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Change the second sentence of paragraph 4. to read:

The waveform first observed on the oscilloscope was
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of bandwidth adequacy.
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ABSTRACT

In Phase 1 of this report, a study of large area image display

by projection television was undertaken to evolve techniques of
suitable image generation for astronautical flight simulation
training. It was necessary to develop a technigue to evaluate
projected images. The display provided by the research
apparatus, the close-circuit television system from an F-151
Fixed Gunnery Trainer, was evaluated; and performance
characteristics of the 7WP4 performance in an ultra-high
resolution television system revealed the tube to be unsuited

to high resolution service. In Phase Il of this report, the
projector in the F-15] television system is converted from a
conventicnal 525-line system to a high resolution 1029-line
system. The 525-line format operated at 30 frames per second,
with a horizontal scanning frequency of 15,75 ke and . a vertical
scanning frequency of 60 cps. In the 1029-line system, the
frame rate and vertical scanning frequency were retained, but
the horizontal scanning frequency was changed to 30.87 kc.

The vertical sweep generator, sweep protection, and projection
control circuits were duplicated; a video amplifier and horizontal
sweep generator were developed; and volume of the control equipment
was reduced from 144 to 32 cubic feet. Performance of the 7WP4
tube exceeded the prediction: limiting horizontal resolution is
650 to 700 lines with a well defined vertical raster. Research
indicates that a study into basic CRT characteristics is in

order, particularly for use in display devices.
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EXPLANATION OF TERMS

General Description. The television raster, which is generated on

the cathode-ray tube or other display device, is a scanning by the move-
ment of the picture information signal (scanning line) across the raster
from left to right {of the viewer) and top to bottom and is blanked during
the return movement from right to left and bottom to top. These move-
ments are set by the synchronizing signal in a pattern (field) of spacing
which spaces the scanning lines of one field far enough apart so that

the scanning lines making up the pattern of a second field can be inserted
as interlace between the original lines. In current conventional systems,
one field is scanned in a period of 16. 667 milliseconds, Two fields,
making up one frame, are scanned in 33. 334 milliseconds.

Alignment. In the case of television camera tubes, precise alignment
of the electron beam to be exactly perpendicular to the plane of the
photosensitive surface. Proper magnetic field adjustment of this type
is necessary for best focus and resolution over the entire usable area
of the photocathode.

Aspect Ratio. In television, the ratio of the picture width to the
picture height,

Bandwidth, That portion of a frequency spectrum that is required or
made available for proper transmission of the signal of interest.

Beam, A stream of electrons in a vacuum tube flowing from an emit-
ting electrode to a collecting electrode or surface.

Bit. Generally, the arbitrary designation for a unit of information.
Specifically, as applied to television, it is the smallest resolvable
element of a scanning line.

Blanking Level. That level of a composite picture signal which separates
the picture information from the synchronizing information,

Blanking Signal., A wave constituted of recurrent pulses used to effect
blanking, that is, suppress brightness, during certain periods. In
television, this blanking signal is composed of pulses originating in a
central sync generator and is combined with the picture signal at the
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pick-up equipment to form the blanked picture signal (a term for
the combination of the blanking signal and the picture signal). The
addition of the sync signal completes the composite picture signal.

Bleeding White. An overload condition of a vidicon camera tube
photosensitive surface in which areas appear to flow irregularly
into black areas,.

Blooming. An increase in the beam spot size caused by an increase
in signal intensity. The effect is a degradation in the quality of
the picture,

Brightness., The attribute of visual perception related to the
intensity of a light source. The term "brightness'' has previously
been used for both photometric quality and for the sensoryresponse
of the eye to light, This use of the same term for two wholly
different concepts has confused photometric quantity with the non-
guantitative sensation.

It has therefore been recommended that "luminance' be applied to
the concept of photometric quantity and that '"brightness'' be reserved
for sensations and perceptions of light, For example, it is correct
to refer to a "brightness match", even in the case of a photometer,
because the sensations are matched and because only by inference
are the photometric quantities {luminances) equal. Likewise, a
photometer in which such matches are made will continue to be
called an ""equality-of-brightness' photometer. A photo-electric
instrument calibrated in foot-lamberts, however, should not be
called a ""brightness' meter; if correctly calibrated, it is a "lumi-~
nance'' meter. The "luminance'" of a surface may be doubled, but
the "brightness' is not doubled since the sensation of brightness can
not be judged to be doubled,

Camera Tube., An electron tube used for the conversion of a visual
image into an electrical signal.

Composite Picture Signal. The signal which results from combining
picture information, blanking signals, and synchronizing pulses.

Contrast., The range of light and dark values in a picture or the
ratio between the maximum and minimum values of brightness.
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Density. A measure of light-transmitting or reflecting properties
of materials or surfaces. However, the manner in which different
materials are measured will differ, e, g., the density of film or
glass, and there is, therefore,a variety of units of measure of
density.

Detail Contrast. Measure of the contrast obtained in higher resolu-
tion, fine pattern picture areas as opposed to that obtained in lower
resolution, coarse pattern picture areas, usually expressed as a
percentage at a particular number of lines of resolution.

Field. A field is the picture area scanned in a chosen pattern of
scanning lines. In interlaced television scanning, the scanning

lines of any one field are widely spaced, usually a distance of two

or more times the nominal line width to allow space in which to place
the lines of another or successive field.

Focus, Optical, The position in which something must be placed to
obtain clarity of visual perception.

Focus, Electron, The point at which electron beams converge,
Adjustment must provide this convergence at the tube surface for
optimum performance.

Footcandle. A unit of illuminancein which the foot is the unit of
length, One footcandle is the measure of the illuminance on a sur-
face one square foot in area on which there is a uniformly dis-
tributed light flux of one lumen or is the illuminance at a surface all
points of which are at a distance of one foot from a uniform source
of one candle,

NOTE: illuminance is incident light,

Foot-Lambert, A unit of luminance equal to 1/r candle per square
foot of the uniform luminance of a perfectly diffusing surface emit-
ting or reflecting light at the rate of one lumen per square foot.
NOTE: luminance is emitted or reflected light.

In the case of a perfectly reflecting and perfectly diffusing surface,
the number of footcandles of illuminance would equal the number
of foot-lamberts of emitted or reflected light,

Frame, A frame is composed of two or more fields, generally
restricted to no more than three, although a greater number may
be used.
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Gaussian., Associated with a process whose probability density
function is normal distribution.

Geometric Distortion. Any aberration which causes the repro-
duced picture to be geometrically dissimilar to the original scene.

Glitch, A form of low frequency interference appearing as a
narrow horizontal bar moving vertically through the picture,

Highlights, The maximum brightness of the picture. Highlights
occur in regions of highest image illumination.

Horizontal Blanking. The portion of the blanking signal at the end
of each scanning line that suppresses display brightness during beam
return from the right to the left side of the raster,

Horizontal Retrace. The return of the electron beam from right to
left of the raster after the scanning of one line,

Hum. FElectrical disturbance at the power supply frequency or
harmonics thereof,

Image Dissector Tube. A camera tube in which an electron image
is produced by a photoemitting surface.

Image Iconoscope. A camera tube in which an electron image is
produced by a photoemitting surface and which employs a separate
storage target for image transmission.

Image Orthicon. A camera tube in which an electron image is
produced by a photoemitting surface and focused on one side of a
separate storage target which is scanned on its opposite side by
an electron beam,

Image Tube. An electron tube which reproduces on its fluorescent
screen an image of an irradiation pattern incident on its photo-~
sensitive surface.

Interlaced Scanning. A scanning process in which the distance from
center to center of successively scanned lines is two or more times
the nominal line width and in which the adjacent lines belong to
different fields,
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Ion Spot. A spot on the fluorescent surface of a cathode-ray tube
which is somewhat darker than the surrounding area because of bom-

bardment by negative ions which reduce the sensitivity of phosphor
spectral output.

Ion Trap, An arrangement of magnetic fields and apertures which
will allow an electron beam to pass through but will obstruct the pas-
sage of ions.

Jitter. Small, rapid variations in a presentation due to mechanical
disturbances, to changes in the supply voltages, or to the character-
istics of components,

Lag. A persistence of an electrical-charge image on the screen.

Lambert. A unit of luminance equal to 1/7 candle per square cen-

timeter and equal, therefore, to the uniform luminance of a perfectly
diffusing surface emitting or reflecting light at the rate of one lumen
per square centimeter.

Lumen. The unit of measure of luminocus flux. It is equal to the
flux through a unit solid angle (steradian) from a uniform point
source of one candle or to the flux on a unit surface, all points of
which are at unit distance from a uniform point source of one candle.

Microphonics. Audio-frequency noise caused by mechanical vibra-
tion of the elements of a system or component.

Moire. A wavy effect produced by the convergence of lines. It
usually appears as a curving of the lines in the horizontal wedges of
the test pattern and is most pronounced near the center where the
lines forming the wedges converge. A moire pattern is a natural
optical effect which appears when the converging lines in a picture
are nearly parallel to the scanning lines. To a degree, the effect is
caused by the characteristics of color picture tubes and image-
orthicon pick-up tubes (in the laftter case it is termed "mesh beat').

Monochrome. Absence of color; only shades of grey are present.

Monoscope. A signal-generating electron-beam tube in which a pic-
ture signal is produced by scanning an electrode which has a pre-
determined pattern permanently affixed on the tube electrode surface.

Pairing, A complete or partial failure of interlace. The scanning
lines of alternate fields do not fall exactly between one another but
instead tend to fall one on top of the other (in pairs).



Photocathode. An electrode used to obtain photoeleciric emission.

Picture Tube. A cathode-ray tube used to produce an image by varia-
tion of the beam intensity as the beam scans a predetermined area of
a light-emitting phosphor.

Preamplifier. An amplifier with the primary function of raising the
output of a low-level signal source to an intermediate level so that
the signal may be further processed without appreciable degradation
in the signal-to-noise ratio of the system.

Random Interlace. In random interlace there is no fixed relationship
between adjacent lines and successive fields.

Raster. A predetermined pattern of scanning lines which provides
substantially uniform coverage of an area of a display surface.

Raster Burn. A change in the characteristics of that area of the
surface which has been scanned resulting in a spurious signal when
other areas are scanned.

Resolution {(Horizontal). The amount of resolvable detail in the
horizontal direction of a picture. It is usually expressed as the
number of distinct vertical lines (alternately black and white} which
can be seen in a horizontal dimension equal to the picture height.

This information is usually derived by observation of the vertical
wedge of a test pattern. A sharp and clear picture which shows
small details has good or high resolution. A soft or blurred picture
in which small details are indistinct has poor or low resolution.
Horizontal resolution depends on the high-frequency amplitude and
phase responses of the pick-up equipment, the transmission medium,
and the picture monitor, as well as on the size of the scanning spot.

Resolution (Vertical}). The amount of resolvable detail in the vertical
direction of a picture. It is usually expressed as the number of
distinct horizontal lines (alternately black and white} which can be
seen in a test pattern.

Vertical resolution is limited fundamentally by the number of hori-
zontal scanning lines per frame. Beyond this, vertical resolution
depends on the size and shape of the scanning spots and does not
depend upon the high-frequency response or bandwidth of the trans-
mission medium or picture monitor.
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Ringing. An oscillatory transient occurring in the output of a
system as a result of a sudden change in input. It is seen as alter-
nate black and white lines, usually on the left side of a display,
which gradually decay.

Scanning Line. A scanning line is made by the movement of the
electron beam of an electron tube in a display device across a
surface in a predetermined path or line, usually from left to
right. This line appears as a narrow horizontal line having
brightness.

Sensitivity. The signal current developed per unit incident light
energy. Unless otherwise specified, the light energy is under-
stood to be equ%valent to that from an unfiltered incandescent
source of 2870 K (tungsten); and its density, which is normally
measured in watts per unit area, may then be expressed in
footcandles.

Shading. A large section of brightness-gradient in the reproduced
picture not present in the original scene.

Signal-to-Noise Ratio. The ratio of the value of the desired infor-
mation to that of the noise {unwanted energy).

The ratio is usually expressed in terms of peak values (in the case
of impulse noise) or in root-mean-square values (in the case of
random noise) and is generally measured in decibels. However,
when there is a possibility of ambiguity, suitable definitions of

the signal and the noise should be included in the definition, as
peak-signal to peak-noise ratio, root-mean-square signal to root-
mean-square noise ratio, peak-to-peak signal to peak-to-peak
noise ratio, etc,

The ratio is generally a function of the bandwidth of the trans-
mission signal.

Signal-to-Noise Ratio (Camera Tubes). The ratio of peak-to-peak
signal output current to root-mean-square noise in that output
current.

Streaking. A term used to describe a picture condition in which
objects appear to be extended horizontally beyond their normal
boundaries. This condition is more apparent at the vertical

edges of objects when there is a sudden transition as from black

to white. The change in luminance is carried beyond the transition.
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Synchronizing. Maintaining two or more scanning processes in
phase.

Sync Signal. The signal employed to synchronize scanning. In
television the signal is composed of pulses which occur at rates
related to the line and field frequencies. The waveform speci-
fied by the U. S. Monochrome Standards is shown in Figure 12
of the "IRE Standards on Television: Methods of Testing Tele-
vision Receivers'', IRE, 1948.

The sync signal usually originates in a central sync generator

and is added to the combination of picture signal and blanking
signal {output signal from the pick-up equipment) to form the com-
posite picture signal. In a television receiver the sync signal is
normally separated from the picture signal and is used to synchro-

nize the reflection circuity.

Target. A camera tube component having a surface which is
scanned by an electron beam to generate a signal output current
corresponding to the image pattern presented thereon.

Tearing. A term used to describe a picture condition in which
groups of horizontal lines are displaced in an irregular manner.

Trangients. Signals which endure for abrief time prior to the
attainment of a steady-state condition. These may include over-
shoots, damped sinusocidal waves, etc.

Vertical Blanking. The portion of the blanking signal at the end
of each field that suppresses display brightness during beam return
from the bottom to the top of the raster.

Video. A term pertaining to the bandwidth and spectrum position
of the signals resulting from television scanning of a camera
tube or other pick-up device. In current usage "video' means a
bandwidth in the order of megacycles and a spectrum position
related to a zero cycles per second (direct current) signal.

Vidicon. A camera tube in which the image pattern is formed by

photoconduction and is stored on that surface of the photoconductor
which is scanned by an electron beam.
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PHASE 1
SECTION 1

INTRODUCTION

A major problem in simulated astronautical flight training is
the generation of suitable images for training purposes, A
previous study provided an extensive survey and analysis of
existing image generation techniques and display methods
(Buddenhagen and Wolpin, Reference 5). The conclusion drawn
from this effort was that television systems appear to provide
the best immediate solution to the problem, and hold greatest
promise for future improvement,

This report describes a program which provided further
insight into the problems of television display generation. A
technique for cornplete display evaluation was developed, a survey
of known methods of display generation is presented, and an exist-
ing projection system is evaluated., Conclusion of the program,
Phase II of the overall effort, is the modification of this projector
to provide a higher guality image than allowed in the original
design,



SECTION 2

SCOPE OF EFFORT AND OBJECTIVES

PROGRAM REQUIREMENTS

The work performed on this project was undertaken to deter-
mine what specific problems are involved in generating a high
quality, high brightness television display suitable for astronautical
flight training applications. Apparatus for study was to be obtained
from an existing F-151 Fixed Gunnery Trainer. Major areas for
effort were as follows:

1. As a first step, it was necessary to remove the closed-
circuit television (CCTV} system from the entire trainer. Since
the trainer had been in storage for some time and was inoperable,
maintenance and repair would be required to return the CCTV
system to optimum condition.

2. Once the CCTV system was in operation, a technique for
evaluating the projected display was to be developed. The new
method must provide specific, quantitative data on system per-
formance.

3. After a method for evaluation had been determined, the
7TWP4 projection tube of the F-151 display device was to be evalu-
ated with particular regard to use of this tube in higher resolu-
tion television systems. Should this tube prove unsuitable for the
new application, a replacement tube is to be secured, and the
projector modified to accommeodate the different type of tube.

4., Certain high-gain screen materials were to be secured
for use as a display surface in this study. These materials were
to be mounted and prepared for use.

5. Upon completion of the above effort, the output system
brightness transfer characteristics were to be established, and,
if required, the projection system video amplitude linearity was
to be modified to match the screen material characteristics. This
would result in a linear ratio in output brightness referred to input
video signal level.



6. The final requirement was to convert the F-151 projector
from 525-line operation to a 1029-line television system format.

SUMMARY OF PROGRAM ACCOMPLISHMENTS

Effort was applied to the program in the same order as outlined
previously, and therefore is summarized accordingly:

1. The initial condition of the F-151 trainer was not good, This
resulted in the seemingly simple operation of separating the CCTV
devices from the F-151 trainer becoming an extensive effort, Con-
siderable time was spent rewiring, adjusting, calibrating, and
trouble-shooting the CCTV equipment. In some instances repair
became economically impractical, and substitutions of new,
industrial equipment were in order:

a, The direct view monitor in the F-151 CCTV system
required complete overhaul. A new industrial monitor was obtained
more reasonably and performance of the new device exceeded the
specifications of the F-151 unit,

b. The F-151 CCTV synchronizing generator could not be
repaired after considerable investigation into the cause of inter-
mittent malfunction, In addition the F=151 video circuitry appeared
degraded, Therefore a new, high resolution industrial camera
system was obtained, This resulted in a stable synchronizing
reference as well as an 800-line resolution capability, as opposed
to the 450~line optimum F-151 performance.

2. A successful evaluation technigque, one which advances the
state of the art in evaluation of television displays, was developed.
A detailed explanation is presented in Section 4. The new technique
gives a quantitative measure, for any specified format, of:

a, Resolution

b. Contrast Ratio

c. Brightness



3. The technique developed for image evaluation was used to
analyze performance of the TWP4 projection tube as used in a 525-
line television as well as predict the suitability of the TWP4 in a
1029-line system application. The consideration is fully described
in Section 5, and detailed calculations are presented in the Appen-
dices, Survey of the projection tube manufacturers revealed that
the TWP4 is a unique device; no suitable equal or superior replace-
ment could be located, Therefore tube replacement did not become a
project consideration,

4. The specific screen materials specified for procurement
in this contract became available to the government through another
source., Rather than duplicate this, alternate materials were pro-
cured and mounted. An analysis of these materials was performed
by government personnel.

5. Previous efforts indicated that display quality and brightness
were limited by the TWP4 cathode-ray tube, Since no improved
devices were available, further measurement, such as transfer
characteristics, were not appropriate, The general brightness out-
puts were tabulated, but no further correlation was in order.

6. The final project objective, converting the television pro-
jector from 525-line system operation to 1029-line capability,
is described in detail in Phase II of this report. This program
required the following effort:

a. Development of a new horizontal deflection circuit
operating at 30. 87 kc rather than the 15.75 kc rate used in 525-
line systems,

b, Fabrication of a new vertical deflection circuit.
c. Development of 2 20 mc bandwidth video amplifier

capable of driving the TWP4 projection tube,

d., The above units, plus appropriate control devices,
were assembled into cabinetry and interconnected into the F-~151
CCTV system,



The purpose of this conversion is to provide a mechanism for

analysis of large area displays at the present limit of CCTV state
of the art.



SECTION 3
SURVEY OF DISPLAY DEVICES AND DISPLAY SURFACES
INTRODUCTION

The point of utilization in a television system is the display
surface., Thus the display device is the focal point of the operation
to the observer, Generally speaking, the display devices perform an
electrical-to-light conversion; the electronic television signal,
representing the scene viewed by the camera, is converted to
patterns of contrast in the display surface brightness,

Displays provided for flight simulation training have different
requirements from those generated by the theater projectionist who
presents an image to a large audience distributed over a fairly wide
area and seated in a darkened environment. The training material
is presented to a very few persons who are confined in a compara-
tively small area, and the ambient environment cannot be darkened
below certain reasonable levels, Moreover, to realistically simu-
late the sun and other space conditions, very high brightness
displays must be used, The greatest problem is the generation of
realistic presence and depth perception which must be maintained
throughout the simulated tumble, pitch, roll and yaw of the piloted
vehicle,

To approach a sclution to this and the associated problems, the
entire state of the art of television and projection techniques was
reviewed, The possibilities of direct and indirect view displays
were canvassed; the most recent innovations in large area display
devices were investigated; and the question of improving the dis-
play surface, a large area projection screen, was considered,

DIRECT VIEW DISPLAY DEVICES

Direct display devices, for example the familiar entertainment
television receivers, employ a luminous material in the observer's
visual field, This phosphor is excited to varying levels of bright-
ness by an electron beam which is controlled by an electronic signal,
Proper patterns of brightness and contrast are developed when the
beam scaas the luminous material in a predetermined pattern., These
principles are all embodied in a cathode-ray tube, the only direct
display device in common use at the present time.



The cathode-ray tube is an evacuated envelope usually constructed
of glass and containing the necessary elements to generate the required
image in the manner described above {see Figure 1). It is an efficient
device because the transparent faceplate is the only light attenuating
element lying between the phosphor light source and the viewer. It
is also highly sophisticated; over the years many techniques have
been devised to improve performance and efficiency, and the elec-
tron beam has been accelerated to high velocity to generate very
bright displays, averaging approximately 30 foot-lamberts, The
major limitation of the cathode-ray tube is the practical size of the
envelope; tubes as large as 23 inches in diameter with approximately
150 square inches of viewing surface are available. These also have
considerable depth since narrow deflection angles are required to
preserve best focus, geometry, etc. The equipment format generally
used requires a large volume for tube mounting; the minimum depth
for any size screen is approximately 12 inches, except in the case of
fairly low performance entertainment tubes.

INDIRECT VIEW DISPLAYS

The various methods of indirect display generation currently in
use all require the projection of a prepared image onto a passive,
reflective display surface, for example, motion picture displays,
Indirect display equipment probably has received less emphasis and
has thus shown less technical improvement than other television
system components, The present devices apparently satisfy the larger
segment of demand. General requirements are for commercial appli~
cations that present suitable itmages, in terms of resolution and bright-
ness, which cover relatively small areas and are used in environments
of subdued ambient lighting, There has been interest in large area,
high brightness displays with improved resolution, but unfortunately
this interest is not sufficiently intense to justify large development
programs to perfect such devices., Therefore such items exhibit
limited performance, must be obtained on a special order basis, and
are gquite expensive.

With such television projection a large image, as much as 15 by
20 feet, can be obtained. These large area displays are required for
most commercial applications, as in theaters, The major problem
then is brightness, as an image perhaps 3, 75 by 5 inches at the source
would have to be magnified 2300 times to attain 15 by 20 feet {300
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square feet) at the screen. Obviously the source must be intense to
provide a suitably bright display of such size, especially since
intensity at a display surface is a function of the square of the dis-
tance from the effective point source.

Suppose that a source 3.75 by 5 inches is to be projected as an
image of 15 by 20 feet as shown in Figure 2, representing the typical
theater arrangement, The source brightness required to provide a
30 foot-lambert incident display surface brightness can then be calcu-
lated. 1If it is desired to locate the source 80 feet from the display
surface, that is,

15/2

d = 80 feet, therefore tan & =W?1

(but r] is very small and may be considered negligible};
thus,
7.5
80

tan & = = 0.094, and e = 5. 4 degrees.

The distance rj} may now be calculated:

o o o 3 78in /2 o 1.875.
-——-———rl Or Ty = 5094 094 inches

ry; = 20 inches = 1. 67 feet

80 + 1. 67 feet = 81. 67 feet, as shown in Figure 2.

ry

For a 30 foot-lambert display brightness at this distance, the
equivalent point source intensity must be calculated:

specified screen surface brightness = 30 foot-lamberts

1
foot-lambert = - (candles/sq. ft.)



30
". 30 foot-lamberts = - candles/sq. ft.

B = i—o candles/ sq. ft.

E = E = 7B where E = luminance
F = light intensity
B = light flux
TX 30
E=7B-= = 30 lumens/ sq. ft.
3 30 lumens 2 .3
I =Erf = —FF X {81. 67)° ft* = 200, 000 lumens
I 200, 000 lumens
E =% = : - = T1. 10® o
=z TSI 71.5 x lumens/ft
3
B _E_TLS x 10 candles/ft®
i w
nmfoot-lamberts = candle/ ft®
a a
5 x 100 7 foot-lamberts = 3—1—5—;—{—12 candle/ft?
i

The actual source brightness for this sample case must be,

B = 71.5 x 102 foot-lamberts

10
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it is evident that a very bright source must be provided for such a
display; indeed, this level is beyond the present state of the art.
Note also that even this figure is optimistic since it represents

the level of projected intensity, and projection devices employ
optics and other image processing devices having low efficiency.

It is thus reasonable to assume that a source of 18, 8 square

inches must have a brightness of at least 150, 000 foot-lamberts

to produce a 15 by 20 foot display having a 30 foot-lambert intensity,

Obviously, large area displays of this type in an illuminated
room or an open daylight area are not practical since even the
brightest projection sources in use at the present time provide an
output of only 1600 lumens (for an 18. 8 square inch source size,
this would be 12, 300 foot-lamberts which would provide only 5.2
foot-lamberts of 15 by 20 foot display brightness), It is evident
that indirect view displays require a subdued ambient or, preferably,
a completely darkened viewing room to present information to a
large audience.

Such commercial applications have dictated the emphasis on
equipment development and product improvement, but requirements
in flight simulation are quite different. The long projection distances
and very large area displays are not required; a projected 6 by 8 foot
image will fulfill many requirements. The viewer will be confined
to a small viewing area, which allows the use of more directive,
higher gain screens rather than the beaded screens required to
serve a large audience, Therefore the survey indicates that the
commercial equipment is not directly suited to flight simulation
use, and a great area of possible equipment improvement exists.

LARGE AREA INDIRECT DISPLAY DEVICES

A variety of indirect display devices has been devised for the
accomplishment of large area displays. These may be categorized
generally as refractive optics systems, reflective optics systems,
and light modulating systems,

REFRACTIVE OPTICS SYSTEMS
The simplest system is the '"refractive optics" system, in
essence, a very high intensity cathode-ray tube with an optical

system which directs the light over the desired distance to a view-
ing screen., Unfortunately the refractive optics system is very

12



inefficient when used with practical optical components. As shown
in Figure 3, only a small portion of the light radiating from a point
on the phosphor is presented to the optical system because of the
180-degree radiation from the tube phosphor and the resultant
scattering of the emitted light. Efficiencies of 10 to 15 percent,
for example, are claimed for present apparatus, Elaborate
attention to tube design and detailed consideration of the application
in respect to such matters as proper cooling and x-ray protection
have yielded tube outputs as high as 30, 000 foot-lamberts which
result in an output of perhaps 300 foot-lamberts from present-day
projection equipment.

The major advantage of the refractive optics system is its
relative simplicity; beside the cathode-ray tube, the optical elements,
and the screen, only a housing with proper voltages and cooling
equipment for the cathode-ray tube are required. Thus the refractive
optics system is much less complex than other types of projection
systems. In addition, a high resolution display is theoretically
possible; the cathode-ray tube itself is the limiting item if care is
taken with the optical design of the lens system.

Note that it is possible to obtain fairly bright display from a
refractive system if the lens diameter equals or exceeds the cathode-
ray tube diameter, thus raising the efficiency of light collection.
Limitations are then imposed by optical design. A large lens, 7
inches in diameter or greater,is difficult to produce while main-
taining high resolution performance. Such precise optical elements
are generally considered prohibitively expensive, probably falling
between $8, 000 to $10, 000.

The disadvantages of the refractive optics system include the
poor efficiency of light utilization (already discussed) and the large
amount of support equipment required in the case of a very high
intensity cathode-ray tube.

At high brightness levels, an elaborate cooling technique and
interlock system must be provided to prevent cathode-ray tube damage
since as much as 160 watts may be present in a small screen area
at an 80-kilovolt level., Also severe thermal stress may cause
envelope glass breakage and resultant implosion of the tube structure.
The phosphor screen of cathode-ray tubes may be literally burned
off if the undeflected beam dwells on a spot of phosphor for even a
few microseconds. In addition, complete x-ray protection must

13
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be provided whenever voltages in excess of 25 kilovolts are used.
Projection tube faceplate browning also occurs as a result of radia-
tion level when high voltage acceleration {to 80 kilovoits) is used.
Moreover, to prevent arc-over at 50 kilovolts or above, the cooling
air for the tube must be clean and free of even microscopic particles,
Because of these difficulties, refractive optics systems with high
brightness levels of the type discussed are not mass-produced and
must be specially ordered. The cost is estimated at $10, 000 per
unit minimum,

REFLECTIVE OPTICS SYSTEMS

A more efficient projection method, which also employs a cathode-
ray tube, is the reflective optics system commonly referred to as the
Schmidt system, The Schmidt system exhibits an advantage over the
refractive optics system in that a much greater percentage of cathode-
ray tube light output is utilized, As shown in Figure 4 emitted light
is captured by the spherical mirror, This output is, then reflected to
the display surface through appropriate correction optics. The
result is a considerable improvement in brightness output, and the
required equipment is usually more compact because the light is
"folded over! by the reflective process, reducing length, Generally
speaking, smaller projection tubes with lower accelerating voltages
can be used because more of the cathode-ray tube output is utilized.
However, note that even with this improvement, a relatively low
brightiness display results in theater projection because of the great
degree of image magnification required and the limited output avail -
able from the cathode-~ray tube. A display brightness of 10 foot-lam-
berts -« the equivalent of the average motion picture display --1is a
reasonable expectation.

The improved performance of the reflective optics system is not
achieved without attendant disadvantages. A major consideration is
the fact that the reflective and corrective lens must be precise, and
such parts are expensive to produce, Even so, the resolution and
uniformity of the focus of the display are usually less than those of
other systems because of the aberrations in these parts which
occur despite precision production. Anocother major problem is the
correct design of the lens to compensate for the varying focal dis-~
tances from the spot source to the reflecting mirror and correcting
lens (see distances labeled f;, , f,, and f,in Figure4). Also, once

15
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again, cooling air must be provided to the cathode-ray tube face
to prevent excessive thermal stress which may result in tube
implosion. The danger of cathode-ray tube screen destruction
from an undeflected beam is also present. To prevent such
occurrences, the system must be interlocked.

Displays making use of reflective optics systems of a quality
suitable for broadcast and for educational use have been demon-
strated (approximately 350 lines), but to date no high resoluticn
devices of this type have appeared. Mass-produced Schmidt
projectors of the lower quality described can be obtained for
approximately $2500,

LIGHT MODULATION SYSTEMS

A more successful method of generating high brightness,
large area displays than either the refractive optics or reflective
optics systems is the light modulation system. In this arrange-
ment, a continuous light beam from an independent source is
modulated, Xenon lamps in the 3-kilowatt range have been employed
to project intensities of as much as 1600 lumens. However, the
modulation process is quite elaborate (see Figure 5) and has not
as yet been perfected to the point of universal acceptance,

The operation of the system may be explained as follows: In
the case of no electron beam emission, the oil film deposited on
a surface is very smooth, The light beam directed to this film
from the source via the primary mirror at an angle of incidence
{ ®1) is reflected from the smooth oil surface at an angle of
reflection (e2) equal to the angle of incidence. The reflected
light beam then travels to a grating bar (pattern of slits) where
it is blocked {in the no electron beam case), Thus no light
energy passes to the secondary mirror and projection lens, and
the viewing surface remains dark,

In the case of electron beam emissicon, the ¢il surface is
deformed by the striking of the electron beam. Then the light beam
may not impinge on the oil surface in the horizontal plane(see Figure
5) but instead on a reference plane of &« . Thus the angle of inci-
dence is ¢+ o1 and the angle of reflection, which always equals
the angle of incidence, will be o5 + & as shown, When this occurs,
the reflected light beam is passed through a slit in the grating bar
and presents brightness to the display surface via the secondary

17
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mirror and projection lens, This continuing process modulates
the beam of light and thereby generates the proper brightness
contrast pattern on the display surface,

The mechanism described is a precision device of considerable
size. Since the cathode and electron beam must be contained in a
vacuum, the entire assembly, including electron gun, deflection
plates, oil film transport, etc., must also be located in a vacuum
chamber equipped with transparent ports to allow the pas sage of
the light beam. Manufacturers have not published detailed des-
criptions of the design problems involved, but certain difficulties
are known to exist:

1. Oil properties and oil handling procedures present very
serious design problems, Ordinary oils "outgas' in a vacuum,
releasing oil particles and destroying the purity of the vacuum,

Also the oil changes state as it is bombarded by the electron beam,
The resulting '"dirty" oil does not have the proper deformation
properties, A special oil that does not outgas severely must be
used, and this fluid must be constantly replenished to prevent degra-
dation. Thus the oil must be passed into and out of the vacuum in

a continuous stream,or continuous processing must be provided
within the vacuum,

2, The slightest degradation of the vacuum results in a short
life for the electron gun since impurities speed oxidation of the
cathode heater elements and cause rapid burnout. The most success-
ful arrangment known to date is a rotating turret of seven electron
guns; when one burns out, another is rotated into position without
upsetting the system vacuum., Under ideal conditions, as much as
200 hours of operation may be obtained with this turret arrangement,
Then the system vacuum must be released, and the projector must
be entered to effect gun replacement. This amounts to minor over-
haul as the o0il must also be changed at about the same time, The
system would be out of operation a matter of hours,

3, The apparatus required necessarily results in a large
assembly, Projector and power supply cabinets may occupy over
60 cubic feet and weigh over 1350 pounds, Power consumption,
including the high intensity light sources, can approach 6 kilowatts,
The system output, as energy, is very low even though it is of high
light intensity., Thus external ventilation or air conditioning is
required to remove the 6 kilowatt input as heat output in order to
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maintain the equipment at temperatures within operating limits,

4, The 0il transportation dictates that the device be used on
one plane only; the projector cannot be tilted or rotated during
operation since vibration or acceleration will affect the smooth=
ness of the oil film, Thus a secure, rigid mount must be provided.

Despite these problems and the attendant disadvantages, light
modulation systems have a number of unique advantages for large
area displays: the equipment provides the highest resolution
(displays of 1029~lines have been readily obtained) and the brightest
{relative to other projection methods) large area displays available
at the present time, Also, the light source, which is independent
of the modulation devices {as opposed to the interaction of features
in the conventional cathode-ray tube} can be exchanged, replaced,
and/or updated at any time without upsetting the modulation process,

SUMMARY

Light beam modulation methods are represented as holding the
greatest promise for future improvement of large area displays
though the elaborate operating technique required, the price (in
excess of $50, 000), the size, weight, and lack of flexibility of
operation are limiting. All current industrial effort appears to be
oriented to light modulation devices because cathode-ray tubes,
the major constituent of all other devices, both direct and indirect,
present technical problems of long standing, and sufficient commer-
cial demand does not appear to exist to support major improvement
programs or developmental efforts, Two manufacturers now offer
light modulation devices under the trade names of "Eidophor!" and
"Light Valve'' projectors, It does not appear that proper considera-
tion is being given to flight simulation applications by industrial
groups, The cost, physical size, and lack of ability to operate
under acceleration makes the light valve devices unsuitable for
simulator applications. A small, inexpensive, rugged device,
such as a cathode ray tube, is desirable for simulator applications,
assuming such a device can be built to provide adequate contrast,
resolution and brightness,

DISPLAY SURFACES
No peripheral equipment is required in direct display devices

since the observer views the image on the same plane on which it is
generated, This is not true in the case of indirect display devices;
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a screen, frosted glass, wall, sheet, or other such surface must be
provided to permit satisfactory image formation of the desired size,
shape, and format, This display surface is generally termed a
"screen'', Whether it is constructed of glass, fabric, painted
structural material, or a metal film, the problems attendant upon
its construction are basically the same,

A screen is a passive device, that is, it cannot perform any
operation on the image; it can only display the information presented
to it, QOlder and more ordinary screens have a diffusing reflective
surface {see Figure 6), and the light may be reflected in any direc=
tion, at random, depending on the screen's surface characteristics
in small areas, The observer, at any one point, can intercept only
a small fraction of the reflected light with his field of vision, The
reflected energy is distributed over a wide angle, ® , generally
referred to as the exit pupil, and therefore an audience which is
comparatively wide-spread can observe the image equally well
from any position within the exit pupil, Ordinary screens, glass
beaded or flat white, may have as much as a 90-degree exit pupil,

Screen Characteristics

Obviously both the exit pupil and the reflectivity of a screen must
be specified to completely describe the characteristics of a screen.
Within the industry the matte-white surface, especially one formed by
a deposited layer of magnesium oxide, is considered a nearly perfect
diffusing reflective surface and is used, informally, as the standard,
Comparisons of screens and screen materials are thus based on
measurements made using the matte~white screen as the reference,
The '"'screen gain'' is derived as shown in the following sample problem:

measured reflected light from matte-white surface
= 15 foot=lamberts

measured reflected light from surface under test
= 30 foot-lamberts

In this particular case, for example, the gain of the screen under
test is 30/15 = 2. {The matte~white screen gain is always unity.}

A complete testing procedure used by one leading manufacturer (ref. 7)
is described:
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"The evaluation of reflectance was made by means of the Gardner
Photometric Unit and Goniophotometer. The arrangement of the
elements in the Goniophotometer is shown below:

Viewing or Receptor
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Light

Aperture
Control 450 Fixed Vieswing Angle

Test Material
——
B "X—
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: Varlable
Light Filter Incident Angle

t Field
Angle
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Projector Reflector
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"The operation of this equipment is based upon comparing

the output current of a viewing or receptor photocell with

a constant current output of a comparison photocell, The com-
parison photocell current is established by the adjustment of

a diffuse aluminum reflector which reflects a portion of the
light from the projection lamp into the comparison photocell,

"The projected light from the lamp passes through a field
angle adjustment aperture and impinges upon the surface of
the specimen being evaluated. The incident light is reflected
from the specimen and passes through a light controlling
aperture into the receptor photocell. The light into the
receptor cell is further modified by the insertion of a green,
amber, or blue filter in front of the cell,

"The value of reflectance of a surface being evaluated is in~
dicated on a graduated dial on the Photometric unit, This
dial is servo-motor-rotated by an amount proportional to
the difference in current output between the standard com-
parison photocell and the receptor photocell,

"In the Goniophotometer the receptor photocell is in a per-
manently fixed position, The surface being evaluated for re-
flectance is fixed at a predetermined angle with respect to the
receptor photocell, The projection light is rotated about the
surface being tested to vary the angle of incident light to
produce a polar plot of reflectance,

"The Photometric unit and Goniophotometer were calibrated
by using a white porcelain ceramic tile standard with known
values of reflectance versus angle of incident light for a
45° viewing angle. In making the calibration the following
parameters were established:

1. The angle of view was set at 45 degrees,

2. The green filter was placed in front of the receptor cell.

3. The light controlling aperture for the receptor cell was
set at 100, This aperture is variable by factors of 10 which
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give a multiplying factor to the dial indicator of the Photo-
metric unit of 0,1, 1, 10, and 100.

4, The field angle aperture in front of the projection lamp
was set at 4.

5. The projection lamp was rotated so the incident light
was 45 degrees off normal and the reflection of light into
the receptor cell was maximurmn,

6. The diffuse aluminum reflector beneath the projection
lamp was adjusted to produce an unbalance current between
the two photocells to give a dial indication of 1. 34. This
established the calibration.

"To obtain the most accurate values of reflectance for differ-
ent screen materials as compared to the standard, all the
parameters with exception of the receptor cell aperture
were maintained at their calibration settings. By this
procedure the reflectance of a material under test was
simply the dial indication multiplied by the receptor cell
aperture for all angles of incident light, The receptor
cell aperture was either 100 which was the calibration
setting or the value of 10, The equation below was appli-
cable to the standard as well as the different types of
screen material,

S
1.(Reflec:taum::e of Specimen] (Dial Indication) x f(Receptor
Cell Aperture}"

Avenues of Improvement

Since a screen is a passive device incapable of image processing,
not many avenues of improvement can be pursued. However, the
application will govern the material selected and thus both the bright-
ness and the exit pupil.

It is assumed that all screens are 100-percent efficient, that is,
that all light incident on a screen surface is reflected from the screen.
Then a negligible amount, if any, of the light can be absorbed as heat
or other energy, Also, it has been shown that incident light is
reflected over some angle of exit pupil, Obviously, the larger the
exit pupil, the less brightness is reflected to any one point within
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the pupil since the total reflected light is a constant, that is,

where
e = exit pupil, degrees

I_ = reflected light intensity at any small point in the exit
pupil

It is further assumed that reflectivity is uniform throughout
the exit pupil. This is not exact since the actual {practical) mater-
ial does present reflectance, as shown in Figure 7. However, it
is felt that the error resulting from the analysis based on ideal
reflectance properties is negligible.

The design approach to screen improvement then involves
obtaining precise control over the exit pupil in screen manufacture,
Various materials have been used, beaded glass, lenticular films,
silver, aluminum lacquer, metalized vinyl, etc., and gains of as
much as 40 have been measured; "retro-reflectors" exhibit gains
higher than this, possibly to 200, However, the exit pupil may
also be reduced to as little as 10 degrees or less, Of course, a
mirror represents the extreme end of the high brightness, very
directional, reflecting material range. All other materials fall
between the range established by the mirror (a high intensity,
narrow exit pupil device with a gain of approximately 1000 and a
e of approximately 2 degrees) and the diffusing matte white (a low
intensity, wide exit pupil device with a gain of 1.0 and a e of more
than 90 degrees)., A compromise selection must therefore be made
from this range to suit the intended application,

VIEWING PROBLEMS
In view of the state of the art just described, the following
possible approaches were given consideration as a means of supply=-

ing adequate displays for flight simulation training:

1. The use of a small area direct view display at simulated
observation ports and windows,

2., The use of small area projection with the projectors affixed
to the space craft so as to project an image to screens placed in the
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field of view of the craft's cbservation ports and windows,

3. The use of small area direct view displays affixed to the
space craft but used with other devices to produce a satisfactory
display.

4, The use of a very large area display to generate a com-
plete background which would surround the '"piloted" craft at a
distance sufficient to create the proper depth of field, The ideal
display would be a complete sphere of image surrounding the craft.

The first method, mounting a direct view television monitor
in a simulated window or port, is that commonly used in airplane
pilot training devices, It is not entirely satisfactory because the
image does not appear at a distance (the plane of focus is not at
infinity}, and the raster scanning lines detract from realism,
This type of display was therefore not considered further,

The second alternative wouyld require projection devices
affixed to the vehicle if the displays were to be projected in synch-
ronism with the motion of the moving, piloted vehicle, Since these
devices are gquite large and heavy and the brighter beam modulation
devices are inflexible as to orientation, this approach was not con-
sidered further, However, thé general data obtained concerning
methods of generating a projected, indirectly viewed image may be
applicable for future considerations,

The third approach suggests the use of small area direct view
displays with peripheral equipment, A study was therefore under-
taken by personnel of Wright-Patterson Air Force Base to evaluate
a virtual image device using a direct view display of a closed circuit
television system., An arrangement was devised {see Figure 8)
which provides an image whose plareof focus appears at infinity,
even though the display is located a short distance away., The demon-
strations were quite impressive; the image is very realistic., An
observer had a definite ""feel' for the depth of the scene and relative
location of the objects appearing in the viewing port. The arrange-
ment would be adaptable to almost all forms of display. In the
particular simulation requirements under consideration, this
method allows the generation of a virtual image whose apparent
plane of focus is at infinity, while taking advantage of the brightness
and resolution available in direct view displays, This may offer a
means of providing color displays in advance of color-capable, large
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area, projection displays. This method provides a viewing angle
of 90° or more for an observer confined to a limited area, as in
space flight simulation.

The fourth approach was that given the greatest consideration
in the present study. An attempt was made to generate large scale
displays which would provide a complete background image for a
simulated space vehicle similar fo the conventional projection sim=-
ulator of the F-151 Fixed Gunnery Trainer described in WADC
Technical Report 58-141 (see Reference 4, page 83).

That system display is composed of a refractive optics projector
which uses a cathode-ray tube as an image source., The initial
display equipment included only the refractive optics projector and
a diffusing screen that was a segment of a sphere. The result, as
predicted in a previous section, was a low brightness image that
could be observed over a wide exit pupil angle. Since the cathode-
ray tube source was presenting the brightest image attainable with
present-day tubes, the display surface and the viewing arrangment
and conditions were the possible areas of improvement,

As noted previously, improved reflective screen brightness can
be achieved by narrowing the exit pupil angle through design of the
screen surface, However, as shown in Figures 7 and 9, screens
made of the high-gain materials present a very directive reflected
pattern, and the observer must sit within the source to view the
bright image, a physical impossibility, A compromise location
places the subject close to the projection lens, Reasonable bright-
ness might be achieved at such a spot, but the limitations on observer
movement are obvious, and there is also the matter of personnel
safety to be considered at a location near the cathode-ray tube in
respect to x~ray radiation and possible tube implosion.

A series of experiments proved the feasibility of a mirror
arrangement for viewing large displays when highest gain screens
are employed. A half-silvered mirror was inserted into the pro-
jection path to provide the arrangement shown in Figure 10, The
advantage of the arrangment is the relative freedomn of the observer's
position,

The light from the projector is directed to the half-silvered
mirror, that is, to a mirror that will reflect half the light and will
transmit half the light. In this case the reflected portion of the image
is not utilized, but half of it is passed through the mirror onto the
screen. The light intensity is reflected from the screen in a
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conventional manner (for high gain surfaces), that is, in a narrow
exit pupil. The reflected luminosity also strikes the mirror. Half
is passed through the mirror to the projector and is not used. The
other half is reflected from the mirror toward the observer, Thus
the observer is unencumbered by equipment and still can be located
in a position equivalent to the source of the projected image.

Note that such a system of viewing entails considerable loss of
brightness; 50-percent of the luminous energy is directed away from
the observer by the mirror since the light is reflected to the screen
and is then reflected back from the screen. Only 25 percent of the
original projected brightness {50 percent times 50 percent) reaches
the observer., The advantage is that freedom of observer location
allows the use of a narrow exit pupil from the high gain screen.,
Thus a screen with a possible gain of over 100, such as retro-
reflectors, can be used in the system which itself has 25 percent
efficiency, resulting in an apparent gain of (100 x 0. 25 = 25) to the
observer, Preliminary results indicate that further consideration
of this arrangement is justified,
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SECTION 4
DISPLAY DEVICE EVALUATION

INTRODUCTION

The contract required the development of a television projection
device suitable for use with a 1029 scanning line television camera
system, As originally conceived, many of the basic parts of such
a projection device would be obtained from the F-151 Gunnery
Trainer closed-circuit television {see previous sections)., However,
the projector of the F-151 would have to be modified toc accommodate
the higher deflection rates required to achieve the 1029-line scan,
the video amplifier would have to be replaced with one of sufficient
bandwidth to present a high resolution display, and the TWP4 pro-
jection cathode-ray tube normally used in 525 scanning line systems
of lower resolution would have to be evaluated as to its suitability
for such a system before extensive development work could begin.
The question was therefore what method of evaluation could be
devised to determine tube capabilities prior to system development,

The conventional method of televisicn system evaluation depends
entirely upon observer evaluation. As will be explained later, this
method has obvious limitations that rendered it unsatisfactory for
the task at hand, Since all parts of a display system, e.,g., deflec-
tion circuits and video amplifiers, can be analyzed separately and
since defects or limitations in these components may give a false
representation of display tube capability, it appeared desirable
to devise an independent evaluation technique for the cathode-ray
tube. Not only would such a technique predict the feasibility of
applying the TWP4 tube to a 1029-line system display projector,
but, if really adequate, it could also be used for the evaluation of
any or all display devices,

CONVENTIONAL EVALUATION METHOD

Evaluation of a television display has, to date, been achieved
by what is termed "observer analysis', A test chart pattern {(Figure
11) is produced on the display surface by a standard television
camera, monoscope, or other high-quality image source, The
observer is asked to discern the spacing of the lines at the chart
centers and corners (note the areas of fine lines in Figure 11),
What he reports is analyzed in terms of "rescolution',
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Television resolution is generally defined as the number of
"lines", alternate stripes of black and white visible on the horizon-
tal dimension of the picture equal to the vertical dimension; this
industry definition does not consider the distance of the viewer
from the screen although that is, in actuality, a considerable
factor, Thus resolution actually means the number of bits of infor-
mation that may be presented in a specified area, Note that on
the chart the lines decrease in width and distance apart. The point
at which the narrowest lines can still be distinguished is the point
at which maximum resolution is measured. The number is indica-
tive of the number of bits of information that may be presented on
a scanning line,

Resolution is, in fact, developed by the different levels of
light intensity produced by the system, It therefore becomes
necessary for a proper definition of the image quality of a tele-~
vision display to give equal consideration to contrast ratio, grey
scale, and brightness.

CONTRAST RATIO

The conventional method of observer evaluation does not produce
a definitive measure of contrast ratio although contrast ratio is
basic since resolution is discerned as different levels of intensity.
In reality, resclution is more truly a pattern of brightness, and
this pattern generates contrast, which is visible as light and
dark areas.

in the ideal case, the black areas on the phosphor are totally
black and therefore emit no energy {or a pre-set minimum), and
the white areas emit energy at a maximum level, In the practical
case this is true when one has low resolution images with large
blocks of black and white, A high resolution image does not permit
complete extinction of the phospher in the dark areas because of
such physical difficulties as spot size, phosphor decay, etc. Thus,
at high resolution levels, the black areas are not truly black and
tend to become grey, and the white areas tend to fall in level and
to also become grey, though not as intense a hue,

In a scene presenting both coarse {low resolution, large blocks)
and fine {(high resolution, no large blocks ¥ information, the coarse
areas will exhibit good black-to-white contrast; the fine areas will
not be as well defined and will appear as a dark-grey-to-light-grey
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contrast. At the limit of resolution, of course, the difference is
no longer discernible, and a uniform grey is seen instead of detail,
This changing of contrast in the case of coarse and fine structures
is known as "'detail contrast' or "differential contrast”, Obviously,
it is highly important to the image quality, and, as obviously, it
cannot be evaluated by the observer technique presently in use,

GREY SCALE

In a monochrome television system, one which is devoid of
color in the display, relative intensity levels and hue are represented
as shades of grey ranging from full white to completely black, Since
detail is not limited to only white and black patterns, grey scale
becomes an important aspect of resolution, As contrast ratio
drops at higher resolution levels, The conventional method of ob-
server evaluation of a system does not give a definitive value to
the reproduction of grey tones. The only measure made is in terms
of the 10 steps, or shades, of grey provided in large blocks on the
test chart - - Figure 11, An adequate technique would permit
measurement of grey scale reproduction at all levels of resolution
and brightness, since the three are interrelated quantities which con-
stitute display effectiveness.,

BRIGHTNESS

The brightness level is the third element of image quality which
cannot be evaluated definitely by observer analysis of the test pattern,
It is known that the cathode-ray tube electron beam increases in
size as beam current increases, This results in a correspondingly
larger spot size and is most readily seen as an increase in the width
of the scanning line. As a matter of fact, extremely high levels of
current will cause a severe defocusing of the scanning spot termed
"blooming'. When these phenomena occur, display quality is de-
graded, Thus, resolution and grey scale rendition decrease at
high brightness levels, Imdeed, even below the level of blooming, a
subtle increase in beam current will cause a noticeable degradation
in resolution, Analysis at representative levels of beam current
{brightness) is therefore extremely important,

APPROACHES TO AN IMPROVED SYSTEM
In view of the limitations inherent in the observer evaluation

technique and the fact, previously mentioned, that camera tubes,
video amplifiers, and other associated apparatus can introduce
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errors as a result of their physical limitations, a search was
undertaken to evolve a new, more effective evaluation technique
for television displays.

SELECTION OF PARAMETERS FOR EVALUATION

The questions to be answered by an evaluation of a display
device are what density of information can be written on a speci-
fied area of display surface, what contrast ratio results from
such writing, and at what level of brightness can the other values
be maintained,

A scanning line structure is written on the cathode-ray tube
display surface by the television top-to-bottom and left-to-right
scanning process, Thus, the entire display screen is energized
in a coherent manner, Detail is presented on the display by controll-
ing the level of excitation, and therefore, the intensityof presenta-~
tion, in each small sector of the screen., The resulting pattern of
bright and dark areas presents the desired image in tones of grey.
The technical terminoclogy for this phenomenon of intensity control
is "z-axis modulation of the cathode-ray tube beam'. The scann-
ling line structure is, therefore, the vehicle for generating the
brightness pattern on the television display surface,

Ordinarily, the scanning line pattern is oriented as a group of
horizontal lines, and the number of lines determines the maximum
number of bits of information that can be presented in the vertical
plane., Obviously, a large number of lines is necessary (525 in
U. S. broadcast television), and therefore the width of each line is
kept at a2 minimum, Line width is limited by cathede-ray tube beam
size, phosphor grain size, light diffusion due to phosphor thickness,
and electron velocity. Thus, the line width represents the smallest
information bit size that can be presented on the display device and
indicates the maximum information density that can be presented at
best operating conditions,

The basic scanning line is therefore a good parameter for evalu-
ation of tube capability. Surely if lines are widely separated, a true
black and white pattern at maximum contrast is chtained. As line
spacing is decreased, the void between lines is no longer biack, that
is, there is a decreased contrast ratio, This method of pattern
generation is equivalent to a test resolution pattern which spaces
alternate black and white areas by intensity control signals (beam
modulation of varying frequencies,

38



To review then, resolution is a pattern of alternate black
and white lines or of alternate excited and unexcited (bright and
dark) phosphor areas on the tube screen, Orientation of the
pattern is not important since data taken in any plane can be math-
ematically related to other display dimensions. Thus, bhest reso-
lution is the minimum spacing of bright and dark areas that will
Present an acceptable contrast ratio at the brightness levels desired,

IMAGE GENERATION

First attempts at improved evaluation centered about syn-
thetic image generation. The generated image could be projected
to a high gain viewing screen by the TWP4 tube, and the large
viewing screen could be photographed.

The most obvious approach was to use a conventional 525-line
camera system with special test charts. The resultant display
could be evaluated by the '""shrinking raster' technique in which
information density is increased by merely reducing the size of
the display so that it covers only a portion of the display area:
at one-half normal size, the resolution of a 500-line image would
eifectively represent 1000-line performance. Although the approach
seemed feasible, it was unsuccessful because the 7TWP4 tube cannot
be operated at reduced display sizes. Increased concentration of
power input to the screen in a small area would destroy the phos-
phor and perhaps cause failure of the cathode-ray tube envelope
due to thermal stresses. Ewvaluation was restricted to evaluation
at or near normal sweep sizes,

Since camera equipment was not available to generate a tele-
vision image of 1000-line resolution at normal size, electronic
image synthesis was considered., A method of inserting sinusoidal
signals into the projected display via a conventional, high=level
video amplifier was studied, The signal must be synchronous with
the horizontal deflection, and blanking must be inserted to suppress
the signal during the retrace interval. The resulting presentation
would be a series of vertical bars having a sine-wave intensity
distribution, The number of these bars would be proportional to
oscillator frequency, which must be an exact multiple of the hori-
zontal scanning frequency,

Equipment was assembled to attempt evaluation by this method,

but the limitations and shortcomings were immediately obvious: to
present a number of lines, in the order of 500 to 10C0, the signal

39



generating oscillator must be exactly the 500th to 1000th multiple
of the horizontal scanning rate. A very small discrepancy in
frequency caused the resulting pattern to roll, jitter, or lose con-
tinuity completely {(a ""herringbone' pattern),

Since photographic analysis was contemplated, roll or jitter
could not be tolerated at all, but it was found that the present state
of the art does not allow stability between two signals, either from
separate sources or from multiples of a common signal.

If such a signal were generated, it had to be processed through
the projector video amplifier, However, development of an ampli-
fier to provide over B( volts of signal at a bandwidth of de to 20 mc
or greater was not practical for this purpose alone, Without such
development this bandwidth would be limited, and the high resolution
pattern would be severely degraded prior to cathode-ray presenta-
tion. The approach was therefore abandoned.

PHOTOGRAPHIC ANALYSIS

If a suitable display could be projected on a viewing screen,
quantitative analysis of the scene would be necessary to eliminate
the subjective variations that arise from observer analysis, Photo-
graphing the projected image is an obvious way to obtain a record of
the display, Such an exposure could be developed as a transparency,
and the transparency could be studied to determine display adequacy.
Contrast ratio, for instance, would be obtained from microdensito-
meter analysis of the resolution pattern.

Obtaining such a resolution pattern proved to be quite difficult,
The display brightness was low, so a long exposure time was
necessary. Then the slightest instability in display projection
caused a smear on the photograph, The two conditions of brightness
and exposure time could not be reconciled to provide satisfactory
transparencies, regardless of many attempts made using a variety
of photographic methods,

The most notable of the attempts required conversion of the
entire projection room into a box camera. A sliding shutter was
placed in front of the projection lens; the room was darkened; and
a sheet of film negative 8 by 10 inches in size was attached to the
viewing screen, The shutter was manually opened to expose the
film. Thus attenuating elements such as camera lens and screen

40



reflection dispersion were eliminated. However, adequate levels

of projector light could not be obtained, and satisfactory photographs
could not be produced. The photographic method was not pursued
further,

DISPLAY EVALUATION BY SECONDARY TV ANALYSIS

In the process of experimentation with the techniques described
above, a method of electronic analysis was developed which would
eliminate the hazards encountered in earlier attempts,

IMAGE GENERATION

The only requirement in display is to generate alternate black
and white patterns whose spacing is controllable. The raster of
scanning lines, without brightness modulation, presents horizontal
bars of brightness, and the void between lines presents a dark bar.
Thus a vertical pattern of alternate white and black lines is inherent:
no signal generation is required, video amplifier limitations are not
introduced, and spacing may be controlled by adjustment of the vert-
ical deflection size, a control that is conveniently available, Since
the scanning line is, by system design, of a minimum width and
actually represents the electron beam and phosphor spot sizes, all
requirements for images are met without signal synthesis or modu-
lation of the cathode-ray tube electron beam,

IMAGE DETECTION AND ANALYSIS

It became obvious that a television camera might detect a tele-
vision image projected on a large screen better than film (though
film is considered more sensitive or 'faster!) because the television
camera tube can integrate, i, e. accumulate, light input over short
periods., Experiments confirmed that a television camera can pro-
vide a representation of projected data adeguate for the required
analysis, Such signals acquired from television camera detection
can readily be analyzed by conventional electronic devices, princi=
pally by using an oscilloscope which visually displays waveforms,
Perament records are easily obtained by photographing these wave-
form displays.

The result of this thinking was the experimental setup shown in
Figure 12, The image camera and projector image generator were
used to provide an image to the projection unit for setup purposes
only (focus size, etc). Thereafter, only a uniform white image was
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provided to the projector, and this signal was monitored using the
oscilloscope. These signals are shown and explained in Figure 13
{a}, (b}, {c). The secondary television camera was used to detect
the projected image, and the resulting signal was processed via

the detector camera control unit. It was also convenient to use this
control unit as the timing reference for the entire system. Note
that both cameras and the projection (display) device employ one
common sync generator to achieve a single timing reference. The
detected signal displayed on the oscilloscope appeared as shown in
Figure 13 (d), (e), {f}. This was the waveform used for the analysis.
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(a) An individual horizontal line of
video showing detail of blanking
and sync signal,

(b) Detail of vertical blanking and
sync interval,

(c) Display of the vertical deflection
interval of 16, 667 pusec-

(d) Detail of horizontal line of detector
camera scan as in (e) but magnified
five times,

(e) One horizontal line of detector
camera scan shown as surveying
intensity profiles or projected lines.
This line is located at the intensified
point in (f) below,

(f) One field of detector camera as it
accumulates information for 16, 667
sec (262.5 horizontal lines). The
spike indicates the particular hori-
zontal line(s) being intensified and
analyzed,

Figure 13. Typical Television Waveforms (Waveforms of video present-
ed to projector unit and displayed on screen during evaluation,
Note that flat white fields only are represented.)
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EVOLUTION OF A PRACTICAL TECHNIQUE

Further work with the new technique evolved the following
requirements for proper analysis:

1. The detector camera is best employed by "tipping" it on
its side so that this camera tube is scanned in the vertical rather
than the usual horizontal pattern (Figure 14).

Area of

Scannipng Lines on L?Cdeﬂﬂ
Projection Screen F Et:/aill;a

tion

'I

rsovd

Side Orientation of Camera

Ordinary
For Evaluation

Camera
Position
Detection TV Camera {(Upright)
Scanning Profile

Figure 14. Camera Positioning
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Thus the detector scans across the horizontal lines of the projected
display., In this manner an intensity profile was obtained similar to
a cross section of the projected data (Figure 15)

{a) 400-pa avg beam current
1064-pua peak current

(b) 300-ya avg current
789-pa peak current

(c} 200-,a avg current
T g
532-ya peak current

Figure 15, Detector Waveforms (The presentation of scanning line
structure under analysis, Oscilloscope display is
magnified and data shown for varying beam currents
obtained with 7WP4 projection kinescope,)

and a quite accurate measurement of contrast ratio and spot size
represented by line width could be made.

2. It is only necessary to analyze a small number of the 262.5
scanning lines of a field, and good oscilloscope presentation can be
obtained with no more than 20 to 40 lines, A minimum number of
lines should be presented to the detector camera because the video
bandwidth requirements of the detector channel are a consideration
if analysis is not to be hampered by artificial limitations in the
detection process.
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The projected image was being detected in the scanning line of
the detector camera (normally a horizontal line, but in this case, a
vertical line -~ see requirement #! above), This line is capable of
resolving up to 800 lines of resolution in the system employed, a
General Precision Laboratory "Precision 800" closed-~circuit tele-
vision system, Thus, if only 20 lines were presented in this
dimension, each line could be inspected at 40 points. The result
should provide a more than adequate intensity and profile accuracy,
and the detector camera bandwidth and reselution would be more
than adequate for the purpose at hand.,

3. To achieve a view of only a few scanning lines, as des-
cribed above, the detector camera lens must have a very narrow
viewing angle, Since a high gain screen which presented a very
narrow exit pupil was employed, the camera had to be located
close to the point of projection to obtain maximum benefit from
light reflected from the screen. For this reason the camera was
placed as shown in Figure 16, In this location a '""Zoom'" lens with
a 4-inch focal length setting was found to be satisfactory, The
resulting waveform displayed approximately 30 scanning lines {60
alternate black and white bits of information),

4, The use of a long focal length lens compounded the prob-
lem of brightness; such devices exhibit a high light attenuation rate,
and therefore, a very low level signal was being detected., The
waveform first observed on the oscilloscope was masked by random,
high frequency noise, but the insertion again raised the question
of bandwidth adequacy. If 60 bits of information are presented in a
channel limited to 1.25-mc{150-1line resolution) only 2.5 samples
per bhit are available although a minimum of 10 samples per bit is
considered necessary, However, the I.25-mc filter has a gradual
rolloff characteristic, and partial response is obtained to 5 mc,
Thus, the displayed waveform on the oscilloscope appeared to be a
true representation. To verify this adequacy, a variable bandwidth
amplifier with a response of 2, 4, 6, 8, and 10-mc was constructed
and inserted into the system, It was found that objectionable noise
did decrease as bandwidth was reduced but that the basic intensity
profile of the projected data was accurately reproduced, even with
the 1.25-mc filter, Therefore the passive filter remained in the
system (Figure 12),

5. The testing procedure required a wide line separation of

the projected data to insure a truly black line alternating with the
white lines, This, in turn, dictated an increase in vertical size
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of the display to obtain such separation to a point of ""vertical
overscan' of the cathode-ray tube screen., First attempts to
achieve overscan were thwarted by unstable interlace and ex-
treme nonlinearity, The conditions were corrected by repair
of the vertical deflection oscillator circuit, Tests were attempted
at twice the normal vertical size, but the interlace phenomenon
and associated defects (pairing) prevented adequate separation
of lines in adjacent fields, The only alternative was to remove
{""blank') the line structure of every second field in every frame
of data. This blanking was achieved by special gating circuitry,
newly designed and made a temporary part of the projection
sweep chassis {Figure 17),

6. The evaluation required an accurate measure of beam
current to relate scanning line structure to display brightness
because phosphor is directly related to electron beam current.
First attempts were made utllizing the metering circuit of the
projector control chassis, Subsequent investigation revealed
that the system under test was not referred to ground but had
a negative reference return within the oil-filled 80-kilovolt supply.
A meter was therefore inserted in the cathode-ray tube cathode
wiring to provide a direct measure of cathode-ray tube mean
current.

7. Since the measurements for this evaluation required
detailed analysis of the data contained in a certain scanning line
of the detecting camera, it was necessary to display a specific
segment of the television field viewed by the detecting camera
on the oscilloscope, This was accomplished by '""line-finding"
technigques applied to an oscilloscope having a “'"delay trigger
generator',

The "line-finding'' technique is an exercise in timing various
events in proper sequence. Assume, for example, that scan line
number 100 in field 2 is to be examined, The reference point
for this line is the vertical synchronizing signal for field 2, and it
is known that line 100 appears 63.4 x 100 or 6340 ysec after the
signal, Thus, if the vertical synchronous signal is connected to
the delay trigger generator and is delayed 6340 Wsec, the result-
ing delayed trigger will indicate the time for occurrence of the 100th
scanning line. The delayed trigger is then routed to enable the
oscilloscope to trigger off the next horizontal synchronizing pulse
appearing at the normal trigger input terminal and thus to display the
line desired. An enabling scheme rather than direct triggering with
the delayed pulse was used to insure a stable display, independent of
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any time discrepancies {"jitter''} that might be introduced by the
delay function. In this manner any single television scanning
line could be examined by merely adjusting the delay time in-
serted into the vertical synchronous reference pulse. Details

cof oscilloscope connections for this procedure should be obtained
from the manufacturer of the particular oscilloscope to he used.

Some oscilloscope manufacturers provide further convenience
by providing an "intensifying pulse' output during the time of
delayed horizontal line display. This pulse could be mixed into
a monitor display, so the particular line being examined would
appear brighter than the rest of the screen. A readily visible
indication shows the line in which area of the display is being
presented, without the tedious delay of time calibration or scan
line counting.

SUMMARY

The evaluation of a TWP4 was conducted using the arrange-
ments described above, First results indicated a severe blooming
above 500 4 ampere beam current, which implied that very low
brightness levels must be maintained for good resolution. Com-
plete data were obtained for the 7TWP4 analysis and evaluation,

The effort was concluded by making measurements of brightness
versus beam current for both old and new display tubes and of
sweep size versus sweep current, A detailed discussion of the
evaluation will be found in Section 5,
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SECTION 5
EVALUATION OF THE 7WP4 PROJECTION KINESCOPE
INTRODUCTION

The purpose underlying the effort to devise a method of cathode-
ray tube evaluation was to determine the performance lirnitations of
the TWP4 projection cathode-ray tube in definite, quantitative terms,
As previously stated, mere observation of a test chart pattern was
not considered satisfactory. The requirement was to evaluate the
7WP4 in terms of contrast ratio, resolution, and brightness,
Moreover, since these three parameters are interrelated, the
data would have to show the proper relationships.

The technique and arrangement of equipment described in
Section 4 were used to perform the evaluation, The results are
presented in terms of

a. performance in the 525 scanning line system (measured)
b. performance in the 525 scanning line system (calculated)
¢. measured and calculated results compared

d. performance in the 1029 scanning line system {calculated)

Then, based on the agreement of the measured and calculated data
for the 525-line system, mathematical predictions are made of the
periormance to be obtained from the TWP4 in a 1029-line system.

METHOD OF DATA ANALYSIS
RESOLUTION AND CONTRAST DETERMINATION

The limiting resolution in a cathode-ray tube is determined by
cathode-ray tube "spot size', An undeflected beam striking a phos-
phor will generate a circular dot, or spot, of light at the point of
beam impact, The size of this spot is determined by electron beam
focus, beam velocity, and phosphor layer thickness and itself
determines the minimum information bit size that can be presented on
the display surface, As the beam is deflected in a horizontal plane,
thus generating a bright line, the line width remains equal to spot
size since there is no change in the vertical deflection of the spot
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through a horizontal-line period. Therefore, scanning line width
is an accurate measure of the cathode-ray tube spot characteristic.

The intensity output across the scanning spot is not uniform but
is Gaussian in character, as shown in Figure 19, This means, of
course, that the entire profile, as shown, will not be visible to the
eve; a visual cutoff exists at a certain level in the waveform since
the eye adapts to the bright average output of the phosphor, The
intensity profile of the cathode-ray tube scanning line structure
provided by the arrangement of the detector television camera
and the oscilloscope display shown in Figure 12 was the basis for
the contrast and resolution measurements made during this invest-
igation.

The cathode-ray tube was adjusted for best focus, that is, for
minimum intensity profile line width at the "Base Line" (see Figure
18). In these first tests, line spacing was set wide to insure the
presence of unexcited black lines separating the white lines, Thus
the detected line width "w'" truly represents the spot size of the
cathode-ray tube and therefore the minimum information bit size,

Photographs were taken of the oscilloscope waveforms repre-
senting these profiles (see Figure 13} and also while vertical de-
flection size was reduced to cause the profile spacing to decrease
until an overlap of profiles resulted. The measured data were then
plotted, and the results were compared with the contrast ratio
and resolution predicted from the mathematical analysis described
below,

Note that for the mathematical analysis the profile is sectioned
into 0, 25, 50, 75, and 100-percent levels with a line width "w"
of interest at each level, per Figure 18, The white line spacing is,
obviously, the distance between the profile peaks and the corres-
ponding portions of the profile.

Analysis is based on the data obtained from a plot of the intensity
profiles (see Figure 19}, In each instance the width of the line was
first computed from photographs of the detected waveform, This
computation was straightforward since overall deflection size in
inches had been recorded, as had the number of scanning lines per
field, The peak-to-peak spacing of the lines could be computed in
inches. Then from this reference point, the waveform photographs
could be scaled at other than the 50-«percent level and the complete
intensity profile drawn, as shown in Figure 19, The amplitude is
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assigned an arbitrary scale for later reference. This rather
complex series of steps is illustrated by the following sample
problem, *

Measured Conditions

1. Vertical deflection size, total field = 6. 94 inches
2, Number of active scanning lines = 241

3. Peak beam currents of 234, 532, 798, 1064, and 1330
microarnperes

Analysis {see Figures 19 and 20}
1. Scanning line density =

number of scanning line - 241 34, 8 lines
size of raster 6.94 per inch

2. Profile spacing {(measured center to center)

1 - 0. 286 inch
34,8

for the case of 241 active scanning lines

3. If it is assumed that the desired presentation will present a
500-line resolution pattern on a 3, 75-inch raster, then the resolution
line density (the dark void between the profile peaks is considered a
black line) is 500 = 133 lines per inch

3.75
the equivalent of a spacing of 0, 0075 inch between resolution lines,
The profile peaks {every other line in the bright-dark-bright-dark
resolution sequence) then will be 15 mils {0, 015 inch) apart.

Note that the interaction of adjacent lines may be predicted for
various line spacings, representing resolution, by using an overlay
of scanning line profile on the original drawing {see Figure 20 where
the profile and overlay are illustrated with 15«mil spacing).

—

%A detailed analysis of all values is presented in Appendix IV,
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Overlap does occur between adjacent bright lines, and it defiles
the dark element of resolution present between the bright elements,

4, The data of interest for each individual beam current may
be summarized as follows:

a. The intensity profile amplitude represents the intensity
level, At a beam current of 234 microamperes, the line overlap
for Test 1 occurs at 3.8 {(as shown by 1 in Figure 20} on the ampli-
tude scale. The luminous output is twice this value, or 7.6,
because energy is contributed from each bright segment,

b. Since the peak intensity value is 20 units on the arbi-
trary scale at the current, the contrast ratio is calculated as follows:

20 - 7.6 x100 = 12:4 %100 = 62 percent
20 20

c. Thus a true white to black (100 percent} contrast ratio
is not obtained, but a generally acceptable ratio of 62 percent is
possible,

d. The obtainable contrast at each field of beam current may
be tabulated as follows:

urrent Peak Beam FPeak In-
Condition Current, tensity
No. Micro- Value, Crossover Intensity, % Contrast
amperes Units Value x 2 = Ratio¥
1 234 20 3,8 x 2 & 7.6 62
2 532 29 6.5 =% 2 5 13.0 55
3 798 34 9.5 x 2 = 19,0 44
4 1064 34 13 x 2 = 26,0 23
5 1330 34 16 x 2 = 32 6

* Peak value minus actual value divided by peak value times 100,
Note that for some conditions, the contrast may be represented by

a negative number, In this case the overlap is so severe and occurs
throughout so significant portion of the line that no contrast would
be apparent since the data obscured by the black line would be com-
pletely lost,
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BRIGHTNESS MEASUREMENTS
Equipment

Cathode~ray tube brightness output was measured with a spot
brightness meter which has an optical system similar to that of a
camera, except that a precisely calibrated photocell is employed
in place of film, The meter optical system has a 1 - 1/2 degree
viewing field and therefore measures light output over only a very
small spot in the normal field of view, This photometer was
arranged to view back through the projection lens to a small area
of cathode~ray tube screen. The resulting field of view, as seen
through the photometer eyepiece, is shown in Figure 21,

The overall vertical display size was recorded, and the number
of active scanning lines was computed. A calculation of the photo-
metric image size was therefore possible, based upon the number
of scanning lines in view. In this manner. it was determined that
the photometer viewed a circular area 0, 0622 inch in diameter,
The visible display screen spot size was found to be 0,00389 inch
(2approximately 4 mils) at the low level of beam current used for
the setup of the apparatus, However, this is not an ordinary
operating condition for the TWP4 projection tube., A very low
beam current and brightness output were used for the setup of
apparatus,

It is generally assumed that the intensity distribution across
an excited phosphor spot is Gaussian in character, and that the
phosphor excitation is visible to the half-value intensity point.
The predicted spot sizes of 10,5 mils to 14 mils are obtained
from the scanning line profiles on this basis, and are verified by
manufacturers' data, The raster pattern of Figure 21 indicates
that one should observe the white scanning lines and alternate
dark lines, Such a pattern is usually observed upon closeup in-
spection of direct view displays,

The analysis indicates that one should not see such a light
and dark pattern on the TWP4 if the above method of spot size
determination is followed. Scanning line spacing has been calcu-~
lated at almost 8 mils for the 525~line raster in the usual 3. 75
inch vertical raster height, Yet the spot size should be 11 mils
or more, in which case the lines would merge and separation
spacing would not be seen. Since observations prove that this is
not the case, the assumption of half-value phosphor excitation
being visible is subject to question.
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Spot size determinations are usually made by observation of
an isolated, undeflected spot or an isolated scanning line on an
otherwise unexcited phosphor, This is done By either instrument
or visual observation of the surface in a shaded or darkened en-
vironment, Obviously this does not simulate actual operating
conditions. The level of profile that is visible is directly related
to the ambient illumination, In any cathode-ray tube displays,
such an ambient level is obtained from many sources:

1. Diffusion within the phosphor.

2. Reflection within the glass faceplate,

3. Reflection of light emitted from the display.,
4, Stray light from surroundings.

Therefore the '"dark! void between scanning lines is far from truly
dark, even though this phosphor is unexcited. Visual threshold
will vary due to the ambient level, and the visible portion of the
profile will be only that amourt above the ambient level, Visible
spot size may continue to appear less than 8 mils, preserving the
appearance of scanning line structure even at beam current levels
which generate a much larger spot at the traditional half-level
peint, It is concluded that the visible scanning spot is 4 mils at
very low beam currents, and eEEH&‘E to 7 mils in normal operating
ranges of less than 1000 4 ampere peak beam current, Above this
value a scanning line structure probably will not be visible due to
further increase in spot width,

Consideration of resolution is relatively independent of the spot
size peculiarity outlined above, Of course resolution is ultimately
limited by the spot diameter., The definition of resolution lines
requires alternate dark and light area, which requires darkening
of every other scanning line at the limiting value for vertical reso-
lution, Thus a spacing of 16 mils between excited areas would be
obtained in the example of Figure 21, and no spot overlap will
occur even at half-level intensity profile points, The presence of
ambient illumination does mean that absolute contrast ratio, the
dynamic range in light intensity output from unexcited to excited
phosphor areas, will be severely reduced. Relative contrast ratio
is the quantity used in resolution testing and will remain unchanged
by the ambient level, A technique which considers the absolute
value is desired, but has not been developed, The effect of ambient
level might be visually observed upon closest inspection of certain
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patterns. If a number of parallel bars are displayed, such bars
being alternately black and white and of equal width, and the dis-
played bar width approaches the spot size of the display phosphor,
the visual efiect would be an apparent narrowing of the white bar
and widening of the dark bar. This is because the ambient level
raises the threshold at which the excitation of phosphor is visible,
thus only a smaller part of the spot is "active' and presenting
data,

Measurements of cathode-ray tube brightness made looking
through the projection lens rather than those made directly on
the tube faceplaterautomatically factor in lens light attenuation,
light scattering within the projector, etc. Thus the measure-
ment is more properly a projector light output value for the TWP4
at varying levels of beam current, This is a practical and real-
istic measurement since the tube is not used in direct display
but always with lens and other elements between the tube and
viewer, If the device were used with another type of projector
(i. e., a Schmidt system rather than a refractive optics system),
the absolute values might vary; however, the relative readings
referred to a particular beam current in a specified format would
be consistent, regardless of projector type.

Methods of Calculation

The fundamental quantity of any brightness evaluation is the
amount of light output from a small area of the screen. Photo-
meter measurements are obtained in terms of average light out~
put.in foot-lamberts and average beam current in microamperes,
These measurements must be converted, for analysis, to more
convenient units., A third parameter of equal importance in
measuring brightness output is the speed of scanning.

Photometric measurements of light source intensity are
generally expressed in candelas, Thus the measurement in foot-
lamberts was converted to candelas for the area viewed with the
photometer, Note that only half this area was excited {Figure 21);
the cathode-ray tube screen output flux density {energy flow per
unit area of source) is computed using the excited area only, In
this manner the screen phosphor output may be calculated for
each square inch of excited area., Then the only task remaining
is to calculate the total excited phosphor area for the specified
raster. This is not difficult since the scanning line length and
width are measured by ordinary methods, that is, by visual
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inspection.

Peak beam current rather than the more easily obtained
average value was chosen for a reference in the analysis and in the
brightness calculations because the average value is significant
only in a specific context of video blanking time per field, Peak
value is directly related to phosphor intensity, as shown on the
intensity profiles, and any measurement can be related to differ-
ent operating conditions and format from the peak current
reference, The peak current was calculated by applying a correc-
tion factor to the measured average current value. This correction
factor was obtained from the percent of video blanked periods in
the projector input waveform,

In the case of the speed of scanning, it can be assumed that
the output of phosphor spectral energy will be a direct function
of the time that electron energy dwells on that spot., Therefore,
speed of scanning or the time required to complete a scanning
line will directly affect display brightness. For this reason, any
data presented concerning scene brightness must specify the scan-
ning line format, and, to be even more exact, the data must be
presented in terms of the phosphor input energy product (micro-
amperes times microseconds), as in this report.

The phosphor input energy product is calculated from raster
size and beam current as follows:

1. Given scanning conditions of:

field repetition rate 60 cycles per second

scanning line rate 15, 750 kilocycles (525 scanning line
system)}

raster aspect ratio 4 x 3

raster size, 5 inches by 3. 75 inches

2. The length of the scanning line is established by the raster
horizontal size at 5 inches.

3. The time to complete one scanning line is then 1/f =
1/15, 750 cps = 63.4 microseconds.

4, The active scanning line time is 63, 4 microseconds
minus the blanking time, that is,
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t=63.4 -t = 63.4 - 13. 6 - 49, B microseconds
blank

~ 50 microseconds

Then for a 5-inch line scanned in 50 microseconds, the
scanning line rate becomes 10 microseconds per inch of
scanning line.

6. The rate multiplied by the beam current supplies the
necessary input energy figure.

The same data could also be used to compute cathode-ray tube
brightness output for any television format -- that is, raster size,
number of scanning lines, aspect ratio, etc. However, all such
calculations are valid only assuming the identical projection arrange -
ment and application.

Data presented in the above manner can be used to interpolate
from one format to another (i.e., from the 525-line system, 4 by
3 aspect ratio to the 1029-line system, 1 by 1 aspect ratio) as
shown in the appendix. For instance, in a 1029 scanning line
system with a 60-cycle-per-second field rate interlaced 2 to 1,
the time per scanning line is reduced to | 1/1029/2 1 60 = 1/1029- 30 =
1/30,900 = 32. 4 microseconds per line. "Assuming that 5 microseconds
of this time is absorbed in a sweep return (flyback) and blanking, the
active time for the scanning is only 27. 4 microseconds. Assuming
that a scanning line is 4 inches long for a 1 by 1 aspect ratio format,
the energy output will result from only 27. 4/4 microseconds per
inch or 6. 85 microseconds per inch. Therefore brightness output
in this format would be 6. 85/10 times the value measured for the
525-line system.
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RESUL/TS OF ANALYSIS OF TWP4 TUBE

As noted previously, the resolution of the TWP4 display was
evaluated by considering the adjacent scanning lines of one field
as ''white" bits of information. The voids between the lines were
the alternate "black' hits. The contrast ratios® resulting from
the varied spacing of these lines (Formats A and B) indicate tube
performance for the respective information densities. {The
information density was adjusted by means of the vertical size
control. %)

G In all cases an arbitrary 50-percent contrast ratio was selected
as the minimum acceptable level. Observation indicates that detail
may be visible with as little as 20-percent contrast ratio, consider-
ing full black-to-full -white contrast. However, a grey scale is an
important factor of resclution and must be considered in setting

this figure. At 100-percent contrast and low frequency, low reso-
lution test blocks, 10 steps of grey may be seen with the better
equipment. This, however, is the limiting value for system dyna-
mic range, that is, few systems will produce more than 10 steps.
Therefore, as the total dynamic range capability decreases, it is
reasonable to assume that grey scale will be similarly degraded.

In a linear system the grey scale would be limited to 5 steps at
50-percent dynamic range (contrast ratio}. The graphs showing
resolution reflect this assumption (5 steps at 50-percent range) in
the selection of 50-percent contrast ratio as the minimum accept-
able and alsc reflect the further assumption that as little as 5

steps of grey would be acceptable at the upper limit of resolution.

## Note that overscanning of projection tubes is not recommended
since a high velocity electron beam striking the neck may liberate
occluded gas and cause internal arcing. These tests of resolution
were performed on older tubes that were considered expendable.
However, no such failure occurred. Refinement of the procedure
for use on newer tubes should provide protection from thisg
phenomenon.

65



FORMAT A
Format A is the 525 scanning line system

interlaced 2 to 1

aspect ratio of 4 by 3

frame rate of 30 cycles per second

field rate of 60 cycles per second

raster size (TWP4) of 5 by 3. 75 inches (width and height)

Format A is the normal operating mode of the TWP4; the
nominal resolution specification requires 450 television lines in a
specified '"quality rectangle', The results of the analysis of this
format were then compared with observation and measured data
to evaluate the analysis technique.

Analysis of the TWP4 resolution and contrast ratio for Format
A was performed as described earlier in this chapter, The results
are plotted in Figures 22 and 23. Note that in the case of Figure
22, a dual scale is shown for the horizontal resolution curve to
accommodate the industry definition of horizontal resolution
(*'the number of vertical lines discernible in a horizontal dimension
equal to the picture height"). Thus, for the raster in question,
the resolution, in television lines, would be the number of vertical
lines discernible in 3. 75 inches, The actual number of discernible
elements would be 4/3 the television line specification.

Horizontal Resolution

The graphical representation of the horizontal resolution
indicates that the acceptable limiting resolution (50-percent con-
trast ratio or greater for full black to white contrast)is 500 lines
at low brightness but that this value decreases to only 385 lines
as brightness increases to the highest brightness obtainable, Normal
operation for systems employing the 7TWP4 cathode-ray tube would
therefore be centered in the range 375-500 lines; about 425 lines of
acceptable resolution would be anticipated for Format A,

Data were obtained to permit direct plotting of horizontal reso~
lution for comparison with the calculated values (see appendix and
Figure 22)., The observed values are lower than the analysis pre-
dicts, to a Z0-percent deviation in one case, This degree of
experimental error is believed to be the result of the following:
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1. Only a few data points were available; curves of data are
interpolated between widely spaced points.

2. Data on line width and contrast ratio were obtained from
small photographs; there is the probability of deviation
in graphical analysis.

3. Some additional defocusing or "blooming' may be occurring
at higher beam current levels; this would contribute to
more pronounced levels of degradation at higher beam
current levels. The graphical analysis does not show the
effects of such fringing.

The calculated values obtained by the analytical method are
admittedly optimistic and indicate the maximum performance that
can be expected under best (ideal} conditions. However, the results
shown compare favorably with direct observation of the projected
test chart.

Vertical Resolution

Vertical resolution is actually somewhat inflexible since it is
established by the number of scanning lines. A graphical represen-
tation can only indicate the quality obtained at the given number. It
is known that 482 active scanning lines will be present in the 525-
line system (sce appendix), but the contrast ratio at that point is
to be determined. Note that an acceptable contrast ratio (50 percent
or more) is obtained up to only moderate beam current levels.
Therefore the tube presents acceptable data through only part of the
operating range.

Exactly 482 lines of vertical resolution will not be visible to the
observer because the supposedly horizontal scanning line contains a
slight pitch, usually the right side being slightly lower than the left.
This is inherent in the scanning sequence which writes horizontal
lines while gradually proceeding from the top to the bottom of the
raster. A multiplying factor of 0. 7 is therefore generally applied
to vertical resolution (the Kell factor after R. D. Kell and others,
see references 2 and 3, p. 83). Thus the viewer should expect
only 335 discernible lines of acceptable vertical resclution from
operation with Format A rather than 482, the number of scanning
lines.
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Brightness

Brightness output of the tube is presented in Figure 24, The
calculated values were obtained using the analysis technique
described in Section 4. It was not necessary to factor in speed
of scanning for this case since the measurements and the calcu-
lated values were for the same format, The new tube produced
considerable brightness, as much as 320 footwlamberts at 1-milli-
ampere beam current (average). Unfortunately this value de-
creased to only 150 foot-lamberts, less than half the original value,
after less than 200 hours of operation because of the browning of
the face plate. This naturally occurs when silicon glass is subjected
to 80 kilovolts, the level of voltage used for TWP4 beam acceleration.

Comparison of Old and New Tubes

The calculated and measured values shown for the older tube
agree closely, providing verification for the technique and for the
assumptions made in the calculation and analysis of the data. A
complete summary of TWP4 operation is presented in Table 1,

Table 1
TWP4 CHARACTERISTIC VALUES FOR FORMAT As

Reference Values Brightness#®, ]
Foot-Lamberts Resoluytion
Acceptable Contrast

Avg Beam. |Peak Beam|New Old Horizontal Ratio
Current, ya |Current ya; Tube Tube [TV Lines Vertical Res, %

160 234 70 31 525 72

375 532 142 63 505 56

560 798 198 88 465 4 2%k %k

765 1064 257 118 430 2 Tk

955 1330 312 146 385 1 2%3%%

* See specifications for Format A
#% See Figure 24
%% Not acceptable
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FORMAT B
Format B is the 1029 scanning line system

interlaced 2 to 1

aspect ratic of 1 by 1

frame rate of 30 cycles per second
field rate of 60 cycles per second
raster size {(TWP4) of 4 inches square

Format B, described above, is envisioned as a future possible
application for television refractive projection devices, particularly
the 7TWP4 and associated existing enclosures,

The analytical procedure outlined in Section 4 and described
previously was used., A 1000-line resclution display, both hori-
zontal and vertical, was desired,

The results of the analysis of resolution and contrast ratio is
presented in Figures 25 and 26, Note that since the aspect ratio is
1 by 1, the number of horizontal television lines is a true indication
of the horizontal elements in a distance equal to the picture height
which is, in fact, the width of the picture. Therefore the multi-
plier employed in Format A calculations does not apply, and the
dual scale is not required in Figure 25,

The graphical representation of horizontal resclution appears
somewhat pessimistic, It does not seem possible to obtain 1000
lines of display, even with lower levels of contrast ratio. If the
50-percent contrast ratio is considered the minimum acceptable,
only low levels of resolution are possible, The range is then
irom 560 television lines at low beam current levels to 400 tele-
vision lines at high beam current levels, with an average of 475
lines in the average operating range,

The conditions are somewhat similar for vertical resolution,
The desired level of contrast ratio cannot be achieved with the 942
active scanning lines in the raster. It must be concluded that the
tube is not suited to this format; a scanning line structure will not
be visible in the raster., Average available resolution will be in
the order of 475 lines.,
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A prediction of the brightness of the 7WP4 when it is utilized
in Format B was also made using the analysis technique described
above, The results are shown in Figure 27. Note that the data
points indicate an increased brightness of display, approximately
1.25 times greater than that indicated for Format A, This is
surprising, but can be expected because the information density
is greater -= 942 scanning lines are presented in a 4 by 4-inch
raster (16 square inches) for the 1029-line system versus 482
lines in a 5 by 3. 75 raster (18, 75 square inches) for the 525-line
system. Thus for an equivalent peak beam current and phosphor
output light flux, a much greater concentration of energy is pre-
sented in a smaller area for the case of the 1029-line system,
even though the phosphor is being scanned almost 1,5 times faster,
{This assumes that faster scanning of the display surface will per-
mit full excitation of the phosphor., Tests must be performed to
validate this assumption; however, it is realistic to assume that
output brightness will increase because of the larger information
density., )

A complete summary of the calculated TWP4 operation in a
1029 scanning line system is presented in Table 2,

Table 2

7WP4 CHARACTERISTIC VALUES FOR FORMAT B*

Brightness¥¥,
Reference Values Foot-lamberts Resolution
Acceptable Contrast
Avg Beam Peak Beam | New O1d Horizontal Ratio
Current, pa Current ga Tube Tube TV Lines { Vertical Res, %
175 234 g4 43 560 0
410 532 170 86 533 0, =2
610 798 237 115 510 0% o
820 1064 312 158 466 0 &
1030 1330 400 190 400 0 :;j

% See specifications for Format B
*% See Figure 27
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ADDITIONAL RESULTS OF 7TWP4 ANALYSIS

The TWP4 projection kinescope was designed for a fairly
high intensity display in a 525-line, interlaced television format.
Data for operation under these conditions are presented through-
out the previous discussion. The following peoints are worthy of
note:

The most obvious tube characteristic determined by the
analysis was the behavior of spot size. As predicted by the liter-
ature, the scanning line width (that is, spot size) does increase
as beam current increases {see Figure 28). This implies that the
limit of resolution will decrease as brightness increases since
resolution is limited by beam spot size and brightness is a direct
function of beam current, Observation and analysis determine
that this is an operational characteristic, However, further
analysis must be performed for the case of a specific format
since aspect ratio, raster size, number of scanning lines, repe-
tition rate, etc. are independent variables that must be known to
obtain a true prediction of tuhe performance in a particular
application.

New projection tubes present a high brightness display., How-
ever this high-intensity energy is developed in an 18,75 square
inch area., Even though up to 300 foot~lamberts or more can be
measured after lens transmission, the energy is distributed over
a display of up to 48 square feet in which case up to 10 foot-
lambert incident brightness would be obtained. The reflected
image from a screen is not going to be at all bright with present
materials and components (refer to Section 2).

Radiation effects will cause browning of the type of glass used
in the TWP4, An 80-kilovolt accelerating voltage is employed for
electron acceleration to obtain as high as possible brightness.,

- Unfortunately this energy level generates x-rays, and faceplate
browning does occur, Only a few hours of operation reduce face-
plate transmittance, and tests indicate that light output may be
halved in less than 200 hours of operation. Also considerable
x-ray shielding must be provided to assure personnel safety.

The projection tubes and associated apparatus used in this
study have not proved reliable. It appears that circuitry operating
at an 80-kilovolt level is quite prone to arcing, ozone generation,
and corrosion within cable connections. Constant maintenance is
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necessary to keep cables clean and arc-free, to keep tube cooling
air clean and free of ozone, etc. One should not depend upon
more than 40 hours of operation without maintenance of cables
and air cleaners., The projection tube will be efficient for only
about 100 hours, due to browning and resultant image tinting

and dimming.

The specifications for TWP4 projection tubes do not include
resolution; thus no manufacturer's published prediction of per-
formance is available, However a specific 5-inch by 3, 75-inch
''"quality rectangle' is specified in which faceplate irregularities
are controlled, Operation cut of this region could provide areas
of defocus in the display, Manufacturer's representatives pre-
dict 2 maximum 600~line resolution from the tube. This maximum
is limited by the phosphor and beam spot sizes, The phosphor is
a multi-layer arrangement, not an ordinary P4 surface. It con-
tains beryllium, an element not considered desirable for ordinary
tube use due to the danger of poisoning if the tube is fractured,
The unusual thickness of this layer arrangement, necessary due
to high velocity electron bombardment and resultant heat genera-
tion, contributes to a diffusion of light from back to front of the
phosphor, resulting in a spot spread that is pronounced at higher
brightness levels. Further spot size limitation is presented in the
electron beam focusing that can be obtained with an 80-kilovolt
acceleration at up to 2-milliamperes beam current,

To obtain the 600-line resolution in a 3. 75~inch dimension,
as indicated, the spot size must be 6,25 mils or less, It has
been shown that this value can be obtained for low levels of beam
current but at low contrast ratios, but cannct be obtained at
ordinary operating levels.
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SECTION 6

CONCLUSIONS AND RECOMMENDATIONS

The studies outlined in previous sections have yielded
significant advances in the application of television displays.
The development of a new quantitative method of display evalu-
ation is most important, and represents a meaningful accomplish-
ment, Conversion of the F-151 closed circuit television projector
to 1029 scanning line television operation will provide an economical
and convenient means for studying display techniques for images of
up to 1000 line television resolution.

At the conclusion of the present contract the F-151 projection
device is operational at 1029-line scanning rates, and has a 20 mc
video driving amplifier, There has been no opportunity to fully
evaluate the system at these rates; a signal source, a television
camera system, has just been installed to permit such operation.

Displays at 525~line scanning rates have been presented
through the 20 mc projection video amplifier, Visual analysis
indicates a startling improvement in display quality; up to 700
lines resolution (at tube center) has been observed simultaneously
with 8 shades of grey from the EIA Television Test Chart. The
contrast ratio is reduced at higher resolutions; however, observa-
tions indicate that performance is better than that expected from
the theoretical prediction of Sectlon 5. Actual performance
observed with the 1029 scanning line system, plus details of con-
verting the projector from the conventional 525-line system to
1029-1line operation will be covered in the report of Phase II.

The display must be evaluated by the method described in
Section 4 to determine limits of actual system performance and to
verify the predictions made from the original TWP4 analysis of
Section 5. It is also important to maintain the system, including
television cameras, processing amplifiers, and display units at
the peak of performance for the best evaluation and for satisfactory
demonstration of system capability. Emphasis is placed on this
portion of the operation because of the poor past history of relia-
bility in the system used for this study, especially in the projection
cathode-ray tube and 80 kilovolt supplies.
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Maintenance of television systems is a complex task that is
too often lightly regarded. As a result, most maintenance may
be shunted to a technician with little or no related background,
Only the obvious and catastrophic failures are repaired, and
the system slides from peak performance gradually, This is
evidenced by a loss of resolution and contrast, by the introduc-
tion of video streaking, overshoots, or poor transient response,
etc. Texts and references do not discuss the recommended
techniques which could be employed for system preventive main-
tenance, such as video amplifier sweeping, sweep linearity
checking, video phase response testing, and so forth. A study
and report on this as it applies to the Simulation Techniques
Branch program would greatly aid not only this program but
every Air Force group using television,

Note that the TWP4 evaluation, presented in Section 5, is
pessimistic regarding suitahility of this tube for high resolution
display use. The display device survey, Section 3, indicates
that cathode-ray tube state of the art is limiting progress toward
improved displays; the required light source intensity is not
available in the tubes as the art is known today. Since methods
of projection not employing tubes are undesirable (i. e. Eidophor,
Light Valve), emphasis must be placed upon projection cathode~
ray tube development and improvement. Novel approaches which
circumvent the heat and browning problems in traditional glass-
enveloped tubes have been outlined, and are considered worthy of
investigation,

Because technical advances are allowing daily improvements
in other types of display equipment, a continuing market survey
and close liaison with closed circuit television manufacturers is
strongly recommended, Progressive developments in light beam
modulation devices and in thermoplastic display equipment are
being pursued intensively., Logically, continuous follow-up is
indicated in both these areas,

A precise method of evaluating display systems has been
devised. No comparable method exists for evaluation of image
pickup and processing equipment (camera chains), Development
of such a technique should assume high priority, for the display
device, no matter how precise, may well be limited by the signal
input, Specifications for camera systems are vague and super-
ficial enough to preclude prediction of actual performance,
Consider resolution: while resolution may be specified, this is of
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no value unless the contrast ratio establishing limiting resolution
is also specified. Proper evaluation would consider all such
interrelated parameters.

During formulation of the display evaluation method and
study of cathode-ray tube effectivity, asscciated problems in
image generation were uncovered. An item under current dis-
cussion for visual simulation use is a satisfactory procedure
of star field generation., Previous studies indicate that computer
generation is desired, as large physical models must be accom-
modated and controlled with other methods., A brief survey of
scan conversion equipment now on the market shows that present
devices are approaching 1000-line resolution with up to eight
shades of grey. This equipment could be adapted to convert a
computer~generated star field to television format in a modest
development program.,

The overall objective of this and similar studies is to provide
a large area display of adequate fidelity and dynamic range for
simulation training. Resolving power of the eye far exceeds even
the 1000-line large area display. Therefore basic research is
appropriate to increase the resolution capacity of a television
system, through development of equipment with increased band-
width, For instance, there has been preliminary consideration
of camera tubes with 2000-line resclution, requiring a video
channel of 40 mc bandwidth, twice that sought in this study.
Traditionally the emphasis is placed on cameras and processing
equipment; in this case primary emphasis must be placed upon a
satisfactory display medium, as large area projectors present
equal or greater challenges than pickup devices,

Finally, the consideration of color television as an aid in sim-~
ulation training is a reminder that the problem area of color
reproduction is as yet almost unattended, The present three
primary color, three-channel system has not been accepted as
a high quality, dependable data transfer medium. An improved
approach to color reproduction must be developed if a high
resolution color display is to be obtained within present or pro-
jected state of the art bandwidth.
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PHASE II

SECTION 1

INTRODUCTION

Visual simulation of hypothetical conditions or cbserved objects
requires realism. For this purpose, the use of a projected television
image requires, by necessity, good contrast and high resolution capa-
bilities. The ohject is to present a television picture simulating the
resolution and contrast qualities of an actual scene or at least of a high
quality photograph.

The F-151 Gunnery Trainer CCTV and projector system, which
operates at a normal 525 lines per frame horizontal scanning rate, is
capable of resolving approximately 400 lines at the center of the image,
with a grey scale of eight shades. However, due to the large size of the
projected image, visual perception of the horizontal scanning lines is
quite noticeable, and detracts from the desired photographic effect.

In an effort to minimize the effect of visual perception of the
horizontal scanning lines, and thus increase the photographic qualities
of the projected image while maintaining the same image, the use of
a greater number of scanning lines was the logical solution.

By increasing the number of horizontal scanning lines and main-
taining the same vertical image size, each line would be reduced in
width, and the spacing between each line would be less. As a result,
it becomes much more difficult for the viewer to perceive the presence
of these lines, and the quality of the image is improved considerably.
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SECTION 2

METHOD OF APPRCACH

The presentation of a projected image at a scanning rate higher than
525 lines per frame, presented several questions:

1. What new scanning rate should be used?
2. What modifications of the present system would be required?
3. By what method should these modifications be accomplished?

Obviously, to present a television image, a television camera is
required. Likewise, for CCTV systems, a sync generator is also
required to provide the system with recurrent trigger pulses having the
proper time relationship. It was desirable to obtain a commercial
CCTV system for the source of signals. It was found that a commercial
CCTV system with a horizontal scanning rate of 1029 lines per frame,
and a frame rate of 30 frames per second was available tc the Simula-~
tion Techniques Branch., With this data, it could now be determined what
modifications would be necessary to operate the F~151 Gunnery Trainer
at these rates.

The normal interlaced 525-line system, operating at a rate of 30
frames per second, requires a-horizontal scanning frequency of 15.75 k¢
and a vertical scanning frequency (field rate) of 60 cps.

The interlaced 1029 lines per frame system, also operating at 30
frames per second, requires a horizontal scanning frequency of 30.87 kc
and a vertical scanning frequency of 60 cps.

It can be seen then that the F-151 Gunnery Trainer projector
must be modified to be capable of operating at the higher frequency
for horizontal scanning required for a 1029 lines per frame presenta-
tion. The modifications required to provide this capability of operation
presented two avenues of approach. The basic television electronics
of the F-~151 Gunnery Trainer could be modified to operate at this
higher frequency, or new circuitry could be designed and developed
for this purpose, and new chassis fabricated., Since a 1029-line camera
system was available to the Government, redesign of the entire camera
system did not appear to be practical.
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It was desirable that the 525-line system of the F~151 Gunnery
Trainer be left intact and operable for purposes of further evaluation.
This also meant that operational comparative criteria could be obtained
as required during the development phase of the 1029~line system.
Therefore, the modification requirements were that either mode of
operation could be obtained with a minimum of time required to make
the necessary changeover electrical connections. It was further indi~-
cated that, should the 1029-line system prove to be capable of providing
the desired display, the 525-line system might be dismantled and
removed from the equipment room., The remaining 1029-line system
components would require much less space than would the 525-line system.

The method of approach was to design, develop, and fabricate
the necessary new circuitry for the 1029-line projector. The fabrication
of the 1029-line equipment would be such that either system could be
operated independently and allow the removal of either capability
without causing the remaining system to be inoperable.
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SECTION 3
TECHNICAL DISCUSSION

The basic block diagram for the elctronic circuitry of the F-151
Gunnery Trainer CCTV and projector system is shown inFigure 1.
In order to simplify the design and development problem of the 1029~
line system, this basic system structure was retained. As a result,
a number of circuits could be duplicated according to the schematic
diagrams of the original 525~line system rather than redesigning them.
However, the chassis size requirements were more stringent in order
to obtain a more economical fabrication of these subsystem units.,
Existing power supplies were utilized but were remounted to take up
less space in the overall system. Those circuits shown in Figure 1
that were duplicated are:

1. Vertical Sweep Generator
2. Sweep Protection
3. Projector Control

A system of 1029-line CCTV equipment, consisting of cameras,
monitors, and a sync generator, had been obtained by the Government.,
This equipment was integrated into the 1029~line projector system
shown in the block diagram of Figure 1.

The 1029-line CCTV system has, by nature of the design, the
potential of resolution apworoaching 1000 lines, To fully utilize this
potential, a new video amplifier was required. This amplifier had to
have a sufficient band width to pass the video spectrum of 1000-line
information. The required band pass was calculated to be 20 mc.

With this information and other operational criteria, Dage Division of
Thompson-Ramo Woolridge developed and fabricated an amplifier capable
of driving a 7WP4 cathode-ray tube.

The projection CRT cof the F-151 Gunnery Trainer utilizes electro-
magnetic principles to attain deflection of the electron beam. This means
that a current, passed through an electromagnetic deflection yoke which
encircles the neck of the CRT, must increase linearly to provide a
linear deflection of the CRT electron beam. This current must then
decrease rapidly to the initial value in order to allow the electron beam
to return to its starting point in as short a time as possible. This
cutrent, if observed on an oscilloscope, would appear in the shape of
a sawtooth as shown in Figure 2, and iz commonly termed the sweep
current. The primary problem of the 1029-line system was to pass a
linear sawtooth current through the horizontal winding of the deflection
voke at a rate of 30.87 k¢, and vet achieve a sufficiently rapid beam return.
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The time required for the excursion of the electron beam of the
CRT from its starting point, across the face of the CRT, and return
to its original starting point, is defined as its period and is expressed
by eqguation:

1
To =%
where Tp = seconds
f = frequency

For the horizontal deflection of the electron beam in the 525-line
system, this time is:

T = 1 = £53.4 microseconds
15.75 x 10°

The time required for the electron beam of the CRT to return to its
starting point from the point of maximum deflection is defined as its
retrace time, ty. (See Figure 2.) For the horizontal deflection in the
525-line system, this time is approximately 7 microseconds, about 11%

of the total period.

In the 1029~line system:

Tp 30 87><1 103 = 32.4 microseconds
t, = .11(32.,4 x 107°) = 3.5 microseconds

In the 525-line system it was observed that a sawtooth current of
1.6 amperes peak-to-peak occurring at a rate of 15.75 kc was reqguired
to obtain the maximum horizontal size of the projected image. The
parameters of the horizontal winding of the deflection yoke were known
to be 2.84 millihenries inductance and 2.35 ohms resistance. Thus,
for the 1029-line system the peak power requirement of the horizontal
sweep generator, necessary to drive this deflection yoke winding,
could be calculated from the equation:

1 2 2
= — +
P 2 LI pF I pR

P = watts

L = henries
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Ip = amperes

f = frequency

R =resistance

p =}2;-(2.84 X 1079 (1.6)% (30.87 X 103) + (1.6)2 {2.35)

112,5 + 6 = 118.5 watts

The peak voltage developed across the deflection yoke does not
occur during the linear portion of the current sawtooth waveform, but
rather occurs as a result of the rapid change of current in the flyback
interval. The development of this voltage is the result of the transient
effect of the rapid change of the deflection current to zero during retrace.
This volitage, commonly termed the flyback voltage, can be generally
expressed by the equation:

_qodi
e=L at
where
= yolts
L = henries

di = change in current in amperes

dt

time required for current change in seconds (tr)

In the 525-line system:

—'.(___'_)_—
e=2£4X103Ul§i0%)—4mvmm

In the 1029-line system, this voltage will be much greater:

1.6

e =2.84 X 107 m==treey

= 1300 volts

Noting the great difference in flyback voltage theoretically
developed in the two systems, indications were that the large voltage
developed in the 1029-line system operation would exceed the rating
of the insulation breakdown voltage of the deflection voke,

Further research into the problem was required. In looking at
the physical construction of the yoke, it was found that the horizontal
deflection coils of the yoke consisted of two identical windings connected
in series by means of external wiring. This type of construction might
allow a parallel coil connection, thereby providing more feasible chara-
acteristics of operation.
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The amount of inductance of the windings connected in parallel
would be reduced to one-quatter of the original value. However, the
amount of current required to provide the same maximum horizontal
size of the projected image would be twice as great, or 3.2 amperes peak-
to-peak. The new parameters of the voke for this configuration were
found to be 0.71 millihenries inductance and 0.59 ohms resistance.

The amount of flyback voltage that theoretically should be
developed can now be calculated:

_ooodi
e= Ldt
e = .71 % 10-3—3:2 = 650 volts

3.5 x10°°

This value is still larger than that of the 525-line system operation,
but is only half that required with the series windings. The peak power
requirement can also be calculated:

1 2 2
= 4 +
P 5 LI pf Ip R

% (.71 x 107%) (3.2)3(30.87 X 10%) + {3.2)}? (.59)
1

12,54+ 6=118.5 watts

Since the peak power requirement is the same as before, the parallel yoke
configuration indicates a practical mode of operation, with a greatly
reduced probability of breakdown due to flyback voltage.

The deflection yoke used in the 525-line system was manufactured
by Syntronic Instruments Corporation. In order to verify the above
conclusions, the problem was presented to their personnel. From their
original design calculations, they determined that a parallel connection
of the two windings of the horizontal deflection coils is feasible; the
only other alternative would be to have a new yoke designed, which would
be impractical from the economic standpoint., This alternate solution will
not be completely discarded, however, until the results of actual operation
of the 1029~line system warrant further assurance in this area.
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The signals delivered to the horizontal winding of the deflection
yoke from the horizontal sweep generator are transformer coupled.
Operation at 30,87 kc required a new transformer, regardless of the
deflection yoke configuration. However, design parameters for the
transformer, by necessity, had to be determined after the deflection
yoke configuration was resolved in order to design for maximum power
transfer. This new transformer was designed and fabricated to
operational specifications.

The horizontal sweep generator was breadboarded and used to
drive a load which simulated the parameters of the horizontal winding
of the deflection yoke. The transformer had to be redesigned due to
‘the fact that insulation breakdown occurred from the flyback voltage.
When this problem was solved, the new sweep generator vielded satis-
factory results.

The vertical sweep generator was duplicated according to the
original schematic, because the 525-line system and the 102%-line
system both operate at 30 frames per second. Likewise, no modifications
of the vertical winding of the deflection yoke were required.

When fabrication of the 1029-1line subsystem units was completed,
interwiring of the units was begun. The most difficult portion of this
task was the utilization of a proper interlock arrangement. The purpose
of the interlock system is to render the projection CRT inoperative when
necessary to protect the face of the CRT from damage as a result of a
failure elsewhere in the system. A thorough knowledge of the 525~
line system operation was required to attain this degree of system
operation and performance. With the aid of the original 525-line system
schematic diagrams, and additional simplified diagrams made after
tracing out numerous interconnecting circuits, the 1029-line system
interlock arrangement was designed. Upon completion of the interwiring
of the 1029-line subsystem units, the effectiveness of the interlock
arrangement was checked by means of generating intentional failures
and monitoring voltage levels at critical points in the system. The
interlock checkout was performed without the high-voltage power supply
being on. Permanent damage to the face of the CRT will result whenever
high voltage is applied to the CRT ancde without proper beam deflection;
the interlocking arrangement prevents such occurrence.
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SECTION 4

SUMMARY AND CONCLUSIONS

The projection system in the Flight Simulation Television
Laboratory has been converted from the "conventional" 525-scanning
line format to a 1029~scanning line arrangement. The video process-
ing channel has been upgraded from less than 5 mc to almost 20 mc.
This implies that the sysiem could display television data up to 1000~
line resolution, providing the projection cathode-ray tube has the basic
capability for presenting such displays.

It is felt that exact evaluation of tube capability, an enigma of
long standing, has been solved by the development of a new evaluating
technique. The new method employs signal detection by a secondary
television camera, thereby analyzing the image in terms of signal
data rather than in subjective visual appraisal. A prediction of 7WP4
operation in a 1029-line mode was made from evaluation data.

A 1029-line display was presented from the 7WP4 tube. This
display, the product of research apparatus, exhibited some imperfections,
the most noticeable of which was sweep nonlinearity in both the horizontal
and vertical directions. Even so, inspection of the raster and display
presented factors that are inconsistent with the predictions. Presentation
of sharp, individual scanning lines was not expected, since the evaluation
suggested only a merged, continuous, and nondeteciable pattern of lines
above a 700-line raster. Yet the raster was sharp, well focused, and
clear, The limiting horizontal resolution was observed at about 700
lines; the prediction was that virtually no contrast would exist at this
point. And, rather than no contrast, an appreciable contrast was
observed even at the limit of resolution,

Little is known about the true quality of the display generation
system, It was a 1 1/2 inch vidicon camera system obtained for the
Air Force through a development contract with Bell Aerosystems.

The system was received after the projector conversion contract was
completed, and therefore no simultaneous testing or integration effort
could be applied.
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A most significant gquestion has been raised by observation of
the I'-151 projector operating at 1029-scanning line rates. A prediction
of performance of the 7WP4 tube indicated a limit of approximately 650
lines resolution. The horizontal resolution was found to be at or near
this limit in the high-quality system. However, the scanning lines in
the vertical dimension were distinctly separable, which was not expected.
The raster format contains in the order of 980 active scanning lines, so
the raster structure was expected to be a merged mass of brightness
rather than a well defined line. Thus, an evaluation of the tube operating
at 1029 scanning lines, using the same technique as that used previously,
would pinpoint the variance. This variance could be caused by a different
7WP4 spot size under the new conditions, by drastically different beam
current levels, or perhaps even by an oversight in the prediction derived
in the earlier evaluaticn. The cause must be identified to validate the
evaluation technique and the predictions,

The evaluation technigue developed in previous research studies
uses the basic scanning line and a white raster as the media for analysis,
a universal method adaptable to all formats. The areas of greatest
interest in the test runs are the width of a scanning line, the behavior
of the scanning line under various conditions of beam current, and the
apparent contrast obtained from a number of different line spacings.

A second analysis may reveal variations from the predicted performance,
for the basic scanning line may be different for the 525- and 1029-line
modes. Because the scanning speed is different, the line width may be
significantly altered. It is reasonable to expect that the higher

scanning speed of the 1029-line format may yield a narrower line, explain-
ing why the raster with higher line count is well defined rather than
presenting a merged, undefined pattern without observable scanning lines,
as predicted.

An equally important consideration is setting up of the entire
television system (including cameras, processing equipment, and
monitors), providing proper interconnections, and integrating the
individual units into a fully compatible system. Particular emphasis
must be placed upon proper setup, adjustment, and operational control
to insure that the cameras are providing signals of full fidelity, and
that both monitors and the projector are capble of equal fidelity in
signal processing circuits. Only after this is done can a true evalua-
tion of the projection tube begin with full assurance that all possible
contributing elements are not falsely limiting performance. It was not
possible to determine this in previous work, since camera equipment
had not arrived until the concluding work on the program was in process.
The 1029-line cameras must be properly and exactly set up for both the
optical and electrical parameters. This determines especially the size of
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image presented on the faceplate of the camera tube and the area of
photoconductor being scanned. Both of these factors are critical in
producing a signal with proper fidelity, and ironically are the items most
prone to misadjustment or drift. The size of the optical image is difficult
to determine, since distance-to-scene and lens distance to the camera
tube face are critical.

The studies performed with the tube in this new format may
well dictate changes to the evaluation method and to subsequent analysis.
One area quite likely to be changed is the consideration of scanning speed
in the use of measured line width, especially if operation in another format
is to be predicted. Another important aspect to be verified is the rela-
tionship of brightness, beam current, and scanning speed. Scanning
speed will also affect the phosphor output (brightness). It is expected
that the faster the scan, the less brightness that can be obtained from a
given CRT screen area. The evaluating technique assumes that this
is a direct relationship; measurements must be made to prove the
assumption true.

It is of great advantage to have a reference display other than
the projected image. Standard television monitors can provide this
reference, but they must be accurately adjusted and aligned to act
as a reference standard.

The original F-151 Gunnery Trainer 525 line CCTV control
equipment consumed approximately 144 cubic feet of space (see Figure 3).
Approximately half of this equipment was redesigned and repackaged
to consume only 32 cubic feet of space (see Figure 4) for the 1029-line
CCI{‘V system.

The interconnecting cabling between the 525-line system and the
1029~line system is such that to change from one mode of operation
to the other requires the changing of only four cable connections and
two switch positions (see Figure 5). The time required to make this
changeover should be no more than 15 minutes, assuming the CCTV
snyc generators and cameras are already connected properly into the
system. These units do not have to be disconnected for operation in
either mode., Thus one of the fundamental design criteria was fulfilled,
this being that either mode of operation could be obtained with a minimum
of time required for the necessary changeover electrical connections.
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Figure 3.
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1029-line CCTYV Control Equipment Rack

Figure 4.
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Figure 5. Junction Panel
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CONCLUSIONS

The research conducted in this program presents rather startling results.
The 7WP4 projection tube performance obtained in the 1029-line mode exceeds
that which was predicted. The performance limitations set ferth by the
manufacturer and by the tube evaluation in a 525-line format apparently
have been exceeded. The degree to which the specifications have been
extended will not be known until further tests are performed. These tests
will require a presentation in a 4 x 3 aspect ratio rather than the 1 x 1 aspect
ratio used for the previous evaluation; the camera equipment format, which
governs system operation, was not known when this initial 7WP4 evaluation
was performed.

Observation of the display obtained at the conclusion of the contract
indicated that limiting horizontal resolution will be at 650 to 700 lines,
within the range of prediction. However, the well defined vertical raster,
observed at 1029-line operatiion as well as 525-line operation, was not
expected. Further study into basic tube characteristics must be performed
to describe the behavior of cathode-ray devices under various operating
conditions. Specific publications in this area have not been found, though
surely this has been investigated by those developing tubes. It was indicated
that the 7WP4 and other projection tubes have been fabricated for 525-line
use, and testing at other scanning rates has not been of interest.

These events indicate that a research program into basic CRT
characteristics is in order, especially for the projection devices. This
study must be carried into faster scanning rates, such as 2 @ sec per inch
of display surface, which are encountered in the high quality, 1029~
and 1203-line systems, It is likely that CRT spot size behavior and
brightness output have not been studied at these rates. Such an investi-
gation will provide significant insight into the ultimate capability of
display-tube performance. The television industry does not have such
knowledge regarding its products at the present, as evidenced by the
results of this research program, However a continuation of this effort
can establish quickly the ultimate performance obtainable from modern
CRT devices.
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PHASE I
APPENDIX 1

VERTICAL DEFLECTION DATA

The analytic technique is keyed to TWP4 vertical deflection
size since this was varied to change the information density
represented by adjacent scanning lines {see Section 4). An
accurate measure of vertical deflection size (which controls
raster size at the TWP4 screen} was therefore required,

A convenient method of monitoring vertical deflection is to
measure deflection current in the deflection coils, which is
accomplished by monitoring voltage across a known resistor
(R5271) placed in series with the coils, as shown below:

Vertical Sweep C5195 C5194

Output Transformer 1000ufd 1000ufd

11 + o 6

co—r—H
:»-

¢ ool Syntronic

. 'C To oscilloscope Yoke
- 28— #HY-2011
wli R5271
: 9 10§ (nominal value} 2w
5 9. 54f} actual value

— — e — — — B 1

Current Return Path

Figure 29, Circuit Arrangement for Measuring Vertical Sweep Current
in the F=151 Gunnery Trainer Closed Circuit Television
System

The current is then found by application of Ohm's law,
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1- _E _ E measured (amperes)
R 9,542

The actual resistance value of R5271 was measured on a Wheatstone
Bridge.

The data obtained in this manner are shown in Table 3 and

plotted in Figure 30, They may be correlated with data obtained
in subsequent tests,

Table 3

VERTICAL SWEEP SIZE

Picture Height Voltage Sawtooth Current Sawtooth
CRT Face, Acrogs 9.540%%, v through Yoke, ma)
in,
2,25 2,5 262
2.5 2.6 272
3.0 3.2 335
3.5 3.6 377
3.75% 3.8 398
4.0 4.0 420
4.5 4.8 505
5.0 5,2 545
5, 5¥%% 5.4 568
6. Otk 6.0 630

¥ 3,75 in. is normal picture vertical dimension
(manufacturer's specification)
**¥ Sweep linearity adjusted for linear presentation at
each size measured
%% CRT face not marked above 5-in, size; 5.5 and 6=in,
readings are estimated values
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PHASE I

APPENDIX I1

BEAM CURRENT ANALYSIS

In the analysis it is necessary to use peak {or instantaneous)
values of beam current when discussing cathode-ray tube phosphor
brightness (see Section 5), The average current is obtained by
conventional measuring methods, for example, with the meter used
in the cathode-ray tube cathode circuit as shown in Figure 12,

This average current is composed of the signal information plus
a series of blanking pulses. The resulting complex waveform
{see Figure 31) must be mathematically evaluated to determine
the exact peak instantaneous current value,

The following conditions were established for the analysis:

1. Beam current is completely blanked off during the blanking
interval, and no current flows during these periods. These facts
were confirmed; no retrace lines were visible on the projected
image as would have been the case if there had been energy flow
during the blanking interval (see Figure 13).

2, The display is always a flat white field, Photographs,
Figures 13 {c), (d}, (e), and (f) confirmed this.(Thetransients at
the beginning of the field are neglected.)

3, The rise time from beam off {blanked condition) to beam on is

considered instantaneous, This was verified by the good pulse rise
times shown in Figures 13 (a) and {b).
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Display
Tube

Blanking
Level

Typical signal with video information during a scanning line

Typical signal with all-white raster, as used in analysis

Horizontal blanking interval

CIGICRE,

Vertical blanking interval

Figure 31, Typical Beam Current Waveform
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FORMAT A

To calculate the average-current to peak-current conversion factor
for the 525-line system with 2:1 interlace and 60 cps field rate, we note
that

t s
N=L - — - 2625 . 1360107 =262.5 - 21.5 =
T, 63. 4
241 active lines/field
and Ta,= Tf - NtH - tV
T ——Li-(zzu)(ls 6) - 1. 36+ 10% use
a 60 ’ ’ Msec

Ta-—- 16, 667 - 3280 - 1360 = 12, 027 Wsec/field

= 1 f'
TaIp TL (representing charge/field)

Tf Ia Tf
I = —T — o°or I = (—T )Ia
P a p >t
and it is shown above that T_=T_ - Nt__ -t
a f H v
o _( Tf > I
' CNT.-Nt__ -t
P f H v &
where Tf = time/field
Ta = active scanning period; time/field less horizontal and
vertical blanking
Ia = average beam current at CRT cathode
IP = peak beam current, to be calculated
tH = horizontal blanking time measured data,
i
t, = vertical blanking time J see Figure 32
TH = time for each horizontal line

N = number of active horizontal lines/field

.
1

total number of scanning lines/field
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time scale, Hsec

0 2 4 6 8 1012141618 20
(T IR R R SR T

_0 Blanking
Level

—0.02
—0.04 Back Porch
—0.06
—0.08
-0.10 Ideal
Blanking
—0.12 and Sync
—0.14 Interval
-—
—0.16 Width
—0.18 13,6 Wsec
An individual horizontal line of —0.20 ,_'
video showing detail of blanking e
and sync signal. —0.22 v

The widest portion is blanking; the
narrow portion is sync drive.

a. Horizontal Blanking, 525 Line System

time scale, msec

.69 l.56

0 .2.4 .6 .81.0L2 1.4 161820
R R R N T D O R B B

=0
l Blanking
—=0.02 | Level
~0.04 1
=0.08
-=0,10
—=0.12
-0.14
Detail of vertical blanking and -0.16 'Width
int . (t
sync interval, (top) ~0.18 1.36
Display of the vertical deflec- -0.20 msec
tion interval of 16,667 nsec.
-=0.22 v

b. Vertical Blanking, 525 Line System

Figure 32. Blanking Interval Waveforms
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Case I

The derivation of the conversion factor for current flow during
two fields/frame, as generally displayed, is

T
_ £ _ 16, 667 _
Ipl" T Ia T 12,027 Ia. = .39 Ia
and inversely,
T
- a _ 12,027 _
Ia = Tf IP = 16, 667 Ia = 0,722 Ip

Case II

The derivation of the conversion factor for current flow only during
one field/frame, a special case in which every other frame has no current
flow, the charge per frame is represented by

T I = 2T.1I
a pg fa
ZTf
I = T Ia
Pa a
I = 2(L39)I = 2.781
Pz a a
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FORMAT B

For a 1029-line system with 2:1 interlace and 60-cps field rate,
with the assumed values per the analysis, and displaying two
frames/field

T, = 1/60 = 16,667 y sec

f
th = 5 fsec
t, - 43 lines = 43(32.4) = 1390 ysec
N = —%?*— - 43 = 514,5 - 43 = 471.5 lines
16, 667
TH = m = 32.4 usec
Then
T = T.-Nt,,-t = 16,667 - 471.5(5) - 1390
a f H v
= 16,667 - 3745 = 12,922 Usec
and
T
a 12:922
p—1g et = ——— = 0.7 5 I
T, L ® 16,667 b [
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PHASE I

APPENDIX IiI

CATHODE-RAY TUBE BRIGHTNESS DATA

The analysis requires an indication of values for the cathode~
ray tube phosphor output over small incremental areas, With
this information, the brightness output of any format can be pre-
dicted for large areas.

Ordinary photometers average the total light energy received
on their photocell surface, and ordinary optical systems can be
employed to obtain the desired field of view, For the present
analysis, a Spot Brightness meter was used. The optical system
provided a narrow angle of coverage so that a very small area of
light source was measured. The photometer was then arranged
to view the cathode-ray tube face indirectly by looking through
the projection lens, as explained in Section 5. The resulting
field of view through the photometer eyepiece is shown in Figure
34, Note that this figure includes excited phosphor areas as well
as the unenergized areas between scanning lines. Since the
analysis requires the calculation of brightness output per unit
length of scanning line, separation of the excited and unexcited
phosphor areas was necessary.

Since the photometer field of view is known and the dimensions
of this field can be calculated, the solution is obtained mathemati-
cally as follows:

It is known that the raster size was 5 in. (horizontal) by
3.75 in, (vertical) and that there were 482 active lines/frame
{(Appendix II) in the 525-line system, Line spacing is then ob-
tained as follows:

H = 5 in.
V = 3. 75 in,

Aspect ratio s 4 x 3
Each frame contains 482 active lines

Line spacing = %'élzi——- in. = 0,00778 in,

Aperture diameter = 8 line spacings = 8:-0,00778 = 0. 0622 in dia.
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Figure 34 can then be dimensioned as shown,
The following values may now be obtained:
Actual Length of Scanning Lines for Fields x and y

1x = 0. 0622 (1,5/3.188) = 0,029 in,
2y = 0.0622 {2.5/3.188) = 0, 049 in.
3% = 0.0622 (2.9/3.188) = 0. 057 in.
4y = 0.0622 {3.15/3,188) = 0.062 in.
5x = 0. 0622 (3.15/3,188) = 0. 062 in,
6y = 0.0622 (2.9/3.188) = 0, 057 in.
7x = 0. 0622 (2.5/3.188) = 0, 049 in,
8y = 0.0622 {1.5/3.188) & 0.029 in.

Area relationships @z area) are as follows:

1t

a, = aperture area = m°/4 :—Z—(é. 22%) . 107%*=30,4- 107%4n, ®

area scanned by field; x = total line length time line width.

1t

ag

Line width is equal to spot size. Selection of this size is difficult
for it is not known where visual cutoff of the intensity profile occurs,
and the level of ambient illumination is unknown, as explained in
Section 5. The photometer merely averages the levels pre-

sented in the area shown in Figure 34,

Therefore the following assumptions are appropriate:

1. The emitting spot size, representing line width is 6 mils,
which allows a distinct 2 mil separation between scanning lines,

2. The amount of emitted light in the 2 mil, unexcited area be-
tween lines is negligible, and will be considered as zero.

(0. 029 + 0. 057 + 0, 062 + 0, 049) {0. 006) = (0. 197) (0. 006)

ag =
=11.80 - 107*in,?

a, = area scanned by field y = 11.80 . 107 %in. "

a,y = area scanned by both fields = (11,80 + 11, 80} * 10-*

23.60 » 107%*in, ®
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Once these values are known, the actual percentage of phosphor
area in this aperture that emits light is known:

percent active area

(1) one field -- 11.80/30.4 = 39 percent
(2} two fields -- 23,6/30.4 = 78 percent

1

Spectral energy is emitted only in the active portion of the
phosphor, Furthermore, an ideal scanning line is assumed as
shown below in Figure 35, Diffusion and light spreading do
occur, and the scanning electron beam has a finite width., This
results in a seemingly Gaussian distribution of energy across the
line width , as the photographs show, For the purpose of this
discussion, it is felt that the idealized line is a satisfactory
representation of actual cathode-ray tube output for analysis and
comparison, It is also assumed that line width remains constant
over the entire range of interest,

The photometer measures light in units of foot~lamberts,
the average of the light energy presented across the detecting
surface. A unit conversion must be performed to express this
as light intensity per unit area, from which intensity can be de-
duced if area is known {sece reference 4).

Then, given

F = light flux
I = light intensity
A =z total area over which emitted light is measured

Then

F.(candelas/in.?) = F,(ft-lamberts)+ 2,210 - 10™°

The various values of light flux (F{) obtained from measurement
of the TWP4 are presented in Table 4,
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a=1xw, viewable surface

Peak Spectral
Energy Output =1

Black Leve S
(No Emissio

Figure 35, Idealized Scanning Line Intensity Profile

117



TWP4 MEASURED BRIGHTNESS

Table 4

a. 2 Fields/Frame for Normal 525-line System

Beam Current, ya

Measured Avg Brightness, *

F, , ft-lamberts

Averagek¥ikk Peak Old*%* Newkx*

50 69 1¢ —-

75 104 15 --
100 139 20 40
150 208 30 -
200 278 40 9¢
250 344 46 -
300 417 5 (ot 12 Qdeskafesk
400 555 65 150
500 695 78 180
600 835 90 21¢
645 895 100 --
700 970 110 250
800 1110 12 Qoksieodek 260
300 1250 140 300

1000 1390 150 320
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Table 4 {cont'd)

7TWP4 MEASURED BRIGHTNESS

b, 1 Field/Frame for Special Condition, 525-line System

'Beam Current, pa Measured Avg Brightness, *
]5‘1 , ft-lamberts
Averagei¥ ik Peak Old#** New¥¥
37 103 9 -
53 148 12. 5 --
69 192 15 --
100 278 21 -
131 365 30 --
160 445 34 -
190 529 39 -
255 710 48 -
320 890 51 --
390 1080 68 --
430 1200 76 --
465 1290 80 —-
535 1490 9¢ -
600 1670 110 --
645 1790 115 --

* Measured using a spectra spot brightness meter locking
back through preojection lens into cathode-ray tube face-
plate. Vertical size 3-3/4 in, with 3 by 4 aspect ratio,
Viewing angle of photometer covers 8 scanning lines,
per Section 4,

%% Old tube -- in operation approximately 200 hrs,; face
visibly browned from x-ray bombardment, New tube --
taken from factory carton; no previous operational hours.

ek Change of scale on measuring instrument,

ddfdk  All values over 110 ft-lamberts are read on the upper end of
a logarithmic meter scale and are not considered most accurate.

*¥%%kk Average beam current measured with the following micro-

ammeter: Systerms Research Laboratories, Universal
Polyranger, Model U, Serial No. 201816,
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For the measured aperture shown in Figure 34,

I=Fxa

. - — - - . -4
Iavg - [(2-21 1072) F, ] ay =(2.21-107%) (30.4-107%)F,

_ .1p-8
=6.711107° Fy candelas,

where F, = measured value,
The level of flux emitted from only the activated area is

Ian

(a=activated area)

1. In the case of the one field per frame, 525-line system

I 6,71 107%F,

avg _ =0,570-107%F,
8z 11,80-10°*

5,70-10"3F, candelas/in®

Faa =

14

2. In the case of two fields per frame, 525-line system

I 6.71-10"% F
Fag = _2vE_ . : =2.84.10"3F, candelas/in, ®

24 23.60- 104

These data are presented in Table 5. They represent the
light flux output from an excited area of 7TWP4 phosphor as a func-
tion of peak beam current. The same data are plotted for both
conditions of measurement in Figure 36, and an average is used
for further analysis. The value of light flux/in. of scanning
line, obtained by multiplying F, by the line width (one dimension
of the area involved} is also shown (F, - 0. 006 in, ).

120



mding xni 3 3ySry 1oydsoyd ydmMi  "9¢ QIndig
(e ) Jusxiny weag Wyead

oowh Qwhrﬁ 8_.3 oo.ﬂ 00¥1 00l 002100110001 006 008 00L 009 005 00% 00¢ 00¢ om:

oqnL P10 \
faureay/SpIoTy OM3 YILm 383 ln'lVé\\Q\d\w\
aqn], piO -
fanjeA adeasay I g - \B\
qny P10 )

fawresy/prayy
IO YIIM 1837, .._\m_
aqud maN
‘aurely/eploIj OM] YiIm 189]
B

0
" 001
-
B
- [¢]
002 g
Y]
s
- 00 o
C
'll
foor %
=
F00s 3
[
-
" 009 5
e ]
- 00L m._.
ﬁcow =
™
a
ﬁooo &
»
-]
- 0001
o]
)
- 0011 %
o
&

121



Table 5
PHCOSPHOR LIGHT FLUX OUTPUT

a. Two Field/Frame {see Figure 36)

Peak Beam Current Calculated Emission Flux, Fyy
s candelasfin, 2. 1073

Old Tube® New TubeP
69 28 -
104 43 --
139 57 114
208 85 --
2178 114 256
344 130 -
417 ' 142 340
555 185 425
695 222 510
835 256 595
895 284 -
970 314 710
1110 342 738
1250 397 851
1390 426 910

b. One Field/Frame (A in Figure 36)

Peak Beam Current Calculated Emission Flux, F,a
ya candelasfin, ® 4 10~3
Old Tube
103 51.2
148 71
192 86
278 120
365 171
445 194
529 222
710 273
890 290
1080 388
1200 433
1290 456
1490 512
1670 630
1790 655
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Table 5 {cont'd)

PHOSPHOR LIGHT FLUX OUTPUT

C.

Values from Figure 36

Peak
Beam Current

A

F, candelas/in. 2+ 1073

Bl =.F:3' Wk
per inch of line

tirnes 1078

100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400

0Old Tube | New Tube Old Tube { New Tube

35 65 210 390
85 180 510 1080
125 260 750 1560
155 325 930 1950
180 385 1080 2310
215 450 1290 2600
250 510 1500 3060
275 570 1650 3420
310 625 1860 3750
340 690 2040 4140
365 750 2180 4500
400 810 2400 4860
425 875 2550 5250
455 925 2730 5550

*B, = light emission per unit length of energized scanning line

Furthermore, it is known that phosphor light output is a direct

function of the electron beam input to that specific area.

The speed

of scan (the rate at which this beam passes an area of phosphor)

therefore influences brightness output.
any other format of presentation is involved. A general expression

This must be considered if

for cathode-ray tube flux output has been developed in terms of a
measured value in the same format:

Fl' a,

&
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To consider various formats, this must be referenced to scanning

time as well as to area, as
F=_1 t
a

where
t = time required to scan the area in question.

Therefore
Fa'—' Iltz =F]_ a1t2
a t, ajty
where
a, = activated phosphor area in original format
L= incremental scan time in original format
F, = light flux output in original format
I, = phosphor emission intensity in original format
-
a, =

t, = . -
2 } equivalent parameters in new format

F, =
I, = J
The area of phosphor activated in each format of interest is obtained
as follows:
ap=w-1-n
where
w = sgcanning line width
1 = scanning line length
n = number of active lines

The raster will occupy a total area of A, the product of raster

height and width. Thus,
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Format A: Format B:

525-line system 1029-line system

interlaced 2:1 interlaced 2:1

raster 3.75 by 5 in, raster 4 by 4 in.

field rate, 60 cps field rate, 60 cps

n=482 lines n = 942 lines

tline™ 63.4 usec/ line t)ine = 32.4 usec/ line

horizontal blanking interval horizontal blanking interval
= 13,6 Usec = 5 y sec

thet~ 50 ysec thet = 27.4 Msec

t =§-59=10 pgsec/ in, t =21°4 = 6.85 usec/ in.,

{This indicates that for a particular given area of the activated
phosphor, the brightness of Format B would be only 68,5 percent
that of Format A due to the faster scanning,) We have assumed a
line width "w''=0, 006 in, that remains constant over the brightness
range of interest. However, a slight error will be introduced at
higher beam current and brightness levels since if is known that
width increases under those conditions. The result is that the cal-
culated brightness values are slightly low for higher beam current
levels,

Format A: Format B:
a=w+1l.n a=w.l.n
= (0, 006) (5) (482) = (0, 006) (4) (942)
= 14, 40 in, ® =22.6 in. 2
A=3,75.5= 18, 8in. " A=4.4=161in.%

At this point the following are known:
1. measured average brightness of the cathode-ray tube output
aperture area over which brightness was measured

percentage active area in the aperture

B W N

method of conversion to calculate light intensity over a
specified phosphor area using (1), (2), and (3}

5. from (4) the light output in a unit length of scanning line for
the format measured, as tabulated in Table 5,

6. the relationship between various formats, including consid-
eration of scanning velocity

7. the area of activated phosphor and the raster area
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(Note that a discrepancy is raised in the calculation of areas in
Format B. The mathematical exercise yields a greater activated
area of phosphor than the area contained within the raster dimen-
sions, indicating that the scanning lines will overlap. Since the
line width is greater than the line-to-line spacing, there will be
no well-defined line structure in the raster at a 6-mil spot size,
The only alternative is to assume the entire phosphor area is
emitting, in which case the result (22. 6 sq. in, ) is arbitrarily
reduced to 16 sq in. Such results indicate that the tube is not
suited for use in this format, )

It is now possible to use this information to calculate the bright-
ness output.that will be obtained for these formats.

The intensity output over the entire activated phosphor is calculated:

I=Fa, — =B, +1-— « n candelas
t, ty
where
B, = flux output/ in. of scanning line in measured raster
n = number of lines {active)
hen F =_I._ = ...E.”...L.:..Lll_ del / in. @
avg = A Aty candelas/ in.

The calculated results of this operation are presented in Table 6,
which also presents the light output of only the scanned area for consid-
eration of the effect of scanning speed, The following specific values
were used to construct the table:

Format A: Format B:
t t

= —_— = 1 e

I Bll tl n I Bl tl n

10 _ 6.85

= By (5) -1"6482 =B, {4}( 10 ) (942)
= B; (2410} candelas = B, (2580) candelas
L 2410 1 2580

F=% ‘Bl(18.75) Favg'A‘Bl( 16)
= B;(128) candelas/ in. ? =B, {161)candelas/in.?
_ 128 s _ 161 o
=By (57— 10%) =By (55710%)
= B, (57.9 + 10°%)ft-lamberts =B1(72.8. 103 ft-lamberts

These data are also presented in the graphs of Section 5.
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PHASE I
APPENDIX IV

SCANNING LINE STRUCTURE ANALYSIS

The object of this series of test runs was to evaluate the scanning
line structure of a cathode~ray tube (specifically the TWP4). The
results are related to ultimate tube resolution, brightness, and con-
trast capabilities, as explained previously.

Equipment for the experiment was arranged as shown in Figure
37 to obtain a view of cathode-ray tube scanning lines projected
through a suitable lens to a highly directive, high gain screen, The
pattern was detected by a television camera with a long lens, arranged
so that only a few of the projected lines were under analysis at any
one time, A completely white field was projected at all times except
when test chart patterns were used to insure proper optical focus in
the test setup. The detecting camera was set at a Y0-deg angle (on
its side) so that the H scan of this device would be perpendicular to
the H scan of the cathode~ray tube and would thus provide a cross-
sectional view of the projected lines (intensity profile}). The photo-
graphs shown in Figure 38 were obtained in this manner,

The video from the detector system was filtered through a low
pass filter with the upper 3 db point at 1. 25 mc to reduce the noise
from vidicon detection. Higher frequency components are not used
in the video representation of line structure, Tests made with a
variable bandwidth amplifier verify that the bandwidth of 1.25 mc
is not distorting the data but does remove noise,

The data obtained from the photographs were tabulated in Table

T and were used to construct a scanning line intensity profile, as
explained in Section 5 and as shown in Figure 39,
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Test Chart, \
White Field /
Generator, o |

Other Test Source
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- and
Master Control
o)
¢ Detector Projector
Camera Video
Control Amplifier
Low Pass
(l.2 mc) .
. Microammeter for Beam
Filter .
Current Measurement

CJ Video from

Detector Camera

Y et
Signal By-Pass

H syne_ db)
Screen

v .
vre +Q Projection CRT
' | TWP4

(,_)—— Video from
Test Source

i
o

O.sc1lsloscop;=::) 1 Detector TV
1 ﬁ with Sweep Delay Camera
O H sync
b—:— Intensity Pulse
o
e VT {
| V sync Video
Reference
J l Delay Generator Display

Test Set-up and Equipment Layout for
Evaluation of TWP4 Projection
Cathode-Ray Tube

Figure 37,
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(a) Detail of horizontal line of
detector camera scan as
in (b} but magnified five
times,

(b} One horizontal line of
detector camera scan shown
as surveying intensity pro-
files or projected lines.
This line is located at the
intensified point in (c) below.

(¢} One field of detector camera
as it accumulates information
for 16.667 @ sec (262.5 °
horizontal lines). The spike
indicates the particular
horizontal line(s) being
intensified and analyzed.

Figure 38. Typical Television Waveforms (Waveforms of
video presented to projector unit and displayed
on screen during evaluation. Note that flat
white fields only are represented.)
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L1 1

Units of Arbitrary Reference Scale

Peak Beam
Current
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234

532

798
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Units of Arbitrary Reference Scale
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g 11) 1‘5 Zb 25 3E 35 inches x 1072

Figure 39, Scanning Line Intensity Profile Analysis
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The intensity profile was then used to calculate the obtainable
contrast at a specified resolution and beam current as follows:

Vertical Resolution = number of acceptable resolution lines in a
vertical raster dimension

Specified Horizontal Resolution = number of bits of information
discernible in a horizontal dimension equal to raster vertical
dimension

Actual Horizontal Resolving Capacity = number of bits of information
discernible in horizontal raster dimension = specified horizontal
resolution multiplied by aspect ratio

Vertical Line Spacing, Center t¢o Center - vertical raster size divided

by number of lines w V. = d
-

Horizontal Information Bit Spacing, Center to Center - horizontal raster

size divided by number of information bits = h  _ d;
n
1

Spacing from Bright Peak to Bright Peak = 2 x line spacing = 2d or 2d;

SAMPLE CALCULATION, FORMAT A

Given:
525-line system
4 by 3 aspect ratio
3.75 in, raster height, v
5.00 in, raster width, h
241 active lines/field
482 active lines/frame, n

l. For 1Q0«line resolution in the vertical dimension of 3. 75 inches

=3:-13<37.5+ 107 %in,
100

d= ¥
n

2d = 75+ 10™%in. spacing, bright peak to bright peak
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2, For 600-line vertical resolution at 798 pa peak beam current

d:l: 375: 3750 -2 : . 10—3. '
n "—6"0'5“ -——-—-600 10 6.25 in

2d=2" 6,25+ 107"°=12.5 " 10" %in.

From the intensity profile, the peak profile value = 34

The profiles overlap at a profile level of 14,8. This overlap signi-
fies that energy is coming from two scanning lines. Therefore the
overlap represents 14, 8 arbitrary divisions {Figure 39) from the
line just written plus an equal amount from the adjacent white bit
of information. Therefore the true value at overlap becomes

x=14,8 + 14,8 = 29.6

and

Peak - Overlap 34 - 29,6 4,6

Peak ; 34 ¥ 3% = 13.5%

% contrast =

This process continues until the overlap value exceeds the peak, At
this point no contrast can exist since the overlap value, represent-
ing black or dark information, is brighter than the peaks, which
represent the brightest information, From this point on, the contrast
is 0 percent. Results are tabulated in Table 8,

Two further considerations are important in vertical resoclution
analysis, One of these is what effect results due to the interlace of
scanning lines, the other is the apparent reduced resoclution due to
Kell factor,

Due to the 2:1 interlaced format of scanning in both the systems
under analysis, adjacent lines are not written at the same time, but
vary by 16,667 ysec, Therefore if adjacent white bits of informa-
tion occur, tests show that the first one will be decayed to 25%
original intensity when the second one is written. Therefore an
intensity overlap of adjacent bits is minimized, This phenomenon
does not enter into the analysis of vertical resolution, for the
definition of resolution calls for adjacent white and black bits of
information; in the 2:1 interlaced system it is coincident that this
means every alternate, or No, 2 field is blanked to present the
resolution pattern, The space between scanning lines, normally
visible on a raster pattern, is an undesired but necessary effect,
and does not enter in the resclution measurement,
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Table 8
CALCULATION OF VERTICAL RESOLUTION FORMAT A

{calculation of % contrast from plots of
scanning line cross section shown in Figure 23, Section 5)

Vertical Double Line Percent Contrast at
Resolution, TV Spacing, Peak Beam Currents, ua, of
Lines mil 234 532 798 1064 1330
Theoretical |JActual
100 70 75 100 100 100 100 100
200 140 37.5 100 100 10C 100 100
300 210 25 100 100 100 98 84
400 280 18,75 100 88 71 66 46
500 350 15 62 55 44 23 6
600 420 12,5 26 19 13 D 0
700 490 10, 7 0 0 0 0 0
800 560 9. 375 0 0 0 0 0
Table 9

SUMMARY OF HORIZONTAL RESOLUTION, FORMAT A

(data are plotted in Figure 22, Section 5)

Horizontal
Resolution, TV| Double Line
Lines Spacing, Percent Contrast at
mil Peak Beam Currents, ua, of
Specified | Actual 234 532 798 1064 1330
100 133 75 100 100 140 100 100
200 266 37.5 100 100 100 100 100
300 400 25 100 100 100 98 B4
4040 532 18,75 100 88 T1 66 46
500 | 655 15 62 55 by 23 6
600 £00 12.5 26 19 13 0 0
700 930 10.7 0 0 0 0 c
800 1064 9. 375 0 0 D 0 0
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The vertical data is observed as a series of horizontal bars,
Since the scanning lines are nearly horizontal, and there is a space
or void between lines, the pattern is chopped by the scanning raster,
The severity of the effect is dependent upon the pitch of scanning
lines, and therefore will vary as scanning format varies, The degra-
dation has been estimated to cause the visible value to be 0, 7 times
actual resolution through experimental observations. This number
is called Kell factor (Reference 1),

The contrast values for specific values of horizontal resolution
are obtained by the same method, The horizontal information is
written sequentially; the overlap value is therefore doubled (equal
contribution irom each bit) for use in the contrast calculation for
Format A, A sample calculation is shown below, and the results
are tabulated in Table 9,

3. TFor 600-line heorizontal resolution at 798 ga peak beam current,

hy = a horizontal distance equal to vertical raster size, v

h

d =-1:3.75= 3750 1072 = 6,25+ 10°%
n 600 600

2d =2+ 6,25+ 1072 =12.50" 1072 in,

in.

From the intensity profile we find that the peak value at 798ua
beam current is 34 units, and the profiles overlap at a level of 14, 8.

x = 14,8 + 14,8 = 29.6

and % contrast = peak ~ overlap 34 -29.6 _ 4.6 _ 13, 359
peak 34 4

The actual horizontal data presentation is

actual resolution = specified resolution times aspect ratio

- 600, %_ - 800 lines
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SAMPLE CALCULATION, FORMAT B

The calculation for Format B was performed in the same manner,
The results are shown in Tables 10 and 11,

Given:

1029-line system

1 x 1 aspect ratio

4 in, raster height, v

4 in, raster width, h

471 active lines/field

942 active lines/frame, n

For 500-line vertical resolution at 798 ya peak beam current, the
contrast ratio is found as follows:

d=¥ = 5 00= 2000 . 107° =8 107% in.

2d =16 - 10 inches spacing, bright peak to bright peak

From the intensity profile, the peak profile value = 34 units.
The profiles overlap at a level of 7,9, and this level is contributed
by each white bit, Therefore the true level is 2:7.9 = 15,8

34 - 15,8 18,2

% contrast = 32 - 32 = 54%

This process is continued for various line gpacings until contrast
becomes 0 due to an excess overlap level,

The horizontal resolution is calculated in the same manner, using
h, rather than v,

Note that h, = h for the 1 x1 aspect ratio format, and specified
and actual horizontal resolution values are the same.
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VERTICAL RESOLUTION, FORMAT B

Table 10

(Calculations of % contrast, with residual
phosphor energy considered)

Vertical Double Line Percent Contrast at
Resolution, Spacing, Peak Beam Currents, pa, of
TV lines mils 234 1532 798 1064 1330
Theoretical
400 20 100 96 85 76 50
500 16 74 64 54 36 18
600 13,35 40 33 25 1 0
700 11.2 10 3 ¥ 0 0
800 10 0 0 0 4] 0
900 8.9 0 0 D 0 0
1000 8.0 0 c 0 0 ¢
1100 7.25 0 D 0 ] 0
1200 6. 7 0 0 0 0 0
Table 11
HORIZONTAL RESOLUTION, FORMAT B
Horizontal Double Line Percent Contrast at
Resolution, Spacing, Peak Beam Current, u 2 of
TV lines mils

234 | 532 798 1064 1330

400 20 100 96 85 76 3]

500 16 74 64 54 36 18

600 13,35 40 33 25 1 ¢

700 11.2 i0 3 0 0 0

800 10 0 0 0 0 g
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EXPERIMENTAL VERIFICATION, RUNS I1 AND II

Two experimental runs were performed using the 525-1line
system to verify the analysis of resolution. The vertical deflection
size was varied to adjust scanning line spacing and therefore the
bit density of information. The photographs of data were tabulated
(Tables 12 and 13} and were used to derive an intensity profile (see
Figure 39) from which the following analysis was made:

Sample Calculation

1. From Figure 41:

vertical size recorded at 6. 94 in.

241 active lines/field, one field/frame

line density = 241/6. 94 = 34. 8 lines/in.

peak-to-peak spacing = 1/line density = 1 = 0. 0286 in.
line (bit) spacing = 0. 0143 34.8

In a 3. 75-in. horizontal dimension, the number of lines is
3.75/0.0143 = 262 lines and the percent contrast is the peak intensity
reading at the selected raster size divided by the peak level at
6.94 in. vertical size.

These calculations were made at varying equivalent resolution
values for both 234-and 798-pa beam currents, as shown in Tables 12
and 13 for Runs I and II, The data obtained from these tests are
plotied in Figure 22 (Section 5) for comparison with the calculated
values.
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a b c d e f

Vertical Deflection {inches) 6.94 6.94 6.94 6.4 5,2 4.4
Average Beam Current ( ya) 400 300 200 300 300 300
Peak Beam Current ( g a) 1064 798 532 798 798 798

Figure 40. Detected Waveforms (The presentation of scanning line
structure under analysis, Data is shown for varying
beam current or varying vertical deflection size for
the 7WP4 projection kinescope. )
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g h i j k 1

Vertical Deflection (inches) 3.8 3.2 3.2 3.8 4.4 5,2
Average Beam Current ( g a) 300 300 88 88 88 38
Peak Beam Current { i a) 798 798 234 234 234 234

Figure 41, Detected Waveforms (The presentation of scanning line
structure under analysis, Data is shown for varying
beam current or varying vertical deflection size for
the TWP4 projection kinescope. )
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m n o} p q

Vertical Deflection (inches} 6.4 6.94 6.94 6.94 6.94
Average Beam Current ( 4 a ) 88 142 500 88 500
Peak Beam Current { fa) 234 376 1330 234 1330

Figure 42. Detected Waveforms (The presentation of scanning line
structure under analysis. Data is shown for varying
beam current or varying vertical deflection size fqr
the TWP4 projection kinescope. }
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PHASE I
APPENDIX V

MISCELLANEOUS DATA

A peries of tests was undertaken in Run IV which illustrate
the relationship existing in the display of one field per frame as
opposed to two fields per frame presented for nominal current
levels in Figure 43,

Figure 44 shows a similar comparison for higher levels of beam
current. In addition a superimposed set of waveforms (Figure 45} is
shown for alternate fields, demonstrating a profile similar to the
one constructed in Appendix IV (Figure 42, which shows wave-
forms for a range of beam current and deflection size conditions,

as noted).

The final photograph is verifying the effectiveness of blanking
out alternate fields, The information obtained from Figure 46
shows sufficiently good suppression to justify the assumption that
no measurable, (therefore, significant) beam current flows during
the suppressed interval,

The numerical data from test photographs is presented in
Table 14 for those that are not described in Tables 7, 12, or 13,
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{a) Two fields per frame are
displayed. Vertical deflec-
tion size = 6, 94 inches:
average current level is set
at 88 ua with one field per
frame and rises to 142 ua
when two fields per frame
are displayed, Residual
scanned energy from alter-
nate unblanked field is
evident between profiles.

(b) One field per frame is
displayed.
Vertical Deflection Size 6, 94
inches
Average Beam Current 88 pya
Peak Beam Current 234 Ma
Unwanted residual energy is
eliminated by blanking alternate
fields, The current does not
show a 2:1 ratio as result of
change from two to one fields,
as was anticipated, because
there is not a 100-percent
active time of scan in each
field, This small percentage
of "blanked" time lowers the
ratio,

Figure 43. Comparison of One and Two Fields/Frame
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Vertical Deflection Size 6. 94 inches
in all cases

(a) One field/irame,
I=500 ua (set)

{b) Two fields/frame;

I rose to 700 Wa and
residual energy from
alternate field is
evident in waveform

{c} Two fields/{frame,
I remaining at 700 ua
Scope adjusted for display
of superimposed scan

lines irom alternate
fields,

Figure 44, Comparison of One and Two Fields/Frame
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{a) Vertical Deflection Size is
6. 95 inches, System setup
at I = 88 u a at one field/
frame, then two fields/
frame are displayed while
superimposed,

(t) Vertical size reduced to
half previous value (3. 38 in.).
Current is the same as in (a).
Note reduction in obtainable
contrast between bhright peaks.

{c) Vertical size remains at
3. 38 inches; current raised
to maximum obtainable of
750 pa (avg)., Note that even
though peak brightness rises,
contrast is not improved by a
corresponding ratio and reso-
lution suffers.

Figure 45, Survey of Contrast Ratio Waveforms at
Various Beam Current Levels

148



Setup Conditions:

System set at 3, 38-in. vertical deflection size and
oscilloscope presentation arranged to display residual beam
current and phosphor excitation present in the blanked alternate
field {lower Line). In each instance the top trace shows the scan-
ning line profile, the lower trace shows residual phosphor out~
put (scanning line profile) during the suppressed field, demon-
strating the effectivity of field suppression.

Suppression appears sufficiently good to justify assumption
that no measurable beam current flows in this interval

(a) Average beam current
100 pa

(b) Average beam current
200 “a

{(c) Average beam current
300 pa

Figure 46, Study of Actual Current Flow during Suppressed Field
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line system, the frame rate and vertical scanning frequency were retained, but the
horizontal scanning frequency was changed to 30.87 kc. The vertical sweep gener-
ator, sweep protection, and projection control circuits were duplicated; a video
amplifier and horizontal sweep generator were developed; and velume of the control
equipment was reduced from 144 to 32 cubic feet. Performance of the 7WP4 tube
exceeded the prediction: limiting horizontal resolution is 650 to 700 lines with a
well defined vertical raster. Research indicates that a study into basic CRT
characteristics is in order, particularly for use in display devices,
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