the red kinescope grid due to the step function in the green 

channel is 

2M 
R.K.S. = -[1±.-120°)] [Si(27 fBt) -Si(27rf At) ]. (35) 

3v 
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Lo 

Fig. 22- Signal on 
grid of red kinescope 
due to step function 
in the green channel 
and the use of mixed 

highs. o 
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Figure 22 shows the signal corresponding to (35) for two scans of 
the same line, with M= 1/2, fß = 4.1 megacycles, fA = 2.0 megacycles, 
and fo = 3.8 megacycles. Figure 23 shows the combined light intensities 
on the red tube for two scans of the same line, and Figure 24 has been 
constructed by adding Figure 23 to Figure 16, since the contribution 
from the red tube came entirely from the use of the mixed -highs. 

c. Increased resolution in the blue channel 
In the previous example, a method of eliminating cross talk between 

the red and green channels has been displayed, but the resolution in 
the blue channel to fß - fo (0.3 megacycle in the numerical example) 
has been restricted. If it should prove desirable to follow the above 
path of exploration and it became evident that greater resolution were 
desired in the blue channel, the resolution could be doubled by a simple 
sampling or interrupting method with dot interlacing. By this method, 
the resolution could be increased to 2(fß -fo), or 0.6 megacycle in 
the example. 

Suppose that a sampler with a very broad pulse but sampling at a 
rate of twice the frequency f, - fo is incorporated in the blue channel 
and this sampler is followed by a low -pass filter which cuts off at one 
half the sampling frequency. Also a simple dot interlace is introduced. 
Let f, be the sampling frequency. Then suppose the signal from the 
blue camera tube is B -}- b sin (Dot). The function 1 + cos (D,,t) will 
be used for sampling. When the frequency f is less than f8/2, the signal 
out of the sampler and the low -pass filter is simply B -{- b sin (wt) . 

This signal at the receiver is again sampled, this time by the function 
1±-cos (cost) 

, giving 
2 

Fig. 23- Combined 
light intensities on 

the red tube. 
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ID 

-0.5 0 05 10 

TIME -MICROSECONDS 

F i g . 24- Combined 
light intensities from 
red and green kine- 

scopes. 

[B b sin (wt) ] 
2 

Figure 25 has been prepared, using 

B = 1, 

b = 1/2, 
f = 0.1 megacycle, 

f a = 0.6 megacycle. 

Figure 25 (a) shows the original function, while Figure 25 (b) shows 
the effective light intensities for two scans. Figure 25 (c) shows the 
sums of the light intensities for the two scans of Figure 25 (b). 

EO 

o 

ii ïiiiiiiiiiiiïiiiiiiiiiiiiiii Eiamm brasm5O ommmm!im m oli o 
0 1.0 2 0 3.0 4.0 5.0 6.0 7 0 

TIME-MICROSECONDS 
8.0 90 10.0 

Fig. 25 (a)- Signal out of the blue camera tube, 1 + 1/2 sin (cot), with a 
frequency of 0.1 megacycle. /\EMIE0EMEEO !MII MUCI 11 \MQ M I,ME ÌMRIMEM=MM EEwIr051101 IMs=, M.4,WMWr.Ma arU \ IE r M II SI OEGUM EmM KaM 2 a pMMNnMM1NMAnavEaSíMT7A OWQ6EOEMEEEMIaEvEi01119EEMa9. /ís 
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Fig 25(b)- Effective light intensities for two scans on the same line of the 
blue tube Sampling frequency is 0.6 megacycle. 
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Fig. 25(c) -Sums of the light intensities for the two scans of Figure 25(b). 
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When the frequency f is greater than f8 /2, the response of the 
preceding circuits must be doubled. Hence the signal arriving at the 
sampler will be B 2b sin (wt). After sampling at the transmitter by 
the function 1 ± cos(a)3t), the signal at the receiver second detector 
is B + b sin (0).-(0)t. The second sampling at the receiver by the 

1 ± cos (04) 
function yields 

2 

B [1 ± cos (ß,8t) ] b b 
+ sin (wt) + - sin (mom ü,) t. 

2 2 2 M NINI f\ MOM =IBM N.M\ 
UNIMINICINIMIIIIMWMONIIIMUMINIIMMEMMINMIIIIMIMWAMIIIMMINIMIll MI\MIIONNIM MI \MI MINI IiIM MI WINIIMM I 
MINIIIIMIINIMMIMINOMMIIIMIMINIMIVIIIMINIIMININNIMOINNIMMINIIMIENOMINMPro aM MILT. MINIMIMIrI MI MI NIMIM MIMIMIM =i0 MIIIIMMEINIIIIMIMMIIMMININIIIIMMENIMMINIIINIIIIIMINMENI 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 TIME -MICROSECONDS 

Fig. 26(a)- Signal out of the blue camera tube, 1 + 1/2 sin (6)0, with a frequency of 0.5 megacycle. r ti a Pi Nai 
MI MI MIMIMI MIMIMIMI MI MIMIMIMIMIMIMIMINIMIannum NIA 

° 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
TIME -MICROSECONDS 

Fig. 26 (b)- Effective light intensities for two scans on the same line of the blue tube. Sampling frequency is 0.6 megacycle. 
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Fig. 26(c) -Sums of the light intensities for the two scans of Figure 26(b). 

Figure 26 has been prepared, using 

8.0 9 o 10.0 

B = 1, 

b =1/2, 
f = 0.5 megacycle, 

f s = 0.6 megacycle. 

Figure 26 (a) shows the original function, while Figure 26 (b) shows 
the effective light intensities for two scans. Figure 26(c) shows the 
sums of the light intensities for the two scans of Figure 26(b). 
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Fig. 27- Change in 
step function for two 
frequency bands, one 
limited to 0.3 mega- 
cycle and the other 
limited to 0.6 mega- 

cycle. 

This procedure illustrates the use of dot interlacing to obtain 0.6- 

megacycle resolution with a channel width of 0.3 megacycle. 
The high- frequency sampling has been omitted from consideration 

in the above analysis. The signals from the blue channel are, of course, 
sampled at frequency fo just as the red and green signals, but the filter 
at the receiver removes all traces of this sampling on the blue tube. 

Figure 27 shows the change in a step function for two cases : first, 
where the frequency band is limited to 0.3 megacycle, and second, 
where the band is restricted to 0.6 megacycle. The increased steepness 
due to the wider band is apparent. 

The step function response on the grid of the blue kinescope is 

given by 

[1-±-cos (U18t) ] 2M 
B.K.S. = C1 + Si (0)8t) 

2 

6 t ± - sin (08t) [Ci(_) - Ci (4) (36) 
Tr 2 

Figure 28 shows Equation (36) plotted for two line scans, where 
M = 1/2 and f, is 0.6 megacycle. Figure 29 shows the addition of light 
intensities from Figure 28. It may be seen that Figure 29 is an exact 
reproduction of the dotted curve of Figure 27. 

Fig. 28 -Step func- 
tion response on grid 
of blue kinescope 
tube with dot- inter- 
lacing and sampling. 
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1.0 

50 4.0 30 20 1.0 I.0 20 
TIME -M CR03ECONO3 

3.0 40 i0 

Fig. 29- Addition of 
light intensities on 
the blue tube, ob- 
tained by adding the 
curves of Figure 28. 

CONCLUSION 

Cross talk as a function of the width of the sampling pulse at both 
the transmitter and the receiver has been examined and limits estab- 
lished for reasonable cross talk. It is shown that narrow sampling at 
the receiver is more important than narrow sampling at the trans- 
mitter. 

The sampling procedure was examined for large areas of color with 
a sinusoidal variation of the color. It was shown that the frequency 
passband was divided into three regions, the lower in which no cross talk 
existed, a middle region where fifty per cent cross talk was possible, 
and an upper region where signal mixing was expected because of the 
adoption of mixed highs. For the various cases, the role of dot inter- 
lacing was explained. In addition, the action on conventional black - 
and -white receivers as well as on color receivers was examined. 

The sampling procedure was examined as it applied to step functions 
of light intensity. The response of a black- and -white receiver was 
examined and the desired and undesired responses of a color receiver 
were displayed. 

A method of cross -talk elimination in the middle region is described. 
This method might be applied as an experiment in three parts. First, 
a simple cross -coupling and phase- shifting network is applied to the 
transmitter sampler. This circuit eliminates the cross talk between the 
red and the green channels in the middle region. No change is neces- 
sary at the receiver to take this first step. As a second improvement, 
a low -pass filter might be added in the blue channel at the receiver to 
knock out cross talk from the red and green into the blue channel. This 
step restricts the definition of the blue channel. A third step is sug- 
gested which doubles the resolution of the blue channel by a sampling 
and interlacing procedure. 

The analysis and display of curves show that the sampling process 
in the dot -sequential color television system, together with the use of 
mixed highs provides a good uncoupling of the color channels together 
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with full resolution equivalent to black- and -white transmission in the 
same channel. 

The construction leading to Figure 10 (g) emphasizes that the 
output of the sampler is the product of input signal and the gating 
function. This fact, together with the principle of mixed highs, pro- 
duces full detail limited only by total bandwidth available. A study 
of Equation (31) shows that the rise time of the envelope is determined 
by the highest frequency passed in the mixed -highs circuit at the 
transmitter. 

Throughout this report, the signal under consideration originated 
from a single primary color. If an area is a mixture of colors, the 
analysis may be carried out on the basis of the superposition of the 
individual responses to the three primary colors. Where, in the mixture 
of colors, the two stronger primaries are nearly equal in intensity, the 
variation due to the sampling frequency shown in Figures 7(c) and 
8 (c) virtually disappears, particularly on a standard black- and -white 
receiver. 

During November, 1949, the sampling frequency of the dot- sequen- 
tial color television system used experimentally in Washington was 
reduced from 3.8 to approximately 3.6 megacycles. Many of the calcu- 
lations contained in this report were already completed at that time 
and were made on the basis of a sampling frequency of 3.8 megacycles. 
Rather than repeat the many laborious computations for the slight 
change in sampling frequency, the remainder of the calculations were 
continued at a sampling frequency of 3.8 megacycles. No very major 
change would have been apparent in the plotted results. The region 
free of cross talk in the simplest form of the system (0 < f < fs - fo) 
would have been extended from 0.3 megacycle to 0.5 megacycle. 
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APPENDIX I 

REPRODUCTION OF HIGH -FREQUENCY DETAIL WITH A 

LOW SAMPLING RATE 

HE previous analysis illustrated by Figure 10 showed the 
manner in which high- frequency detail was reproduced when 
the high- frequency component of the signal had a frequency 

in the mixed -high region. Specifically, in Figure 10, the frequency 
of the picture component was chosen to be 3.4 megacycles, while the 
sampling frequency was 3.8 megacycles. Figure 10 (g) was noted to 
be a rather good reproduction of the original function shown in Figure 
10 (a). However, it was realized that since the sampling frequency 
was only ten per cent greater than the signal frequency, the construc- 
tion of Figure 10 did not fully establish the fact that the high fre- 
quency detail was produced by a multiplication of the input signal and 
the gating function. Accordingly, the calculations have been repeated 
in this appendix, but this time using a sampling frequency of 2.4* 
megacycles and a picture signal component of 4.0 megacycles. Here, 
the picture signal component is sixty -seven per cent higher than the 
sampling frequency, so the phenomenon is well illustrated. 

The signal from the green camera tube is G + g sin (wt) . For 
purposes of this illustration, f has been chosen as 4.0 megacycles, 
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G=1 and g = 1/2. Figure 30 (a) shows this signal 1 + 1/2 sin (wt) . 

The do signal G goes through the transmitter sampler, but since 
the ac term is of a frequency lying in the region committed to "mixed - 
highs," this latter signal goes through Adder No. 2 and the appropriate 
band -pass filter into Adder No. 1 of Figure 1. Hence the signal into 
the transmitter modulator is 

G - [1± 2. cos(wot)] +g sin wt. 
3 

(37) 

Expression (37) also applies to the voltage on the kinescope grid 
of a black- and -white receiver. The background term is sampled while 
the mixed -high signal, unsampled, is superimposed to supply fine detail. 
The positive polarity sign applies to the first scan of a line, while 
the negative sign applies to the second scan of the same line. 

The signal out of the second detector of a color receiver also has 
the same form as Expression (37). Sampling in the receiver results 
in a signal on the grid of the green kinescope of the form 

1 - [G + g sin (cat)] [1 ± 2 cos (wot) ]. 
3 

(38) 

A plot of this expression is shown in Figure 30 (b) with a sampling 
frequency of 2.4 megacycles. 

The output of the blue sampler (the voltage on the grid of the blue 

kinescope) is 

g - sin (wt) [1 ± 2 cos (wat + 120 °) ], 
3 

while the voltage on the grid of the red kinescope is 

g - sin (wt) [1 ± 2 cos (wot -120° ) ]. 
3 

(39) 

(40) 

The voltage on the blue kinescope is shown in Figure 30 (c), while 
the voltage on the red kinescope is given by Figure 30(d). 

Following the procedure of Figure 10, the positive values of Fig- 
ures 30 (c) and 30 (d) have been combined with the positive values of 

Figure 30 (b) to show the effect of the combined light intensities for 
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01 02 03 04 0,5 0.6 

TIME -MICROSECONDS 
Fig. 30 -(a) Signal out of green camera tube; f = 4.0 megacycles, 

G + g . sin (wt) = 1 + % sin (wt). 

oe 09 

4- MEGACYCLE 
SINE WAVE 

tuit1ì 
- ,-- ' =MEE 

GREEN 
f - 4.0 Mc. 
fo = -2.4 Mc. 

TIME -MICROSECONDS 

(b) Signal on the green kinescope grid of a color television 
receiver. 
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(c) Voltage on the blue kinescope grid. 
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(d) Voltage on the red kinescope grid. 
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(e) Combined light intensity of two successive scans of the same line, obtained by adding light intensities of the green, red and blue tubes. 
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(f) Combined light intensity of two successive scans of the same line, obtained by adding light intensities of the green and red tubes. The sampling frequency is 2.4 megacycles. 
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two successive scans of the same line. The result of this combination 
is shown in Figure 30 (e) . 

Inspection shows that Figure 30 (e) is a satisfactory reproduction 
of Figure 30(a). However, it is well known that the resolution of the 
eye is very poor in blue, so it seems better to combine only Figure 
30 (d) with Figure 30 (b), with Figure 30 (f) resulting. This latter 
curve is an excellent reproduction of Figure 30(a). It should be noted 
that the periodicity of the curve of Figure 30 (f) corresponds to a 
frequency of 4.0 megacycles, and bears no relation to the periodicity 
of the sampling function. 

The construction leading to Figure 30 (f), and particularly Figure 
30(b), emphasizes that the output of the sampler is the product of 
the input signal and the gating function. This fact, together with the 
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TIME -MICROSECONDS 
GREEN RESPONSE TO BAND LIM TED STEP FUNCTION 

to = 2.4 Mc., T. = 4.1 Mc. 

Fig. 31- Response to step function. Signal on the green kinescope grid of 
a color television receiver. Sampling frequency is 2.4 megacycles. 

principle of mixed highs, produces full detail limited only by total 
bandwidth available. This conclusion is further strengthened by 
examining the response of the system to a step function. 

Figure 31 has been constructed from Equation (31) to show the 
signal on the green kinescope when the initial signal is a step function 
as shown in Figure 11, with M = 1/2, and with a sampling frequency 
of 2.4 megacycles. The transmission band has been limited to 4.1 

megacycles. Figure 31 corresponds to Figure 15, except for the choice 
of sampling frequency. 

Figure 32 shows the combined light intensity of two successive 
scans of the same line on the green kinescope of a color television 
receiver, obtained by adding the positive values of the two curves of 
Figure 31. The dashed line in Figure 32 is taken from Figure 12 to 
show the best response possible in a frequency band limited to video 
frequencies less than 4.1 megacycles. 

The mixed -high signal on the red kinescope grid due to the step 
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TIME -MICROSECONDS 
GREEN RESPONSE TO BAND LIMITED STEP FUNCTION SUMS OF SCANS 

fo - 2.4 Mc., f,, = 4.1 Mc., fA = 2.0 Mc. 

Fig. 32- Response to step function. Combined light intensity of two suc- 
cessive scans of the same line on the green kinescope of a color television 

receiver. Sampling frequency is 2.4 megacycles. 

function in the green channel is given by Equation (35). The positive 
values of this function, when added to the curve of Figure 32, result 
in Figure 33. It should be noted that Figure 32 corresponds to Figure 
16 and Figure 33 corresponds to Figure 24, except that in Figures 16 
and 24 the sampling frequency is 3.8 megacycles, and in Figures 32 
and 33 the sampling frequency is 2.4 megacycles. 

APPENDIX II 

TRANSMISSION OF THE DOT -SEQUENTIAL COLOR TELEVISION SIGNAL 
ON COAXIAL CABLES OF RESTRICTED BANDWIDTH 

Presently available coaxial cables used in networking of mono- 
chrome television signals will pass no signals of frequencies greater 
than approximately 2.7 megacycles. Since the sampling frequency in 
the dot -sequential color television system as used experimentally in 

Íìmiuvra 
w 1. 

0 0 C. 0 I as 1 i. 

L 

I.o 

0 

TIME- MICROSECONDS 
GREEN RESPONSE WITH CROSS TALK ADDED 

fo - 2.4 Mc., fR - 4.1 Mc., fA = 2.0 Mc. 

Fig. 33- Response to step function. Combined light intensities from the 
red and the green kinescopes. Sampling frequency is 2.4 megacycles. 
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Washington is approximately 3.6 megacycles,* color information is 
lost when the composite signal usually used to modulate the transmitter 
is transmitted over the coaxial cable. 

While it is anticipated that coaxial cables of at least four -mega- 
cycle bandwidth will be made available by the time that such cables 
are needed for commercial color television transmission, it is desirable 
to make use of the present cables for experimental purposes in the 
interim period. 

When a standard monochrome television signal containing informa- 
tion out to four megacycles is passed over the 2.7- megacycle cable, the 
picture definition is reduced accordingly. It is the purpose of this 
appendix to describe two versions of a method of transmitting dot - 
sequential color television signals over the present coaxial cables, 
retaining color information and accepting loss of resolution correspond- 
ing to that suffered by a monochrome signal over the same transmission 
medium. 

Figure 34 shows a diagram of the first method of transmission. 
The normal color system components are shown with dashed lines at 
the left. The components added for the low frequency cable transmis- 
sion are shown with solid lines at the right. 

The crystal oscillator which provides the normal sampling signal 
feeds into a regenerative multiplier which produces a sampling signal 
which is exactly two -thirds the frequency of the normal sampling 
signal, namely, 2,388,750 cycles. This latter signal, together with the 
synchronizing signals and the simultaneous green, red and blue signals 
from the camera, are fed to a transmitter type sampler especially 
provided at the originating station. The output of this sampler then 
feeds into the coaxial cable. A color synchronizing burst with a fre- 
quency of 2,388,750 cycles is placed on the back porch of the horizontal 
synchronizing pedestal for transmission over the cable. At the re- 
ceiving end of the cable, a receiver type sampler is provided, with 
sampling of each color taking place at a rate of 2,388,750 times per 
second. Low -pass filters, with cut -off below this sampling frequency, 
are placed in the green, red and blue outputs of this sampler. These 

* In the above report, the sampling frequency was assumed to be 3.8 
megacycles. Since November, 1949, the sampling frequency used at the 
WNBW transmitter in Washington has been 3,583,125 cycles per second. 
The ratio of this latter number to the scanning line frequency of 15,750 
lines per second is 227í/z. This fractional relationship affords a direct 
means of obtaining the dot interlace. At the present time, the color 
synchronization is obtained by transmitting a burst, several cycles duration, 
of the sampling signal on the back porch of the horizontal synchronizing 
pedestal. This burst, as well as the sampling component in the picture 
signal, is removed by the bandwidth limitations of the coaxial cable. 
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three signals are then used to feed a normal transmitter sampler at 
the station which is being programmed by the coaxial cable transmis- 
sion. The 2,388,750 -cycle burst coming over the cable is multiplied 
up to 3,583,125 cycles to provide the sampling control for the latter 
station. 

The method shown in Figure 34 is a direct approach to the problem 
of transmitting the color information over the limited bandwidth 
coaxial cable. A second method is shown by the block diagram of 
Figure 35. This version applies mixed -highs to more effectively utilize 
the bandwidth available for transmission. Color information is trans- 
mitted with detail up to 0.3 megacycle, with signal mixing to apply 
mixed highs extending upward from 0.3 megacycle. 
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Fig. 34 -Block diagram of the equipment used to transmit color television 
signals over coaxial cables of restricted bandwidth. 
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COAXIAL 
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OR 
SIMULATED 
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To illustrate the principles of operation, assume that the signal 
from the green camera tube is 

where 

and 

G.C.S. = G -I- g sin toit -f- g2 sin 02t, (41) 

f 1 < 0.3 megacycle, 

0.3<f2<2.1. 

The signal into the 2.4- megacycle sampler at the sending end of 
the cable is simply 

G -I- gl sin wit (42) 
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since the low -pass (0 -0.3 megacycle) filters remove the last term of 
(41) 

When the signal of (42) is sampled in the usual fashion, 

-j 
K1 [G + g1 sin wit] 

J 3 

K1G K1g1 2K1 = + sin wit + [G + g1 sin w1t] cos (cost) , (43) 
3 3 3 

where f, is the sampling frequeny of 2.4 megacycles. The band -pass 
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Fig. 35 -A modification of the cable equipment which makes more effective 
use of the available band. 

filter following the sampler wipes out the first two terms of (43) so 
the remaining signal going to the adder is simply 

K2 [G -I- g1 sin wit] cos (w,t) . (44) 

It should be noted that this filtering action has removed any require- 
ment of short duty factor in sampling. In fact, the sampler can be 
an ordinary balanced modulator. 

The entire signal given by (41) is bypassed around the sampler. 
The output of the adder feeding the cable is then the sum of (41) and 
(44), 
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cable signal = K3 [G + gi sin wit + g2 sin w2t] 

+ K2 [G + gi sin (wit) ] cos (w8t) . 

331 

(45) 

At the receiving end of the cable, the signal K3g2 sin w2t goes 
through the band -pass filter and is used on retransmission as a regular 
mixed -highs signal. 

Before studying the action of the sampler at the receiving end of 
the cable, assume that the gain controls at the transmitting end have 
been set so that K2 = 2K3. Then the cable signal of (45) becomes 

K3 [G + gi sin wit] [1 + 2 cos w8t] + K3g2 sin w2t. (46) 

Reference to Equations (14) and (15) and the adjacent text shows 
that when the signal of expression (46) goes through the sampler and 
low -pass filter at the receiving end of the coaxial cable, the signal on 
the green output is 

K4 [G + gi sin wit]. (47) 

This signal goes directly to the 3.6- megacycle sampler of the station 
which is programmed by the coaxial transmission. 

This latter method provides color detail up to 0.3 megacycle, and 
intensity detail up to 2.1 megacycles. 

APPENDIX III 

THE ACTION OF THE DOT- SEQUENTIAL COLOR TELEVISION SYSTEM IN 

THE PRESENCE OF AN ABRUPT RED -GREEN TRANSITION 

The analysis presented in the main body of the report, as it related 
to step functions, was confined to changes in a single color, that is, to 
intensity changes. Another effect which is encountered is that of 
abrupt changes in color where the colors are almost identical in 
intensity values. 

To illustrate this effect, refer to Figure 36. Here a small patch of 
a scene is depicted where the scene is red on the left and green on the 
right. Assume that the red and green areas are of such color values 
that equal average electrical signals are produced by the red camera 
tube and the green camera tube. 

The signal out of the green camera tube (with no frequency limita- 
tions) would be similar to that shown in Figure 11, with M set equal 
to unity. The signal out of the red camera tube would be an opposite 
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step, that is, the signal would have a prescribed value for t less than 
zero and would have zero value for t greater than zero. This would 
be achieved analytically by setting M equal to -1. 

If the signal from each camera is limited to less than the top pass 
frequency, fB, the green camera signal (G.C.S.) is obtained from 
Equation (28) . Then (with M = 1) 

2 ß=o v,=2a/B 
G.C.S.=1 +- dß ¡ sin (,ß)sin(,t)dß 

a=o -o 
2 

% 
m=2rl 

= 1 - sin (wß) sin Got) do) 

a=o =o 

2 a2vr! 

a + dß ¡ sin(ß)sin(c,t)dar, 
zr Bß=oo =0 f = 

and the red camera signal (R.C.S.) is. (with M = -1) 

ß=eo rue2af 
R.C.S. = 1 - 2 dß ,sin (,ß)sin(rt)dß 

a B=o o 
ß-oo tu=27l 

=1 - dß 
e-o ,-o 

2 =2rfs 

= dß sin (wß) sin (cut) dv,. 
7r =o 

Fig. 36-An area where the transi- 
tion from red to green produces 

constant light intensity. 

(48) 

(49) 

The mixed -highs signal is found to 
be the sum of the last term in (48) 
and the last term in (49). This 
sum is seen to be zero. Physically, 
this result comes about from the 
fact that the alternating terms 
which make up the green step are 
identical, except for a reversal of 
polarity, to the alternating terms 
which make up the red step. For a 
standard monochrome camera view- 
ing the patch of Figure 36, no 
transition would be visible. 
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Although it has been shown above that no mixed -high signal exists, 

the action of a color television receiver for this situation may still be 

analyzed by utilizing the principle of superposition. That is, the 
green step may be analyzed just as if the red step did not exist, and 

vice versa. Then the two solutions may be superimposed. 
The signal on the green kinescope of a color television receiver, 

due to the green step alone, is found from Equation (31) to be 

1 2 
(G.K.S.)=-[1-2 cos (°)ot)] 

C1+-Si(2arft) 
. 

3 L 7r 

(50) 

According to Equation (35), this green step alone produces a signal 

on the red kinescope grid which is 

2 
(R.K.S.)g= [1±2 cos (coot -120°)] ISi(27rfnt) -Si(27rfAt)]. 

37r 
(51) 

Conversely, the signal on the red tube from the red step alone is found 

from (31) by setting M equal to -1, and taking account of the fact 
that the red sampler lags the green sampler by 120 degrees. This 

latter signal is 

1 2. 

_ -[1±2 cos (oat-120°)] 
C1- 

-Si (27rfat) (52) 
3 L 7r 

The cross -talk term on the green kinescope due to the red step is like- 

wise found from (35) to be 

-2 
(G.K.S.),. _ [1 -!- 2 cos (oat) ] [Si (27rfßt) - Si (27rfAt) ]. 

37. 

(53) 

The total signal on the green kinescope grid due to the color transi- 
tion shown in Figure 36 is found by adding (50) and (53), yielding 

1 2. 

G.K.S. = - [1 ± 2 cos (0)0t) ] 

C1 
-Si(27rfAt) . 

3 7r 

(54) 

The total signal on the red kinescope grid due to the color transi- 
tion shown in Figure 36 is found by adding (51) and (52). 
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1 2, 
R.K.S. = 

3 
[1 ± 2. cos (wot -120°) ] 

C1 
- -Si (27rfAt)]. (55) 

These last two equations show that the response to the transition 
in color shown in Figure 36 produces no detail greater than the fre- 
quency fA. In other words, the mixed high -signals have cancelled to 
zero. 

.. 
2.0 

1.8 

1.6 

1.4 

I 

' ¡ : 

1.2 

SCAN j 

I i ' 
1 

I 

SUM il I 

I 

I 

I 1 
I .o 

I I 1 1 

I 

.8 

.6 SCAN I 

4 I 
1 

I 

1 

2 I 

I 

1 

I 

I MI 
j 

1 

' 

o 41\ - A. 1 
Ì ' , 1 

I 

I 

Ì 

I 

1 2 

Mr 
1 1 

I 

¡ I 

4 

1 

I i 

' 

'I1 

6 

I 

I 

I 

1 

' i: 

8 

.. 
' U 

-1.0 -8 -6 -4 -.2 0 .2 .4 .6 .8 I.0 
T ME -,U. SECONDS 

Fig. 37- Signal on the green kinescope grid of a color television receiver 
in the transition region of Figure 36. The sum curve may be regarded as the 

combined light intensity of two successive scans. 

The green kinescope signal as found from Equation (54) for two 
successive scans of the same line is shown in Figure 37. The sum of 
the positive values of these two responses is also shown. This latter 
curve may be regarded as the light intensity, under the usual assump- 
tions of kinescope and system linearity. The sampling frequency, f°, 
has been taken as 3.8 megacycles. 

Similar calculations, using Equation (55), are displayed in Figure 
38. The sampling frequency, fo, was taken to be 3.8 megacycles. 
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The red and green light intensity sums are shown in Figure 39, 
where it may be seen that the steepness of rise of the green and the 
steepness of fall of the red is limited to 2 megacycles, since fA has 
been set at 2 megacycles in these calculations. 

It is apparent that for a color transition such as shown in Figure 
36, the detail at the transition is limited to frequencies no greater 
than fA, the lower frequency limit of the mixed highs, and that detail 
between fA and fB is lost. 
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Fig. 38- Signal on the red kinescope grid of a color television receiver in 
the transition region of Figure 36. The sum curve may be regarded as the 

combined light intensity of two successive scans. 

A .6 .8 IO 

This effect might at first thought be considered to be a serious 
defect in the dot -sequential color television system. On the contrary, 
it is on this point that the dot -sequential color television system again 
makes use of the ability of the eye to distinguish detail in brightness 
and the inability of the eye to see detail in color differences. Observer 
tests made and reported by A. V. Bedford* shows that the acuity of 

* A. V. Bedford, "Mixed Highs in Color Television ", Proc. I.R.E., Vol. 
38, No. 9, p. 1003, September, 1950. 
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the eye for detail residing in color differences is less than half as great 
as the acuity for detail residing in brightness. To satisfy the eye 
observing a color television picture at a particular distance, it is not 
necessary to transmit information regarding the color of certain tiny 
areas even though these areas are large enough to be distinguished 
by differences in brightness. Accordingly, it is not necessary in scan- 
ning from area to area of the picture to be able to change from one 
color to another as quickly as it is necessary to change from one bright - 
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Fig. 39- Combined light intensity for two successive scans of the same line, 
for the transition region of Figure 36. The light intensity on the red and 

green tubes is shown separately. 

ness to another. This report has demonstrated the ability of the dot - 
sequential color television system to produce brightness detail to an 
extent limited only by the total bandwidth allowed. Since the frequency 
fit, the lower limit of the mixed -high region, has been chosen to be 2 
megacycles with a 4 megacycle bandwidth, the system operates well 
within the limits set by physiological effects. As a matter of fact, 
Bedford's detailed results show that the choice of the lower limit of 
the mixed -highs has been a very sound one. 

.6 .8 IO 
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It is of interest to note from Figure 39 that a standard black and 

white receiver subjected to this color signal would show no distinction 
between the two areas. Likewise, a standard monochrome camera 
viewing the area showed in Figure 36 would not produce significant 
information on a black and white receiver. 
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GENERAL DESCRIPTION OF RECEIVERS FOR THE 
DOT -SEQUENTIAL COLOR TELEVISION SYSTEM 

WHICH EMPLOY 
DIRECT -VIEW TRI -COLOR KINESCOPES *t 

A Progress Report 
BY 

RCA LABORATORIES DIVISION AND RCA VICTOR DIVISION, 
Princeton, N. J., Harrison, N. J. and Lancaster, Pa. 

Summary -Color television receivers are described which incorporate 
two forms of the first tri -color kinescopes to be successfully demonstrated. Each of the two forms employs the same type of direct -view color screen. In one of these forms three electron guns are used, the electron beams of which pass through the same tube neck and the same deflection yoke to strike the color screen. In the other form a single electron gun is used, again with a single deflection yoke. Both are fabricated in 16 -inch metal 
cones and produce pictures approximately 9 inches by 12 inches. 

The direct -view color screen is composed of an orderly array of small, 
closely spaced, aluminized phosphor dots arranged in triangular groups, 
each group comprising a green -emitting dot, a red -emitting dot and a blue - 
emitting dot. In the first laboratory wimple tubes used in receivers, there are 351,000 such dots, 117,000 of each color; the objective is to double 
these numbers in later models. The screen is viewed in the same manner 
as a conventional black -and -white kinescope. 

THREE -GUN TRI -COLOR KINESCOPE 

THE manner in which the color screen produces a color picture 
is best understood by considering first the operation of the 
three -gun tri -color kinescope. An apertured mask is interposed 

between the three guns and the dot -phosphor screen in such a manner 
that the electrons from any one gun can strike only a single color phos- 
phor no matter which part of the raster is being scanned. The mask is 
comprised of a sheet of metal spaced from the phosphor screen and 
containing 117,000 holes, or one hole for each of the tri- color -dot groups. 
This hole is so registered with its associated dot group that the differ- 
ence in the angle of approach of the three oncoming beams determines 
which color is excited. Thus, three color signals applied to the three 
guns produce independent pictures in the three primary colors, the 
pictures appearing to the eye to be superimposed because of the close 
spacing of the very small phosphor dots. 

Insofar as the color aspects are concerned, this three -gun tri -color 
kinescope may be utilized in a receiver in much the same manner as 

* Decimal Classification: R583.5. 
f Reprinted from RCA Review, June 1950. 
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three single -color kinescopes, except, of course, that no optical super- 
posing or registration means need be provided and deflection power 
need be provided for only one deflection yoke. 

The research -type receiver which employs the three -gun tri -color 
kinescope and high -level sampling,' utilizes 46 tubes and consists essen- 
tially of a 27 -tube black- and -white television receiver to which have 
been added 19 tubes for color synchronization, sampling, additional 
power supplies, etc. 

SINGLE -GUN TRI -COLOR KINESCOPE 

The operation of the single -gun tri -color kinescope is analogous 
to the operation of the three -gun tri -color kinescope in that the beam 
from the single gun is magnetically rotated so that, in effect, it occupies, 
in time sequence, the three positions of the three guns in the three -gun 
kinescope. Thus, when the beam is in a position corresponding to the 
green gun of the three -gun kinescope it excites only the green phosphor 
dots and is at this particular time modulated only by the green compo- 
nent of the video signal. A short time later the beam has been rotated 
to a position corresponding to the red gun of the three -gun kinescope 
and is modulated by the red component of the video signal to excite red 
phosphor dots. A third position similarly produces the blue picture. 
Sampling is automatically provided by rotating the beam synchronously 
at sampling frequency. 

The research -type receiver employing the single -gun tri -color kine- 
scope utilizes 37 tubes and consists essentially of a 27 -tube black -and- 
white television receiver to which have been added 10 tubes for color 
synchronization, beam rotation, additional power supplies, etc. 

RECEIVER FOR THE THREE -GUN TRI -COLOR KINESCOPE 

A block diagram of the principles of the circuit arrangement em- 
ployed in the receiver utilizing the three -gun tri -color kinescope is 
shown in Figure 1. Video signal from a conventional black- and -white 
television receiver is applied simultaneously to the three, internally - 
connected, control grids of the three -gun kinescope. Another signal, 
derived from the video amplifier, is used to actuate an automatic color 
phasing and sampling synchronization circuit2 which produces a local 
3.58 -megacycle sampling wave. The latter is applied through an ampli- 

' "A Simplified Receiver for the RCA Color Television System," Bul- 
letin, RCA Laboratories Division, February, 1950. 

2 "Recent Developments in Color Synchronization in the RCA Color 
Television System ", Bulletin, RCA Laboratories Division, February, 1950. 
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fier tube and appropriate delay lines to three gating tubes which supply 
three sampling pulses, differing in phase by 120 degrees at 3.58 mega- 
cycles, to the three cathodes of the kinescope. Thus, each gun is turned 
on in time sequence corresponding to the original sampling process at 
the transmitter and the beam current from each gun excites only one 
of the three phosphor colors. 

The tuning adjustment in the plate circuit of the 3.58 -megacycle 
sampling -signal amplifier permits fine adjustment of the overall color 
phasing. However, proper color phasing is essentially determined by 
the permanently installed delay lines which are initially cut to proper 
length. 

The front -panel operating controls are the same for color as for 
black- and -white operation. Individual service adjustment controls are 
provided in the cathode circuits of the three guns in order to permit 
initial equalization of the control characteristics of the three guns. 

Fig. 1- Block dia- 
gram of receiver cir- 
cuit principles for 
the three -gun t r i - 

color kinescope. 

The deflection circuitry is of the conventional type. Minor changes 
in deflection -tube types have been made to supply additional deflection 
power occasioned by the increased kinescope second -anode potential 
(18 kilovolts). The deflection yoke is of the anastigmatic type and 
has an internal diameter of two inches to accommodate the converged 
beams from the three guns. 

The registration in this three -gun tube is built in by the proper 
registration of the masking apertures with their corresponding groups 
of phosphor dots. Means are also provided to converge the three beams 
to the same point on the phosphor screen during scanning. This is done 
for the undeflected beams by a convergence electrode, operated at 9000 
volts, and, when necessary, by small correcting magnets set up initially 
as a permanent service adjustment when the tube is installed. Because 
of the essentially flat face of the phosphor screen, simple geometrical 
considerations show that slightly less convergence is desirable as the 
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beam is deflected from center. This dynamic convergence is accom- 

plished by deriving a voltage from vertical and horizontal deflection 
circuits of the receiver and applying it to the convergence electrode 
through a capacitor. 

A radio -frequency type anode voltage supply provides a potential 
of 18 kilovolts for the kinescope final anode, 9 kilovolts for the electro- 
static converging electrode and approximately 3.5 kilovolts for the 
parallel- connected first anodes which produce initial electron -beam 
focus. A small auxiliary power unit provides heater and +B power 
for the other added circuits. 

RECEIVER FOR THE SINGLE -GUN TRI -COLOR KINESCOPE 

A block diagram of the principles of the circuit arrangement 
employed in the receiver utilizing the single -gun tri -color kinescope is 
shown in Figure 2. Video signal from the output of the video amplifier 

Fig. 2-Block dia- 
gram of receiver cir- 
cuit principles for 
the single -gun tri- 

color kinescope. 
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of a conventional black- and -white television receiver is applied to the 
control grid of the single -gun kinescope in the conventional manner. 
Here again, as in the previous receiver, another signal from the video 

amplifier actuates an automatic color phasing and sampling synchroni- 
zation circuit2 which produces a local 3.58 -megacycle signal which is 

locked in step with the transmitter sampler. Circular deflection of the 
beam, which produces sampling automatically, is provided by a small 

deflection yoke having two sets of coils which are fed with quadrature 
currents at sampling frequency to produce a rotating field. Service 
adjustment of color phasing is provided by mechanical positioning of 

this yoke. The amplitude of the circular deflection is adjusted to pro- 
duce the proper convergence angle as required by the mask and phos- 
phor -dot screen. The duration of the sampling period is controlled by 
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a signal having a frequency three times the sampling frequency which 
is injected into the kinescope cathode circuit. The amplitude and 
phase of this 10.74 -megacycle signal are determined by the alignment 
of a filter circuit which utilizes the third harmonic of the circular - 
deflection driver tube. 

As in the receiver for the three -gun tube, the front panel controls 
of the single -gun set are the same as those used in a conventional 
black- and -white receiver. Because a single gun is used in this kinescope, 
color balance may be achieved by proper deposition of the phosphor dots. 

The deflection circuitry and deflection yoke are the same as those 
employed in the three -gun receiver described in the preceding section. 

The kinescope gun which is employed is the same as that used in 
the commercial type 5TP4 kinescope. Potentials of 18 kilovolts for the 
final anode and 2.7 kilovolts for the electrostatic focus electrode are 
derived from the kick -back voltage on the horizontal- deflection output 
transformer just as in conventional black- and -white receivers. A small 
auxiliary power unit provides heater and +B power for the other added 
circuits. 

Convergence of the circularly deflected beam is produced by a 
magnetic lens in this single -gun kinescope instead of the electrostatic 
method employed in the three -gun version. A coil similar to the focus 
coil normally employed in conventional black- and -white receivers is 
used for this purpose. The dynamic convergence variation is likewise 
applied magnetically in this tube and is introduced by means of a 
smaller auxiliary coil located near the main convergence coil. As in the 
previous receiver, the dynamic convergence waveforms are derived 
from the deflection circuits. 
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MIXED HIGHS IN SIMULTANEOUS 
COLOR TELEVISION *t 

A Report 
BY 

RCA LABORATORIES DIVISION, PRINCETON, N. J. 

Summary 

A high -quality color television system could be made by transmitting 
independent red, green and blue images of equally -high quality. The band- 
width required by this method would be three times as great as that re- 
quired for a black -and -white picture of equal resolution and repetition 
rate, regardless of whether the images are transmitted in sequence or 
simultaneously. 

Tests made on the human eye and reported herein, indicate that the 
acuity for detail residing in color differences is less than half as great as 
the acuity for detail residing in brightness. Therefore, if the brightness 
values in a color television system are transmitted with fidelity up to 
4 megacycles, it is adequate to transmit the individual color values up to 
only 2 megacycles, with a corresponding saving in bandwidth. In the 
"mixed- highs" system described, each of the three color images uses fre- 
quencies from zero up to 2 megacycles and the "mixed- highs" which carries 
only the brightness values of the fine detail uses a video -frequency band 
from 2 to 4 megacycles. The total width of the video bands then is only 
8 megacycles instead of 12 which would be required for three identical 
bands from zero up to 4 megacycles. 

The bandwidth saved by the mixed -highs technique is obtained not at 
the expense of picture quality, but is a legitimate saving that arises by 
avoiding the transmission of information which the eye is unable to use. 
In this sense the saving could be compared to that which occurs by trans- 
mitting only the visible spectrum of colors, omitting the ultra violet which 
the eye cannot see. 

The brightness -acuity eye tests were made with projected charts with- 
out the use of television apparatus. A new type test pattern was used 
having a calibrated blurred junction which corresponds to the light values 
resulting from the transient response of a video amplifier with restricted 
bandwidth in passing from a dark area to a light area. The measurement 
of acuity for detail in color was made with similar blurred junctions be- 
tween areas of different colors. 

Though the work reported was done a number of years ago and was 
applied to the simultaneous system demonstrated by RCA Laboratories in 
1946, the principles and techniques are equally applicable to the new RCA 
color system demonstrated in 1949. In the latter system the mixed -highs 
and the dot -interlace jointly provide a three -to -one bandwidth reduction 
that allows a high -definition compatible color television service to be oper- 
ated within the 6- megacycle radio -frequency channels now allocated for 
black -and -white television. 

(10 pages, 5 figures, 2 tables) 

* Decimal Classification: R583.1. 
Bulletin, RCA Laboratories Division, July 1950. 
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COLORIMETRIC ANALYSIS OF RCA COLOR 
TELEVISION SYSTEM *t 

A Report 
BY 

RCA LABORATORIES DIVISION, PRINCETON, N. J. 

Summary 
The objective of color television is the reproduction on the viewing 

screen of the receiver not only the relative luminances (brightness) but 
also the chromaticities (hues and saturations) of the details in the original 
scene. Colorimetry, the science of color measurement and specification, is 
of great importance to the color television engineer, since it is with the 
aid of the principles of colorimetry that he is able to determine quanti- 
tatively the quality of reproduction and to accumulate engineering data 
for the constant improvement of the reproduction. 

The purpose of this bulletin is to present an analysis of the colori- 
metric capabilities of the RCA color television system. Since this report 
is addressed to people who may not be well versed in colorimetry, the first 
section will be devoted to an introduction to the subject. This is followed 
by a section describing the ideal requirements for perfect reproduction and 
an analysis of the fidelity of reproduction when ideal requirements are not 
fulfilled. 

(19 pages, 19 figures, 13 tables) 

* Decimal Classification: R583.1. 
t Bulletin, RCA Laboratories Division, February 1950. 

A SIMPLIFIED RECEIVER FOR THE RCA COLOR 
TELEVISION SYSTEW`t 

A Report 
BY 

RCA LABORATORIES DIVISION, PRINCETON, N. J. 

Summary 
This bulletin describes a simplified receiver for the RCA color tele- 

vision system. This model, which was demonstrated to the FCC on 
February 23, 1950, affords considerable reduction in size and circuit com- 
plexity as compared to earlier research models previously described and 
demonstrated. 

The receiver is of the direct -view type employing three short ten -inch, 
70- degree, metal -cone kinescopes and incorporating high -level sampling and 
automatic color synchronizing circuits. 

Although these innovations mark a considerable advance in color tele- 
vision receiver art, it must be noted that they constitute only the first few 
steps in an overall process of simplification. 

(9 pages, 11 figures) 

* Decimal Classification: R583.5. 
j- Bulletin, RCA Laboratories Division, February 1950. 
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RECENT DEVELOPMENTS IN COLOR SYNCHRONI- 
ZATION IN THE RCA COLOR TELEVISION 

SYSTEM*t 

A Report 

BY 

RCA LABORATORIES DIVISION, PRINCETON, N. J. 

Summary 

This bulletin discusses two aspects of the RCA color television system; 
the application of a "flywheel" to the picture dot interlace synchronizing 
information and the provision of automatic color phase control. 

The foundation upon which any successful television system is built 
is the complete cooperation between transmitter and receiver involving 
accuracies of timing of the order of one -eighth of a millionth of a second 
in the horizontal sweep circuits of conventional black -and -white receivers. 
This accuracy is obtained even in the presence of noise and interference 
by the use of "flywheel" circuits usually called automatic frequency con- 
trol or, more simply, AFC circuits. The same basic concepts are applied 
in the RCA color television system to the color dot interlace synchronizing 
signal to obtain the necessary immunity to thermal agitation and impulse 
noise. 

Any sequential color television system (field, line or dot) must solve 
the problem of reproducing the original color in the picture and not, for 
example, reproducing the original red color information as blue or green. 
Most color television systems demonstrated to date have depended upon 
the operator of the receiver to make the necessary adjustments to syn- 
chronize his receiver with the transmitter. The RCA color television system 
receivers previously demonstrated have had a manual color phase control 
to be manipulated by the operator. Means are now available to make this 
function automatic. 

This bulletin describes systems for accomplishing both of the above 
described functions. Some of them have been reduced to practice and found 
to operate satisfactorily. Others are in the process of construction to 
permit testing while still others are under consideration. One or more 
of them will be demonstrated at ensuing demonstrations of the RCA color 
television system. The various systems are not identical in potential per- 
formance or probable cost so work is continuing to obtain an accurate 
evaluation of the potentialities of each. 

(11 pages, 13 figures) 

* Decimal Classification : R583.1. 
-j- Bulletin, RCA Laboratories Division, February 1950. 
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TELEVISION: TECHNIQUES AND APPLICATIONS 
BY 

ALFRED N. GOLDSMITH 

Consulting Engineer, Radio Corporation of America, 
New York, N. Y. 

Summary -It is the purpose of this analysis to present, in a summary 
form useful for businessmen, information about the technical, program, 
and advertising methods of television; the extent and nature of home 
ownership of television receivers; the more basic statistical and cost factors 
involved in television broadcasting and reception; the regulatory and allo- 
cation aspects of television; the status and prospects of some proposed 
extensions of, and improvements in, television broadcasting; and the possi- 
bilities of certain nonbroadcasting uses of television, including theater 
television and industrial applications. In the course of this presentation, 
occasional comparisons will be made between the developmental conditions 
of television in the United States and those in other countries. 

It should be noted, with appreciation, that the major television broad- 
casting networks have cooperatively made available data concerning their 
stations, time rates, audience, and operations for the purposes of this 
analysis. 

Unfortunately, the complexity of the television field -its many vari- 
ables and ramifications, the rapid changes in its techniques and equipment, 
the incalculable effect of prolonged and frequent governmental hearings 
and the resulting complex regulations and allocations, and the partly forma- 
tive nature of the television manufacturing and broadcasting industries 
-all combine to limit the dependability and utility of what might be normal 
and controlling data in other, further developed, and commercially stabilized 
industries. 

Nevertheless, it is even now possible to "get the feel" of television and 
thus to chart, at least partly, the logical and practical procedures indicated 
for television. With this thought in mind, the present analysis has been 
planned to be of particular assistance to those now making commercial use 
of television oil contemplating such use, as well as to those who are more 
generally interested in this, the most diversified and versatile medium of 
mass communication so far devised. 

priate 

Part I - TECHNIQUES 

HERE will first be considered the general techniques used in 

a modern television system, at both the transmitting and the 
receiving ends and including program syndication over appro- 
networks. 

* Decimal Classification: R583. 
This paper was originally prepared in October, 1949, and was pub- 

lished in the March, 1950, issue of the Harvard Business Review. The 
paper is reprinted herewith as it originally appeared with the exception 
that the data in certain sections and tables have been brought up to date 
in the light of developments and changes which have taken place since its 
preparation. The courtesy of the Harvard Business Review, in permitting 
the inclusion of these changes, is gratefully acknowledged. 
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Essentially, television offers an extension of the human senses 
beyond the normal limitation of horizon, opaque obstacles, and mate- 
rials which absorb or deflect sound. In doing so, it provides four 
important factors of information: (1) sound; (2) sight, at present 
in monochrome, later in color; (3) motion; and (4) immediacy. Thus 
any sound may be heard at a distance; the source of that sound and 
the surroundings may be viewed; the motion of persons or objects in 
the viewed scene may be observed ; and all of the preceding may be 
perceived by the recipient at the very instant of occurrence. 

It is unnecessary to stress the importance of sight and sound since 
it is well known that the major portion of available information reaches 
men through these senses; but it is worth observing that the com- 
bination of the two adds more than proportionately to total effective- 
ness. In addition, motion is an interesting and commanding factor 
in any viewed scene. And the sense of simultaneity experienced in 
viewing television presentations serves psychologically to bind the 
members of the audience to the program source and to each other. 
In certain events -e.g., horse racing -the element of instantaneous 
presentation is obviously of outstanding importance. 

The technical development of television has reached the point where 
it is certain that it can be effective over continental distances. There 
is no reason to doubt that ultimately television can operate over any 
desired terrestrial distances, although such world -wide extensions of 
television will necessarily await detailed technical development and 
economic conditions not now existent. 

ORIGINATION OF PROGRAMS 

Most prearranged programs presented by television originate in 
so- called studios which resemble motion picture studios in many 
respects. In the studio, provision is made for adequate illumination 
on all parts of the scenery or "set," as well as carefully adjusted 
lighting on the actors participating in the performance. A group of 
television cameras is arranged so that views of the entire set may be 
obtained, or views of particular parts of the set and even "close -up" 
views of individual actors or groups of actors. 

Each camera is provided with a finder which shows the correspond- 
ing picture that is picked up. These finders actually show a miniature 
television picture, thus enabling the camera man to select his distance, 
location, and viewing direction for most effective or dramatic results. 
The cameras are usually mounted on dollies enabling them to be moved 
rapidly from one desired position to another. They are connected 
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by heavy but flexible cables to the control room where the pictures 
are viewed and coordinated. 

Sound is picked up by microphones somewhat resembling those 
used in conventional radio programs but mounted on long rods or 
"microphone booms." By the use of the booms the microphone may 
be held suspended over or in front of individual actors to permit pick- 
ing up speech at a moderate distance. Careful manipulation of the 
boom by a microphone operator keeps the microphone out of the field 

of view of any of the cameras (except in occasional embarrassing 
moments of error or carelessness). 

Use of Film 
Because television programs, in whole or in part, may also originate 

on sound motion picture film, projection rooms are a part of all normal 
television stations. In the projection room, film is run through a special 
projector, and the corresponding motion pictures are thrown on to 
the sensitive surface of a television camera tube. This tube then 
produces the electric signals (the so- called video signals) correspond- 
ing to the film pictures. These video signals are sent from the pro- 
jection room to a control room where they are coordinated with the 
remainder of the program. 

Given suitably photographed and processed film, appropriate film - 

projection equipment for television transmission, and skillful monitor- 
ing, the technical quality of film programs should be substantially 
indistinguishable from the corresponding live -talent presentation. 
However, the film technique is still in process of development toward 
this ultimate perfection. Present -day programs originating on film 

vary from highly acceptable to mediocre, depending on the extent to 
which the preceding specifications have been met. 

Question of Studio Audiences 

Following customs established in the radio field, many television 
studios are provided with seating facilities for a studio audience. 
Sharp differences of opinion exist as to the desirability of such an 
audience. Sponsors of television programs often desire such an audi- 
ence as an added advertising factor. Certain actors, particularly in 

the variety field, insist that a visible audience and its reactions 
stimulate them to their best performance. However, motion picture 
comedies and musical feature films are made successfully enough by 
these actors in the absence of an audience, and it is accordingly doubt- 
ful whether the psychological need for an audience is as compelling as 
has been claimed. 
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From the standpoint of the broadcaster and his engineers, studio 
audiences are a complex and costly intrusion. Expensive space and 
seating facilities must be provided. Means for getting the audience 
into and out of the studios are necessary, together with groups of 
ushers and guides. The actors tend to play to the visible audience 
rather than the home audience, and those on the operating staff find 
their lighting, camera positions, insertion of film "clips" or program 
sections, and various other elements of operation either hampered or 
blocked by the presence of an audience. 

It is not clear whether, in the future, studio audiences will be 
present at important television programs. The likelihood is that the 
studio audience will not be wholly eliminated in most stations. 

Remote Pickups 
Programs need not originate in the studios of the broadcasting 

stations. They may, instead, originate at any remote point as, for 
example, a sports stadium, a theater, a municipal gathering place, 
or even on the streets of a city. Such programs are known as "remote 
pickups" and add considerable variety to television programming. As 
a general rule they are costly since they involve carrying the equip- 
ment and staff to some remote point, setting up and operating the 
equipment for a relatively brief period, and then removing it. 

Further, remote pickups involve an additional complication and 
expense, namely, a special link or connection between the remote 
pickup point and the control room of the central studios or trans- 
mitter. Generally it is necessary to bring the remote program to the 
same control rooms that are used for the station studios. This is 
usually done by means of a radio -relay link or by means of a special 
telephone line modified to permit television signals to pass over it 
without excessive distortion. 

Control Room 
Programs which have originated in a studio, on film, or at a remote 

point are all finally gathered together for utilization in the master 
control room. 

Persons familiar with motion picture techniques are aware that 
most motion pictures originate largely in a so- called "cutting room." 
In this room the film editors cut and splice sections of film to form the 
final program. They are guided by their pictorial sense, their judg- 
ment of dramatic values, and their long experience in this art. They 
may work for hours on a comparatively brief film sequence. 

In the television control room, the program producer assembles 
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the television programs in much the same way, but with two notable 
differences. In the first place, the pictures from the various studio 
cameras, or from the film projector or remote pickup point, are all 

visible to him instantaneously on different monitoring picture tubes. 
As he assembles the program, he selects the desired picture in each 
instance and splices it electronically, so to speak, into the program. 
More prosaically expressed, the producer can select any available pic- 
ture and use it to control the television transmitter at any instant. 
An engineer or technician, following the producer's instructions, makes 
the corresponding instantaneous electrical switching connections. 

Thus the knife and cement of a film splicing machine, as used in 
motion picture production, are replaced by the far faster electrical 
switching of video signals from various sources. It need hardly be 

added that a good television director is one capable of exercising 
excellent judgment with extraordinary rapidity and endowed as well 

with an unusual combination of dramatic sense, poise, and dependable 
reactions. It must also be remembered that a television program once 

transmitted is gone beyond recall. Errors are not open to correction, 
as in the case of motion picture production. 

As might be expected, television control rooms contain intricate 
assemblies of switching equipment, monitoring picture tubes showing 
the available program sequences, phonographs for the introduction 
of music into the program, connections to film projectors, connections 
to remote pickup points, and all necessary associated apparatus. 
Indeed, the modern television control room is extraordinary for its 
complexity of electrical equipment, as well as its simplicity and rapidity 
of operations. Television may be regarded as the quintessence of 

arts based on modern scientific methods. 

TRANSMISSION 

Once the program has actually been assembled in the control room, 

the transmission of it to the public is a more or less routine matter. 
It is carried from the control room to the transmitter and there dis- 
seminated widely. 

Present -day television transmitters have effective powers not ex- 

ceeding a few tens of kilowatts. Picture signals are sent on one 

frequency. The sound portion of the program is simultaneously sent 
on another nearby frequency at the same transmitting location. 

Television transmitters differ from ordinary radio transmitters in 

several respects. For one thing, the picture transmitter is far more 

complex. It actually sends a group of different signals which enable 
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the picture to be reconstituted in all receivers. These include both the 
picture signal (with an appropriate background value inherent in it) 
and the line and field synchronizing signals. 

Engineering Principles 
It is beyond the scope of this analysis to discuss in any detail the 

methods of television engineering. Broadly, however, television pic- 
tures are sent by resolving each individual picture (or field) into a 
myriad of minute elements or dots. In the standard procedure, the 
picture is initiated at its upper lefthand corner. It is then drawn or 
"scanned" in a first horizontal line ending at the righthand edge of the 
picture. Almost immediately thereafter a second line of the picture 
is scanned for its values of light and shade, this second line lying 
closely below the first line. The process continues until the bottom 
edge of the picture is reached. 

At this point, one field of the picture has been scanned and trans- 
mitted. The process is then immediately repeated to transmit a second 
field, and so on. In practice, 60 fields are transmitted each second. 
Each of these fields consists of 262.5 lines. The lines of each field are 
separated by their own width, and successive fields are "interlaced." 
Accordingly, two such interlaced fields produce one complete 525 -line 
picture or "frame." And 30 such frames are sent each second. 

Although, strictly speaking, the television picture is produced with 
only one luminous dot moving rapidly over the field of view, the entire 
process is so quick and precise that the eye and brain of the viewer 
are completely deceived. Persons viewing television pictures have 
the impression that a moving picture is continuously before them 
on the screen. 

In all modern television systems the processes are purely electronic. 
That is, there are no moving mechanical parts in television trans- 
mission and reception ; the only moving elements are practically mass - 
free beams of electrons which are rapidly deflected to scan the picture 
in the studio cameras and again to scan the reconstituted picture in 
the cathode -ray tubes or kinescopes in the home. 

It is obvious that the scanning point at the transmitter and the 
corresponding scanning point at the receiver must be maintained 
closely in the same relative positions in order that picture distortion 
or destruction may be avoided. These processes of line synchronizing 
and field synchronizing lie outside the scope of this discussion. It may 
be of interest, however, that an error of one millionth of a second 
would be a serious matter in many cases! 

The complex processes of television are not completed, of. course, 
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by transmission from a single station. Economic considerations re- 
quire the dissemination of each program to the largest possible 
audience. Since the audience of any one station is limited, it is neces- 

sary that syndication methods be found for the regional or national 
distribution of television programs. 

Direct Networks 

The syndication of programs may be carried out by individual 
stations or organizations over limited distances -as, for example, by 

means of the New York -Schenectady NBC -General Electric Company 
link previously in use, the New York -Philadelphia link established by 

Philco in collaboration with NBC, and the Washington -Philadelphia 
NBC radio -relay link. 

Substantially all television network facilities, however, are already 
provided by a common carrier, namely, the American Telephone & 

Telegraph Company. The basic television facilities of this company 
now extend along the East Coast from Boston to Norfolk, and west- 
ward as far as Chicago, Milwaukee, Memphis, and St. Louis. There 
also exists a link on the West Coast between Los Angeles and San 
Francisco. A transcontinental extension from Chicago to San Fran- 
cisco, via Omaha, is under construction, and is scheduled for completion 
in early 1952. On many of the intercity links, a number of simul- 
taneously available connections are provided so that more than one 
network can furnish service at a given time. 

Physically, the syndication facilities for television fall into a num- 
ber of types. For moderate distances up to 10 or 20 miles, specially 
adjusted telephone lines can be used to carry television signals of 
acceptable quality. For longer distances, so- called coaxial cables are 
used. A coaxial cable is, in essence, an outside conducting sheath 
through the center of which runs a wire insulated from the sheath by 
means of disc insulators (or their equivalent) placed at regular 
intervals. 

Another physical method of syndication, and a most important one 
for the future, is the radio -relay system. By the use of minute electro- 
magnetic waves (the so- called microwaves), the program is trans- 
mitted in a narrow directional beam from a first transmitting station 
to a first receiving station perhaps 25 miles away. At this first receiv- 
ing station, the incoming signal is used automatically to control a 
second beam transmitter which sends the signals perhaps another 25 

miles to a second receiving station, whence it is again retransmitted. 
The process is repeated automatically over as many relay stations as 
may be required. For example, a radio -relay system from New York 
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to Chicago, shortly to be established, may use from 30 to 40 relay 
stations. Despite the numerous repetitions of the signal, the process 
is so accurate that a good radio -relay system may operate well in 
excess of 1,000 miles, or even over transcontinental distances, without 
introducing any objectionable distortion on the average television 
receiver. 

It is not necessary, however, to use physical facilities for program 
syndication. One method which has been proposed, but not used up 
to the present, is the road -show form of syndication. This would 
involve sending actors and their scenery from city to city and arrang- 
ing to have them appear at the local television station (and perhaps in 
the local theaters) in each city. A far more common method of syndi- 
cation involves the use of film. 

Film Syndication 
For this method, the program is recorded as a sound motion picture 

film, either on 35- millimeter or 16- millimeter film. At present, 16- 
millimeter film is far more widely used because it is less expensive, 
easier to process and handle, is noninflammable, and can be projected 
in rooms and under conditions not meeting the elaborate safety regu- 
lations of many municipal codes covering 35- millimeter inflammable 
film. 

The use of noninflammable 35- millimeter film, however, is planned 
for all theaters. It may be that ultimately only safety film will be 
available, and at that time the stringent regulations governing the 
use of 35- millimeter film may be relaxed. Inasmuch as superior picture 
quality is obtainable on the larger film, television syndication experts 
may seriously consider the wider use of 35- millimeter film at a later 
date in place of the 16- millimeter film which at present is largely 
standardized for television. 

There are a number of ways in which film may be used for television 
syndication. Of course existing films can be used, but the quality and 
subject matter of regular motion pictures available for television use 
leaves much to be desired -a topic which will be discussed in some 
detail under programming, where it more properly belongs. 

Alternatively, new productions may be photographed on film espe- 
cially for television, using either existing motion picture techniques 
or improvements on such techniques. Another popular method of film 
syndication is to photograph an actual television performance. A live - 
talent show in the studio is sent through the control room to a moni- 
toring picture tube or kinescope on which the program appears. A 
special 16- millimeter camera is focused on the screen of this tube, and 
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the program is thus "kinescope recorded." The quality of such record- 
ings is regarded as marginal, but in view of the simplicity and rela- 
tively low cost of the process it has found considerable favor. 

Programs presented either on the East Coast or the West Coast 
have often been kinescope recorded. Prints of the program are then 
sent to the television stations on the opposite coast, or to other 
stations not connected to the physical networks, and are thus used 
for television transmissions. The major networks (NBC, CBS, ABC, 
DuMont) have made television records of this type and have used 
them with some measure of success. 

An attempt has also been made to establish a film network as 
such. The Paramount organization has announced its intention to 
provide about six hours per week of film recordings. These programs 
are stated to have been assigned to almost twenty stations, which will 
sell them to local advertisers, inserting commercial announcements 
as desired. 

Relative Advantages 
Direct or physical networks have the great advantage of imme- 

diacy and continuous availability. On the other hand, the connection 
charges at present are substantial. Stations connected to physical 
networks necessarily accept a program at the time of its arrival. 
Differences of time in the various zones in the United States (amount- 
ing to as much as three hours) somewhat limit the adjustment of 
program time to maximum audience availability. The fact remains 
that physical networks available on an all -day basis are often essential 
for broadcasting events of outstanding or transcendental importance. 

Film networks are obviously more flexible than physical networks 
in that the time of presentation of a program is not fixed or necessarily 
simultaneous for all stations. Film programs can readily be repeated, 
and even under different sponsorship. Yet there are also offsetting 
disadvantages. Film prints must be made and shipped, inspected, and 
maintained in good condition. Further, the element of immediacy is 
of course lost in film presentations. 

It would seem that physical networks will be established, at least 
on a regional basis, wherever economic considerations do not prevent 
their use. On the other hand, it is also clear that film syndication has 
its own place in television broadcasting and that, with skillful plan- 
ning, it can be successfully used. One oddity of film syndication has 
involved the use of a film program over a physical network. It appears 
likely, in fact, that film syndication and physical networks will be 
complementarily used and that, under such circumstances, each method 
has a distinct contribution. 
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Need for National Network 
Transcontinental television networking must await the completion 

of the previously mentioned Chicago -San Francisco link. Furthermore, 
it is likely that the lifting of the present "freeze" and the re- establish- 
ment of more nearly normal television conditions are essential to the 
successful operation of such a network. 

Existing radio networks may run into tens of thousands of miles 
of interconnection, covering the United States fairly completely. A 
corresponding national television network would present serious eco- 
nomic problems. At the current rates for television connections, a 
16- hour -per -day network of such dimensions, allowing for terminal 
charges, connection charges, and the like, might require an annual 
expenditure of the order of $10 million to $20 million. 

The magnitude of this amount has led some television analysts to 
suggest that the Federal Government would be well advised to establish 
and subsidize one or more national physical television networks 
(although not the stations connected thereto). Such a network would 
offer many obvious advantages in relation to the national defense - 
both in time of peace and in time of war. 

PROGRAMMING 

The most usual television programs are of the live -talent variety. 
They range from news discussions by individual commentators to 
extremely elaborate dramatic presentations modeled on the format of 
the less pretentious motion pictures. 

For the sake of economic operation, repeated attempts have been 
made to present the same program both as a standard radio broadcast 
and as a television broadcast (a so- called "simulcast "). This makes 
it necessary to arrange that the sound portion of the program shall 
be entertaining in itself, and also that the visual portion of the pro- 
gram shall add substantially to its entertainment value. These are 
difficult specifications which have not been wholly met in most instances. 

It would be beyond the scope of this analysis to list the hundréds 
of types of programs which have been developed by the television 
broadcasters. Despite their diversity, they fall into a limited number 
of well- defined groups, mainly involving drama, comedy, variety, 
political discussions, news comments, sports events, children's pro- 
grams, so- called "give- away" programs, musical presentations, and 
quizzes. Most of these programs have a prearranged action and 
dialogue. 

The immediacy factor of television finds an excellent expression 
in the "remote" programs. These are picked up at the point of origin 
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at an event which is usually spontaneous or only partly prearranged. 
Sports events are a notable example of such remote programs. The 

type of remote program and the number of such programs used per 
month naturally vary with the seasons. For this reason, sports pro- 
grams -and indeed most remote programs -are difficult to schedule 

over the major portion of a year. Certain sports programs, however, 
fit well into the 13 -week or 26 -week program groups which are now 

usual. 

Film Presentations 

Programs originating on film (that is, on sound motion picture 
records) are widely used. The actual proportion of film programs to 

total programs, however, varies greatly depending on the type of 

station. Certain stations not associated with or connected to any net- 
work may fill more than 50 per cent of their operating time with film 

presentations, whereas network stations tend to use a considerably 
smaller proportion of film programs. 

The motion picture industry, as a not unnatural measure toward 
the preservation of its economic position, has refused to make available 
for television its recent and preferred product. It must be remem- 
bered that the average theater exhibitor of motion pictures would 
greatly resent the availability for television broadcasting of any film 

which he was attempting to present to a paying audience -or indeed 
of any film which he had recently presented. 

Of course, distinctly antique feature films or shorts have been 

made available for television. Many of these are of the well -known 

"Western" type well -beloved by the juvenile audience. But these rather 
worn films do not satisfy the major portion of the adult television 
audience. Accordingly, except for a sprinkling of foreign films, the 
use of existing films by television broadcasters does not give any fair 
indication of the value of films in television. 

The refusal of the major film producers to supply their current 
films for television purposes has led several of the smaller independent 
producers to enter into that field. These organizations have shown 

considerable enterprise and have improved the quality of their product 

at an acceptably rapid rate. 

To a certain extent, the newer producers still utilize the conven- 

tional motion picture techniques in their work, photographing each 

scene separately and usually repeatedly in order to secure an acceptable 

sequence or "take." The process is lengthy and costly, frequently 
yielding only a few minutes of finished film as the result of a day's 
work, although of course the quality and "smoothness" of the final 
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product are outstanding. A finished feature film of high quality for 
theater use may have a cost of $15,000 to $30,000 per minute of run- 
ning time. Such production costs are totally beyond the economic 
possibilities of present -day television. 

Reducing Costs 
There have been vigorous and fairly successful attempts by some 

of the independent producers to make film by speedier and less costly 
processes. Essentially the technique of television production has been 
adopted. For example, a number of cameras may be trained on the 
actors and set. The entire production may be run through without 
pause and recorded by each of the cameras. The resulting pictures 
may be cut, edited, and assembled quite readily, thus producing the 
final picture at a minor fraction of the cost which would result from 
the older methods. 

It is rather startling that the new art of television should so soon 
have influenced the old and established art of the motion picture. It 
appears increasingly likely that motion picture techniques will be 
profoundly modified as the result of television methods and competi- 
tion. While present -day film productions of this kind do not equal in 
quality the more elaborate motion picture productions, they are 
effective and entertaining, and serve the television audience satis- 
factorily. 

The kinescope recording of an actual television performance, pre- 
viously described, is another example of the attempt to cut costs. 
There is an obvious saving if a kinescope recording is made of a live - 
talent production on the East Coast for film syndication on the West 
Coast, or vice versa. As a matter of fact, the repetition of a program 
may sometimes be acceptable in the original area in which it was given, 
particularly since the television audience is increasing so rapidly that 
a repeat performance may play to a large group which has not pre- 
viously seen it. The process is unusually simple and economic, and it 
has found wide favor. However, because the picture quality resulting 
is marginal, or even quite poor at times, it is not as yet certain whether 
kinescope recordings will be more than an interim method of providing 
film for television purposes. 

That the high costs of television production, as compared to radio, 
have focused attention on methods which would markedly reduce costs 
is only natural when it is considered that live -talent performances 
range in production cost from $20 or $30 to over $100 per minute. 

There is as yet no definite indication of the relative acceptability 
of live and film performances on television. An original film program 
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(not a kinescope recording) generally costs more than a straight live 
show. On the other hand, since the film is made previous to transmis- 
sion, there is no question as to its quality, no danger of the actors' 
forgetting their lines or action, and no possibility that the program 
will run either too short or too long. The stable and certain quality 
of a film program, as well as the ease of repeating it, are the major 
advantages which must be weighed against the actual cost of filming. 

Legal Aspects 
As might be anticipated, an attractive field like television, which 

is much in the public gaze, has not failed to draw the attention of 
legislators and the legal fraternity. It is beyond the scope of this 
analysis to consider all the various legal aspects of television pro- 
gramming at this time. However, it may be mentioned that it is often 
a difficult matter to secure copyright clearance for a television pro - 
duction-e.g., a drama. The difficulty is usually even greater when a 

musical comedy is involved and domestic or foreign musical rights 
must be secured. 

Also of note is the fact that the Maryland Court of Appeals held 
that the owner of the broadcasting rights for a given event does not 
thereby secure the television rights, on the ground that television is 
a separate and distinct medium. 

Again, in an extremely important case, decided by the United 
States District Court for Eastern Pennsylvania, it was held that the 
Pennsylvania State Board of Review, which censors motion picture 
films, does not have a similar right in relation to films displayed over 
television. That is, television films are not subject to censorship prior 
to their transmission. The Court held that television was interstate 
commerce and that it was regulated by Congress. 

Further, television falls within the provisions of freedom of the 
press as guaranteed by the First and Fourteenth Amendments to the 
Constitution. The television program, as now developed, resembles 
radio and the newspapers in that it is an "organ of public opinion." 

Worthy of mention, not only for its bearing on legal matters but 
also for what it adds to the indications that the motion picture and 
television industries may ultimately reach a better understanding, is 
the fact that the Motion Picture Association and the National Asso- 
ciation of Broadcasters have arranged to cooperate in fields of mutual 
interest to the motion picture, radio, and television industries. They 
plan to appoint representatives who will draw up protective and cooper- 
ative proposals where joint action appears desirable. 
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Commercial Announcements 
Television in the United States, like radio, receives its financial 

support from the advertising sponsor. Accordingly those programs 
which are not given as sustaining material by the network or indi- 
vidual station are sponsored by some industrial or service organization. 
Commercial announcements or advertising material of course appear 
at strategic points in the entertainment program. 

Television advertising in general consists of sight, motion, and 
related sound. With the exception of motion picture advertising in 
the theater -which is rarely used and does not reach individuals in 
the home -no other medium has so powerful an impact on the senses 
of man. Television lacks only a permanent record in the home, such 
as may be presented by printed media. However, by frequent repeti- 
tion, television commercials can produce a substantially continuous 
effect upon the audience. No authoritative data are generally available 
concerning the relative impact and persuasiveness of television as 
compared, for example, with radio, but it is certain that television is 
far more effective (estimates range from twice to ten times as 
effective) . 

Television advertising may be produced in a number of ways. 
With live talent, merchandise may be both attractively shown and 
demonstrated. Wearing apparel can be modeled. Anything from auto- 
mobiles to cooking utensils can be shown in actual use under selected 
and favorable conditions. Film commercials are extremely popular and 
have shown great versatility. In addition to showing and demonstrat- 
ing merchandise, film affords the opportunity to present animations, 
cartoons tied in with the product or its uses, and attractive repetitions 
of the brand name in either static or dynamic form. Numerous film 
commercials blend live sequences with animations, thus gaining the 
advantages of both methods of presentation. 

On the whole, the use of film for commercials has been preferred 
by the more demanding advertisers. The timing is precise. There is 
no chance that a demonstration may fail or be less effective than 
desired. Reality and the whimsical or fantastic may be blended in any 
desired proportion for certain psychological effects. And, through 
trick photography, it is of course possible to present sequences which 
could not actually occur but which are entertaining, amusing, and sales - 
promotional. 

Television broadcasters tend to restrict the amount of commercial 
time in a program to a certain percentage of the total running time. 
The permissible percentage varies inversely with the length of the 
program, being greater for short programs and vice versa. In the 
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so- called "spot commercials," running from 15 to 30 seconds, the 
entire material is commercial. 

Certain problems have already arisen in connection with the 
limitation of the percentage of commercial time on a program. Spon- 

sors tend to try to introduce their name or product in the running 
dialogue. Or the name of the product or its maker may appear on 

backdrops, stage curtains, signboards, or the like. In extreme cases, 
an entertainment program may show commercial mentions of this type 
during practically its entire length even though the specifically com- 
mercial dialogue may be rigidly limited. 

There are as yet no generally accepted procedural standards on 

these matters, although it is likely that, in due course, the percentage 
of advertising in a given program will be controlled at the point of 
maximum psychological response -which is probably achieved when 
commercial mention is restricted to a modest fraction of the program 
time. 

RECEIVERS AND RECEPTION 

At the present time, television utilizes 12 channels, each 6 mega- 
cycles wide, in the general region of 50 -200 megacycles. These are 
in the so- called very- high- frequency (vhf.) band. Practically all tele- 
vision receivers are arranged to select any one of these channels by a 

switch or push- button control. 

Types of Receivers 

The most common fixed receivers are the table models. In these 
the picture is produced on a tube screen having in general a diameter 
of between 10 inches and 19 inches. The actual picture size depends 
on the shape of the picture, which may vary from rectangular with 
curved corners (as on the motion picture screen) to completely circular. 
The general preference is for pictures of the rectangular type, although 
competitive considerations have led many manufacturers to produce 
pictures having hybrid shapes with curiously curved sides. The stand- 
ard picture has an aspect ratio (ratio of width to height) of 4 -to -3. 

Table receivers may have plastic, metal, or wooden cabinets. They 
fall in the general price range of $150 to $350. 

Console receivers are complete furniture units provided with legs 
permitting the receiver to be placed in any part of the room without 
additional support. Most of them use picture tubes having diameters 
between 10 inches and 19 inches with some even larger sizes now in 
use, the picture being directly viewed on the tube screen. Many con- 
sole receivers also include radio reception (AM and FM) and one or 
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more phonographs (permitting the use of existing 78, 45, and 33 
revolutions -per- minute records). Such consoles cost from $50 to $150 
more than the corresponding table receivers, as a general rule. 

Another type of console model, producing the largest home pictures, 
is the projection receiver. In this kind of receiver the viewing screen 
is not within a tube. Rather, high -voltage electron beams are used to 
"paint the picture," very brilliantly, on the screen of a small tube 
(between 2 inches and 5 inches in diameter), and an efficient optical 
system then projects an enlarged image of that picture onto the view- 
ing screen. Popular sizes of projected pictures are 12 x 16 inches, and 
15 x 20 inches. Projection receivers in general fall in the $600 to $900 
range. 

A less usual but interesting type of television receiver is the 
portable model. Such receivers are not portable in the sense that they 
are independent of any power source or operate on self- contained 
batteries. They require a connection to the usual home power supply 
but can be carried from point to point quite readily. The pictures are 
produced, in general, on tubes having a diameter of between 7 inches 
and 10 inches. 

A preferred viewing distance for most pictures is from 4 to 8 
times picture height. It has been agreed by skilled oculists that tele- 
vision viewing under any normal conditions does not involve eyestrain. 
Usually the best receiving conditions imply a soft amber light in the 
room, with the lamp not in the field of view of the observers and its 
light not reflected directly by the screen to the eyes of the audience. 
Like other home appliances, television receivers usually have the ap- 
proval of the Underwriters' Laboratory and accordingly present no 
appreciable hazard to the users or to home furnishings. 

A simple though only approximate rule is to the effect that televi- 
sion receivers at present cost between $10 and $20 per inch of width 
of the picture if the direct -vision tube is contained in the set. Naturally 
the larger size pictures require circuits, cabinets, and adjustments 
costing more than those for the smaller sets. 

Television prices have dropped during the last few years, but not 
at a rate equalling that which applied to ordinary radio receivers 
during the first years of mass production. Circuit and manufacturing 
economies have already been introduced into television receivers, and 
the most economical manufacturing methods are in large measure used 
in their construction. It is therefore most unlikely that television 
receivers will drop in price by any major fraction within the next five 
or ten years- assuming that no radical circuit novelties or unforeseen 
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advances in manufacturing methods become available during that 
period. 

Installation and Servicing 

The installation of a television receiver is a more complex matter 
than that of a radio receiver. In a modest percentage of the homes 
lying within the strong -signal area around a television station, it is 
possible to use a small indoor antenna with fair success. This antenna 
may even be self- contained (that is, within the receiver) . Wherever 
signal strength of the desired stations is sufficiently high to permit 
the satisfactory use of such indoor antennas, they are naturally 
preferred. 

In all other regions, where weaker signals or local interference 
exist, it becomes necessary to install a fairly specialized type of outdoor 
antenna on a carefully selected roof location (always assuming that 
the assent of the sometimes reluctant landlord of an apartment building 
can be obtained -and apparently he has the legal right to refuse). The 
outside antenna is connected to the receiving set by a special "trans- 
mission line" which carries the television signals without serious loss. 
Such antenna installations may cost $20 to $50 or more. 

Centralized systems have been developed for apartment houses 
whereby the landlord installs one system of high -grade television 
aerials on the roof, feeds their output to amplifiers, and then sends 
the resulting strong signals over transmission lines to outlets in each 
apartment, where the tenant is required to pay a corresponding rental 
or other charge. Differences of opinion between landlords and tenants 
on the defraying of the initial installation costs of centralized systems 
have limited their acceptance up to the present, but there is a marked 
trend toward their wider use. They have the advantages of enabling 
the tenant to get clean signals anywhere in an apartment building 
without troubling to install and maintain his own aerial. Accordingly, 
architects are designing such installations into a number of new 
apartment buildings. 

Television receivers require some servicing from time to time, 
including the replacement of tubes or, occasionally, of certain circuit 
elements. As a general rule, servicing agreements, limited in scope, 
are acceptable to the set owners. 

Some manufacturers and dealers offer service for stated periods of 
time and for a given fee to the purchasers of their sets. Independent 
servicing organizations will either charge on a per -call basis or, in 
some instances, guarantee service over a given period for a fixed fee. 

Television servicing has called for the training of many thousands 
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of competent technicians in this field. While some of these men have 
handled radio servicing in the past, many of them are members of a 
profession newly created by the recent field of television engineering. 

Number of Receivers 
Television receiver production has risen rapidly during the last 

few years. In 1949, companies which were members of the Radio 
Manufacturers Association produced 2,750,000 receivers, most of them 
table models. The average tube diameter was approximately 12.5 
inches and the trend toward larger tube sizes is accelerating. It is 
estimated that as of January 1, 1950, there were over 3,900,000 tele- 
vision receiver installations in the United States, only a small per- 
centage of which were in public places. 

There has been a marked correspondence between the population 
of individual cities and the number of television receivers installed in 
each city. Television stations have naturally been established in major 
centers of population. The establishment of the stations has stimulated 
the growth of the television audience. Thus, New York City has over 
one quarter of the total number of receivers in the United States. 

In estimating the ownership of television receivers for the future, 
it is assumed that present trends will continue and that regulatory 
restrictions will not unduly reduce television receiver manufacture 
and acceptance. The following list indicates the cumulative number 
of television receivers in use on January 1 of the years indicated 
(obviously the figures for future years represent roughly approximate 
estimates)*: 

1948 186,000 
1949 1,000,000 
1950 3,900,000 
1951 9,500,000 
1952 16,000,000 
1953 22,500,000 
1954 30,000,000 

Part II- BROADCASTING 
In this section, the history and development of television will be 

briefly outlined ; certain pertinent industry statistics will be presented, 
including number and location of stations, network financial data, and 
advertising expenditures and costs ; and regulatory trends having a 
bearing on the commercial use of television in the future will be 
discussed. 

* This can only assume no curtailment of production due to defense 
orders. 
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HISTORICAL OUTLINE 

Television was originally based on mechanical methods. There was 
a wide variety of these, most of which are today obsolete or obsolescent. 
To take a few highlights, a German inventor, Nipkow, in the latter 
portion of the nineteenth century invented the basic idea of point -and- 
line scanning of television images at the transmitter and receiver, and 
produced a systematically perforated scanning disc enabling these 
methods to be carried out. Later the British Scophony Corporation 
engineers developed an optico -mechanical system of considerable in- 
genuity; and still later a group of Swiss engineers and scientists 
produced the Eidophore system which is partly mechanical but largely 
electronic in nature, and which uses certain advanced optical effects 
to produce large and bright images. 

Up to the present time, no system containing mechanical elements 
has been able to compete successfully on a commercial basis with the 
purely electronic systems using a cathode -ray tube in one form or 
another for camera pickup and for picture reproduction. 

The electronic methods were developed around the cathode -ray 
tube of a German scientist, Ferdinand Braun. Later, Professor Boris 
von Rosing, a Russian scientist, developed means for controlling the 
electron beam in Braun's cathode -ray tube. A British scientist, Camp- 
bell- Swinton, proposed an electronic camera tube, based on electrical 
storage of a luminous image. However, his contribution remained in 
the idea stage until V. K. Zworykin, a former student of von Rosing, 
developed the first successful electronic camera tube -the iconoscope- 
in a brilliant series of researches carried out in America. 

Another American scientist, Philo Farnsworth, invented an inge- 
nious form of nonstorage camera tube known as the "dissector tube." 
The present -day kinescope or picture tube is the product of the work 
of many capable inventors, some of whom were mentioned in the 
preceding list. 

Recent Developments 
More recently, a large number of new camera tubes have been 

produced. Most of these have higher sensitivity than the iconoscope 
and are free from certain other operational limitations of that tube. 
Among the newer and more useful camera tubes are the so- called 
orthicon, image orthicon (RCA), emitron (Electrical & Musical Instru- 
ments, Ltd.), image iconoscope, vidicon (RCA), and so on. Actually, 
modern camera tubes enable satisfactory pictures to be picked up when 
the lighting is so dim that the event -for example, a tennis match - 
can no longer be satisfactorily watched by the audience or for that 
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matter, carried on by the contestants! Yet the production of an ex- 
tremely sensitive camera tube, capable of giving the highest definition 
in the image, is still under engineering development. 

The picture tubes, used in the receivers, are also under intensive 
development. Recently glass in some of these tubes has been largely 
replaced by metal. Tubes with rectangular ends have been built and 
are being commercially introduced. The glass end or screen -carrying 
portion of the tube is sometimes made of a gray color, to reduce glare 
and to produce a more acceptable image. There is a steady trend 
toward increasing the size of picture tubes and reducing their unit 
costs, largely as a result of advanced mechanical, chemical, metallurgi- 
cal, and production methods. 

A multitude of television engineers and organizations have been 
active in all this work. The development of a practical television 
system, capable of commercialization, and the initiation of the opera- 
tion of such a system may be properly ascribed in this country to the 
Radio Corporation of America and its affiliate NBC. 

NUMBER AND LOCATION OF STATIONS 

As of January 1, 1950, the Federal Communications Commission 
reported that there were in operation 2,047 standard radio stations, 
734 FM radio stations, and 98 television stations. The television 
stations were in operation in 57 market areas. There were also 14 
television station construction permits outstanding, and there were 
351 television station applications pending.* 

Of course, the pending applications are receiving no present atten- 
tion in view of the "freeze" on television- station licensing, to be 
discussed in further detail below. But the very number of them 
indicates that if any plan for licensing of stations in the ultra -high- 
frequency bands is carried out according to proposals recently made 
by the FCC, there may be literally thousands of television stations in 
the United States within the next decade (assuming that economic 
considerations do not prevent the establishment and operation of so 
great a number of stations). 

The ownership of television stations is not unlike that of radio 
stations except that the newspapers are playing a more important part 
in television broadcasting than they did in radio broadcasting. It may 
be that the newspaper managements have decided that it was a mistake 
for the newspapers to oppose broadcasting initially and that in the 

* As of August 1, 1950, there were 106 television stations on-the-air, 
3 construction permits outstanding and 351 applications pending. 
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case of television it is preferable for them to establish a strong position 
in that field from the very beginning. 

Audience 

In Exhibit I is shown the distribution of television receivers as 
of August 1, 1950. This table accordingly gives a general indication 
of the present distribution of the television audience and of its 
advertising possibilities. A more definitive estimate of television 
receivers in the United States will probably be available after the 
tabulation of the 1950 Census, in the course of which a substantial 
portion of the population were questioned as to their ownership of 
television receivers. 

The United States has four operating television networks (the 
American Broadcasting Company, Columbia Broadcasting System, the 
DuMont Television Network, and the National Broadcasting Company) 
and one planned television network (the Mutual Broadcasting System). 
Data on these networks are shown in Exhibit II. (All material in 
Exhibits II, IV, and V is presented exactly as received through the 
courtesy of the corresponding networks.) 

In Foreign Countries 
In comparison with the United States, television station establish- 

ment and receiver ownership have lagged in other countries. Thus, 
England has only two television stations in operation, and the situa- 
tions in France and Russia are similar. So far as is known, no foreign 
television network exists except the connection between the two British 
television stations. 

Canada plans television broadcasting stations but has none at this 
time. In Canada there is a system of partly private and partly govern- 
mental radio broadcasting. The Canadian Broadcasting Commission 
carries out the governmental broadcasting and also acts as a regulatory 
authority over the private broadcasters. There are marked differences 
of opinion in that country as to whether or not television broadcasting 
should be handled by the government (as it is in the other foreign 
countries here mentioned). 

OPERATING AND RELATED COSTS 

The establishment of a television station is a substantial project. 
Space is required for studios, control rooms, storage of sets and 
properties, dressing rooms, cameras, microphone rooms, film projector 
rooms, and the actual transmitter. In addition, there must be space 
for executive and sales staff, program workers, and the like. This 
incomplete list indicates why the first cost (equipment, building or 
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building modification, and installation) may run from $100,000 to 
$600,000, averaging not far from $300,000. In the case of a major 
network requiring elaborate studio facilities and special switching 
apparatus, expenditures running into the millions of dollars may be 
involved. 

Exhibit 1- The Television Audience (As of August 1, 1950) 

INTERCONNECTED CITIES 

Area 
Number of 
Stations 

Number of 
Families 

Number of 
Sets 

Baltimore 3 732,000* 192,000 
Boston 2 1,175,000* 447,000 
Buffalo 1 323,000* 109,000 
Chicago 4 1,438,000 555,000 
Cincinnati 3 384,000* 143,000 
Cleveland 3 695,000 260,000 
Columbus 3 225,000* 78,000 
Dayton 2 291,000* 76,000 
Detroit 3 839,000* 282,000 
Erie 1 112,000* 26,500 
Grand Rapids 1 182,000* 30,000 

Johnstown 1 250,000* 26,500 
Kalamazoo 1 143,000* 13,100 
Lancaster 1 85,000* 54,400 
Lansing 1 168,000* 13,500 
Memphis 1 177,000 44,300 
Milwaukee 1 327,000 129,000 
New Haven 1 557,000 90,300 
New York 7 3,597,000* 1,475,000 
Norfolk 1 196,000 23,000 
Philadelphia 3 1,184,000* 540,000 
Pittsburgh 1 742,000* 122,000 
Providence 1 1,011,000* 71,800 
Richmond 1 130,000* 38,900 
Rochester 1 208,000* 45,900 
Schenectady 1 258,000* 90,500 
St. Louis 1 474,000 153,000 
Syracuse 2 199,000* 56,200 
Toledo 1 241,000* 50,000 
Utica 1 127,000* 19,800 
Washington 4 691,000* 150,000 
Wilmington 1 183,000* 38,100 

Total Interconnected 59 5,443,800 
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Exhibit I (Continued) 

NON- INTERCONNECTED CITIES 

Number of Number of Number of 
Area Stations Families Sets 

Albuquerque 1 22,000 4,000 
Ames (Des Moines) 1 126,000 12,300 
Atlanta 2 233,000 52,300 
Binghamton 1 131,000* 18,700 
Birmingham 2 196,000 15,100 
Bloomington 1 104,000* 7,500 
Charlotte 1 171,000 19,206 

Dallas 2 277,000* 36,400 
Fort Worth 1 269,000* 29,200 

Davenport -Rock Island 2 133,000 16,200 
Greensboro 1 165,000 15,500 
Houston 1 217,000 32,200 
Huntington 1 132,000 16,000 
Indianapolis 1 281,000* 60,000 
Jacksonville 1 94,000 11,700 
Kansas City 1 275,000 42,100 
Los Angeles 7 1,372,000 595,000 
Louisville 2 188,000 39,200 
Miami 1 117,000 31,400 
Minneapolis -St. Paul 2 333,000 105,000 
New Orleans 1 225,000 30,800 
Oklahoma City 1 138,000 36,900 
Omaha 2 132,000 25,800 
Phoenix 1 49,000 14,800 
Salt Lake City 2 93,000 21,100 
San Antonio 2 130,000 22,200 
San Diego 1 113,000 47,600 
San Francisco 3 825,000 74,800 
Seattle 1 307,000 33,100 
Tulsa 1 125,000 32,100 

Total Non - 
Interconnected 47 1,498,200 

Total Interconnected and 
Non -Interconnected 106 6,492,000 

* Family figures are based on estimates of 1948 population. Note that 
following coverages (hence total families) overlap: Bloomington- Indian- 
apolis; Grand Rapids -Lansing- Kalamazoo; Detroit -Lansing; Detroit -Toledo; 
Syracuse- Rochester -Utica -Binghamton; Binghamton- Utica; Philadelphia - 
Wilmington; Rochester -Syracuse- Schenectady- Utica; Pittsburgh- Johns- 
town; New York -Philadelphia; Boston -Providence; Buffalo -Rochester; Cin- 
cinnati- Columbus -Dayton; Washington -Baltimore; Lancaster -Baltimore; 
Dallas -Fort Worth. 
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Exhibit II- Television 
(As of 

Number of Owned and Operated 
Stations 

Number of Primary Affiliated Sta- 
tions 

Number of Secondary Affiliated 
Stations 

Average Number of Stations on 
Network Programs 

AND 

December 

ABC 

16 
(night) 

10 
(day) 

APPLICATIONS 

Network Stations 
1, 1949) 

CBS DTN 

5 1 3 

25e 1 

43b >' 52a 
300 I 

20 15 

MBS 

5a 

e 

369 

NBC 

5 

31 

17 

29f 

a Stations owned by stockholders of MBS. 
b No distinction made between primary and secondary affiliated sta- 

tions; data as of December 12, 1949. 
As of December 15, 1949. 

d No primary and secondary affiliation classification. All affiliated 
stations operate under multiple affiliation with 4 major networks; 26 
stations (including 3 owned stations) interconnected; 26 noninterconnected. 

e Because of the FCC "freeze" which is currently limiting the number 
of network affiliates available in most of the markets of the country, MBS 
has not as yet contracted for regular connection among its stockholder 
stations in the East and other stations available for affiliation. It does not 
now plan to do so at any specific time in the future. However, it is expected 
that as and when new stations are getting on the air and affiliations become 
available, MBS will undertake television networking. 

Per sponsored program. 
Source: Figures supplied by the networks. 

The actual operation of a major station is also a serious project. 
Excluding program costs, staff and maintenance may run from $10,000 
to $50,000 per month, averaging in the neighborhood of $200,000 per 
year. Operating costs depend on the number of hours of operation 
per day and days per week. Beyond a five -day (or six -day) week, 
and beyond a seven -hour (or eight -hour) per day operation, a second 
shift is usually required with a corresponding increase in operating 
costs. 

Program Costs 
Program costs are also considerable in television. The operating 

staff is larger and, in some respects, even more specialized and skilled 
than in the case of standard radio broadcasting. Elaborate facilities 
are needed and utilized. It must be remembered that television live - 
talent production is an art intermediate between standard radio and 
feature -film production as practiced in the major studios. It is natu- 
rally desirable to approximate good film quality as closely as possible 
in a dramatic production. On the other hand, the economic limitations 
of television prevent expenditures on the Hollywood scale. 
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With all reasonable care, and with the establishment of modest 
standards of quality, it is still evident that television production is a 
costly art. The planning, assembly, and installation of sets are in- 
volved. Lighting must be properly worked out, and the lights must 
be skillfully and rapidly handled. Capable camera men and experienced 
microphone -boom men are of course needed. The actors must be 
rehearsed for their parts until they are as nearly letter perfect as 
possible. All camera positions must be planned in advance. 

Also, the script is more elaborate than in radio, involving as it 
does visible action as well as speech (or music). The producers, di- 
rectors, and writers must have excellent judgment and considerable 
talent; further, the producers and directors must be especially agile 
mentally, capable of making correct decisions on a moment's notice 
and even under emergency conditions. All this means high salaries. 

The television transmitter is a more costly and complex affair 
than standard radio transmitters, and it requires careful and continu- 
ous monitoring. (The estimated total sales of television transmitting 
equipment during 1949 were about $7 million. Upon resumption of 
normal conditions in television broadcasting, subsequent to the lifting 
of the "freeze" by the Federal Communications Commission, the esti- 
mated annual transmitter sales would be $25 million.) 

These and numerous other factors place a floor beneath the cost of 
television productions. As for a ceiling, this is limited only by the 
ambitions and financial capabilities of the sponsor. 

In addition to their normal operating costs, stations must assume 
the burden of the sustaining program costs - that is, the cost of 
those programs which are transmitted by the station to ensure con- 
tinuity of service but which do not have commercial sponsorship. 

The less expensive types of programs are given by commentators, 
by amateurs, or by sections of the public participating, for example, 
in a quiz. In such performances the cost of both actors and sets is at 
a minimum and may be less than $10 per minute. By contrast, more 
elaborate live -talent performances (for example, dramatic programs 
or variety shows) may range from $200 to $700 per minute. Thus one - 
hour live -talent programs of a quality suitable for a major network 
will have a production cost, not including the network time, of from 
$10,000 to $30,000. Special one -hour films may run as high as $300 
per minute, and original -film productions of some pretentions fre- 
quently fall within the $150 to $250 per minute range. 

Program costs tend to rise with the increasing discrimination on 
the part of the television audience and under the stress of competitive 
conditions. On the other hand, the appeal of the better television 
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programs seems to be steadily increasing. Such programs require 
careful and repeated rehearsal. Many stations and some networks 
limit or eliminate charges for normal amounts of rehearsal time. 

Impact of Unions 

As television expands, it is natural that the labor groups involved 

in its operations are becoming more interested in conditions of work 

and payments to their members, and that they also are tending to 

expand their claimed jurisdiction. As a result, there have been numer- 
ous disputes between unions and broadcasters, and also between one 

union and another. The types of workers in television are numerous, 
and the scope of their individual activities is not clearly defined. 

To give some idea of the situation, there follows a list of some of the 
unions (AFL, CIO, and Independent) which are interested in televi- 
sion operations: 

International Alliance of Theatrical Stage Employees, covering partic- 
ularly projectionists and stage hands 

National Association of Broadcast Engineers and Technicians 

International Brotherhood of Electrical Workers 

American Federation of Radio Artists 
American Guild of Variety Artists 
Association Actors and Artists of America 

Actors Equity 
Screen Actors Guild 

Screen Extras Guild 

United Scenic Artists 
United Electrical, Radio, and Machine Workers (recently disaffiliated 

from the CIO) 

International Union of Electrical, Radio, and Machine Workers (re- 
cently formed by CIO) 

Radio Directors Guild 

Radio Writers Guild 

American Society of Composers, Authors, and Publishers (not strictly 
a union but an association of the corresponding groups) 

Radio and Television Directors Guild 

Communications Workers of America 

The complete definition of jurisdiction among all the preceding, 
so far as television is concerned, is likely to require considerable 
debate and time. 
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ADVERTISING COSTS AND EXPENDITURES 

The costs involved in a television presentation, from the point of 
view of the sponsor, include payments for the program and also pay- 
ments for the station or network time. Program costs have already 
been broadly considered. 

Time Costs 
Station time costs per minute depend upon the length of the pro- 

gram. Exhibit III indicates the increasing cost per minute of the 
shorter programs. Exhibit IV presents certain network time -rate data. 

Exhibit III -Cost of Shorter Programs 
Length of 
Program 

(In Minutes) 

Applicable Rate 
As Percentage of 

One -Hour Rate 

Cost per Minute 
as Ratio of Cost 

at One -Hour Rate 
60 100% 1.00 

40 80 1.20 

30 60 1.20 

20 50 1.50 

15 40 1.60 

10 35 2.10 

5 25 3.00 

Source: Based in part on material in Television, Vol. VI, No. 11 
(November 1949), p. 26. 

Discounts are offered by stations according to the amount of pro- 
gram time purchased as a unit, the combination of television and 
standard radio or FM broadcasting, the extent to which successive 
weeks are used, or some combination of these factors. The following 
are typical schedules of discounts based on number of programs: 

Schedule A - 26 programs, discount 5 per cent; 52 programs, dis- 
count 10 per cent; and 104 programs, discount 15 per cent. 

Schedule B -13 programs, discount 5 percent; 26 programs, dis- 
count 10 per cent; 52 programs, discount 15 per cent; and 104 pro- 
grams, discount 20 per cent. 

Appraisal of Results 
The purchasing power of the individuals residing within the areas 

covered by television represents a growing percentage of the total 
national income. As pointed out by the writer in a discussion before 
the Association of National Advertisers, assuming a national income 
of $171 billion, the net effective buying income of persons within the 
television coverage areas on January 1, 1949, was 50.1 per cent of the 
total national income. It was estimated that for January 1, 1950, 
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the percentage would rise to 63.2 per cent; and for January 1, 1951, 
to 67.2 per cent. 

In view of the rapid increase of the television audience and the 
resulting changes in the service rendered to it and in its viewing 
habits, it is difficult at this time to estimate the cost of television 
programs per viewer or per family group. Such data as have been 
assembled indicate, however, a favorably low value of cost per indi- 
vidual reached in comparison with other media, particularly in the 
light of the admittedly powerful sales impact of television commercials. 

As a result, the number of advertisers using television increased 
from about 400 in October 1948 to almost 1,900 in October 1949, a 
gain considerably over 300 per cent. This trend is further indicated 
in a survey carried out by the trade journal Broadcasting in late 
November 1949 among a sample group of executives of advertising 
agencies. They were asked to indicate whether they were going to 
use specific media more, less, or to the same extent. Results were as 
follows : 

Those planning to spend more on television came to 70.8 per cent 
of the total ; those planning to spend more on newspapers, 52.9 per 
cent; on magazines, 35.7 per cent; on radio broadcasting, 30.6 per cent; 
and on direct mail and billboards, about 27 per cent. 

Those planning to make no change in magazine advertising were 
57.2 per cent of the total; in direct mail and billboards, about 46 per 
cent; in newspapers, 38.3 per cent; in radio, 30.6 per cent; and in 
television, 25 per cent. 

Those planning to spend less on radio advertising were 38.8 per 
cent of the total on direct mail and billboards, about 27 per cent; on 
magazines, 7.1 per cent; and on television, only 4.2 per cent. 

There was obviously a marked preponderance of intention to con- 
centrate on television advertising. It was accordingly estimated that 
total television time sales in 1949 would be approximately $30 million 
as compared to about $10 million for the corresponding expenditures 
in 1948. Network advertising data are presented in Exhibit V. 

Reduction of Costs 
So far as the selection of an appropriate program for the adver- 

tisers is concerned, it should be noted that for the advertiser's purposes 
the costs of various types of programs roughly parallel their popu- 
larity -a factor which must be taken into account. So far as public 
preferences are concerned, these are roughly in the following order: 
variety shows, comedies, give -away programs (offering prizes of 
merchandise or cash), dramas, sports events, and Westerns. There 
seems little difference in the audience preferences as among the 
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various cities served by television with the exception that sports 
events seem relatively more popular in newly opened television districts 
and in the western cities. 

A number of methods have been suggested or adopted for reducing 
the cost of television advertising to the sponsor. One obvious method 
is multiple sponsorship of a given program, whereby the commercial 
announcements are divided between two or more organizations. The 
order of presentation of the commercials may be systematically 
changed so that each participating sponsor secures the presumably 
favorable position in turn. Similarly, a given program may be spon- 
sored by one organization in a certain portion of the network but by 
another organization elsewhere. 

Further, it has been found that weekly programs are costly and, 
if they involve the element of originality, lead to considerable strain 
on the writers and directors. Accordingly presentations every second, 
third, or fourth week have been suggested as an economy. Again, 
programs presented on a physical network may be recorded (e.g., by 
kinescope recording). The films can then be used on stations not 
connected to the network; and, further, the same program may be 
used for radio and television broadcasting. In such ways the original 
program can be more fully utilized. 

Certain economies through the use of advanced electronic or 
optical techniques also seem possible. Thus, background views or 
scenes may be introduced into the television picture by either optical 
methods (background projection) or electronic methods (electronic 
insertion of backgrounds). Prerecorded sound may be used to cue the 
actors, thus reducing the rehearsal needs. It seems likely that, as 
television develops, numerous economies along such lines will be 
increasingly used and will be found to be effective. 

REGULATORY ASPECTS 

In the United States, the initial allocation of channels for radio 
communication, as between governmental and civilian uses, falls 
within the scope of the Interdepartmental Radio Advisory Committee 
(IRAC), a group containing representatives of all government de- 
partments utilizing radio and also a representaive of the Federal 
Communications Commissions (FCC). IRAC receives all requests 
for channels allegedly needed by government divisions. Only after 
these have been assigned are the remaining channels available for 
civilian allocation by the FCC. This bipartite allocation system is 
not generally understood by the public. 
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The FCC determines which of the available channels may be used 
for specific civilian purposes, rules of good engineering practice for 
the use of such channels, and such other regulatory provisions as are 
deemed advisable in the "public interest, convenience, and necessity." 
In the broadcasting realm, it seems to be the established policy of the 
FCC to encourage a "truly nationwide and competitive service" in 
each instance. 

One school of thought maintains that the FCC should extend its 
control of all radio operations into program structure, operating 
practices, business affiliations and procedures, and the like. Another 
school believes that the FCC should concentrate primarily on the tech- 
nical rather than the political and social aspects of radio operations. 
Generally speaking, the trend of the FCC has been in the former 
direction during the last decade or more. 

Certain television standards have been adopted in the United 
States, notably one requiring pictures to have 525 lines and to present 
30 frames per second, with the sound portion of the program sent by 
FM. In England a 405 -line picture with 25 frames per second is 
standard, with amplitude modulation of the sound. France, Canada, 
and Mexico cannot be said to have adopted final television standards. 
However, the French proposals are interesting. They call for 441 -line 
pictures at present, with the later introduction and wider usage of a 
high- definition 819 -line picture. The audience need and the economic 
justification for such high -fidelity pictures at present are not widely 
accepted. 

Allocation of Channels 
As indicated, only 12 very- high- frequency (vhf.) channels - lying 

approximately between 50 and 250 megacycles - are available for 
American television today. It is proposed to add 20 or more ultra- 
high- frequency (uhf.) channels in the broader and as yet commercially 
unused range of 500 to 900 megacycles. However, expansion of tele- 
vision stations to an ultimate number of perhaps several thousand, 
which conceivably might thus be made possible, would have to await 
the solution of some very real technical and economic problems. 

At present, allocation procedures involve the following steps: assign- 
ment of a broad band of frequencies to a given service; assignment of 
channels within that band to individual cities (or towns and even 
villages!) ; and assignment of each city's channels among individual 
applicants. 

Since each of these steps is plentifully sprinkled with lengthy 
hearings, the total time elapsing between initial consideration of a 
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new service by the FCC and the actual establishment and operation 
of individual stations giving that service may be several years. The 
purpose of the procedures is of course a democratic one. It is desired 
that all shall have an opportunity to express their views prior to the 
rendering of an official decision. In this instance, as in others involv- 
ing democratic procedures and the ascertaining of public opinion, 
efficiency and speed of operation are rarely attainable. 

The FCC has received advice, sometimes in response to its own 
questions, from a large number of committees and boards. Such ad- 
visory groups in the past have included the old National Television 
System Committee (an effective industrial committee), and the old 
Radio Technical Planning Board (a widely representative group). The 
recently organized Joint Technical Advisory Committee (established 
by the Institute of Radio Engineers and the Radio Manufacturers 
Association at the request of the FCC and hitherto not a major factor 
in FCC decisions), the Radio Manufacturers Association Television 
Committee and an ad hoc committee have reported to the Commission 
on recent problems. A committee of the National Bureau of Standards 
has also recently rendered a report to Congress. A revival of the 
National Television System Committee is now studying the overall 
television situation. 

POSSIBLE EXTENSIONS OF SERVICE 

In describing several extensions or modifications of television 
service and equipment, it is difficult to present a judicial and in- 
structive picture; for in certain of these trends there is a confusing 
intermingling of economic, political, and technical factors. 

Ultra -High Frequency 
One obvious trend at present is toward ultra- high- frequency tele- 

vision. It is already known that the propagation of the uhf. waves 
is more difficult and erratic than on the present very high frequencies. 
Further, the equipment for uhf. operation is not as yet available, and 
it is not certain when acceptable prototype equipment of commercial 
acceptability will be available. 

There are some who have gone so far as to question the practica- 
bility of an individual uhf. television station serving any reasonably 
large area. For this reason, one qualified engineer has proposed 
"polycasting " -a system wherein a number of low -power uhf. stations 
are established around the periphery of a market area at strategic 
points, all these stations broadcasting the same program. 

There is little doubt that an extension of television service into 
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vhf. channels between 200 and 400 megacycles would be technically 
and economically superior to an extension into the uhf. channels. 
Better service could be rendered by simpler and less costly equipment. 
These additional vhf. channels, however, are now assigned to govern- 
ment departments and are therefore believed by some to be probably 
unavailable for television broadcasting. 

If uhf. television is established, there probably will be required new 
receivers capable of reproducing the uhf. programs ; new receivers 
capable of handling both vhf. and uhf. programs ; and "adapters" which 
will permit the owner of a present vhf. receiver also to receive any de- 
sired uhf. transmission. The economic and technical feasibility of these 
various types of equipment are under intensive study in a new, experi- 
mental uhf. station established in Bridgeport, Connecticut, by the 
National Broadcasting Company. It is too early to form definite 
opinions upon the practicability of any or all of such equipment. 
Broadly, it is believed that a uhf. service of reasonable scope could be 
established over a period of years, although the fact remains that 
extension of the vhf. band (if the government were to relinquish the 
corresponding channels for that purpose) might provide superior and 
more economical service. 

It is believed by some that vigorously expressed Congressional 
opinion has influenced the FCC in its hearings and studies of possible 
uhf. operations. Such opinion is well represented by a statement 
addressed to Chairman Wayne Coy of the FCC by Senator Edwin C. 
Johnson (Democrat, Colorado) in November 1949, as follows: 

On the use of the uhf : "I hope, too, that the Commission will 
approve at the same time standards for the immediate commercial 
utilization of a large number of channels in the ultra- high -frequency 
band so that a realistic nationwide competitive system of television 
may be developed ... [and] that the Commission's final allocation in 
both bands will take into consideration the problems both of set owners 
and television licensees and not provide a hodge -podge for each city 
which may have to be revamped again in a few years." 

On the existing freeze: ". . . When the proposed forty -two uhf. 
channels are allocated on a city by city basis throughout the nation 
and standards for their use promulgated there will remain no reason 
for continuing the present freeze on vhf. licensing and, of course, it 
should then be lifted. The sooner that is done the better. But until 
a decision is made by the Commission on utilization and allocation of 
the ultra- high- frequencies, it would be shortsighted to lift the freeze 
on vhf. licensing. Easily identified selfish interests are laboring day 
and night to lift the freeze now and nothing more. To lift the freeze 
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without a definite plan for the allocation and use of uhf. channels would 
be both a scientific and economic absurdity." 

Actually vhf. television is here; vhf. extension is logical; uhf. 
extensions may prove costly, inefficient, and perhaps even makeshift in 
some locations; and there is little or no scientific or economic relation- 
ship between vhf. licensing or "freezing," on the one hand, and any 
other problems or proceedings, on the other hand. 

Coded Transmission 

An entirely different proposal has been made by the president of 
a large radio manufacturing organization, advocating a form of sub- 
scriber television known as "Phonevision." According to this system 
the television programs would be broadcast in such fashion that, when 
received on an ordinary television set, the picture would shift or 
"jiggle" erratically and unpleasantly, thus being unavailable for enter- 
tainment purposes. The owner of the receiver, however, if provided 
with a phonevision adjunct, could secure over telephone lines a special 
decoding or unscrambling signal which, when applied to his receiver, 
would steady the picture and thus restore its entertainment value. 
Otherwise stated, a "denatured" picture would be transmitted, but 
means would be available, for a fee, to restore the picture to its original 
quality. 

The advocates of this system believe that high -quality feature films 
and other important entertainment material could thus be sent into 
the home on a subscription basis. They thus envision a "television 
box office." Others have felt that the proposed system is not in accord 
with the American ideals of open broadcasting (since it would require 
the use of valuable and scarce television channels for a semiprivate 
and paid service), that it would be economically undesirable, and that 
the public response to the system would be insufficient for its main- 
tenance. 

Other systems of coded television transmission, correctly receivable 
in the home only by payment of a fee for some form of decoding 
mechanism or device, have been proposed but are apparently only in 
the idea stage at present. 

COLOR TELEVISION 

Recently, color television has moved toward the center of the stage. 
Color television is based on a curious characteristic of the human eye. 

It seems that practically all colors which the eye can see can be repro- 
duced with reasonable fidelity by means of only three component or 
primary colors. These primary colors are red, green and blue. When 
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all three are produced together on a screen, the eye has the impression 
of white. When they are all absent, the impression, of course, is black. 
If red and green appear together, the eye receives the impression of 
yellow; with green and blue present together, the impression is that 
of green -blue; and with red and blue both present, the impression is 
that of purple. Without going into details, it may be mentioned that 
an astonishingly wide gamut of colors can thus be produced by the 
simple addition, in the correct proportions, of three primary -colored 
lights. 

Color television is, therefore, best accomplished by the use of spe- 
cial fluorescent materials or "phosphors" each of which phosphors 
produces light in only one of the primary colors. If, by some suitable 
means, the red, green and blue phosphors are each excited by electron - 
beam scanning to the right extent, primary -color images may be 
produced. These images, appearing in effect in superposition or 
registry, will then give the impression of a bright picture in full color. 
Thus a new accomplishment of science can be created. 

At the present time, three different systems of color television 
have been demonstrated and proposed to the Federal Communications 
Commission for standardization for commercial service. A field- sequen- 
tial system, with primary colors changing after each scanning field, 
has been offered by the Columbia Broadcasting System. This color 
system is basically the same as that demonstrated by both CBS and 
RCA in 1940 -41. A dot -sequential system, with primary colors chang- 
ing with the scanning of each picture element or dot, has been ad- 
vanced by the Radio Corporation of America. This color system is 
the outgrowth of RCA's work in 1945 -48 with a wide -band simultane- 
ous color system. A line- sequential system, with primary colors 
changing after each scanning line, has been proposed by Color Tele- 
vision, Inc. of San Francisco, California. 

Several other proposals for color systems or variations of systems 
have been made in addition to the three systems referred to above. 
One of these - a variation of the dot -sequential system - has been 
demonstrated by the Hazeltine Laboratories. Other systems include 
one by Dr. DeForest and a frequency -interlaced system recently an- 
nounced by the General Electric Company. In addition, a number of 
other companies are engaged in color television research and develop- 
ment. 

Several fundamental forward steps have been made in the tech- 
nology of color television. One of these is the pulse -multiplex trans- 
mission of the primary -color pictures in the dot -sequential system. 
The received picture is thus made up of vast numbers of suitably- 
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placed primary -color dots with each color present in all fields. Another 
ingenious expedient is the "mixed highs" principle. This method en- 
ables color pictures of full, sharp detail to be sent in normal black -and- 
white television channels. Simply described, it involves sending all 
but the finest detail of the picture in full color, and sending the finest 
detail in black- and -white. The method is effective because the human 
eye sees little color in the finest detail. Accordingly, pictures sent 
using the mixed -highs principle are not distinguishable from those 
sent entirely in full color. 

It became evident some time ago to students of color television 
that this type of broadcasting could be successful only after direct - 
vision color kinescopes became available. There were required methods 
for somehow producing a color picture on the screen of the picture 
tube, or kinescope. Such pictures were required in a form that could 
be viewed directly, in full detail and correct color. The successful 
production, demonstration and use in color receivers of such a color 
kinescope by RCA is the most recent achievement in the field of color 
television and is unquestionably a truly historical accomplishment. A 
number of other organizations are actively engaged in tri -color tube 
research and development and several have indicated that demonstra- 
tions will be made in the not -too -distant future. 

Among the tasks still remaining before the color engineer is the 
production of a single- screen color camera tube. Such a tube, in the 
studio camera, would enable the direct production of the video signal 
corresponding to the color -television picture. The underlying principles 
of such a tube, or its equivalent, are understood, and its production 
is a distinct probability. 

An impartial engineering analysis indicates that an all- electronic 
dot -sequential system - such as the one demonstrated by RCA and 
Hazeltine, and of the general type proposed by the General Electric. 
Company - is built on the firmest technical foundation and has the 
greatest potential for further development and for the provision of a 
lasting commercial service. However, certain embodiments of this 
broad system are markedly superior to others. Concerning the three 
color systems proposed, the FCC has not, as of August 15, 1950, 
rendered its decision. 

Part III - OTHER USES 
It is not only in the realm of television broadcasting that the new 

art of television will render valuable services. Certain other fields of 
application may be briefly mentioned. 
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THEATER TELEVISION* 

It is possible to produce television receivers capable of throwing 
a picture on a theater screen as large as 18 feet by 24 feet (and there- 
fore equivalent in size to the normal motion picture) . The quality 
of the pictures is acceptable and can be improved further. The main 
systems involve either direct projection of the television picture as 
received (which means the event is received while it is actually hap- 
pening) or delayed projection through the motion picture projector 
(which need not be more than a matter of minutes after the event has 
occurred). 

In the latter system the incoming picture is produced on a moni- 
toring kinescope and photographed on standard 35- millimeter film. 
The film is processed at high speed (in about one minute) and is then 
ready to be run through the regular theater film projector. Thus, not 
only can the pictures of the incoming program appear shortly after 
actual reception, if desired, but it is also possible to use the film record 
at any other time such as may more conveniently fit into the theater's 
regular motion picture program and to repeat the television program 
as often as wanted. 

Transmitting theater -television programs to a group of theaters 
in a given city involves no unsolved radio or coaxial -cable problems - 
at least on the technical side. The syndication of television programs 
to theaters in a number of cities is a more elaborate procedure but 
also within the range of engineering accomplishment. 

On the other hand, the economics of theater television remain 
unproved, and the television programs themselves are a subject for 
further experimentation and test. The suggested television programs, 
at present, include important sports events (perhaps on an exclusive 
basis), news (sometimes of educational value, such as the meetings of 
the United Nations groups) ; film trailers; short plays specially pro- 
duced for television; and numerous other suggested experimental 
programs. Much remains to be done in the realm of theater -television 
programming, both as to its sources and content. 

It must be noted that the necessary radio facilities for theater 
television are within the grant of the FCC. Various groups have 
petitioned the Commission for hearings on the grant of the necessary 
facilities for theater television, and the Commission has acceded to 
these requests. Accordingly the future of theater television will, in 
part at least, depend upon FCC hearings and decisions, perhaps in 
1950. 

* A more detailed discussion of theater television may be found on pages 396 to 402 of this volume. 
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It may be added that theater television also presents some problems 
in the labor field, since the handling of television equipment in the 
theater will require persons skilled in that field. 

In general, it may be said that theater television, on a broad basis, 
will ultimately be realized in all likelihood and may prove a popular 
and prosperous portion of the entertainment field. 

INDUSTRIAL APPLICATIONS 

Inasmuch as television can show events occurring at a distance, it 
is clear that it may have a number of useful industrial applications. 
One of these is the actual supervision of processes and personnel - 
for example, the looms and operators in a textile mill or the operations 
on the stage of a motion picture studio. 

Telemetering is also a possibility. This involves observing con- 
ditions or reading indications at a distance and thus avoiding dangers 
of breakdowns. A typical example is a study of conditions in the 
boilers of a power plant or water levels in a reservoir system. 

In certain industrial processes there are dangers from noxious 
fumes, explosions, or excessive temperatures. Television cameras 
located at places which would otherwise have to be occupied by regular 
personnel eliminate the hazard of personal injury. Certain chemical 
plants and explosives factories may to advantage utilize television 
inspection combined with remote control of operations. 

Observations can also be made by television cameras in places far 
too small to be occupied by a human being. In wartime it was possible 
to observe approaching fighter planes even if they took a path which 
kept them in the "blind spot" of the plane which they planned to 
attack. Such observations were carried out by a television camera 
located, for example, in a small section of the tail of the thus guarded 
airplane. 

It has been suggested also that improved worker relations can be 
secured if talks are given by the management to a large number of 
workers via large- screen television -perhaps with two -way operation. 
Thus, it is quite possible that the modern scientific accomplishment 
of television will provide more of a man -to -man relationship between 
the workers and management than has hitherto been feasible. 

SCIENTIFIC APPLICATIONS 
1 

The television pickup of a surgical operation can be carried to 
large groups of doctors or students in extremely convenient fashion. 
The method also has the advantage that asepsis can be readily main- 
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tained, that a large audience need not be accommodated in the oper- 
ating room, that every observer has a preferred position, and that an 
enlarged view of the operating site is readily obtainable. Thus the 
techniques of master surgeons can be made readily available both to 
their colleagues and to students. Both monochrome and color television 
demonstrations of this sort have been repeatedly and successfully 
given. 

It has also been proposed that television be used to improve X -ray 
diagnosis. It is a fact that television techniques enable the contrast 
and quality of an X -ray image to be altered at will within limits. 
After this field is successfully developed, X -ray diagnosis will become 
speedier, more flexible, and even more dependable. 

MILITARY APPLICATIONS 

It is obvious that an airplane carrying a television pickup and 
transmitter could be flown over a battlefield or scene of operations and 
used to transmit pictures of conditions back to headquarters for study, 
coordination, and decision. 

As previously mentioned, television can also be used as a sentinel 
in otherwise restricted space in an airplane. 

Missiles may similarly carry television pickup equipment, either 
to enable them to report back pictorially to headquarters or even to 
observe a given target and to guide their own path toward that target. 

The entire field of military applications of television is a complex 
one and its operational limits have not been made public. 

PUBLIC -SERVICE APPLICATIONS 

The telephone has largely superseded the telegraph as a medium 
for person -to- person communication. Whether in the home, on a ship, 
or even in an automobile or airplane, telephonic communication be- 
tween individuals is now popular. It is logical to expect that, in time, 
personal television communication will be added. Presumably such 
service would be started at television -telephone booths strategically 
located in the main cities, with the calls scheduled by prearrangement. 
In time, however, television -telephone pickup equipment might be made 
sufficiently compact and inexpensive so that it would replace, or at 
least complement, present -day telephone installations. Telephone 
round -table conferences, as now held by certain business groups, would 
have even more of the element of personal contact if television were 
added. 

An experimental demonstration was given not long ago wherein 
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two audiences of engineers, in New York and Chicago, conducted joint 
sessions by television and telephone, using large- screen images at each 

end to bring the other audience visually to those attending each meet- 

ing. So far as is known, this is the first time in history that two large 
groups of men have seen and heard each other over the better part of 

a thousand miles. 

CONCLUDING NOTE 

Despite "growing pains," the complexity of the subject, and the 
many technical and economic factors involved, it is already clear that 
television places in the hands of humanity the most powerful means 
of contact and communication so far devised. Capably developed and 

wisely guided, it is certain to become an inherent, widely accepted, and 

favorably regarded element of all human life in the future. 
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SIMPLIFIED TELEVISION FOR INDUSTRY *t 
BY 

R. C. WEBB AND J. M. MORGAN 

Research Department, RCA Laboratories Division, 
Princeton, N. J. 

Summary -System uses recently introduced vidicon camera tube. Syn- 
chronizing signals follow RMA standards to allow use of commercial - 
broadcast tv receivers as monitors. Two units contain total of 48 tubes, 
including vidicon and monitoring scope. 

NDUSTRIAL television installations usually employ a multiplicity 
of camera units and a common centrally -located viewer, in contrast 
to broadcast television where a handful of cameras is used to serve 

many thousands of receivers. The most logical approach to cutting the 
cost of industrial television equipment is to reduce the cost of the 
camera units and to make them usable with commercial broadcast 
viewing equipment, which has already undergone substantial price 
reduction. 
y There are other basic requirements for industrial television equip- 
ment besides low cost. It should be compact and light in weight for 
portability. It should require a minimum of servicing and be capable 
of dependable operation over long periods of time. 

Such a system is described here. A significant reduction in camera 
cost has been made possible by the recent introduction of the vidicon 
tube, which was described in Electronics last month.' The advantages 
of this photoconductive camera tube include operational simplicity, 
low cost, good resolution, freedom from spurious signals and high 
light sensitivity. 

VIDICON SYSTEM 

The system consists of a small pickup camera and a master unit. 
These units are connected by a standard 24- conductor television camera 
cable, which may be up to 500 feet in length. 

The camera shown in Figure 1 with its cover removed is 10 inches 
long, 31/4 inches wide, 5 inches high, and weighs approximately 8 

* Decimal Classification: 621.388. 
Reprinted from Electronics, June, 1950. 

' Paul K. Weimer, Stanley V. Forgue and Robert R. Goodrich, "The Vidicon -Photoconductive Camera Tube," Electronics, Vol. 23, No. 5, p. 70, May, 1950. 
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Fig. 1- Vidicon 
camera unit contains 
two miniature tubes 
and the picture tube. 

pounds. A typical 16- millimeter lens in a remote focusing mount per- 
mits optical focus adjustment by remote control from the front panel 
of the control unit along with the other camera adjustments. 

The vidicon pickup tube can be seen extending inside of the 
focusing -coil- deflection -yoke assembly and the electron -gun alignment 
coil. The motor and gear assembly for operation of the remote focusing 
mechanism is located in the rear of the case and the video amplifier 
stages extend from the front of the camera toward the rear. 

As shown in Figure 2 the camera has been kept as simple as pos- 
sible, containing only the pickup tube and those elements intimately 
connected with it. Scanning currents for both vertical and horizontal 
deflection coils are sent in over the cable along with the direct currents 
for the focusing field and alignment coil as well as the operating 
potentials for various electrodes in the vidicon. A one -stage video 

Complete industrial 
television system 
draws a total of 350 

watts. 
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Fig. 2 -A standard 
24- conductor cable 
connects the camera 
and control units. 

preamplifier followed by a cathode -follower prepare the signals from 
the target electrode for transmission over the coaxial cable back to 
the master unit. In order to establish black level it is necessary to 
blank the target of the vidicon during the scanning return time and 
this is most conveniently done by applying a positive ten -volt blanking 
pulse to the cathode. Since a ten -volt pulse on a 52 -ohm line represents 
a very sizeable current it was found more economical to transmit a 
one -volt pulse and amplify it in the camera just before application to 
the vidicon cathode. 

Views of each side of the master control unit are shown in Figures 
3 and 4. 

In order to operate standard broadcast television receivers from 
a system of this kind it is necessary to establish substantially the same 
scanning rates as those used in commercial broadcasting. Certainly 
it is necessary to transmit an interlaced signal because otherwise the 
resolution in the vertical direction will drop to approximately 250 lines. 
It was therefore decided to establish the same scanning rates for the 
industrial system as those standardized by the RMA for commercial 
broadcasting, namely 525 lines, 30 frames interlaced. 

Fig . 3-Left-side 
view of control unit 
shows video strip 

and cooling fan. 
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Fig. 4-Right-side 
view shows frequen- 
cy-division chain 
and high -voltage 

circuits. 

SIMPLIFIED SYNC 

One of the basic elements of the simplified synchronizing signal 
generator used in this equipment is an oscillator, which resembles the 
familiar multivibrator.2 

This basic oscillator is illustrated in Figure 5A. Before the plate 
voltage is applied to the circuit, C is uncharged and the grid of V2 is 
at ground potential. As soon as plate voltage is applied, the grid of 
V1 is raised to some positive potential determined by the series of 
resistors. The plate resistor of V1 is low and consequently a relatively 
large current can be drawn by that tube down through the common 
cathode resistance, which raises the cathode of both of the tubes to 
some positive voltage Elf. With the cathode of V2 highly positive with 

respect to its grid, the plate current 
in that tube is cut off and C is. free 
to charge through R toward B+ 
according to the logarithmic curve 
shown in Figure 5B. 

If nothing were to prevent it, C 

would charge up to a value (1 - 
1/e) of B+ in RC seconds. How- 
ever, as the potential on the grid of 
V2 increases as C charges, it will 
reach the shaded region below EK 
that represents the negative bias 
range for which V2 will be conduc- 
tive. As soon as V2 begins to con- 
duct, the plate current flowing 
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Fig. 5-Basic oscillator - counter 
operates at twice horizontal scan- 

ning frequency. 

2 Kurt Schlesinger, Patent No. 2,383,822 (RCA). 
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through its plate resistor lowers the potential of the grid of V1 and 
that tube is quickly biased off. However, since it was largely the heavy 
current drawn in the left -hand tube that supported the cathode poten- 
tial at the value EK, this potential will now drop to a very low value 
and the grid of V2 will find itself highly positive with respect to its 
cathode. Capacitor C then discharges through the diode formed by the 
grid and cathode of V2 and the length of time required for the dis- 
charge to occur is determined by the value of C and the effective 
resistance of the diode and the cathode resistor. 

Having dicharged C to a low value the circuit is ready to restart 
the cycle. Thus a saw -tooth voltage waveform is available across C and 
a narrow pulse can be obtained from the plate resistor of V1. The 
exact frequency of oscillation of this circuit depends upon several 
factors including the value of the plate supply voltage, which is care- 
fully regulated. It depends primarily upon the values of R and C, and 
the voltage EK, and it has been found to be stable enough over long 
periods of time for this application. 

The oscillator is susceptible to being synchronized to external sig- 
nals. A positive pulse added to the capacitor voltage can precipitate 
entry into the conduction region periodically, or a negative pulse added 
to EK or to the left -hand grid will do as well. A circuit of this kind 
is especially useful in a television synchronizing generator since use 
can be made of the square- topped pulse output as well as the nearly 
ideal saw -tooth wave. 

FREQUENCY DIVISION 

The positive pulse out of the master oscillator is added to the 
capacitor voltage of the next stage below, which is an identical oscil- 
lator but set to run free at 1/7 or 1/5 the master frequency, as 
shown in Figure 6. In this way the two oscillators are locked rigidly 
together and a third can be locked to the second and so on down to 
any submultiple frequency. 

Seven of these oscillators are used in the synchronizing -signal 
generator. In order to obtain the half -integral relationship required 
between the horizontal and vertical scanning rates to produce odd -line 
interlacing, it is necessary to start with a master oscillator at 31.5 
kilocycles, which is double the horizontal rate of 15,750 cycles. Sub- 
division of the master frequency by the numbers 7, 5, 5 and 3 yields 
the vertical scanning rate of 60 cycles. The vertical blanking pulse is 
taken from the 60 -cycle oscillator that is made to have a discharge 
time approximately 5 per cent of the vertical period (V) by choice of 
the time constants governing that oscillator. A sample of the vertical 
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blanking signal is taken through a phase inverter to a phase detector 
where it is compared to the power -line frequency. The automatic - 
frequency- control signal thus developed is applied to the master oscil- 

lator to synchronize it with the power frequency. 
The horizontal frequency generator is synchronized at 1/2 the 

master frequency and is adjusted to produce a horizontal blanking 
pulse width that is approximately 15 per cent of the horizontal period. 
The saw -tooth output of this stage is also used as a scanning waveform. 

Horizontal sync is made from blanking by differentiating the 
blanking pulse, clipping the leading pulse and sending it through a 

delay line to produce a front porch of about 2 per cent of the horizontal 
scanning period H. The pulse is 
later amplified and clipped to pro- 
duce a sync pulse with a steep front 
edge and a duration of approxi- 
mately 5 per cent H. The horizontal 
sync and blanking pulses are thus 
similar to the RMA standard wave- 
forms. 

HORIZONTAL --MASTER 
BLANKING OSCILLATOR 

2:1 
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Fig. 6 - Vertical and horizontal 
sync, scanning and blanking volt- 
ages are produced by this fre- 
quency- division and pulse- shaping 
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Fig. 7 - Composite waveform for 
the industrial television system. 

The vertical sync pulse, which is quite unorthodox, is produced by 
allowing the front edge of vertical blanking to key a pulse delay tube 
into operation. After a time interval, determined by time constants 
in the delay circuit, the delay tube falls out of its conductive condition 
having produced a pulse that is a fraction of the length of the vertical 
blanking period. 

This pulse is then differentiated, and the pip corresponding to the 
trailing edge of the delay pulse used to synchronize a second 60 -cycle 

saw -tooth oscillator. The discharge time or equivalent pulse width 
from this oscillator is made to be no greater than approximately 1/2 of 

the time for one horizontal line in order that a short vertical sync pulse 
can be slipped in just ahead of one horizontal sync pulse and just after 
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another one in the odd and even fields. Thus 10 tubes have been used 
to produce all of the waveforms required for the entire system. 

The composite waveform is shown in Figure 7. Although the ver- 
tical sync pulse is only about 10 times as long as the horizontal pulse 
no difficulty has been experienced in tests with commercial receivers 
in obtaining sufficient vertical sync signal. Furthermore, the signal in 
an industrial system is always noise free since it will be fed over closed 
circuits. 
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connected serially in each arm is 

The scanning system used is 
shown in the block diagram of 
Figure 8A. A single verticle deflec- 
tion amplifier is common to both 
the monitor kinescope and the cam- 
era since the power requirements 
are small and ordinary cable pairs 
are satisfactory for transmission 
out to the camera. The horizontal 
scanning and second anode voltage 
supply for the monitoring kinescope 
are combined in one conventional 
unit of the type normally used in 
home receivers. 

The horizontal scanning for the 
camera is quite unconventional, 
however, since it is necessary to 
send the current to the camera 
through several hundred feet of 52- 
ohm coaxial cable. The method of 
accomplishing this can best be un- 
derstood from Figure 8B. 

The parallel- resonant circuit 
comprising C and L with R1 and R2 

known to be antiresonant at all fre- 
quencies for the singular condition where R1 = R2 = L/C. The 
terminal impedance Z, looking into the network is a pure resistance 
equal to '/L /C ohms at all frequencies. Such a constant resistance 
network as this makes an ideal termination for the transmission line 
and since it includes the horizontal deflection coil as one element it 
should be possible to produce any desired current waveform in the coil 
by impressing the proper voltage waveform upon the line. Ringing of 
the resonant circuit formed by the deflection coil and any capacitance 
that may be associated with it is very undesirable in the presence of 
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the impulse waveforms used in television scanning. The condition for 
critical damping of a resonant circuit requires that the total resistance 
around the series loop must be at least equal to 2'/L /C, a condition 
that coincides exactly with the foregoing. 

Synthesis of the required voltage waveform is accomplished as 
shown in Figure 8C. The voltage across the inductance during the 
scanning period must be L di /dt which for a constant rate of change of 
current is a small constant negative voltage. During retrace time the 
current change is in the opposite direction and many times faster, 
hence, the voltage required across the coil is of the form of a positive 
pulse. The voltage drop iR2 across R2 due to the saw -tooth current is 
of saw -tooth waveform as shown. The sum of these two voltages gives 
the required waveform that must be impressed upon the line to produce 
the ideal current saw -tooth in the coil. 

Perfection of the scanning linearity depends entirely upon the ac- 
curacy with which this complex waveform is produced. It was for- 
tunate that both the saw -tooth waveform and its companion pulse 
were available from the horizontal frequency stage in the synchroniz- 
ing- signal generator since it was then only necessary to mix the two 
waveforms with appropriate amplitude adjustment to obtain the re- 
quired shape. 

VIDEO AMPLIFIER 

The video amplifier is almost identical to those used in broadcast 
equipment. As shown in Figure 9, the signal goes through two stages 
of amplification before reaching the conventional high peaker. 

Video gain is controlled by varying the screen voltage of the 
6AG5's. Black level is established by means of a conventional driven 
clamp circuit; the clamping pulses are made from horizontal sync. 
Blanking is inserted in the cathode of the d -c setter and sync signals 
are mixed with video in the following stage. The composite signal is 
then sent to the external 75 -ohm signal lines by means of a cathode - 
follower output stage. The output signal is polarized with blacks 
negative and is 2 volts peak to peak. 

Signal for the internal kinescope is taken from a sampling re- 
sistor in the output stage and fed through a one -stage amplifier to the 
kinescope grid. 

The gain in the kinescope loop is not adjustable and thus the 
kinescope serves as a rough monitor of the signal level on the out- 
going line in addition to its other uses for black level setting, camera 
focus and beam adjustments, as well as a check on sync generator 
operation. 
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The television instrument described could easily be mass produced 
and sold within the price range of other business machines of com- 
parable size and complexity. It will produce a sharp, steady picture 
of useful quality, and the pickup tube is sensitive enough to permit 
use of the equipment under the illumination levels normally en- 
countered in industrial operations. 

VIDEO SIGNAL FROM CAMERA 0 I PEAK 
Z =52 BLACK NEG 

6AK 5 
AM P 

MONITOR 7CP4 

6AK5 
AMP 

KINESCOPE 

L1 
SYNC jj CLAMP 

HIGH PEAKER 

6AG5 
r 

6AK5 

AMP 'i AMP AMP 

Y 

6AK5 
AMP 

VIDEO GAIN CONTROLLED S AMP BLANKING 
BY SCREEN VOLTAGE 

6AQ5 
AMP 

1.500 

12AT7 
C-F Z =75 

SIGNAL 
OUTPUT 
2V PEAK 
BLACK NEG 

Fig. 9 -Video path is similar to that used in broadcast transmitters. 

The authors are indebted to Dr. V. K. Zworykin of the RCA 
Laboratories for much helpful encouragement and guidance during 
the development of this project. 
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THEATER TELEVISION'` 
BY 

ALFRED N. GOLDSMITH 

Consulting Engineer, Radio Corporation of America, 
New York, N. Y. 

Summary -The present state (as of June 1950) and future possibilities 
of the art of theater television are described in non -technical terms. Con- 
sideration is given to both equipment and programming. 

INTRODUCTION 

HE rapid development of television broadcasting into the home 
well known to all. Less known is the parallel development of 

theater television. This new art is well advanced technically 
but has not as yet crystallized into accepted program and commercial 
forms. 

PSYCHOLOGICAL ASPECTS 

The feasibility of theater television is based first, on its technical 
feasibility and second, on the demonstrated acceptability of television 
programs already sent to millions of viewers in their homes. It has 
thus become clear that large audiences in theaters could view programs 
carried by television just as smaller groups of individuals, by the 
millions, now enjoy television in the home. 

There are reasons for believing that theater entertainment will 
long have a position of importance in the lives of the public. Man is 
a gregarious individual, well pleased when he is in the company of his 
fellows. Further, it is recognized by psychologists that emotions of 
large groups of people are more readily aroused and may be more 
intense than those of smaller groups or individuals. For these reasons 
people go to theaters and, once there, experience the thrill of a mass 
emotion. 

There are other incidental attractions to theater entertainment. 
Comfortable seats, air conditioning, and impressive surroundings de- 
signed in accordance with good showmanship, present something of a 
contrast to home surroundings. Further, the ever -present usher serves 
as a reminder that good manners and consideration are required so 
that all may enjoy the program without accidental or deliberate inter- 
ference. Admittedly, discipline of guests in the home presents difficult 

* Decimal Classification: R583.17. 
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problems and often excellent television programs are spoiled by care- 
less conversation or thoughtless interruptions. 

Since theater television thus has attractions which encourage a 
belief in its long -time continuance, it is natural to seek methods for 
utilizing television in the theater. However, theater television brings 
a number of problems in its train. These are partly technical, and 
partly aesthetic. 

TECHNICAL ASPECTS 

Considering the technical questions, which are under increasingly 
good control, the first requisite is a large, bright picture on the theater 
screen. In the home, a directly viewed picture, 9 x 12 inches in size 
and with a brightness of 20 foot -lamberts, is easily produced. In the 
theater a projected picture, 9 x 12 feet in size and with a brightness 
of 10 foot -lamberts requires about 200 times as great a light output 
from the original picture tube, or kinescope. Improved tube construc- 
tions are of assistance. High anode voltages (even beyond 50,000 
volts) contribute to the necessary picture brightness. And highly 
evolved optical systems, of the so- called Schmidt type, efficiently utilize 
the luminous output of the projection kinescope. Theater pictures of 
good size and adequate brightness are thus within reach. 

There are also a number of other questions which might be asked 
at present, and which can be at least partially answered. Some of 
these questions will be briefly considered. 

The necessary size of the theater television picture comes into 
consideration. Theater motion pictures range, in general, from 9 x 12 

feet to 18 x 24 feet, or even larger. It is desirable that the television 
picture in the theater shall compare favorably in size with the motion 
picture. This standard is generally accepted. 

Theater motion pictures have an average specified brightness of 
10 foot -lamberts and with a range of from 7 to 14 foot -lamberts. 
Theater television pictures at present have somewhat lower brightness 
but are steadily approaching the motion picture values. 

An important question in connection with theater television is the 
necessary sharpness of detail of the television picture. Admittedly, 
black- and -white motion pictures are generally sufficiently sharp and 
clear to satisfy even discriminating members of the audience. Color 
motion pictures in the theater, while slightly less sharp, are still 
adequately clear. Present television pictures, designed for the home, 
if projected to theater size and viewed at normal distances in the 
theater, seem slightly soft. These are nominal 525 -line pictures, and 
are transmitted according to FCC regulations, within a 4.25 -megacycle 
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channel width. Careful students of the requirements of theater tele- 
vision have reached the conclusion that somewhat higher detail is 
desirable for that purpose and have accordingly proposed 625 -line 
pictures transmitted in an 8- megacycle channel width. It is thought 
that pictures of this type will be sufficiently sharp to stand normal 
comparisons with theater motion pictures. 

If the television picture is to be received' directly in the theater 
and to be projected instantaneously at the moment of its reception, it 
is produced on a high -brightness kinescope, operating at high voltage 
and associated with an efficient optical system. Such optical systems 
reach the high efficiency of about 35 per cent, that is, 35 per cent of 
the light output of the kinescope finally appears on the screen. Oper- 
ators of motion picture theaters have sought, for decades, for brighter 
motion pictures. It seems that the public prefers bright pictures. 
They are easier to look at if properly projected and viewed. They 
show a wider range of brightness and give a more realistic imitation 
of nature. And they avoid the necessity for extremely dim house 
lights and consequent inconvenience to patrons endeavoring to find 
seats in a shadowy environment. 

The screens used in theaters for motion pictures are somewhat 
directional but not sufficiently so for television purposes. It is neces- 
sary that all of the precious light output of the screen shall be directed 
to the audience in the orchestra and galleries but not wasted on the 
walls and ceiling of the theater. Accordingly, the screens used for 
theater television are made as highly directional as is practicable. 
Thus their light is thrown where it is needed and with little waste. 

Modern motion picture projectors are generally placed in a projec- 
tion room (or "booth ") located in the second balcony or higher. The 
throw, or distance from the projector to the screen is thus about the 
same as the depth of the theater from the back of the orchestra to 
the back of the stage. The optics of motion picture projectors are 
flexible and, consequently, the projector can be placed wherever de- 
sirable. In fact, occasionally, motion picture projectors are placed 
behind a translucent screen and, therefore, project the light toward 
the audience onto a screen located between the projector and the 
audience. 

The placement of a theater television projector is a less simple 
matter. The optics of such a projector are relatively restricted, and 
the available throw at present is usually not in excess of about 70 feet. 
Accordingly, the projector can be placed on the orchestra floor. This 
location, however, requires the removal of a number of orchestra seats 
and may obstruct viewing of the screen from some of the seats behind 
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the projector. Further, this location is usually artistically undesirable. 
Another possible location is at the front edge of the first balcony. 
Where structural strength is adequate, this location has certain ad- 
vantages. Remote -control means are provided for operating the pro- 
jector from the motion picture projection room. 

Still another and novel location for the television projector is in 
the air over the orchestra. In this case the projector is suspended by 
suitable supports from the theater ceiling and at an appropriate 
distance from the screen. The accessibility of this location leaves 
something to be desired. Here, again, the projector is controlled from 
the booth. 

It is to be expected that with further advances in this field, greater 
freedom in the selection of the projector location will become possible. 

There is another method of projecting television pictures in the 
theater, namely, the so- called delayed projection based on film record- 
ing. In this system, the incoming television pictures, appearing on the 
screen of a monitoring kinescope of high quality, are photographed on 
motion picture film in the theater (usually in or near the motion 
picture projection room). The exposed film is run through a high 
speed processing machine where it is developed, fixed, washed, and 
dried in one or two minutes. The sound is, of course, separately 
recorded either on the film or otherwise. The resulting film is then 
run through the regular motion picture projectors of the theater and 
thus appears on the screen. 

This process has the advantage that the picture size and brightness 
will be identical with that of the regular motion pictures. It further 
has the advantage that the film can be shown at any time. For ex- 
ample, it does not become necessary to interrupt a feature film which 
is being shown, since the television film can be shown at any time after 
its recording. Again, television film produced in this fashion can be 
repeatedly shown, providing motion picture rights have been secured, 
thus enabling performances in the afternoon and evening if desired. 
Greater program flexibility is achieved by this method of presentation. 

On the other hand, complex, costly equipment is needed and addi- 
tional operating personnel are required. Considerable film will be re- 
quired for recording lengthy television programs. One of the basic 
advantages of television news, i.e., its immediacy, is lost. It is no 
longer possible by this process to view the event at exactly the instant 
it occurs. In some cases this is an unimportant limitation; in others 
it may be more serious. 

Little has been said of the method of reproducing the sound por- 
tion of a theater- television program since it is obvious that the public 
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address or sound motion picture equipment of the theater can be con- 
veniently used for this purpose. 

Many exhibitors, or theater owners, are greatly interested in the 
possibility of color television in the theater. This is a distinct possi- 
bility, although it presents greater technical obstacles than does 
monochrome television. For one thing, it is considerably more difficult 
to obtain adequate picture brightness in a color picture than it is in 
a monochrome picture. By using advanced techniques, it may prove 
feasible to produce sufficiently bright color television pictures in the 
theater, and of adequate size. It is safe to assume that this quality 
will in time be achieved. 

The delayed method of theater television, using film recording, 
may be possible for color presentations. In this case, the incoming 
program would be recorded on color film, which would then be rapidly 
processed and projected on the theater screen. Various methods of 
accomplishing this have been proposed and are under development. 
But color television in the theater remains a promising prospect rather 
than an available accomplishment. 

The exhibitor is naturally greatly interested in the likely first -cost 
of a television outfit as well as the cost of its operation. At the present 
time a theater -television outfit of the direct projection types costs 
about $25,000.00. The cost of the delayed type with film recording 
is of the same general magnitude. Quantity production of either type 
of equipment might somewhat reduce these costs. But exact figures 
on such reductions in cost are not available at this early stage in the 
development of theater television. The cost of operation of such an 
installation is an even more uncertain matter since the type and 
number of operating personnel, and their wage scales, are as yet 
unknown. 

NETWORKS 

The commercial success of a theater presentation depends in large 
measure on its cost per member of the audience. If a given perform- 
ance is shown on the stage of a theater seating 500 persons, 1/500 
of its cost of production must, of course, be charged to each member 
of the audience (assuming a full house). 

The high production cost of feature films running into the millions 
of dollars for a 90- minute show, becomes commercially feasible because 
tens of millions of people may see the film. This is accomplished 
through syndication of a film, involving its showing in a large number 
of individual theaters. 
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Television broadcasting can similarly support programs of con- 
siderable cost (tens of thousands of dollars per hour) because of the 
large audience reached by the networks with their dozens of outlet 
stations scattered widely over the land and each catering to a sub- 
stantial and separate audience. 

It is, therefore, natural, in the case of theater television, to seek 
means of syndicating the programs so as to reduce their cost per 
member of the audience. 

As in the case of television broadcasting, theater television has 
available two major methods of syndicating network facilities. The 
programs can be sent by coaxial cable, although a superior type of 
cable is required for the purpose, or they may be sent by radio relay 
systems which operate with at least equal effectiveness. 

A hypothetical theater -television network might use programs 
originating in a central studio in some particular city. Intracity com- 
munications would carry this program directly to each of the theaters 
served in that city. Intercity communications would carry the pro- 
gram to all other cities where it is to be utilized. In such cities 
additional intracity communication facilities would bring the program 
to the individual theaters. It can thus be seen that a theater -television 
network may in time evolve into an elaborate and specialized system 
paralleling in large measure the facilities now used for television 
broadcasting. 

Certain governmental aspects of theater television may be briefly 
mentioned. The exhibitors naturally desire that their programs shall 
reach them by an economic means (e.g., radio) but shall not be avail- 
able to the general public (except in the theater). Accordingly, the 
exhibitors seek something different from the present broadcasting 
channels which are open for reception by all. They desire what is 
known as a "multiple- addressee service ", wherein a message on special 
channels is privately addressed to a limited number of recipients and 
to no others. Under existing treaty arrangements and under the 
Federal Communications Act of 1934 it would then be illegal for any- 
one to pick up or to show such private communications without the 
assent of the sender. 

There is also some questions as to whether theater television be- 
longs in the ultra -high frequencies or in the microwaves. Further 
experimentation and economic study are required. 

PROGRAMMING 

From the preceding, it is clear that theater television is well within 
the bounds of technical accomplishment. In fact, technical limitations 
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are not a factor which need be seriously considered in the establish- 
ment of theater -television service. Far more puzzling is the matter 
of correct programming. Once a theater is provided with its television 
equipment, it can justify the installation only if it has available a 
reasonably continuous source of good programs at economic figures. 
Unless television can bring material of interest to the audience, its 
installation in the theater would meet only occasional and special needs. 

Many persons have given serious thought to television programs 
for the theater. News events of major importance and leading sports 
events have been repeatedly proposed. Doubtless, these would offer 
some attractiveness. A wider diversity of program type is, however, 
needed and will doubtless be evolved in time. 

CONCLU3IONs 

It thus is obvious that the future of theater television will primarily 
be determined by the originality, experience, energy, showmanship, 
and the courage of the exhibitors and of those who devise television 
programs for them. Technically, no cause for concern is seen. Ac- 
ceptably large, clear, and bright television pictures, to be shown in 
the theater, are attainable. But their subject matter must have an 
audience appeal as great as their technical excellence. Granted these 
conditions, theater television can fill an important part of the leisure - 
hour life of Americans. 
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TELEVISION 
A Bibliography of Technical Papers 

by RCA Authors 

1929 - 1950 

This listing includes some 506 technical papers on 
TELEVISION and closely related subjects, selected 
from those written by RCA Authors and published 
during the period 1929 -June 1950. 

Papers are listed chronologically except in cases of 
multiple publication. Papers which have appeared in 
more than one journal are listed once, with additional 
publication data appended. 

Any requests for copies of papers listed herein should 
be addressed to the publication to which credited. 
However, RCA Licensee Bulletins are not published 
and are issued only as a service to licensees of the 
Radio Corporation of America. 

Abbreviations used in listing the various journals are 
given on the following page. 
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TELEVISION BIBLIOGRAPHY 
Year 

"The Selection of Standards for Commercial Radio Television ", J. 
Weinberger, T. A. Smith and G. Rodwin, Proc. I.R.E. (September) 1929 

"Television with Cathode -Ray Tube for Receiver ", V. K. Zworykin, 
Radio Eng. (December) 1929 

"Fidelity Tests for Television Systems ", A. F. Murray, Tele. News 
(December) 1931 

"Description of Experimental Television Receivers ", G. L. Beers, 
Proc. I.R.E. (December) 1933 

"An Experimental Television System ", E. W. Engstrom, Proc. I.R.E 
(December) 1933 

"Description of Experimental Television Transmitting Apparatus ", 
R. D. Kell, Proc. I.R.E. (December) 1933 

"A Study of Television Image Characteristics ", E. W. Engstrom, 
Proc. I.R.E. (December) 1933 

"Description of an Experimental Television System and the Kinescope ", 
V. K. Zworykin, Proc. I.R.E. (December) 1933 

"Problems of Cathode -Ray Television ", I. G. Maloff, Electronics 
(January) 1934 

"The Iconoscope -A Modern Version of the Electric Eye ", V. K 
Zworykin, Proc. I.R.E. (January) 1934 

"Transmission and Reception of Centimeter Waves ", I. Wolff, E. G 
Linder and R. A. Braden, Proc. I.R.E. (January) 1934 

"Television ", V. K. Zworykin, Jour. Frank. Inst. (January) 1934 
"Improved Magnetron Oscillator for the Generation of Microwaves ", 

E. G. Linder, Phys. Rev. (May 1) 1934 
"An Experimental Television System -The Transmitter ", R. D. Kell, 

A. V. Bedford and M. A. Trainer, Proc. I.R.E. (November) 1934 
"An Experimental Television System -The Receivers ", R. S. Holmes, 

W. L. Carlson and W. A. Tolson, Proc. I.R.E. (November) 1934 
"The Radio-Relay Link for Television Signals ", C. J. Young, Proc 

I.R.E. (November) 1934 
"Theory of Electron Gun ", I. G. Maloff and D. W. Epstein, Proc. I.R.E 

(December) 1934 
"Cathode -Ray Tubes and Their Applications ", J. M. Stinchfield, Elec 

Eng. (December) 1934 
"Transmission and Reception of Centimeter Waves ", I. Wolff, E. G 

Linder and R. A. Braden, Proc. I.R.E. (January) 1935 
"The Secondary Emission Phototube", H. Iams and B. Salzberg, Proc 

I.R.E. (January) 1935 
"A Study of Television Image Characteristics, (Part II) ", E. W 

Engstrom, Proc. I.R.E. (April) 1935 
"Television and the Motion -Picture Theater ", A. N. Goldsmith, Inter 

Project. (May) 1935 
"Applications Illustrating the Use of Cathode -Ray Tubes ", J. M 

Stinchfield, Electronics (May) 1935 
"Development of Transmitters for Frequencies Above 300 Megacycles ", 

N. E. Lindenblad, Proc. I.R.E. (September) 1935 
"Luminescent Materials for Cathode -Ray Tubes ", T. B. Perkins and 

H. W. Kaufman, Proc. I.R.E. (November) 1935 
"Cathode -Ray Tube Terminology ", T. B. Perkins, Proc. I.R.E. (No- 

vember) 1935 
"Influence of Tube and Circuit Properties in Electron Noise ", S. W 

Seeley and W. S. Barden, Electronics (December) 1935 
"Television ", A. V. Bedford and E. W. Engstrom, Section of BOOK 

OF KNOWLEDGE 1935 
"A Survey of Television Progress in America ", W. R. G. Baker and 

L. Malter, Booklet, Geo. Newnes Ltd., England 1935 
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Year 
"Possibilities of the Iconoscope in Television ", V. K. Zworykin and 

G. A. Morton, Booklet, Geo. Newnes, Ltd., England 1935 
"Input Resistance of Vacuum Tubes as Ultra- High- Frequency Ampli- 

fiers", W. R. Ferris, Proc. I.R.E. (January) 1936 
"A Turnstile Antenna for Use at Ultra -High Frequencies ", G. H 

Brown, Electronics (March) 1936 
"The Secondary Emission Multiplier -A New Electronic Device ", V 

K. Zworykin, G. A. Morton and L. Malter, Proc. I.R.E. (March) 1936 
"Scanning Sequence and Repetition Rate of Television Images ", R. D. 

Kell, A. V. Bedford and M. A. Trainer, Proc. I.R.E. (April) 1936 
"Applied Electron Optics ", V. K. Zworykin and G. A. Morton, Jour. 

Opt. Soc. Amer. (April) 1936 
"An Urban Field Strength Survey at 30 and 100 Mc. ", R. S. Holmes 

and A. H. Turner, Proc. I.R.E. (May) 1936 
"The Future of Radio and Public Interest, Convenience and Necessity ", 

D. Sarnoff, RCA Review (July) 1936 
"Television ", C. B. Jolliffe, Statements Made by RCA Before FCC 

(June 15) 1936 
TELEVISION, Vol. I, RCA Institutes Technical Press, New York, 

N. Y. (July) 1936 
"The Cathode -Ray Tube in Television Reception ", I. G. Maloff, TELE- 

VISION, Vol. I, RCA Institutes Technical Press, New York, N. Y. 
(July) 1936 

"Television in Advertising ", David Sarnoff, TELEVISION, Vol. I, 
RCA Institutes Technical Press, New York, N. Y. (July) 1936 

"Television ", D. Sarnoff, TELEVISION, Vol. I, RCA Institutes Tech- 
nical Press, New York, N. Y. (July) 1936 

"RCA Television Field Tests ", L. M. Clement and E. W. Engstrom, 
RCA Review (July) 1936 

"Iconoscopes and Kinescopes in Television ", V. K. Zworykin, RCA 
Review (July) 1936 
Jour. Soc. Mot. Pic. Eng. (May) 1937 

"Electron Optical System of Two Cylinders as Applied to Cathode - 
Ray Tubes ", D. W. Epstein, Proc. I.R.E. (August) 1936 

"Magnetron Oscillators for the Generation of Frequencies Between 
300 and 600 Megacycles ", G. R. Kilgore, Proc. I.R.E. (August) 1936 

"Ultra- High -Frequency Transmission Between RCA Building and 
Empire State Building in New York City ", P. S. Carter and G. S. 
Wickizer, Proc. I.R.E. (August) 1936 

"Electrical Measurements at Wavelengths Less than Two Meters ", 
L. S. Nergaard, Proc. I.R.E. (September) 1936 

"Television Radio Relay ", B. Trevor and O. E. Dow, RCA Review 
(October) 1936 

"Electron Beams and Their Applications in Low -Voltage Devices ", 
H. C. Thompson, Proc. I.R.E. (October) 1936 

"Electron Optics of an Image Tube ", G. A. Morton and E. G. Ramberg, 
Physics (December) 1936 

"Fourth Estate Views Television ", David Sarnoff, Broadcast News 
(December) 1936 

"Partial Suppression of One Side Band in Television Reception ", 
W. J. Poch and D. W. Epstein, Proc. I.R.E. (January) 1937 

"Equipment Used in the Current RCA Television Field Tests ", R. R. 
Beal, RCA Review (January) 1937 

"Some Notes on Ultra -High- Frequency Propagation ", H. H. Beverage, 
RCA Review (January) 1937 

"Frequency Assignments for Television ", E. W. Engstrom and C. M. 
Burrill, RCA Review (January) 1937 

"Television and the Electron ", V. K. Zworykin, Short Wave and Tele. 
(March) 1937 

"Experimental Studio Facilities for Television ", O. B. Hanson, RCA 
Review (April) 1937 
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Year 
"Television Studio Design ", R. E. Shelby and R. M. Morris, RCA 

Review (July) 1937 
"Television Transmitters Operating at High Powers and Ultra -High 

Frequencies ", J. W. Conklin and H. E. Gihring, RCA Review 
(July) 1937 

"A Circuit for Studying Kinescope Resolution ", C. E. Burnett, Proc. 
I.R.E. (August) 1937 

"Theoretical Limitation of Cathode -Ray Tubes ", D. B. Langmuir, 
Proc. I.R.E. (August) 1937 

"An Oscillograph for Television Development ", A. C. Stocker, Proc 
I.R.E. (August) 1937 

"The Brightness of Outdoor Scenes and Its Relation to Television 
Transmission ", W. H. Hickok, R. B. Janes and H. Iams, Proc. 
I.R.E. (August) 1937 

"Development of the Projection Kinescope ", V. K. Zworykin and W. H 
Painter, Proc. I.R.E. (August) 1937 

"Theory and Performance of the Iconoscope ", V. K. Zworykin, G. A 
Morton and L. E. Flory, Proc. I.R.E. (August) 1937 

"High- Current Electron Gun for Projection Kinescope ", R. R. Law, 
Proc. I.R.E. (August) 1937 

"RCA Developments in Television ", R. R. Beal, Jour. Soc. Mot. Pic 
Eng. (August) 1937 

"Television Pickup Tubes with Cathode -Ray Beam Scanning ", H. Iams 
and A. Rose, Proc. I.R.E. (August) 1937 

"Television Engineering Study Outline ", S. W. Seeley, RCA Licensee 
Bulletin LB -405 (August 13) 1937 

TELEVISION, Vol. II, RCA Institutes Technical Press, New York, 
N. Y. (October) 1937 

"Analysis and Design of Video Amplifiers ", Part I, C. N. Kimball and 
S. W. Seeley, RCA Review (October) 1937 

"The Magnetron as a High- Frequency Generator ", G. R. Kilgore, Jour. 
Appl. Phys. (October) 1937 

"Field Strength Observations of Transatlantic Signals, 40 to 45 Mega- 
cycles", H. O. Peterson and D. R. Goddard, RCA Review 
(October) 1937 
Proc. I.R.E. (October) 1937 

"Commercial Television -And Its Needs ", A. N. Goldsmith. TELE- 
VISION, Vol. II, RCA Institutes Technical Press, New York, N. Y. 
(October) 1937 

"Television ", David Sarnoff, RCA Review (October) 1937 
"Televisual Use of Ultra -High Frequencies ", A. N. Goldsmith. TELE- 

VISION, Vol. II, RCA Institutes Technical Press, New York, N. Y. 
(October) 1937 

"What of Television ? ", David Sarnoff. TELEVISION, Vol. II, RCA 
Institutes Technical Press, New York, N. Y. (October) 1937 

"Problems Concerning the Production of Cathode Ray Tube Screens ", 
H. W. Leverenz. TELEVISION, Vol. II, RCA Institutes Technical 
Press, New York, N. Y. (October) 1937 

"Television- Description for Laymen ", A. F. Van Dyck. TELE- 
VISION, Vol. II, RCA Institutes Technical Press, New York, N. Y. 
(October) 1937 

"A Transformation for Calculating the Constants of Vacuum Tubes 
with Cylindrical Elements ", W. van B. Roberts, Proc. I.R.E. 
(October) 1937 

"Television Economics ", A. N. Goldsmith, Communications (October) 1937 
"Television Among the Visual Arts ". A. N. Goldsmith, TELEVISION, 

Vol. II, RCA Institutes Technical Press, New York, N. Y. (October) 1937 
"Screens for Television Tubes ", I. G. Maloff and D. W. Epstein, 

Electronics (November) 1937 
"Figure of Merit for Television Performance ", A. V. Bedford, RMA 

Eng. (November) 1937 
RCA Review (July) 1938 
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Year 
"Direct Viewing Type Cathode -Ray Tube for Large Television Images ", 

I. G. Maloff, Proc. I.R.E. (November) 1937 
RCA Review (January) 1938 

"Television Cathode -Ray Tubes for the Amateur ", R. S. Burnap, RCA 
Review (January) 1938 

"Video I. F. System Considerations ", S. W. Seeley and W. S. Barden, 
RCA Licensee Bulletin LB -417 (January 5) 1938 

"A Discussion on Television Receiving Antennas ", W. S. Barden and 
S. W. Seeley, RCA Licensee Bulletin LB -423 (January 27) 1938 

"Problems of American Television ", A. N. Goldsmith, Radio Craft 
(February) 1938 

"Television Receivers ", E. W. Engstrom and R. S. Holmes, Elec- 
tronics (April) 1938 

"Some Notes on Video -Amplifier Design ", A. Preisman, RCA Review 
(April) 1938 

"Effect of the Receiving Antenna on Television Reception Fidelity ", 
S. W. Seeley, RCA Review (April) 1938 

"Probable Test Equipment Requirements for Design and Test of 
Domestic Television Receivers ", J. M. Brumbaugh, RMA Eng 
(May) 1938 

"Preliminary Discussion of Television Requirements With the Under- 
writers' Laboratories ", E. T. Dickey, RMA Eng. (May) 1938 

"Television I -F Amplifiers ", E. W. Engstrom and R. S. Holmes, 
Electronics (June) 1938 

"A Discussion on Video Modulation Detection ", W. S. Barden, RCA 
Licensee Bulletin LB -435 (June 27) 1938 

"A Discussion of Television Deflecting Systems ", S. W. Seeley and 
C. N. Kimball, RCA Licensee Bulletin LB -433 (June 30) 1938 

"Television Antenna for Good Reception ", S. W. Seeley, Radio Craft 
(August) 1938 

"Television V -F Circuits ", R. S. Holmes and E. W. Engstrom, Elec- 
tronics (August) 1938 

"High Frequency Correction in Resistance -Coupled Amplifiers ", E. W 
Herold, Communications (August) 1938 

"Television Development and Test Equipment ", H. B. Deal, RCA 
Licensee Bulletin LB -447 (August 30) 1938 

"Improvements in High Frequency Amplifiers ", D. E. Foster and A. E 
Newlon, RCA Licensee Bulletin LB -450 (September 22) 1938 

"Building Television Receivers with Standard Cathode -Ray Tubes ", 
J. B. Sherman, QST (October) 1938 

"Review of Ultra- High- Frequency Vacuum -Tube Problems ", B. J 
Thompson, RCA Review (October) 1938 

"A Survey of Ultra- High- Frequency Measurements ", L. S. Nergaard, 
RCA Review (October) 1938 

"A Video Mixing Amplifier ", A. A. Barco, RCA Licensee Bulletin 
LB -453 (October 11) 1938 

"An Experimental Television Receiver ", D. E. Foster and G. Mount - 
joy, RCA Licensee Bulletin LB -458 (October 13) 1938 

"Iconoscope Pre -Amplifier ", A. A. Barco, RCA Licensee Bulletin 
LB -448 (October 17) 1938 

"Transmission Lines as Coupling Elements in Television ", S. W. Seeley 
and C. N. Kimball, RCA Licensee Bulletin LB -456 (October 17) 1938 

"Analysis and Design of Video Amplifiers ", Part II, C. N. Kimball 
and S. W. Seeley, RCA Licensee Bulletin LB -461 (October 20) 1938 
Jour. Tele. Soc. (October) 1938 
RCA Review (January) 1939 

"Television Synchronizing and Blanking Signal Generator ", H. B. 
Deal, RCA Licensee Bulletin LB -452 (October 27) 1938 

"A Practical Television Receiver for the Amateur ", C. C. Shumard, 
QST (December) 1938 

"Television ", A. F. Van Dyck, World Almanac 1938 
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Year 
CATHODE -RAY TUBE IN TELEVISION, I. G. Maloff and D. W. 

Epstein. McGraw -Hill Book Co., New York, N. Y. 1938 
"Practical Application of an Ultra- High- Frequency Radio -Relay Cir- 

cuit", J. E. Smith, F. H. Kroger and R. W. George, Proc. I.R.E 
(November) 1938 

"Television Synchronization ", E. W. Engstrom and R. S. Holmes, 
Electronics (November) 1938 

"Deflection Circuits in Television Receivers ", E. W. Engstrom and 
R. S. Holmes, Electronics (January) 1939 

"New Television Amplifier Receiving Tubes ", A. P. Kauzmann, RCA 
Review (January) 1939 

"Observations on Sky -Wave Transmission on Frequencies Above 40 
Megacycles ", D. R. Goddard, Proc. I.R.E. (January) 1939 
RCA Review (January) 1939 

"A Fixed -Focus Electron Gun for Cathode -Ray Tubes ", H. Iams, 
Proc. I.R.E. (February) 1939 

"An Ultra -High- Frequency Power Amplifier of Novel Design ", A. V 
Haeff, Electronics (February) 1939 

"Some Television Problems from the Motion Picture Standpoint ", G. L 
Beers, E. W. Engstrom and I. G. Maloff, Jour. Soc. Mot. Pic. Eng 
(February) 1939 
Inter. Project (February) 1939 

"Television Economics ", Part I, A. N. Goldsmith, Communications 
(February) 1939 

"Using Electromagnetic -Deflection Cathode -Ray Tubes in the Tele- 
vision Receiver ", J. B. Sherman, QST (February) 1939 

"Electrostatic Deflection Kinescope Unit for the Television Receiver ", 
J. B. Sherman, QST (March) 1939 

"Television Economics ", Part II, A. N. Goldsmith, Communications 
(March) 1939 

"Application of Motion Picture Film to Television ", E. W. Engstrom 
and G. L. Beers, Jour. Soc. Mot. Pic. Eng. (April) 1939 

"Field Strength Measuring Equipment for Wide -Band U -H -F Trans- 
mission", R. W. George, RCA Review (April) 1939 

"Gamma and Range in Television ", I. G. Maloff, RCA Review (April) 1939 
"Kinescopes for Television Receivers ", L. C. Waller, Communications 

(April) 1939 
"Measurement of Phase Shift in Television Amplifiers ", A. A. Barco, 

RCA Review (April) 1939 
"Power for Television Receivers ", E. W. Engstrom and R. S. Holmes, 

Electronics (April) 1939 
"Television Economics ", Part III, A. N. Goldsmith, Communications 

(April) 1939 
"Television Transmitting Antenna for Empire State Building ", N. E 

Lindenblad, RCA Review (April) 1939 
"Transient Response of Multistage Video -Frequency Amplifiers ", A. V 

Bedford and G. L. Fredendall, Proc. I.R.E. (April) 1939 
"Radio Frequency Generator for Television Receiver Testing ", A. H 

Turner, RMA Eng. (May) 1939 
"Television Economics ", Part IV, A. N. Goldsmith, Communications 

(May) 1939 
"Television Lighting ", W. C. Eddy, Communications (May) 1939 
"How NBC Television Evolved ", O. B. Hanson, Radio and Tele. (June) 1939 
"Opportunities in Television ", A. N. Goldsmith, Radio and Tele. (June) 1939 
"Television Economics ", Part V, A. N. Goldsmith, Communications 

(June) 1939 
"Simplified Television I -F Systems ", G. Mountjoy, RCA Licensee 

Bulletin LB -478 (June) 1939 
"Circuit Diagrams of Television Signal Generating Equipment ", E. I. 

Anderson, RCA Licensee Bulletin LB -479 (June) 1939 
"An Iconoscope Pre -Amplifier ", A. A. Barco, RCA Review (July) 1939 
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Year 
"Antennas ", H. H. Beverage, Radio and Tele., (July) 1939 

RCA Review (July) 1939 
"Application of Motion Picture Film to Television ", E. W. Engstrom, 

G. L. Beers and A. V. Bedford, Jour. Soc. Mot. Pic. Eng. (July) 1939 
RCA Review (July) 1939 

"A Television Demonstration System for the New York World's Fair ", 
D. H. Castle, RCA Review (July) 1939 

"Effect of Electron Transit Time on Efficiency of a Power Amplifier ", 
A. V. Haeff, RCA Review (July) 1939 

"Luminescent Materials ", H. W. Leverenz and F. Seitz, Jour. Appl 
Phys. (July) 1939 

"Planning Programs for Television ", T. H. Hutchinson, Radio and 
Tele. (July) 1939 

"Probable Influences of Television on Society ", David Sarnoff, Jour. 
Appl. Phys. (July) 1939 

"Television Economics ", Part VI, A. N. Goldsmith, Communications 
(July) 1939 

"Television Lighting -Part I ", W. C. Eddy, Jour. Soc. Mot. Pic. Eng. 
(July) 1939 

"Television Receiving and Reproducing Systems ", E. W. Engstrom, 
Jour. Appl. Phys. (July) 1939 

"Television Studio Technic ", A. W. Protzman, Jour. Soc. Mot. Pic 
Eng. (July) 1939 

"Contrast in Kinescopes ", R. R. Law, Proc. I.R.E. (August) 1939 
"Television Antennas and Their Installation ", W. Hollander Bohlke, 

Radio and Tele. (August) 1939 
"Television Economics ", Part VII, A. N. Goldsmith, Communications 

(August) 1939 
"Recent Improvements in the Design and Characteristics of Icono- 

scopes", R. B. Janes and W. H. Hickok, Proc. I.R.E. (September) 1939 
"Space Charge Effects in Electron Beams ", A. V. Haeff, Proc. I.R.E. 

(September) 1939 
"Television Pickup Tubes Using Low -Velocity Beam Scanning ", A. 

Rose and H. Iams, Proc. I.R.E. (September) 1939 
"Television Economics ", Part VIII, A. N. Goldsmith, Communications 

(September) 1939 
"The Image Iconoscope ", H. Iams, G. A. Morton and V. K. Zworykin, 

Proc. I.R.E. (September) 1939 
"A Theoretical Analysis of Single Side -Band Operation of Television 

Transmitters ", L. S. Nergaard, Proc. I.R.E. (October) 1939 
"Programming the Television Mobile Unit ", T. H. Hutchinson, RCA 

Review (October) 1939 
"Simple Television Antennas ", P. S. Carter, RCA Review (October) 1939 
"Television Economics ", A. N. Goldsmith, Radio Tech. Digest 

(October) 1939 
"Television Economics ", Part IX, A. N. Goldsmith, Communications 

(October) 1939 
"Television Signal- Frequency Circuit Considerations ", G. Mountjoy, 

RCA Review (October) 1939 
"The Orthicon, a Television Pickup Tube ", A. Rose and H. Iams, RCA 

Review (October) 1939 
"Ultra- High -Frequency Propagation Formulas ", H. O. Peterson, RCA 

Review (October) 1939 
"Video Output Systems ", D. E. Foster and J. A. Rankin, RCA Licensee 

Bulletin LB -494 (October) 1939 
"Monitor Kinescope ", C. N. Kimball, RCA Licensee Bulletin LB -500 

(November) 1939 
"Television Economics ", Part X, A. N. Goldsmith, Communications 

(November) 1939 
"Transatlantic Reception of London Television Signals ", D. R. God- 

dard, Proc. I.R.E. (November) 1939 
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Year 
"Television Economics ", Part XI, A. N. Goldsmith, Communications 

(December) 1939 
"Superheterodyne Converter System Considerations in Television Re- 

ceivers", E. W. Herold, RCA Review (January) 1940 
"A New Method for Determining Sweep Linearity ", S. W. Seeley and 

C. N. Kimball, RCA Review (January) 1940 
"Simplified Television I -F Systems ", G. Mountjoy, RCA Review (Jan - 

ary) 1940 
"Television Reception in an Airplane ", R. S. Holmes, RCA Review 

(January) 1940 
"RCA Television Field Pickup Equipment ", T. A. Smith, RCA Re- 

view (January) 1940 
"The Formation and Maintenance of Electron and Ion Beams ", L. P 

Smith and P. L. Hartman, Jour. Appl. Phys. (March) 1940 
"A Wide -Band Inductive -Output Amplifier ", A. V. Haeff and L. S 

Nergaard, Proc. I.R.E. (March) 1940 
"Selective Sideband Transmission in Television ", R. D. Kell and G. L 

Fredendall, RCA Review (April) 1940 
"Mobile Field Strength Recordings of 49.5, 83.5 and 142 Mc. from 

Empire State Building, New York -Horizontal and Vertical Polar- 
ization", G. S. Wickizer, RCA Review (April) 1940 

"Television Studio Technic ", A. W. Protzman, RCA Review (April) 1940 
"Television Lighting ", W. C. Eddy, RCA Review (April) 1940 
"Low Cost Television Receiver ", G. Mountjoy and D. E. Foster, RCA 

Licensee Bulletin LB -520 (May) 1940 
"Antennas and Transmission Lines at the Empire State Building ", 

N. E. Lindenblad, Communications (May) 1940 
(April and May) 1941 

"A Receiver for the New Amateur Television System ", J. B. Sherman, 
QST (June) 1940 

"Picture Signal Analyzer ", H. B. Deal, RCA Licensee Bulletin LB -525 
(July) 1940 

"Field Strength Measuring Equipment at 500 Megacycles ", R. W. 
George, RCA Review (July) 1940 

"Determination of Optimum Number of Lines in a Television System ", 
R. D. Kell, A. V. Bedford and G. L. Fredendall, RCA Review 
(July) 1940 

"A 500- Megacycle Radio Relay Distribution System for Television ", 
F. H. Kroger, B. Trevor and J. E. Smith, RCA Review (July) 1940 

"Optimum Efficiency Conditions for White Luminescent Screens in 
Kinescopes ", H. W. Leverenz, Jour. Opt. Soc. Amer. (July) 1940 

"An Efficient U.H.F. Unit for the Amateur Television Transmitter ", 
L. C. Waller, QST (July) 1940 

"Field- Strength Survey, 52.75 Megacycles from Empire State Build- 
ing", G. S. Wickizer, Proc. I.R.E. (July) 1940 

"A Precision Television Synchronizing Signal Generator ", A. V. Bed- 
ford and J. P. Smith, RCA Review (July) 1940 

"Some Factors Affecting the Choice of Lenses for Television Cameras ", 
H. B. DeVore and H. Iams, Proc. I.R.E. (August) 1940 

"The RCA Portable Television Pickup Equipment ", G. L. Beers, O. H. 
Schade and R. E. Shelby, Proc. I.R.E. (October) 1940 

"Cathodoluminescence as Applied in Television ", H. W. Leverenz, RCA 
Review (October) 1940 

"Vertical versus Horizontal Polarization ", G. H. Brown, Electronics 
(October) 1940 

"An Electrically- Focused Multiplier Phototube", J. A. Rajchman and 
R. L. Snyder, Electronics (December) 1940 

TELEVISION, V. K. Zworykin and G. A. Morton, John Wiley & Sons, 
New York, N. Y. 1940 

TELEVISION BROADCASTING, L. Lohr, McGraw -Hill Book Co , 

New York, N. Y. 1940 
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Year 
"Recent Developments in Television ", E. W. Engstrom, An. Amer. 

Acad. Polit. Soc. Sci. (January) 1941 
"RCA -NBC Television Presents a Political Convention as First Long - 

Distance Pick -Up ", O. B. Hanson, RCA Review (January) 1941 
"A Vestigal Side -Band Filter for Use with a Television Transmitter ", 

G. H. Brown, RCA Review (January) 1941 
"A New Ultra -High Frequency Tetrode and its Use in a One Kilowatt 

Television Sound Transmitter ", A. K. Wing and F. E. Young, 
Proc. I.R.E. (January) 1941 

"Cascade Amplifiers with Maximal Flatness ", V. D. Landon, RCA 
Review (January and April) 1941 

"Video Output Systems ", D. E. Foster and J. Rankin, RCA Review 
(April) 1941 

"A New Era in Television ", David Sarnoff, RCA Review (July) 1941 
"A Résumé of the Technical Aspects of RCA Theatre Television ", 

I. G. Maloff and W. A. Tolson, RCA Review (July) 1941 
"A Simplified Television System for the Radio Amateur and Experi- 

menter", L. C. Waller and P. A. Richards, RCA Review (Cctober) 1941 
"A Method and Equipment for Checking Television Scanning Line- 

arity", V. J. Duke, RCA Review (October) 1941 
"Recent Television Developments ", R. E. Shelby and V. K. Zworykin, 

Reports on Progress in Physics (British), (Vol. 8) (December) . 1941 
"Orthicon Portable Television Equipment ", M. A. Trainer, Proc. I.R.E. 

(January) 1942 
"Measurements of the Slope and Duration of Television Synchronizing 

Impulses ", R. A. Monfort and F. J. Somers, RCA Review (Janu- 
ary) 1942 

"Factors Governing Performance of Electron Guns in Television 
Cathode -Ray Tubes ", R. R. Law, Proc. I.R.E. (February) 1942 

"Low- Frequency Characteristics of the Coupling Circuits of Single and 
Multi -Stage Video Amplifiers ", H. L. Donley and D. W. Epstein, 
RCA Review (April) 1942 

"Television Reception with Built -in Antennas for Horizontally and 
Vertically Polarized Waves ", W. L. Carlson, RCA Review (April) 1942 

"The Relative Sensitivities of Television Pick -Up Tubes, Photographic 
Film and The Human Eye ", A. Rose, Proc. I.R.E. (June) 1942 

"Analysis, Synthesis and Evaluation of the Transient Response of 
Television Apparatus ", A. V. Bedford and G. L. Fredendall, Proc. 
I.R.E. (October) 1942 

"A Portable High- Frequency Square -Wave Oscillograph for Tele- 
vision", R. D. Kell, A. V. Bedford and H. N. Kozanowski, Proc. 
I.R.E. (October) 1942 

"Automatic Frequency and Phase Control of Synchronization in Tele- 
vision Receivers ", K. R. Wendt and G. L. Fredendall, Proc. I.R.E. 
(January) 1943 

"Contemporary Problems in Television Sound ", C. L. Townsend, Proc. 
I.R.E. (January) 1943 

"The Focusing View -Finder Problem in Television Cameras ", G. L. 
Beers, Proc. I.R.E. (March) 1943 
Jour. Soc. Mot. Pic. Eng. (March) 1943 

"Television- Far -Seeing Eye of the Future ", R. E. Shelby, Electronics 
(March) 1943 

"R -F Operated High -Voltage Supplies for Cathode -Ray Tubes ", O. H. 
Schade, Proc. I.R.E. (April) 1943 

"Cathode -Ray Control of Television Light Valves ", J. S. Donal, Jr , 

Proc. I.R.E. (May) 1943 
"A Type of Light Valve for Television Reproduction ", J. S. Donal, Jr , 

and D. B. Langmuir, Proc. I.R.E. (May) 1943 
"Electron Bombardment in Television Tubes ", I. G. Maloff, Electronics 

(January) 1944 
"Automatic Frequency Control of Synchronization in Television." 

RCA Licensee Bulletin LB -624 (August) 1944 
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"Reflective Optical System for Television ", E. W. Wilby, RCA Licensee 

Bulletin LB -630 (November) 1944 
"Reflective Optics in Projection Television ", I. G. Maloff and D. W. 

Epstein, Electronics (December) 1944 
"Postwar Television Standards ", A. N. Goldsmith, Televiser (Fall) 1944 
"Possible Social Effects of Television ", David Sarnoff, An. Amer 

Acad. Polit. Soc. Sci. (January) 1945 
"Television ", David Sarnoff, TBA Annual (January) 1945 
"Cathode Coupled Wide -Band Amplifiers ", RCA Licensee Bulletin 

LB -631 (January) 1945 
"Future of Theater Television ", A. N. Goldsmith, Television (Febru- 

ary) 1945 
"The Clamp Circuit ", C. L. Townsend, Broad. Eng. Jour. (February 

and March) 1945 
"Improved Electron Gun for Cathode -Ray Tubes ", L. E. Swedlund, 

Electronics (March) 1945 
"Projection Television ", D. W. Epstein and I. G. Maloff, Jour. Soc 

Mot. Pic. Eng. (June) 1945 
"Multiple- Dwelling Television ", A. N. Goldsmith, Television (June) 1945 
"Researcher Views Television ", E. W. Engstrom, Televiser (July - 

August) 1945 
"Converting from Radio to Video Broadcasting ", A. N. Goldsmith, 

Televiser (September) 1945 
"Planning the Television Station, Part I ", A. N. Goldsmith, Televiser, 

(September -October) 1945 
"Band -Pass Bridged -T Network for Television Intermediate- Frequency 

Amplifiers ", G. C. Sziklai and A. C. Schroeder, Proc. I.R.E. (Octo- 
ber) 1945 

"Cathode -Coupled Wide -Band Amplifiers ", G. C. Sziklai and A. C 
Schroeder, Proc. I.R.E. (October) 1945 

"Planning the Television Station, Part II ", A. N. Goldsmith, Televiser, 
(November -December) 1945 

"Gimbels and RCA Test Intra -Store Television ", J. J. Alesi, Broad- 
cast News (January) 1946 

"The Teleran Proposal ", P. J. Herbst, I. Wolff, D. Ewing, and L. F. 
Jones, Electronics, (February) 1946 

"Transmission of Television Sound on the Picture Carrier ", G. L. 
Fredendall, K. Schlesinger and A. C. Schroeder, Proc. I.R.E. 
(February) 1946 

"Practical Aspects of Television ", W. H. Bolke and N. M. Brisbin, 
RCA Rad. Serv. News (February) 1946 

"Input Impedance of Several Receiving -Type Pentodes at F -M and 
Television Frequencies ", F. Mural, RCA Licensee Bulletin LB -661 
(March) 1946 

"Improved Cathode -Ray Tubes with Metal- Backed Luminescent 
Screens ", D. W. Epstein and L. Pensak, RCA Review (March) 1946 

"Local Oscillator Radiation and Its Effect on Television Picture Con- 
trast", E. W. Herold, RCA Review (March) 1946 

"Image Orthicon Camera ", R. D. Kell and G. C. Sziklai, RCA Review 
(March) 1946 

"Field Television ", R. E. Shelby and H. P. See, RCA Review (March) 1946 
"Compensating Amplifier ", C. N. Gillespie, Electronics (March) 1946 
"Super Turnstile Antenna ", R. F. Holtz, Communications (April) 1946 
"Photographic Film, Television Pick -Up Tubes and the Eye ", A. Rose, 

Inter. Project., (May) 1946 
"Pioneering in Television ", David Sarnoff, Booklet, RCA Department 

of Information, New York, N. Y., (May) 1946 
"Practical Television ", R. A. Monfort, Radio News (May) 1946 
"Radar Aids to Navigation- Loran, Teleran, Television ", I. Wolff, 

Princeton Eng., (May) 1946 
"An Experimental Color Television System ", R. D. Kell, G. L. Freden- 

dall, A. C. Schroeder and R. C. Webb, RCA Review (June) 1946 
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Year 
"A Method of Measuring the Degree of Modulation of a Television 

Signal ", T. J. Buzalski, RCA Review (June) 1946 
"Development of an Ultra Low Loss Transmission Line for Televi- 

sion", E. O. Johnson, RCA Review (June) 1946 
"Electron Guns for Television Application ", G. A. Morton, Rev. Mod 

Phys. (July) 1946 
"The Image Orthicon -A Sensitive Television Pickup Tube ", A. Rose 

and P. K. Weimer and H. B. Law, Proc. I.R.E. (July) 1946 
"Super- sensitive Tele- Pickup. Tube ", W. L. Lawrence, Radio Service 

Dealer (July) 1946 
"Micro -Wave Television Relays, Operating on 6,800 to 7,050 Mc ", W. J. 

Poch and J. P. Taylor, FM and Tele. (August) 1946 
"A New Synchronizing and Blanking Signal Generator ", E. Schoen- 

feld, W. Milwitt and W. Brown, RCA Licensee Bulletin LB -678, 
(August 1) 1946 

"Television High Voltage R -F Supplies ", R. S. Mautner and O. H. 
Schade, RCA Licensee Bulletin LB -675 (August 15) 1946 

"The Relationship of FM to Television ", A. N. Goldsmith, FM Business 
(August) 1946 

"Current Oscillator for Television Sweep ", G. C. Sziklai, Electronics 
(September) 1946 

"Flying Torpedo with an Electric Eye ", V. K. Zworykin, RCA Review 
(September) 1946 

"Naval Airborne Television Reconnaissance System ", R. E. Shelby, 
F. J. Somers and L. R. Moffett, RCA Review (September) 1946 

"Miniature Airborne Television Equipment ", R. D. Kell and G. C 
Sziklai, RCA Review (September) 1946 

"Mimo- Miniature Image Orthicon ", P. K. Weimer, H. B. Law and 
S. V. Forgue, RCA Review (September) 1946 

"The TK -30A Camera with the Image Orthicon ", N. S. Bean, Broad- 
cast News (October) 1946 

"Microwave Equipment for Television Relay Service ", W. J. Poch and 
J. P. Taylor, Broadcast News (October) 1946 

"A Unified Approach to the Performance of Photographic Film, Tele- 
vision Pickup Tubes, and the Human Eye ", Jour. Soc. Mot. Pic. 
Eng. (October) 1946 

"The Use of Powdered Iron in Television Deflecting Circuits ", A. L 
Friend, RCA Licensee Bulletin LB -688, (October 3) 1946 

"An M -Type Band Pass Television Amplifier ", F. Mural, RCA Licen- 
see Bulletin LB -687, (November 7) 1946 

"A Bar -Signal Generator Foi Testing Television Apparatus ", E 
Schoenfeld and W. Milwitt, RCA Licensee Bulletin LB -689, (No- 
vember 13) 1946 

"Recent Developments in Television Deflection Systems ", A. A. Barco 
and C. E. Torsch, RCA Licensee Bulletin LB -694, (November 29) . 1946 

"Simultaneous All Electronic Color Television ", RCA Review (De- 
cember) 1946 
RCA Licensee Bulletin LB -702 (December 23) 1946 

"Teleran ", D. H. Ewing and R. W. K. Smith, RCA Review (December) 1946 
"Television Equipment for Aircraft ", M. A. Trainer and W. J. Poch, 

RCA Review (December) 1946 
"Television: United States ", G. L. Beers and B. E. Shackelford, Sec- 

tion of 1946 BRITTANICA BOOK OF THE YEAR 1946 
"The Clamp Circuit ", C. L. Townsend, Broad. Eng. Jour., Part I 

(January) 1947 
Part II (April) 1947 

"Military Television ", George M. K. Baker, TELEVISION, Volume 
IV (January) 1947 

"The Outlook for Television- 1941 ", A. F. Van Dyck, TELEVISION, 
Volume III (January) 1947 

"The Progress of Television, 1938 -1941 ", A. N. Goldsmith, TELEVI- 
SION, Volume III (January) 1947 
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TELEVISION, Volume III (1938- 1941), RCA REVIEW, RCA Lab- 

oratories Division, Princeton, N. J. (January) 1947 
TELEVISION, Volume IV (1942- 1946), RCA REVIEW, RCA Lab- 

oratories Division, Princeton, N. J. (January) 1947 
"Television Broadcasting- 1946 ", O. B. Hanson, TELEVISION, Vol- 

ume IV (January) 1947 
"Television -A Review, 1946 ", E. W. Engstrom, TELEVISION, 

Volume IV (January) 1947 
"Television Today and Its Problems- 1946 ", A. N. Goldsmith, TELE- 

VISION, Volume IV (January) 1947 
Inter. Project. (May) 1947 

"Automatic Frequency -Phase Control in TV Receivers ", A. Wright, 
Tele -Tech (February) 1947 

"Film Projectors for Television ", R. V. Little, Jr., Jour. Soc. Mot 
Pic. Eng. (February) 1947 

"Table Model Television Receiver ", A. Wright, RCA Licensee Bulle- 
tin LB -704 (February 15) 1947 

"Input Circuit Noise Calculations for F -M and Television Receivers ", 
W. J. Stolze, Communications (February) 1947 

"Television Deflection Circuits ", A. W. Friend, RCA Review (March) 1947 
"Television High Voltage R -F Supplies ", R. S. Mautner and O. H 

Schade, RCA Review (March) 1947 
"Television Receivers ", A. Wright, RCA Review (March) 1947 
"Television R -F Tuners ", R. F. Romero, RCA Licensee Bulletin LB- 

697 (March 17) 1947 
"Transmission Lines and Antennas for F.M. and Television ", M. 

Kaufman, Radio Maintenance (March and April) 1947 
"Dipole Antennas for Television Reception ", O. M. Woodward, Jr. and 

W. J. Stolze, RCA Licensee Bulletin LB -712 (May 12) 1947 
"Film Projectors for Television ", R. V. Little, Jr., Inter. Project. 

(May) 1947 
"An Analysis of Modern Antennas for FM and Television Reception ", 

M. Kaufman, RCA Rad. Serv. News (June -July) 1947 
"Image Orthicon Field Equipment ", J. H. Roe, Broadcast News (June) 1947 
"New Techniques in Synchronizing Signal Generators ", E. Schoenfeld, 

W. Brown and W. Milwitt, RCA Review (June) 1947 
A Precision Device for Television Pulse Width and Slope Measure- 

ment", H. L. Morrison, RCA Licensee Bulletin LB -717 (June 20) 1947 
"Projection Screens for Home Television Receivers ", R. R. Law and 

I. G. Maloff, RCA Licensee Bulletin LB -718 (June 25) 1947 
"Simplified Television for Industry ", R. E. Barrett and M. M. Good- 

man, Electronics (June) 1947 
"Television Antenna Installations Giving Multiple Receiver Outlets ", 

R. J. Ehret, Tele -Tech (June) 1947 
"Sync Generator Frequency Stability and TV Remote Pickups ", W. J. 

Poch, Communications (July) 1947 
"Television Power Supplies ", M. Kaufman, Service (July) 1947 
"Television: Threshold of New Opportunities ", David Sarnoff, Rad. 

Appl. Jour. (July) 1947 
"Triplex Antenna for Television and F -M ", L. J. Wolf, Electronics 

(July) 1947 
"Curing Interference to Television Reception ", M. Seybold, QST 

(August) 1947 
"Pulsed Rectifiers for Television Receivers ", I. G. Maloff, Electronics 

(August) 1947 
"Television ", V. K. Zworykin, Jour. Frank. Inst. (August) 1947 
"The Use of Wave Traps as a Remedy for Interference in Your Re- 

ception", RCA Rad. Serv. News (August- September) 1947 
"Application of I.C.I. Color System to Development of All- Sulphide 

White Television Screen ", A. E. Hardy, RCA REVIEW (Sep- 
tember) 1947 
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"Camera Placement and Switching for Baseball Broadcasting ", J. P 

Taylor, Broadcast News (September) 1947 
"Colorimetry in Television ", W. H. Cherry, RCA Review (September) 1947 
"Electrostatic Deflection for 7GP4 Kinescope ", W. Milwitt and E. 

Schoenfeld, RCA Licensee Bulletin LB -701 (September 22) 1947 
"An Experimental Simultaneous Color Television System ", RCA 

Licensee Bulletin LB -729 (September 3) 1947 
"An Experimental Simultaneous Color -Television System, Part I- 

Introduction", R. D. Kell, Proc. I.R.E. (September) 1947 
"An Experimental Simultaneous Color- Television System, Part II- 

Pickup Equipment ", G. C. Sziklai, R. C. Ballard and A. C. 
Schroeder, Proc. I.R.E. (September) 1947 

"An Experimental Simultaneous Color- Television System, Part III - 
Radio- Frequency and Reproducing Equipment ", K. R. Wendt, G. L. 
Fredendall and A. C. Schroeder, Proc. I.R.E. (September) 1947 

"How NBC Uses the RCA Image Orthicon Camera ", F. A. Wankel 
and E. C. Wilbur, Broadcast News (September) 1947 

"Intercarrier Sound System for Television ", H. M. Bach and E. I. 
Anderson, RCA Licensee Bulletin LB -727 (September 10) 1947 

"Learn as You Build- Television ", A. Liebscher, Radio News (Sep- 
tember) 1947 

"Magnetic- Deflection Circuits for Cathode -Ray Tubes ", O. H. Schade, 
RCA Review (September) 1947 

"Projection Type Television Receiver ", E. L. Clark, Radio News 
(September) 1947 

"The RCA Type TJ -50A Television Mobile Unit ", W. J. Poch and 
H. C. Shepard, Broadcast News (September) 1947 

"Reflective Optical System for Projection Television ", V. K. Zworykin, 
Radio News (September) 1947 

"Television Receiver Production Test Equipment ", J. A. Bauer, Com- 
munications (September, October) 1947 

"Suppression of Arc -Over, Corona, and High -Voltage Leakage in the 
5TP4 Kinescope ", RCA Application Note AN -124, RCA Tube De- 
partment, Harrison, N. J. (November 15) 1947 

"Television Field Equipment ", J. H. Roe and N. S. Bean, FM & Tele 
(November) 1947 

"Television Progress ", David Sarnoff, Broad. Eng. Jour. (November) 1947 
"Transformerless Seven -Inch Television Receiver ", W. J. Stolze and 

E. I. Anderson, RCA Licensee Bulletin LB -731 (November 3) 1947 
"Interlocked Scanning for Network Television ", J. R. DeBaun, RCA 

Review (December) 1947 
"New Television Field- Pickup Equipment Employing the Image Orthi- 

con", J. H. Roe, Proc. I.R.E. (December) 1947 
"Storage Orthicon and Its Application to Teleran ", S. V. Forgue, 

RCA Review (December) 1947 
"Technical Aspects of Television Studio Operation ", R. W. Clark and 

H. C. Gronberg, RCA Review (December) 1947 
"TELERAN -Part II, First Experimental Installation ", D. H. Ewing, 

H. J. Schrader and R. W. K. Smith. RCA Review (December) 1947 
"Television Field Equipment ", J. R. Smith, FM & Tele. (December) 1947 
"Television Progress ", David Sarnoff, Broadcast News (December) 1947 
THE FUTURE OF TELEVISION. (Rev. Ed.), O. E. Dunlap, Jr , 

Harper and Bros., New York, N. Y. 1947 
"Radio- Scientific Developments and Television in the U. S. ", G. L 

Beers, SECTION OF TEN EVENTFUL YEARS, (1937 -1946), Encyclo- 
pedia Britannica 1947 

"Circuit Design Precautions to Prevent Internal Arcs from Damaging 
Kinescopes ", RCA Application Note AN -128, RCA Tube Depart- 
ment, Harrison, N. J. (January 15) 1948 

"Progress in Television ", V. K. Zworykin, Radio Craft (January) 1948 
"Teleran ", W. W. Watts, Signals (January- February) 1948 
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"Theater Television Prospects ", A. N. Goldsmith, Inter. Project 

(January) 1948 
"Optical Problems in Theatre Television ", I. G. Maloff, RCA Serv 

Company News (February) 1948 
"Pulse- Operated High -Voltage Power Supply for Television Re- 

ceivers", RCA Application Note AN -130, RCA Tube Department, 
Harrison, N. J. (February 16) 1948 

"The Sensitivity Performance of the Human Eye on an Absolute 
Scale ", A. Rose, Jour. Opt. Soc. Amer. (February) 1948 

"The Television DC Component ", K. R. Wendt, RCA Licensee Bulletin 
LB -745 (February 20) 1948 

"Theater Television -a General Analysis ", A. N. Goldsmith, Jour 
Soc. Mot. Pic. Eng. (February) 1948 
Inter. Project. (April, May, June, July) 1948 

"Electro- Optical Characteristics of Television Systems: Introduction; 
Part I- Characteristics of Vision and Visual Systems ", O. H. 
Schade, RCA Review (March) 1948 

"How to Convert a Standard Television Receiver into a Direct -View- 
ing Video Extension Monitor ", E. K. Price, Broadcast News 
(March) 1948 

"Radio- Frequency Performance of Some Receiving Tubes in Television 
Circuits ", R. M. Cohen, RCA Review (March) 1948 

"Review and Preview of Television ", David Sarnoff, Inter. Photo 
(March) 1948 

"Television DC Component ", K. R. Wendt, RCA Review (March) 1948 
"Triplexed Antenna System at WNBW /WRC -FM ", L. J. Wolfe, 

Broadcast. News (March) 1948 
"TT -5A Television Transmitter ", C. D. Kentner, Broadcast' News 

(March) 1948 
"WNBW and WRC -FM, NBC, Washington ", R. F. Guy, Broadcast 

News (March) 1948 
"Television Today ", F. W. Wentker, Transmitter (Spring) 1948 
"Dynamic Operating Conditions in Video Amplifiers ", Frank Mural, 

RCA Licensee Bulletin LB -750 (April 20) 1948 
"How to Use the Television Stabilizing Amplifier ", J. H. Roe, Broad- 

cast News (May) 1948 
"The Magic of Making Television Picture Tubes ", Pamphlet, RCA 

Department of Information, New York, N. Y. (April) 1948 
"Incidental Phase Modulation of Television Picture Transmitters ", 

W. R. Alexander and S. W. Seeley, RCA Licensee Bulletin LB -755 
(May 20) 1948 

"Note on Means of Measurement of Output Plate A. C. Voltage of a 
Television Deflection Circuit During Scanning Interval ", J. M. 
Brumbaugh, Broadcast News (May) 1948 

"Preamplifiers for Television Receivers ", R. F. Romero, RCA Licensee 
Bulletin LB -748 (May 10) 1948 

"TV Field Equipment ", J. M. Brumbaugh. FM and Tele. (April) 1948 
"Television Progress ", David Sarnoff, Television (May) 1948 
"Television Service. Part I, Using the Test Pattern ", J. R. Meagher, 

RCA Rad. Serv. News (May -June) 1948 
"The TP -16A 16mm. Television Projector ", R. V. Little, Jr. Broadcast 

News (May) 1948 
"Comparative Propagation Measurements; Television Transmitters at 

67.25. 288, 510 and 910 Megacycles ", G. H. Brown, J. Epstein and 
D. W. Peterson. RCA Review (June) 1948 

" Electro- Optical Characteristics of Television Systems. Part II- 
Electro- Optical Specifications for Television Systems ", O. H. 
Schade, RCA Review (June) 1948 

"Motion Picture Photography of Television Images ", R. M. Fraser, 
RCA Review (June) 1948 

"A Permeability -Tuned Television Tuner ", R. F. Romero, RCA 
Licensee Bulletin LB -756 (June 20) 1948 
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"Projection Screens for Home Television Receivers ", R. R. Law and 

I. G. Maloff, Jour. Opt. Soc. Amer. (June) 1948 
"Design Factors for Intercarrier Television Sound ", S. W. Seeley, 

Electronics (July) 1948 
"Developments in Large- Screen Television ", R. V. Little, Jr., Jour 

Soc. Mot. Pic. Eng. (July) 1948 
"New Test Equipment Speeds Video Servicing ", Arthur Liebscher, 

Radio News (July) 1948 
Radio Service Dealer (July) 1948 

"Optical Problems in Large- Screen Television ", I. G. Maloff, Jour. 
Soc. Mot. Pic. Eng. (July) 1948 

"Overload Protection for the Horizontal Deflection Circuit in Tele- 
vision Receivers ", RCA Application Note AN -136, RCA Tube De- 
partment, Harrison, N. J. (July 15) 1948 

"Photometry in Television Engineering ", D. W. Epstein, Electronics 
(July) 1948 

"Television Service -Part II ", J. R. Meagher, RCA Rad. Serv. News 
(July -August) 1948 

"Automatic Gain Controls for Television Receivers ", K. R. Wendt and 
A. C. Schroeder, RCA Review (September) 1948 
RCA Licensee Bulletin LB -757 (September 1) 1948 

"Electro- Optical Characteristics of Television Systems. Part III - 
Electro- Optical Characteristics of Camera Systems ", O. H. Schade, 
RCA Review (September) 1948 

"Ultra- High- Frequency Television Converters ", RCA Licensee Bul- 
letin LB -760 (September 20) 1948 

"A Novel Ten -Inch Television Receiver ", W. J. Stolze and E. I 
Anderson/ RCA Licensee Bulletin LB -761 (October 1) 1948 

"RCA -NBC Views on TV Expansion ", E. W. Engstrom, FM & Tele 
(October) 1948 

`Television Service -Part III ", J. R. Meagher, RCA Rad. Serv. News 
(September -October) 1948 

"Television Antennas and Transmission Lines ", J. R. Meagher, RCA 
Rad. Serv. News (November- December) 1948 

"Using TV Test Patterns ", John R. Meagher, Radio -Electronics 
(November) 1948 

"500 Watt TV Transmitter ", M. L. Gaskill, Tele -Tech. (November) 1948 
"Colorimetry in Television ", W. H. Cherry, Jour. Soc. Mot. Pic. Eng 

(December) 1948 
"Developmental Television Transmitter for 500 -900 Megacycles ", R. R. 

Law, W. B. Whalley and R. P. Stone, RCA Review (December) 1948 
"Electro- Optical Characteristics of Television Systems; Part IV- 

Correlation and Evaluation of Electro- Optical Characteristics of 
Imaging Systems ", O. H. Schade, RCA Review (December) 1948 

"Field Test of Ultra -High- Frequency Television in the Washington 
Area ", G. H. Brown, RCA Review (December) 1948 

"Flying Spot Scanner for Television ", Donald Pike, Broad. Eng. Jour 
(December) 1948 

"Planning Radio and Television Studios ", G. M. Nixon, Broadcast 
News (December) 1948 

"Practical Equipment Layouts for Television Stations ", Broadcast 
News (December) 1948 

"Scale Models Made from Paper Cutouts Aid TV Station Planning ", 
M. L. Gaskill, Broadcast News (December) 1948 

"Sensitometric Aspect of Television Monitor -Tube Photography ", 
F. G. Albin, Jour. Soc. Mot. Pic. Eng. (December) 1948 

"A Technique for the Making and Mounting of Fine Mesh Screens ", 
H. B. Law, Rev. Sci. Instr. (December) 1948 

"Radio- Scientific Developments Television - U.S.A. ", G. L. Beers, 
SECTION OF ENCYCLOPAEDIA BRITANNICA YEAR BOOK 
(Spring) 1948 
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UNDERSTANDING TELEVISION, Orrin E. Dunlap, Jr., Green- 

berg: Publisher, New York, N. Y. 1948 
"Television Antennas and Transmission Lines, Part II - Ghosts ", 

J. R. Meagher, RCA Rad. Serv. News (January -February) 1949 
"Television Service. Part IV ", J. R. Meagher, RCA Rad. Serv. News 

(January- February) 1949 
"Television Tuner Analysis and Design Considerations ", R. F. Romero, 

RCA Licensee Bulletin LB -764 (January 15) 1949 
"Video Receiver Circuits Simplified ", D. D. Cole, Tele -Tech. (January) 1949 
"Philosophy of Our Television System ", J. H. Roe, Broadcast News 

(February) 1949 
"Stability vs. Chaos in TV ", A. N. Goldsmith, Inter. Project (Febru- 

ary) 1949 
"Development of a Large Metal Kinescope for Television ", H. P 

Steier, J. Kelar, C. T. Lattimer and R. D. Faulkner, RCA Review 
(March) 1949 

"Phase and Amplitude Equalizer for Television Use ", E. D. Goodale 
and R. C. Kennedy, RCA Review (March) 1949 

"A Reversible Beam Antenna for Twelve Channel Television R' cón- 
tion", O. M. Woodward, Jr., RCA Licensee Bulletin LB -768 
(March 7) 1949 

"A Simple Keyed AGC System for Television Receivers ", G. F. Rogers 
and E. I. Anderson, RCA Licensee Bulletin LB -769 (March 15) 1949 

"Standardization of the Transient Response of Television Transmit- 
ters", R. D. Kell and G. L. Fredendall, RCA Review (March) 1949 

"Television Antennas and Transmission Lines ", J. R. Meagher, RCA 
Rad. Serv. News (March- April) 1949 

"TV. Electronics and Radio in '49 ", David Sarnoff, Radio -Electronics 
(March) 1949 

"Ultrafax ", D. S. Bond and V. J. Duke, RCA Review (March) 1949 
Journal of The British Institution of Radio Engineers (April) 1949 

"Television Service. Part V, How RF -IF Alignment Affects Picture 
Quality ", J. R. Meagher, RCA Rad. Serv. News (March -April) 1949 

"How to Get the Best Picture Out of Your Image Orthicon Camera ", 
H. Kozanowski, Broadcast News (April) 1949 

"Large Screen Projection Television ", R. V. Little, Elec. Eng. (April) 1949 
"The Philosophy of Our TV System (Part II) ", J. H. Roe, Broadcast 

News (April) 1949 
PHOTOELECTRICITY AND ITS APPLICATIONS. V. K. Zworykin 

and E. G. Ramberg, John Wiley & Sons, Inc., New York, N. Y 
(April) 1949 

"The Pictorial Situation Display in Air Navigation and the Control 
of Aerial Traffic ", H. H. Spencer, Aero Digest (April) 1949 

"Tips on Use of Image Orthicons ", Booklet, Tube Department, RCA 
Victor Division, Harrison, N. J. (April) 1949 

"Television Film Recording ", R. V. Little, Jr., Broadcast News (April) 1949 
"Automatic Frequency Phase Control of Television Sweep Circuits ", 

E. L. Clark, Proc. I.R.E. (May) 1949 
"Demonstration of Large- Screen Television at Philadelphia ", Roy 

Wilcox (coauthor), Jour. Soc. Mot. Pic. Eng. (May) 1949 
"Elimination of Reflections on Video Lines ", C. A. Meyer and R. G 

Middleton, Radio News (May) 1949 
"High -Speed Production of Metal Kinescopes ", H. P. Steier and R. D 

Faulkner, Electronics (May) 1949 
"Image Orthicon- Making Fine Mesh Screens ", H. B. Law, Broad 

Eng. Jour. (May) 1949 
"An Inexpensive Waveform Monitor for TV Broadcasters ", J. R 

DeBaun, Broad. Eng. Jour. (May) 1949 
"Recommendations for Support and Insulation of Kinescope RCA - 

16AP4", RCA Application Note AN -140, RCA Tube Department, 
Harrison, N. J. (May 2) 1949 
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"Sound Co- Channel Interference Measurements on Conventional and 

Intercarrier Television Receivers ", George Hesse and Jack Avins, 
RCA Licensee Bulletin LB -774 (May 20) 1949 

"TV Film Projectors ", G. W. Tunnel], Inter. Project. (May) 1949 
BASIC TELEVISION - PRINCIPLES AND SERVICING, Bernard 

Grob, McGraw -Hill Book Co., New York, N. Y. (June) 1949 
"Development and Performance of Television Camera Tubes ", R. B. 

Janes, R. E. Johnson and R. S. Moore, RCA Review (June) 1949 
"Method of Multiple Operation of Transmitter Tubes Particularly 

Adapted for Television Transmission in the Uultra- High -Fre- 
quency Band ", G. H. Brown, W. C. Morrison, W. L. Behrend and 
J. G. Reddeck, RCA Review (June) 1949 

"The Philosophy of Our TV System (Part III) ", J. H. Roe, Broadcast 
News (June) 1949 

"Reversible -Beam Antenna for Twelve -Channel Television Reception ", 
O. M. Woodward, Jr., RCA Review (June) 1949 

"A Television and FM Noise Generator ", I. J. Melman, RCA Licensee 
Bulletin LB -776 (June 20) 1949 

"TV and FM Site Testing ", E. S. Clammer and E. M. Brown, Broad- 
cast News (June) 1949 

"Television Receiving Systems ", C. M. Sinnett, Elec. Eng. (June) 1949 
"TV Site Testing and Measurement Techniques ", E. S. Clammer, 

Communications (June) 1949 
"Video Announcer ", E. P. Bertero, RCA Review (June) 1949 
"Modern Television Producing Plant ", M. M. Ellwell, Televiser (July) 1949 
"Television Photometry and Optical Background ", R. L. Kuehn, 

Tele -Tech. (July) 1949 
"Television Service, Part VI- Troubles in Horizontal- Deflection and 

High -Voltage Circuits ", John R. Meagher, RCA Rad. Serv. News 
(July) 1949 

"Comments of Radio Corporation of America ", C. B. Jolliffe, (Letter 
concerning color television) (August 25) 1949 

"Engineering Techniques in Motion Pictures and Television ", A. N.- 
Goldsmith, Jour. Soc. Mot. Pic. Eng. (August) 1949 

"New TV Studio Relay Switching System ", W. E. Tucker and C. R. 
Monro, Tele -Tech. (August) 1949 

"Problems of Television Deflection and High -Voltage Supply ", A. A. 
Barco, RCA Licensee Bulletin LB -781 (August 10) 1949 

"Progress Report -Theater Television ", B. Kreuzer, Jour. Soc. Mot. 
Pic. Eng. (August) 1949 

"American Television Film Equipment ", R. E. B. Hickman, Journal 
of the Television Society (British) (September) 1949 

"Baseball Television ", J. P. Taylor, Broadcast News (September) 1949 
"Engineering Statement Supplemental to Comments of Radio Corpo- 

ration of America ", E. W. Engstrom, (Letter concerning color 
television) (September 6) 1949 

"Illumination for Television Studios -Part I ", H. M. Gurin, Tele- 
Tech. (September) 1949 

"The Image Isocon -An Experimental Television Pickup Tube Based 
on the Scattering of Low Velocity Electrons ", P. K. Weimer, 
RCA Review (September) 1949 

"A Six -Megacycle Compatible High- Definition Color Television Sys- 
tem", Bulletin (September 26) 1949 
RCA Review (December) 1949 

"Television Service. Part VII -Vertical Deflection Troubles ", J. R. 
Meagher, RCA Rad. Serv. News (September -October) 1949 

"Illumination for Television Studios -Part II ", H. M. Gurin, Tele- 
Tech (October) 1949 

"Synchronization for Color Dot Interlace in the RCA Color Television 
System ", Bulletin, RCA Laboratories Division (October) 1949 
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"A 15 by 20 -inch Projection Receiver for the RCA Color Television 

System ", Bulletin, RCA Laboratories Division (October) 1949 
"A Two -Color Direct -View Receiver for the RCA Color Television 

System ", Bulletin, RCA Laboratories Division (November) 1949 
"Television Service, Part VIII -Vertical Oscillator Troubles ", John 

R. Meagher, RCA Rad. Serv. News (November and December) 1949 
"Artificial Lines for Video Distribution and Delay ", A. H. Turner, 

RCA Review (December) 1949 
"A Direct -Drive Deflection and High Voltage System for Television 

Receivers ", W. E. Scull, Jr., R. G. Wolcott and S. I. Tourshou, 
RCA Licensee Bulletin LB -789 (December 23) 1949 

"The Evaluation of Chromium -Iron Alloys for Metal Kinescope 
Cones ", A. S. Rose and J. C. Turnbull, RCA Review (December) 1949 

"An Experimental UHF Television Tuner ", Bulletin, RCA Labora- 
tories Division (December) 1949 

"Hints on Using Sweep Generators for TV Receiver Alignment ", 
John A. Cornell, Radio News (December) 1949 

"A New Image Orthicon ", R. B. Janes, R. E. Johnson and R. R 
Handel, RCA Review (December) 1949 

"Design of 41.25 -MC Video I -F Amplifiers ", J. Avins, RCA Licensee 
Bulletin LB -790 (January 10) 1950 

"An Experimental Determination of the Sideband Distribution in the 
RCA Color Television System ", Bulletin, RCA Laboratories Divi- 
sion (January 17) 1950 

"An Experimental UHF Television Converter ", Bulletin, RCA Labora- 
tories Division (January 30) 1950 

"Mixing Local and Remote Television Signals ", W. E. Wells and J. M 
Weaver, Tele -Tech (January) 1950 

"Radio and Television in 1949 -1950 ", David Sarnoff, Broad. Eng. Jour 
(January) 1950 

"A Single Tube A.F.C. Circuit for TV Deflection Systems ", J. A 
Cornell, Radio & Tele. News (January) 1950 

"A Study of Cochannel and Adjacent -Channel Interference of Tele- 
vision Signals, Part I ", Bulletin, RCA Laboratories Division 
(January 17) 1950 
RCA Review (March) 1950 

"A Study of Cochannel and Adjacent Channel Interference of Tele- 
vision Signals, Part II ", Bulletin, RCA Laboratories Division 
(January 30) 1950 
RCA Review (June) 1950 

"Supplemental Data on UHF Tuner Described in Bulletin `An Experi- 
mental UHF Television Tuner' ", Bulletin, RCA Laboratories Divi- 
sion (January) 1950 

"A Three -Color Direct -View Receiver for the RCA Color Television 
System ", Bulletin, RCA Laboratories Division (January 9) 1950 

"Characteristics of High -Efficiency Deflection and High -Voltage Sup- 
ply Systems for Kinescopes ", O. H. Schade, RCA Licensee Bulletin 
LB -791 (February 10) 1950 

"Colorimetric Analysis of RCA Color Television System ", Bulletin, 
RCA Laboratories Division (February 15) 1950 

"Directional Antenna Systems for Microwave TV - Part I ", C. A 
Rosencrans, Tele -Tech (February) 1950 "First UHF TV Transmitter Shipped ", Broadcast News (January - February) 1950 

"Giving TV a New Meaning ", V. K. Zworykin, Televiser (February) 1950 
"How to Use the TM -5A Monitor to Check Sync Signals by the `Pulse 

Cross' Method ", H. J. Markley, Broadcast News (January - February) 1950 
"Recent Developments in Color Synchronization in the RCA Color Television System ", Bulletin, RCA Laboratories Division (Febru- ary 8) 1950 
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Year 
"A Simplified Receiver for the RCA Color Television System ", Bul- 

letin, RCA Laboratories Division (February 28) 1950 
"Answers to Questions about Color Television ", Pamphlet, RCA De- 

partment of Information (March 30) 1950 
"Behind the Scenes at a Television Show ", Milton Brown, Rad. & Tele 

News (March) 1950 
"Characteristics of High -Efficiency Deflection and High- Voltage Sup- 

ply Systems for Kinescopes ", O. H. Schade, RCA Review (March) 1950 
"Directional Antenna Systems for Microwave TV, Part II ", C. A. 

Rosencrans, Tele -Tech (March) 1950 
"Experimental Ultra- High- Frequency Television Station in the 

Bridgeport, Connecticut Area ", R. F. Guy, J. L. Seibert and 
F. W. Smith, RCA Review (March) 1950 

"An Experimental Ultra -High- Frequency Television Tuner ", T 
Murakami, RCA Review (March) 1950 

"The Genlock for Improved TV Programming ", J. H. Roe, Broadcast 
News (March -April) 1950 

"High Efficiency Deflection and High Voltage Circuits for Short Metal 
Kinescope RCA- 16GP4 ", RCA Application Note AN -142, RCA 
Tube Department, Harrison, N. J. (March 31) 1950 

"High Gain and Directional Antennas for Television Broadcasting ", 
L. J. Wolf, Broadcast News (March -April) 1950 

"How to Adjust Frequency Response in Video Amplifiers for TV ", 
J. H. Roe, Broadcast News (March -April) 1950 

"Television Service. Part IX- Blanking and Synchronizing Signals ", 
J. R. Meagher, RCA Rad. Serv. News (Spring) 1950 

"TV Remote Control Switching ", W. E. Tucker and C. R. Monro, 
Broadcast News (March -April) 1950 

"Use of Sharp -Cutoff Miniature Pentode RCA 6CB6 in Television 
Receivers ", RCA Application Note AN -143, RCA Tube Depart- 
ment, Harrison, N. J. (March 31) 1950 

"A Five -Inch Television Oscilloscope ", E. I. Anderson, RCA Licensee 
Bulletin LB -793 (April 20) 1950 

"General Description of Receivers for the RCA Color Television 
System Which Employ the RCA Direct -View Tri -Color Kine- 
scopes", Bulletin, RCA Laboratories Division (April) 1950 
RCA Review (June) 1950 

"Shielded Low Capacitance Video Frequency Oscilloscope Probes ", 
J. Avins, RCA Licensee Bulletin LB -794 (April 20) 1950 

"UHF Television Field Test ", R. F. Guy, Electronics (April) 1950 
"The Vidicon- Photoconductive Camera Tube ", P. K. Weimer, S. V. 

Forgue and R. R. Goodrich, Electronics (May) 1950 
"An Analysis of the Sampling Principles of the Dot -Sequential Color 

Television System ", RCA Review (June) 1950 
"A New Ultra -High Frequency Television Transmitter ", J. R. Bennett 

and L. S. Lappin, RCA Review (June) 1950 
"Simplified Television for Industry ", R. C. Webb and J. M. Morgan, 

Electronics (June) 1950 
"Stainless Steel for Television ", A. Rose, Metal Progress (June) 1950 
"Ultra -High Frequency Antenna and System for Television Trans- 

mission", O. O. Fiet, RCA Review (June) 1950 
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