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- ' 1 ■ .. . ' • - . ?• ; ■ ? , ' 1 ' ' - .

• INTRO DUO T, I O H

■ The Federal OomnianiGatIons Commission has set up regu

lations and requirements to which broadcast television sys

tems must conform. Industrial television systems using the 

■closed curcuit principle, however,. need not conform to these 

requirements, Industrial television systems, as a rule, use 

the broadcast standards with two exceptions: (1)1 the stan

dard flyback ratios are not adhered to for reasons of sim

plicity, and (2) the bandwidth, is increased to as large a 

value as practical to increase horizontal resolution.

In order to obtain even greater resolution, there are 

other -standards of .broadcast systems that should not be 

followed in designing industrial systems^ The problem there

fore is to Investigate the factors that affect television 

resolution and determine standards that would optimize these 

factors and obtain the greatest possible resolution. A 

standard industrial closed circuit system will be modified 

to the newly determined standards, and a comparison of the 

two systems will be made. -

There are many references that have general discussions 

on the factors that, affect television resolution. They do 

not, however, discuss the subject from the point of view of 

improving.resolution, and therefore do not specifically iso

late the factors and their influence on resolution. Hence, 

the material in Chapters 111, IV and ¥  was obtained from nu-
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merous references and through a years study on a research ' 

contract. The new system of improved resolution was devel

oped by H. B= Stewart, ,H. L,"Enlpe, and the author at the

University of Arizona for a research contract-*-. This is an 
. ■■■■■■ ■ ■ 
original system and a basic analysis similar to that of

Chapters 7111 and IX was made. After further work on the 

system by the author a more thorough analysis of.the system 

performance is presented, here. The performance of the sys

tem with reduced spot size is original work by the author; 

the preliminary work was included in the research contract 

report.1

3-H. E„ S t e w a r t L .  H. Inloe, and B. L. Biesemeyer, 
’’Investigation of Tactical Television System”, Contract No. 
DA-36-039-so-67436, University of Arizona, Tucson,. Arizona; 
1956.



' • Chapter I •

. TELEVISION H1SOLUTIOE"

(l»I) Ifethods of Measuring; Resolution

Television resolution is the ability of the television 
system to separate two objects situated close to.each other 

and to produce two images of these objects. When the system 

has performed the separation,- it is said to have resolved 

the.objects, . .

The television profession expresses resolution in the 

number of lines resolved, For N number of lines (normally- 

alternate black and white lines) the width of each line is 

l/N times the picture height, .The. standard test chart was 

developed by RETEA.(Radio-Electronics-Television Manufac

turers Association), It is 18" high, 24” wide, and consists 

of a series of resolution wedges plus features for checking 

aspect ratio, scanning linearity,and shading of the repro

duced picture. Since the. height of the chart is 18”, the 

line width for N = 400 is:

Chart line width (N =400) = 18/400 =0,000937”

The test procedure is to focus the chart on the camera 

tube so that the chart image exactly covers the usable area 

scanned by the camera. If a Vidicon.(with a usable area 

0,375” high and 0,500” wide) is used as a camera tube, the



line width- on the Yidieon image for N = 400 is: '

Image chart line width = 0.375/400 = 0.000937n

When the television system can separate.or resolve two lines 

which appear on the Yidieon faceplate 0„000937M apart,- the 
resolution of the system is 400 TY lines.

The photographic profession expresses resolution in 

terms of lines per millimeter. The National Bureau of Stan

dards has prepared a Resolution Test Chart-1- designed to be 

used with a lens system giving a 25"1 reduction. The chart 

consists of a series of parallel line patterns with each 

pattern identified by a number.which gives the resolution 

directly in lines per millimeter when the chart is used at 

a 25*1 reduction. ■See Rig. 1-1. A high and a low contrast 

chart are a v a i l a b l e ■ The low contrast chart has a ,contrast 

ratio about one seventh of the high contrast chart. Since 

the NBS Chart has some advantages over the EETEA Chart, both 

charts will be..used in the following discussion.

A conversion .between the two expressions of resolution 

is easy to make. The NBS Chart counts only the black lines 

as lines of resolution. A. resolution of 20 lines per milli

meter on the NBS Chart indicates that the image lines are 

spaced every 1/20 or .05mm. The image line width is equal 

to the distance between the lines and is g of .05 or .025mm.

^’’Method for Determining the Resolving Power of Photo
graphic .Lens esw, NBS Circular #533; 1953 <•
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Note: Numbers re
fer to lines per 
millimeter at a 25 
to 1 reduction.

/4-

Figure 1-1: NSS Resolution Test Chart
(Actual Size)

idI >»

Units of Resolution

Figure 1-2: Sharpness versus Resolution
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Therefore the image line width of 21 lines/mm is:

Image line width. = | ° 1/21 = ,0238mm = „000937”

This is the same image line width as was found for N = 400 

on the RETMA Chart using a Tidieon camera tube.

Therefore for a system using the Tidieon camera tube, 

resolution in lines/mm can be converted to TV lines by:

Image line width = r ._/_ , — /  ..— Z —
a / x  z

or N = 19,0$% (1.1)

where. N = resolution in TV .lines

X = resolution in lines/mm

(1.2) Subjective Quality of Resolution

Resolution is. an objective or physical quality of a. 

television picture, whereas sharpness will be used as a sub

jective or psychological quality.' Human perception there

fore determines the sharpness of the picture while the' elec

trical characteristics of the system, determine the resolu

tion. If the human eye were a perfectly linear element, the 

sharpness and resolution would increase or decrease propor

tionately. However, H». IT. Baldwin, Ir.^ has shown that as 

the resolution of images increases,' their sharpness increases 

more and more slowly. See Fig. 1-2. Even though the stan-

W. Baldwin, Jr., “The Subjective Sharpness of Simu
lated Television Images”, Bell. Systems Tech. 3"., Vol. 19, 
p.p 563-586, Oct.,: 1940o



dard. 525 line system is seen to be operating beyond the knee 

of the carve, sufficient benefit in increased sharpness is 

still obtained with an increase in resolution.

Resolution is usually divided into horizontal and ver

tical resolution, where each is a measure of resolution 

along a horizontal and vertical line, respectively. The hu

man eye can resolve two objects if they subtend an angle of 

one minute or more with the.eye as the vertex of the angle. 

If an observer stands at a distance from the kinescope such 

that a resolution of 400 TV lines subtends an angle of one 

minute, the observer will not be able to distinguish any 

resolution in excess of. 400 TV lines even though a greater 

resolution is present. In this manner an observer will tend 

to adjust his viewing distance so that he sees equal hori

zontal and vertical resolution. Therefore, the usual cri

terion is that horizontal and vertical resolution be equal. 

However, M» V. Baldwin, Jr,-*- has shown that as images become 

sharper the need for equal resolution becomes less and less. 

Actually with present standards of resolution the criterion 

for two images to have the same sharpness is that the pro

duct of the vertical and horizontal resolutions be the same 

for both images. For sharper images the product must in

crease.

5

if. Baldwin, Jr,, "The Subjective Sharpness of Simu
lated Television Images®, Bell.Systems Tech. J., Vol, 19, 
pp 563-568, Oct., 1940.



Chapter II
■ AN EVALUATION OF THE SYSTEM BANDWIDTH

. -
{■2el). The Fundamental Expression

An-excellent starting point for a discussion of reso

lution is with the cheokerboard pattern of Fig. 2-1. The 

problem is to determine the video bandwidth necessary to 

reproduce this pattern. The following derivation is only 

approximate since it is based on some rather crude assump

tions. It does, however, serve as an excellent basis for 

further discussion.

Assume that the checkerboard pattern is being scanned 

by an aperture of infinitesimally narrow width but of a 

height equal to an individual square. Also assume that the 

aperture is in perfect alignment with the squares and scans 

them from left to right with a constant velocity and zero 

return time. Under these conditions the generated signal 

would be a square, wave.

. The number of cycles of square wave generated per pic-
t : :

ture is: ■

ixy . ■ -
where x = number of elements along a horizontal line, 

y s number of elements along a vertical line

If the square wave is represented by its fundamental 

component, f̂ ,: then: , , / - . - -



7

Square Wave Generated

Fundamental Component

horizontal elements 
y ■ 6 vertical elements 
A - w/h * x/y * 4 / 3

Figure 2-1: Checkerboard Pattern
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. fv = ixyfp (2-1)

where fp ^ number of pictures scanned per second or

frame frequency

Now let w/h - A  (Aspect Ratio) - 4/3 (the standard ratio) 

n — number of scanning lines = y (in this case)

Then for the case illustrated in Fig. 2-1, A = z/y. Since z 

and y are measures of horizontal and vertical resolution re

spectively, and since each element is a square, Fig. 2-1 

illustrates the case of equal horizontal and vertical reso

lution. However, when the horizontal and vertical resolutions 

are not equal (the element is not a square), A is not equal 

to z/y.

However, for the case illustrated, A = z/y, and when 

substitutions are made:

fv = |An2fp v (2.2)

■■ This, of course, is the case for perfect alignment of 
the scanning aperture with the individual squares. Since 

this is not always the case, a factor K, called the utiliza

tion coefficient, is introduced and the approzimate expres

sion becomes: '

■ f y  * iKAn2fp (2-3)

(2.2) A Discussion of the Expression
It should be realized -that the bandwidth of a video
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system necessary to reproduce a checkerboard pattern would 

extend from zero frequency (corresponding to a pattern of 

either one black or white square) up to the frequency given 

by equation (2.3)» Therefore equation (2.3) is also an 

approximate equation for the bandwidth of the system.

The utilization coefficient, E, may be thought of as 

the number of black and white bars resolvable per scanning 

line. Therefore the vertical resolution, Nv = K'n. One of 

the earliest determinations of the coefficient K was done by 

Kell, Bedford, and Trainer^ in 1934 in the course of which 

they found by observation that it took 100 scanning lines to 

resolve 64 black and white bars. Their value of K, there

fore, was O.64. Since then various other determinations of 

K have been made ranging'from 0.53 to 0.85 =
From equation (2.1) it should be realized that the 

bandwidth is proportional to the product of the horizontal 

resolution, vertical resolution, and frame frequency. This 

is true-even for the case of unequal horizontal and vertical 

resolution.

Equation ■ (2.3) can be made more accurate if the hori

zontal and vertical flyback times are considered. However, 

since the equation is only used'as a basis for discussion, 

it will be left in its present form. It should be mentioned

Ifi. E. Kell, A. 7. Bedford, and M. A. Trainer, "An 
Experimental TV-'System0, Proc. IBE, VoT. 22,/P. 1247, Nov., 
1934. " ' 1 ■ '
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however, that the substitution of the fundamental frequency 

for the square wave is not as orude as might first be assumed 

From laboratory experience it has been found that a sine wave 

reproduces a black-white junction fairly adequately. There

fore it is not necessary to have too many harmonics to re

produce a good black-white junction. Since video amplifiers 

do pass frequencies beyond their defined cut off frequency, 

the use of equation (2.3) for the bandwidth of the video 

amplifiers is fairly accurate.



Chapter III

MOTORS'THAT AFFECT VERTICAL RESOLUTION

(3*1) The Scanning Spot
Since vertical resolution is the number of horizontal 

black and white bars that can be resolved, let us examine 

qualitatively what happens when a scanning line traces a- 

cross some horizontal black bars. It has been experiment

ally determined that the electron density, p, of an accel

erated beam of electrons has circular symmetry and decays 

towards the edges of the beam exponentially as the square 

of the distance from the center. Therefore a general equa

tion for p  would be:

(3.1),
where A, & B = general constants

.. r = distance from center of beam

The sum of the electron densities at a point, P, as 

the beam scans the point is the light intensity at that 

point. Therefore as the beam scans across point P in the x 

direction:

(3*2)
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—  Br

I (p) = zl A e ' * *

And since

t  .
J ^ =  z j A s '  ^  = Z A s  __ f

(3.3) 1

where y is the distance along the y axis from the center of 

the spot to the point P and is a pure number.

Therefore the distribution of the light intensity across
' ' 'the scanned line is proportional to f , If the value of

€. is considered negligible below the value of 0,1 (occur-
. . ' ' 2.

ring at y = .1,3) , the e ' r  ■ distribution can be closely ap

proximated by cos2y/i,$ 90° or eos^ y60°. With this approxi- 

mation made, it is easily seen that a field of uniform inten

sity will not be produced if the scanning lines are adjacent 

to each other, If a uniform field is desired on the face of 

a kinescope, the diameter of the spot (as indicated by the • 

g ob'2 distribution) must be twice the distance between scan-

Ĝ-, 1. Anner, "Elements of Television Systems”, Pren
tice Hall, Hew York, Chap, $; 1951. ~
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nlng lines„ That this will produce a uniform field is 

readily seen upon realizing that the intensity is equal to 
sin2 y60° plus cos2 y60°, which is equal to one,

(3.2) The Line Pitch and Spot Size

Let D be the diameter of the spot as indicated by the • 

cos2 distribution and P be the distance between the centers 

Of adjacent scanning lines« The distance P is often refer

red to as the line pitch. If D is less than P, it is noted 

that some portion of. an object would not be scanned by the 

spot in the camera tube. As shown in Fig. 3-1 for D = |P, 

a very poor.image is produced. A very non-uniform field 

would also result from this type of scanning.

Let us examine the- case where only a portion of the 

.spot ■Beans the black object bar, as in the lower object of 

Fig. 3-1, L - P case. In this case the entire spot will pro

duce a grey signal proportional to the density of the spot 

scanning the black bar. The image reproduced by the scan

ning line will be a grey bar of a height equal to the spot 

diameter with the intensity of the grey varying as the cos2 

distribution. This condition has been accounted for in Fig. 

3-1 and Fig. 3-2. ^

Fig. 3-1 indicates relative vertical resolution for 

three cases of the ratio D/P. Fig. 3-2 indicates relative 

vertical resolution for the same three cases with the num

ber of scanning:linea doubled and the size of the spot re- 

duced by one-half. This is the same as doubling the size of
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Figure 3-1: Scanning Horizontal Bars (Few Scanning Lines)
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the object. It is seen that best resolution results for the 

case of D = P, However, it was shown earlier in this chap

ter that this case does not produce an even field. The case 

of D - 2P produces an even,field but poorer resolution than 

for the case of D = P. Since -it'is desirable to have both 

an even field and best resolution, a purely.subjective com

promise must be made. Ballistics of the electron gun limit 

the subjectiveness of the compromise, and most kinescopes 

and camera tubes have a spot size in the range of B 2P.

A comparison of Fig. 3-1, D = P', and Fig. 3-2, B « 2F» 

gives an indication of the results, when the number of scan

ning lines alone are increased. In this case the field be

comes uniform and the. resolution is actually increased be

cause the two bars can more easily be distinguished as apart 

from each other.



Chapter IV

FACTORS THAT AFFECT HORIZONTAL RESOLUTION

(4*1) Scanning Spot Response

Since horizontal resolution is the number of vertical 

black and white bars that can be resolved, let us'now ex

amine qualitatively the response of a scanning spot as it

traces across a vertical black-white junction„ The elec- 
- ■ • r2-

tron density of the scanning spot is proportional to e '  

and can be approximated for our purpose by cos^ r60°, where 
r is; a pure' number. As the spot begins to trace across the 

junction from white to black, varying shades of grey will be 

produced until the entire spot is within the black region.

The shade of grey of the. spot response for any position of 

the spot will depend upon the amount of electron density of 

the spot within the black region. Fig. 4-1 indicates this 

response. It is observed that the response is not linear 

and that the smallest spot has the shortest response. The 

shortest response will produce the best horizontal resolu

tion,-

If the two spots shown in Fig. 4-1 have the same scan

ning velocity, the smallest spot will have the shortest rise 

time. The video .amplifiers of the television system: must be 

able to respond to this rise time. The rise time that an 

amplifier can pass is inversely proportional to its upper cut



Large Spot
Electron Density 
Distribution

Position /

Spot Response

Position / z. s 4

Small Spot
Electron Density 
Distribution

Position /

Spot Response

Figure 4-1: Scanning a Black-White Junction



off frequency or, effectively, its bandwidth. Therefore the 

smaller spot, which produces the better horizontal resolu

tion, requires amplifiers of greater bandwidth in order to 

produce the better resolution.

As seen from Fig. 4-1, the length of the spot response 

from white to black is equal to the spot diameter. This is 

true at both the camera tube and kinescope. If the velocity 

of the scanning spot is increased at the camera tube by 

varying a characteristic of the system such as number of 

scanning lines or frame rate, the velocity must be increased 

by the. same, amount at the kinescope. The horizontal resolu

tion therefore does not change because it still takes the 

length of one spot diameter to respond from white to black. 

Increasing the scanning velocity at both the camera tube 

and kinescope does nothing for resolution except make nec

essary an increase in the bandwidth of the amplifiers.

(4.2) Aperture Correction

The maximum horizontal resolution that the kinescope, 

can reproduce depends on the rise time of the video signal 

presented to it and the velocity of its scanning spot.

Since the face of the kinescope cannot change from a white 

area to a black area in less than a spot diameter, the min

imum distance for a black to white response is equal to.the 

diameter of the spot. In order for the kinescope to accu

rately reproduce a video signal response, the following . 

expression must hold:

19
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vTr  ^  D U.l)

where w. = velocity of seanning spot

TR ™ rise time of the video signal response 

D = diameter of scanning spot

. Usually the rise time produced by the camera tube is so 

large that the above limit is never approached. A circuit 

can be added in the video system that would increase the gain 

of the high frequency components of the signal and thus de

crease the rise time. This circuit is commonly -called an 

aperture correction. If the rise time is made small enough 

the only limitation on the reproduceable horizontal resolu

tion is the diameter of the kinescope spot. ,

It has been shown in the referenced literature!;^ that 

the scanning spot of finite size can be replaced by an in

finitesimally small spot and a low pass filter in series.

The infinitesimally small spot has a zero rise time and there

fore a perfect horizontal resolution. The low pass filter, 

however, creates an upper cut off frequency and thus a fi

nite rise time. The aperture correction compensates for the 

low pass filter and increases its cut off frequency. This, 

then, produces a shorter rise time and a greater horizontal

1 . Ip. Hertz and F. Gray, "Theory of Scanning^, Bell Sys
tems Technical Journal, Vol., 13, P. 464, July, 1934°

27. E. Zworykin and G. A. Morton, ^TelevisiontT, 2nd 
Edition, John Wiley and Sons, New York; 1954=
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resolution. For a more complete analysis of the scanning 

process, the characteristics of the low pass filter, and the 

characteristics of the aperture correction circuit, refer to 

reference,-*- .
» ‘ : • • , : '

■ " ,  .1

^L, H, Enloe, ’’Aperture Compensation for EGA Type 6326 
Vidicon”, (Thesis), University of Arizona, Tucson, Arizona; 
1956,



' Chapter T

WSTROm OF RESOLUTION IMPROVEMENT

(5ol) Summary of Resolution Factors

In Chapter III it was shown how the vertical resolution 

depended upon the number of scanning lines and the ratio of 

the spot diameter to the scanning line pitch. It was con

cluded that the best increase in vertical' resolution occurs 

when the number of scanning lines are increased with a cor

responding decrease in the spot size. However, it was also 

shown that vertical resolution will improve with an increase 

in the number of scanning lines even though the spot size 

remains constant.

It was mentioned in Chapter IV that the rise time of 

the video signal produced by the scanning spot in the cam

era tube is relatively large and that a shorter rise time is 

produced by means of an' aperture correction circuit. It is 

the latter signal rise time to which the kinescope scanning 

spot responds and produces the. visible resolution. ,The high 

peaker circuit will be used to its fullest advantage only-' if 

the amplifiers have sufficient bandwidth to pass the rise 

time produced. Horizontal resolution can therefore be in

creased by aperture cofrection'circuitry if the amplifiers 

have sufficient bandwidth or if the bandwidth can be in

creased.
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If the size of the scanning spot in the camera tube is 

decreased, the. signal rise time will be decreased. This 

means there are more high frequency components of the video 

signal. The aperture correction circuit will therefore be 

able to produce an even shorter rise time (within the band

width limitations of .the ,succeeding amplifiers);» It was . 

seen that the velocity of the scanning spot had no effect 

.upon the.horizontal resolution. Its only effect was upon 

the rise time and bandwidth necessary to reproduce the hor

izontal .resolution. If the scanning velocity were increased, 

the bandwidth would have to be increased proportionately in 

order to reproduce the same horizontal resolution.

(5°2) Practical Limitations

In the practical case of trying to improve the resolu

tion of a closed circuit television system, the vertical 

resolution can be increased by increasing the number of . 

scanning lines. This can be done by modifying the counter 

circuits and sweep circuits. However, when the number of 

scanning lines is increased, the velocity of the scanning 

spot is also increased, assuming the frame rate remains 

constant. The velocity of the spot is proportional to the 

product of the number of scanning lines and the frame rate. 

When the velocity of the spot is increased, the bandwidth 

of the amplifiers must be increased unless the frame rate 

is reduced. Therefore in' order to keep the bandwidth with

in practical limits the frame rate must be reduced. . If the
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frame rate is reduced., too much, flicker may result in the 

kinescope picture, A slight amount of flicker, however, 

can be tolerated in many industrial systems, ■

There are two methods which can be used to increase 

horizontal resolution. In some cases it might be possible 

to decrease the spot size. Since the rise time-of the spot 

response to a black-white junction: would.also decrease, the 

bandpass needed to reproduce the response- must increase.

The rise time of the scanning spot response, however, is ' 

quite long compared to the rise time developed by the aper

ture correction circuit. It is therefore the rise time of 

the video signal developed by the aperture correction that 

is limited by the bandpass of the amplifiers. Since decreas

ing the spot size not only increases horizontal resolution 

but also vertical resolution, this method should'be used if 

possible.

It also might be.possible in some cases to increase the 

compensation of the aperture correction circuit. This would 

also necessitate an increase in the amplifier bandwidth. If 

the practical limit of bandwidth has already been obtained,. 

this further increase could not be tolerated. Reference to 

equation (2,3)' indicates that a reduction in frame rate will 

'■ reduce the bandwidth necessary. This would then allow the 

further increase in bandwidth necessary to improve the hor- • 

izontal resolution. It therefore seems"practical to reduce 

the frame,rate and introduce a slight amount of flicker that
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could be tolerated for industrial use.



Chapter VI

DEVELOPMEMT OF A 945 LIKE, 15 EEAME SYSTEM

(6-1) Standard 525 Line, 30 Frame System /.

The television system that was modified to obtain 

greater resolution'was an Industrial Television Camera Sys

tem, Model 19844, produced by Kay Lab of San Diego, Cali

fornia, It consisted of three main units with the follow

ing specifications:

Camera Unit:

1, EC A 6326 Vidicon camera tu.be1> ̂
2, Three stage cascode video preamplifier with a

. 3 V bandwidth in excess;of 8mc, . -

Camera Control Unit:

1, Six stage video amplifier with 8mc bandwidth 

and high peaker circuit

2, Vertical and horizontal sweep generators and 

amplifiers for Vidicon tube

3, 125 feet of cable for connecting video and 

control circuits to Camera Unit

3-P, K. Ifeimer,' S, V, Forgue, and E, E. Goodrich, "The 
Vidicon-Photoconductive Camera Tube", EGA Beview, ¥01, 12, 
Sept o, 1951. ; ' ■ .

2e , G o Uauhauser, "Vidicon for Film Pickup", Journal of 
the SMPTE, Tol. 62, Feb„, 1954. .
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10” Sync Monitor Unit:

1. Sync generator using two phanastron counters 

and an AFQ circuit

2. Two stage video amplifier with 8mc bandwidth 

3• Vertical and horizontal sweep generators and
amplifiers for kinescope 

4-. 10ZP4-A Kinescope

The system operated with the standard 525 interlaced 

scanning lines and 30 ops frame rate. The sync generator 

counted from a base oscillator frequency of 31.5 kcs in two 

steps: 25:1 to 1.2b kcs, and 21:1 to 60 cps. The field

frequency was 60 cps due to the interlaced scanning. The 

sync generator also included a 2:1 counter to produce the 

necessary horizontal frequency of 15,750 cps.

The average of several resolution measurements made 

with this system using both the R3TMA and NBS Resolution 

Charts is given below:

RETMA 

TV lines

Horz. Res

600
Vert. Res

350

NBS Chart

lines/mm converted to TV lines

Horz. Res Vert. Res Horz. Res

535

Vert. Res 

380

It should be pointed out that whereas the RETMA Chart shows 

continuous resolution from 200 to 600 TV lines the NBS 

Chart has discrete steps of observable resolution. Refer to 

Eig. 1-1. Although 28 lines/mm is the observable resolution,
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the limiting resolution may be 30 or 32 lines/mm. Since the 

next observable resolution is 34 lines/he, the limiting res
olution cannot be obtained by the.use of the NBS Chart, In 

this case the E M M A  Chart is superior« The plus sign on the 

28 line's/mm. in the above chart indicates that 28 lines/mm 

are easily seen, and the limiting resolution is above 28 

lines/mm,'

(6o2) Characteristics to be Modified:

In Chapters IT and ¥ it was pointed out that horizontal 

resolution could be increased only be decreasing the scan

ning spot- size' or by increasing the high frequency compo

nents of the video signal by '’high peaker” ©ircuitry. This 

is assuming that the bandwidth of the amplifiers is not a 

limiting condition. Usually these two factors (spot size 

and high peaker circuitry) are set at their optimum value, 

thus making horizontal resolution difficult if not impos

sible to increase. It was also pointed out in Chapters III 

and T that vertical resolution can easily be increased by 

increasing the number of scanning lines. The necessary 

bandwidth can be kept within practical limits by decreasing 

the frame rate. It was mentioned in Chapter I that for two 

images to have the same sharpness the product of the verti

cal and horizontal resolutions of each image must be the 

same for both images. Therefore if the vertical resolution 

is increased and the horizontal resolution is unchanged, the
■- ■ / V  3 v-:- ■ -  ... ■sharpness of the Image is increased.



Since the horizontal resolution is 600 TV lines, let us 

determine the number of scanning lines necessary to produce 

a vertical resolution of 600 TV lines. If a utilization co

efficient of 0,7 is used, the number of active scanning.lines 

needed is 600/0,7 -  857» A utilization coefficient of 0,7 

is the value found by M, IT, Baldwin, Jr,^ and is also the 

approximate average of the values determined by others (re

fer to section 2,2), The 525 line system also has. a value 

of E of 0,7 since it has a vertical resolution of 350 TV 

lines and uses about 500 active scanning lines„
Since the most practical method of synchronization is 

to count both the vertical and horizontal frequencies from 

the same master oscillator, there must be a count down-of 

857 for the vertical frequency of a 857 line.system. The 

horizontal frequency is then obtained by a 2:1 count down 

from the master oscillator, This allows 857''linos per frame 

or 428| lines per field. In order to have interlaced scan

ning the number of scanning lines must be odd. Since two 

or more, counts must be made, to count down by 857, the. number 

of scanning lines must be- the product of two or more Odd 

numbers. The following are several feasible counts in the 

region of 857:

3 x 7 x 5 x 5 - 21 x 25 = 525 scanning lines

W* Baldwin, Jr., "The Subjective Sharpness of Sim
ulated Television. Images”, Bell Systems Tech. J ., Vol. 19,
P. 563, Oct., 1940. -

29
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3 x 3 x 5 x 11 * 25 X 33 s. 825 scanning. lines

29 X 29 22. 841 scanning lines

5 x 5 x 5 x 7 = 25 X 35 s. 875 scanning lines

3 x 3 x 3 x 3 x 11 = 27 X 33 52 891 scanning lines

/  29 X 31 52 899 scanning lines
3 x 3  x 3 x. 5 x 7 = 27 X 35 s s . 945 scanning lines

Some of the above counts are only obtainable with two counts 

and others can be obtained .with as many as five counts.

In order to allow for an ample amount of scanning lines 

the number was' chosen to be 945« Reference to equation (2.3) 

indicates that the frame rate must be reduced in order to 

keep the bandwidth within 8mc. The 8mc bandwidth limitation 

is set by the cable and video, amplifiers. To increase the 

bandwidth, beyond this would prove impracticable with respect 

to.the cost for the benefit received.

In order to use two nhanastron counters for 850 or more 

scanning lines, at least one count down must, be greater than 

33:1° It was found that the phanastron counters in the 

equipment were not suitable for stable operation when modi

fied to count down greater than about 30:1. However, an 

older type blocking oscillator sync generator used for the 

standard 525 line.system was available. This sync generator 

contained 3 counters (15:1$ 7:1, and ,5:1) to produce the 

vertical or field frequency plus a 2:1 counter to produce 

the horizontal frequency. See Fig.- 6-1. This sync genera

tor can be easily modified to a 945 line system by changing
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the 5:1 counter to a 9:1 counter. If a base frequency of 

28,350 cps is used, the horizontal frequency is 14,175 ops, 
and the vertical or field frequency is 30 ops. See Fig.

6-2. Therefore, the frame rate is 15 cps, which is one half 

the standard rate. The simplicity of producing a 945 line, 

15 frames/second system by the above method was another 

reason why 945 scanning lines were chosen.

(6.3) 945 Line, 15 Frame System

If equation (2.3) is modified for the condition of un

equal vertical and horizontal resolution, the approximate 

expression for the. bandwidth becomes:

where and Ep are the vertical and horizontal resolutions, 

respectively, in TY lines

The estimated resolutions of the 945 line, 15 frame system 

are:

Nv = (.7) (930 active scanning lines) = 650 TV lines 

= 600 TV lines

The resolutions of the 525 line, 30 frame system were given 

earlier. Using equation (6.1) the approximate bandwidths 

necessary for the two systems are:

(6.1)



Master Osc. 15:1 2_..~ 7:1 300~ ... 5:1 60 ~ _., 31, 500~ --- Blocking Blocking Blocking - - Field (Blocking Osc.} Osc. Osc. Oso. Frequency 

~ 

2:1 
15,750~~ Blocking 

Osc. Horizontal or Line Frequency 

Figure 6-1: Blocking Oscillator ~ Type Sync Generator for a 525 Line, 30 Frame System 

Master Osc. 15:1 
1890-1\1- 7:1 ( 

270+_... 9:1 301\1-28,3504\1- ~-"'" Blocking Blocking Blocking .. 
Field -Blocking Osc.) Osc. Osc. 

I I< 
Osc. Frequency 

,. 

2:1 
Blocking 14,175-A:r 

Osc. Horizontal or Line Frequency 

\.J..) 

Figure 6-2: Blocking Oscillator Type Sync Generator for a 945 Line, 15 Frame System N 
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525 line, 30 frames/sec 
945 line, 15 frames/seo

fv = 4»5me 

fv = 4„2mc

■ This reduction in the required bandwidth can also be 

seen from the fact that the horizontal frequency is reduced 

from 15,750 cps for the 525 line, 30 frame system to 14,175 

cps for the 945 line, 15 frame system. The velocity of the 

scanning spot is reduced, and the rise time for a black- 

white junction is greater. Therefore the upper cut off 

frequency needed to reproduce the black-white junction rise 

time is reduced. The horizontal resolution of the 945 line, 

15 frame system can be increased slightly without exceeding 

the bandwidth of the 525 line, 30 frame system. It should 

be remembered that equation (6.1) gives only the highest 

frequency of the fundamental component of the video signal. 

Harmonics are a necessary part of the video signal and 

therefore all 8mc of the. eqtiipment bandwidth are needed, : 

Since this thesis is not meant to be a discussion, on 

the design of sweep generators and amplifiers, it will 

merely be stated that the vertical sweep circuits for both 

the Vidioon and kinescope were modified for the 30 ops 

field frequency. #0 changes were necessary in the hori

zontal sweep circuits. The average of several resolution 

measurements-made/Mth the . 945 line, 15 frame system, .are 

following:
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RETMA CHART 

TV Lines
H. Res.

600
V. Res. 

500

NBS CHART

Lines/xmn converted to TV Lines
H. Res. V. Res.

24

H. Res.

535

V. Res.

457

By comparing these resolutions with those obtained for 

the 525 line, 30 frame system it is seen that the horizon
tal resolution has not changed, but the vertical resolution 

has increased by 150 TV lines. It remains to be seen whether 

it is possible to increase the horizontal resolution. The 

effect of the reduced frame rate must also be investigated.



Chapter VII

PERFORMANCE OF A 945 LINE, 15 FRAME SYSTEM

(7-1) Effect on Viewing the Kinescope

A certain amount of flicker is introduced when the . 

frame rate is reduced from 30 to 15 frames per second. Mo

tion pictures are presented at a rate of 24 frames per sec
ond. Thus the 15 frames' per second are a good deal slower 

than motion pictures, and the resultant flicker is definite

ly discernible. The flicker, .however, is not objectionable. 

This is especially true if the kinescope is observed in a 

slightly darkened room or if a black hood is placed around 

the kinescope. Under these conditions the brightness of the 

kinescope can be kept to a minimum. A slightly darkened 

room is one in which the light level is the same as that 

used in the average home for TV viewing. None of the per

sonnel who observed the performance of the 945 line, 15 

frame system was bothered by the flicker even after several 

hours of observation.

(7.2) Effect on Viewing Moving Objects

The ability of a television system to display moving 

objects with a continuous motion depends upon two factors:

(1) the frame rate of the system and (2) the angular velo

city of the moving object, with respect to the camera. It 

is generally considered that at frame rates greater than 20
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frames per' second; an object moving rapidly across the field 

of view can be televised about as effectively as it can be 

viewed by the unaided eye. According to Fink-^ a frame rate 

greater than 16 frames per second -is sufficient to display 

motion in a continuous manner provided the object does not 

move across the field of view in less than 5 seconds. Since 

15 is only 6%;.less . than 16, the, above stat ement is - appli

cable for. 1$ frames per second and 5=3 seconds.

If an object is moving at 30 miles per hour (44 feet 
per: second) directly across the field of view, the field 

must be at least 44 times $.3 - 233 feet wide. "When a lens 
system is used to view the target,' the expression relating 

distance, lens focal length, and field of view is:

Therefore, if a. one inch lens is used, an object trav-, 

eling at 3.0 miles per .hour must be 155 yards away from the 

camera if continuous motion is to be displayed without.blur-

]-D. G-. Fink, ^Television Engineering”, 2nd Edition, 
Chapter 2, Ho G-raw-Hill, Hew York; 195’2»

(7.1)
where d = distance of object from lens

w s width of field of view

f = focal length of lens ■ ■

w 1 = width of camera field (0.5" for the Yidicon)
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ring. If a six inch lens is used the object distance must 

be 935 yards. These values correlate quite closely with 

tests made of the 945 line, 15 frame system. Vehicles mov

ing at normal speeds within the average ranges used for dif- - 

ferent lenses produced no blurring on the kinescope. Ve

hicles within close range, however, did produce a blurring 
effect on the kinescope, ;

(7-3) Non-uniform Contrast .•

After laboratory resolution, measurements vvere'made on 

the 945 line, 15 frame system, outside scenes were observed, 

it was noticed that the overall contrast of the outdoor 

scenes was not correctly reproduced on the kinescope, A 

scene containing a bright , sky, mountains, and dark foreground 

objects, such as, shrubs, could be adjusted for.good contrast 

of the foreground or background, but not both simultaneous

ly, If the dark foreground had good contrast, the sky and 

mountains were glaringly light. If the sky and mountains 

had good contrast, the foreground was too dark to. distinguish 

detail. The 525 line, 30 frame system, however, reproduced 

outdoor scenes with an even overall contrast,

A careful analysis of the 945 ,line?. 15 frame system 

eliminated all of the system components except the Vidicon 

as the cause of the trouble. • The.:next chapter gives a dis

cussion of the Vidicon theory and its adaptation to.a 945 

line, 15 frame system, " '



Chapter VIII ;

THEORY OF VIRICON PFRFOEMAHC1 IN THE 

945 LINE, 15 FRAME SYSTEM

(8.1) Theory of the Vidicon

The following is a very brief discussion of the theory 

of the Vidicon. For a more complete discussion of the Vidi

con refer to the l i t e r a t u r e ^  The Vidicon utilizes a pho- 

toconductive layer as its light-sensitive element. The pho^ 

toconductive layer is an insulator in the dark but becomes 

slightly conductive when it is illuminated and acts’ like a 

leaky capacitor. The electron gun and photoconductive, layer 

are arranged as shown in Fig. 8-1. The image side of the 

photoconductive layer is.held constant at the target.voltage 

.When the image of the target is focused' on the photoconduc- 

tive layer, the layer will act as a number of elemental ca

pacitors. A simple equivalent circuit is shown in Fig. 8-2 

based on the elemental capacitor concept.

The leakage resistance of each elemental capacitor will 

depend upon the brightness of the image at that point. As 

the brightness of the image is increased the leakage resis-

- Ip.. K. Weimar, S. V. Fergus, and R. R. Goodrich, "The 
Vidic on-Phot oc onduc tive Gamera Tube", RGA Review, Vol. 12, 
Sept., 1951.

2r . G-. Heuhauser, "Vidicon for Film Pickup", Journal of 
the SMPTE, Vol. 62, Feb., 1954«
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Figure 8-1: Simplified Diagram of the Vidicon Camera Tube
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tanoe decreases. The electron gun side of each elemental■ 

capacitor will therefore start to charge to the potential 

of the signal electrode (the target •voltage) . The instan

taneous voltage of the cathode side of the capacitor is 

given by: ' y - •

. ■ j £l  v ■
e t = F r ( i - * * c )

where = Target Voltage

E = Leakage Resistance

0 = Elemental Capacity

(8.1)

The rate of charge, or the value of e^ with respect to time, 

depends upon the amount of light incident upon the elemental 

capacitor. The flow of charge is almost entirely between 

the surfaces of the.photoconductive layer. The lateral flow 

of charge along the surface is negligible due to the large 

lateral resistance of the material.

The electron stream is at cathode or ground potential, 

and discharges the cathode side of each elemental capacitor 

to ground potential as it scans the photoconductive layer. , 

Due to the high leakage resistance, the cathode side of the 

elemental capacitor charges to only a few volts positive be

fore it is discharged. When the,cathode side of the elemen

tal capacitor is discharged to ground potential the capaci

tor is being charged to the target potential. It is this
■ < --
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c 

c = Elemental Capacitor 
of Photoconductive 

~ Layer 

Output R = Leakage Resistance of Voltage Elemental Capacitor 

ET 

r = Load Resistor 
ET (Target Voltage) 

Voltage cycle on K-· side of elemental· capacitor 

No Incident IBright Incident 
Light on 1 Light 

Photoconductive I~~ Capacitor charges 
_Layer I toward target 

__ _,.. voltage 

Voltage cycle on T side of elemental capacitor 

I I 
t r ET I# signal I \ I Output 
I I Voltage 

Single Capac~tor Sum of All Capacitors 
· (seeing step increase 

incident light) 
of 

Figure 8-2: Simple Equivalent Circuit and Voltages 
of the Vidicon 



capacitor charging current that produces the output voltage. 

The sum of the output voltages from■each-elemental capacitor 

produces the signal voltage. The electron density of the 

beam that is not needed to discharge the cathode side of the' 

elemental capacitor to ground potential is returned to grid 

number five. See Fig. 8-1.

(8-2) Effect of Increased Scanning Lines

From this brief explanation it can be seen that the size 

of the scanning.spot has a great effect on the output signal 

pf the Vidicon. A plot of the electron density of the Tidi- 

con scanning line as it appears in the 525 and 945 line sys

tems is illustrated in Fig. 8-3 and Fig. 8-4, respectively.

It should be remembered, from Chapter III that the electron 

density of the scanning line in the vertical direction is 

identical to the electron density of the scanning spot. The 

scanning line pitches in the Vidicon for the 525 and 945 

line systems are: ,

■ 525 line system: 0.000738” (508 active lines)

,945 line system: 0.000408” (922 active lines)

.The half intensity diameter of the Vidicon spot is 0.00013”.

Let us assume that the control grid (grid.number one) . 

of the Vidicon is adjusted so that an elemental area with a 

width equal to the line pitch is completely discharged to ' . 

ground potential as the scanning spot scans each line. This 

area is equally distributed on each side of the center of
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the scanning line. When line 25 is scanned the area within 

lines' x-x is completely discharged to ground, potential. The 

•area that is scanned by the beam outside of the above area. 

will be only partially discharged depending upon the elec

tron' density scanning the area. Since interlaced scanning 

is used, the beam scans the odd lines first and then the 

even lines.

, When the beam scans line 23 in the 525 line system (Fig.

. 8-3) it is observed that, lines 24 and 25 are partially dis

charged. . Therefore when the beam scans line 25 the total
, V  ■■

electron density that is possible to deposit on the photo- 

conductive . layer is- indicated by the dotted line. This is 

simply the sum of the electron densities deposited on each 

elemental area by the scanning beam as the photoconductlve 

layer is scanned. It' was previously assumed that the. area 

between lines x-x was completely discharged when line 25 

was scanned. The electron density above line y-y is there

fore in excess and not needed to discharge the photoconduc- 

,tive layer. .These electrons are returned to grid number 

five. »: , - • ■

Now let us examine the 945 line system (Fig. 8-4)»

This time when line. 23 is scanned, lines' 24;, :2'5> 26, and 2? 
are partially discharged. The dotted line again indicates 

the total electron density, and the lines x-x indicate the 

area completely discharged when line 25 is scanned.. The 

electron density above line y-y is in excess.

44
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(8.3) Effect of Increased Charging .Time

The time between successive-scans of the 945 line, 15 

frame system is exactly twice that for the 525 line, 30 

frame system. Since the leakage resistance of the elemen

tal capacitor is very high the rate of charge storage is 

essentially linear within the time intervals of the 30 and 

15 frame systems. Using 30 volts as the average target 

voltage, the cathode side of the photoconductive layer 

could charge to 1.5 volts (.05 of 30) and be within one 

percent of linearity. The phamplet on the RCA 6326 Vidieon . 
tube.'characteristics gives a value for the load resistor, 

r, (see fig. 8-2) of 350K. It also gives the highlight sig

nal electrode current- as U.4 y U  amperes. This is. the cur

rent through the load resistor when the cathode side of the 

photoconductive layer is being discharged after having been 

charged under bright incident light. The output voltage, 

or the voltage to which the capacitor would have charged,

would be: - ' - .1 : - ■ ' . ... . . i ‘ . .

ê. =. (0-.4^.).(350,000) = 0.14 volts

' Therefore could increase about 10 times and still 

be within a one percent linear rise. Since the charge time 

for the 945 line, 15 frame system is twice as long as for 

the 525 line, 30 frame system, the photoconductive layer 

will charge to twice the potential. See fig. 8-5. ' This 

would be similar, in so far as the charge on the photocon- -



Voltage cycle on K side ot elemental capacitor 
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~igure 8-5: Charging Time For 525 Line, 30 Frame 
and 945 Line, 15 Frame Systems. 
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duotive layer is concerned, to the 525 line, 30 frame system 

operating at twice its normal target voltage.

The electron density that the beam deposits on the pho- 

toconductive layer in the direction of scanning depends 

upon the velocity of the beam. An expression for the photo- 

conductive layer electron density, (S ', can be given by:

O"'' = <2 zf
(8,2)

where (? = electron density flow of the electron scanning

beam in coulomb s/s q_uare met er/second ( £- is the 

speed at which , eq». (3-1) , travels) 

t = the time the beam requires to scan a particular 

spot =

However, t, can be expressed as:

t =. d/v = Ew/v ■: '

where K = d/w
. ■' ' ; : ■ ' . \d = diameter of the scanning spot

v‘ - velocity of the scanning beam, 

w -■ width of the scanned raster

And v can also be expressed as:,

v = wfh ;

where ; f^ - horizontal frequency
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Therefore '

(S' - &  K

h  (8.3)

The electron density on the photoconductive layer of the 945 

line, 15 frame system can be related to that of the 525 line, 

30 frame system by the following ratio:

&  f f - j W

' (8.4)
Pd'2<d- 1

Z <  rcro .

This increase in the electron density is due only to the 

slower scanning velocity of the 945 line, 15 frame system.

Now let us examine the electron density in the vertical 

direction. It is noted from Fig. 8-3 and Fig. 8-4 that the 

electron density that could be deposited on the 'photoconduc

tive layer is increased about one and a half times as the 

scanning lines are increased from 525 lines to 945 lines.

This is seen by comparing the height of the dashed lines 

above the reference lines. This increase in electron den

sity, of course, is continuous along the scanning line. 

Therefore, the electron density of the photoconductive layer,
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due, to the overlapping of scanning lines only, can be ex

pressed as:

And the total
^  ^ ~ y/- ^ '3^r2.*r

This is the Increase- in the electron density that is inher

ent in the 945 line, 15 frame system.
It was previously noted; however, that the voltage on 

the cathode side of the photoconductive layer for the 945 

line, 15 frame system is twice that of the 525 line, 30 frame 
system. In order to discharge this: potential to ground the 

electron density must be twice as great.

Or - ^  <'4rea''

The electron density of the 945 line, 15 frame system must 

therefore be increased by some amount in order to completely 

discharge the photoconductive layer.

6W<f*)= cr-2̂ / ^ )  = 2
x =- 2/1.6. » 1.25

In other words, the electron density of the scanning beam of 

the 945 line, 15 frame system must be increased by 25 percent 

in order to completely discharge the photoconductive layer.
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This will show up in a slightly more positive voltage on the 

control, grid of the Vidicon,

One might assume at this time that since the beam cur

rent density must be increased, the signal output voltage 

would be increasedo. This, however, is not.the case. It is 

observed from Fig. 8-4 that when 945 scanning lines are used 

a great amount of overlapping of the scanning beam exists. ■ 

■As the .scanning beams are overlapped the total electron den

sity exceeds that necessary to return the photoconductive 

layer to ground potential.,. The excess electrons are there

fore not used to produce the elemental capacitor discharge 

current and are returned to grid number five. For instance, 

as line number 25 is scanned, in Fig. 8-4, the electron den

sity of the scanning line in the shaded area is in excess = 

This is approximately 30 percent of the electron density of 

the scanning, spot. In the 525 line 30 frame system approxi-r 

mately 5 percent of the electron density is in excess. The 

beam current in the 945 line system, however, has increased 

25 percent, as indicated in the previous paragraph. This 

leaves both systems with about the same amount of beam cur

rent ■contributing to the capacitor current whibh produces 

the signal video.



, Giaa'pter IX

ANALYSIS OF VIDICON PERFORMANCE IN 
945 LINE, 15 F H A M  SYSTEM

(9«1) Predicted Performance

It was mentioned in section So3 that the effect of 

doubling the frame time is the same as doubling.the target 

voltage and keeping- the frame time constant« The 945 line, ' 

15 frame system can be duplicated.by a 945 line, 30 frame 

system with the target voltage doubled. Characteristics of 

the•6326 Vidicon indicate that the ratio of signal output 
current, lg,. to dark current, 1^, decreases as the target 

voltage increases. The video voltage generated by a black- 

white junction indicates the maximum gain that the signal 

may have. This gain, which is equal to E g/E^, is also equal 

to I^/l^ because the same resistor is used to develop the 

video voltage.

Let us assume that the target voltage for a 525 line,

30 frame system is 20 volts. The. ratio of Ig/l^ is 51«

Since the Vidicon characteristics are based on a 30 frame 

system, the 94.5 line system must be placed on the same basis. 

The target voltage for the 9.45 line, 30 frame system is there 

fore 40 volts. The ratio of lg/l^ is 14° If the NBS Reso

lution Chart were.scanned by the 945 line, 15 frame system, 

the video signal generated by the resolution lines (see Fig..
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9-l) would be smaller than that generated by the 525 line, 30 
frame system. The amount of decrease would depend upon the 

relative target voltages. Section 8,3 indicated that the ' 

beam current would be increased for.the 945 line, 15 frame 

system, . ' ■ ■ .

If the'945 line, 15 frame system views an outdoor scene 
in which'the foreground is dark and the background is light, 

an uneven contrast will result. If the light background is 

to be made clear, the brightness of the kinescope must be 

turned very low in order for the dark objects to be clear 

because of the low video gain from black to white„ The re

duced kinescope brightness, of course, would make the dark 

foreground too dark to be distinguished. If the light fore

ground is to be made clear the' kinescope brightness must be
■ "  -

turned very high and the light background will be indistin

guishable'. These are the results noticed when observing out

door scenes. Another effect due to increased target voltage 

is increased edge flare. This was also noticed in the 945 

line., 15 frame; system and greatly added to the extremely 

light sky appearance.

In order for the 945 line, 15 frame system to have the 

same, uniform contrast as the 525 line, 30 frame system, the 

target voltage must be decreased. 'Section 8-3 indicated 

that although the beam current increased for the 945 line,

15 frame system the discharge current, and thus the video 

signal remained about the same. A decrease in the target
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voltage would therefore decrease the.signal output voltage 

below that of the 525 line-,. 30 frame system and-the resul

tant picture would not be improved. In fact, when the tar

get voltage is lowered enough to -produce a uniform picture, : 

the output signal from the Vidioon is so low that the noise 

of the first amplifier stage is the limiting factor. . Any 

additional,gain would amplify the noise'and signal by the 

same .amount and no benefit would bp obtained. This fact is 

emphasized by Table 9-2. This table is recorded for the con 

ditidn of a uniform picture for the 945 line, 15 frame sys

tem. The noise' voltage was. approximately .05 volts, which 

is the same as the signal voltage obtained for one of the 

conditions in the table.

(9«2) Measurements of Vidioon Performance^-

In order to determine experimentally if the 6326 Vidi

oon was causing the non-uniform contrast of the 945 line,

15 frame .system, the series -of measurements described be- 
. ■ - - 
low was made.

The test conditions were: '

(1) Objects.: In addition to using the-regular

RETMA- and. the-high contrast MBS Resolution Charts, the low

-knhe data and tables in this section were taken with 
permission from a research contract by: H. E. Stewart, 1.
Ho Enloe, and B. L. Biesemeyer, ^Investigation of Tactical 
Television System", Final Report, Contract Mo. DA-36-039- 
80-67436, University of Arizona; 1956.
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contrast MBS Resolution chart was, also used.. -The low con

trast chart has a contrast ratio about one seventh of the 
high contrast chart.'

(2) Illumination:' Two types of illumination were

used:: incandescent, (or artificial) , and• sunlight'. The ar-"

tificial illumination was of the order of 10 foot candles, 

and the sunlight illumination was approximately 100 times 

this amount.

(3) Vidicon Operating Conditions: The target

and .grid number one (control grid) voltages were measured 

and recorded in Tables 9-1, 9-2, and 9-3. The voltage on 

grids 3, 4, and 5 was 300 volts, and the magnetic flux den

sity was between 30 and 40 gauss.- .

(4) lens: A one inch, f/1.5 lens was used for

all tests. Apertures of f/2.0 and f/8.0 were used for ar

tificial and sunlight illumination, respectively.

(5) Video Voltage Recorded: The video signal of

a single, scanning line was observed with a Tektronix Type 

535 Oscilloscope at the output of the Camera Control Unit.

The single line observed was one that passed through the 

center of an MBS Resolution Test Pattern,as.shown in Big.

9-1. The voltage recorded was that generated by the 12
; "" ' , /

lines/mm resolution lines.

The data included, in Table 9-1 were obtained with the 

system adjusted to reproduce an optimum visual picture on 

the kinescope. The picture was of uniform intensity and dis-
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White
Level

Vertical Portion of MBS 

Resolution Chart

(Numbers indicate resolution 
in lines/millimeter)

Horizontal Scanning 
Line

Video Signal

Pigure 9-1: Video Signal produced by MBS Resolution Chart



played 'maximum resolution. Data for the 525 line, 30 frame 

.system were measured first. Then the data for the 945 line, 

15 frame system were measured using the same target vol
tages used for the 52.5 line, 30 frame system tests. Such 

conditions,do not give a true optimum visual adjustment for‘ 

the 945 line, 15 frame system; they do, however, give good 

data for comparing the two systems.

In the second series of tests, the target voltage was 

.adjusted to produce an optimum visual'picture on the kine

scope for 945 line, 15 frame operation. The results of this 

test are recorded in Table 9-2. Notice that the target vol

tages are less than those given in Table 9-1.

The'data in Table 9-3 were taken with the 525 line, 30 

frame system adjusted to give an optimum video signal at the 

output of the Camera Control Unit. The video signal was ob

served on a Tektronix Type 535 Oscilloscope. The kinescope 

picture under these conditions was' not of optimum visual 

quality.. .The data for the 525 line, 30 frame, system were . 

measured first. The data for the 945 line, 15 frame system 

were then recorded using the same target voltages used for 

the 525 line, 30 'frame tests. '

'(9o.3) Comparison of Theoretical and Measured Performance

An .analysis of Tables'9-1.and 9-3 indicates that for the 

same target voltage the 945 line, 15 frame system has the 
lower video signal and the lower negative voltage on the con

trol grid (grid one) . Actually, the, video voltage recorded
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is the black to white signal gain. It was predicted in sec

tion 9»1 that' this would be smaller for the 945 line, 15 

frame system. "As the edge flare is increased the area along 

the periphery of the picture has poorer contrast,

A lower negative voltage oh the control grid of the Vid- 

icon causes a greater beam current. It was predicted in 

section 8.3 that the ■ beam current would be greater in the 

945 line, 15 frame system.

fable 9-2 indicates that for an•optimum visual, or even

ly contrasted, picture the1 target and.video voltages are 

much lower for the 945 line, 15 frame ‘system than for the 

525 line, 30 frame system. This verifies the theory pre

sented in the last part of section 9 -l.

I n ■section 6.3 it was estimated that the vertical reso

lution of a 945 line system would be about 650 TV lines. It 

is observed, however, from Table 10-1 and the data in sec

tion 6.3 that the vertical resolution is only 500 TV lines.
It was seen in Tig, 8-4 that the scanning lines are over

lapped to a very great degree when 945 lines are used. This, 

of course, produces distortion and would limit, the expected 

increase in vertical resolution. .

57
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TABLE 9-1

525 line, 30 frame system adjusted to reproduce an optimum 

visual picture on the kinescope.

Object
Illumina

tion
Target
Volts

Grid
1

Volts
Video
Volts

Max. Visual 
Horz. Resol.

Type
System

MBS High Artificial 32 -55 0.80 28 lines/mm 525/30
Contrast Artificial 32 -40 0.55 28 lines/mm 945/15

Chart Sunlight 18 -50 0.60 34 lines/mm 525/30
Sunlight 18 —46 0.60 28 lines/mm 945/15

NBS Low Artificial 26 -55 0.30 28 lines/mm 525/30
Contrast Artificial 26 -44 0.20 24 lines/mm 945/15

Chart Sunlight 20 -60 0.20 28 lines/mm 525/30
Sunlight 20 —48 0.15 28 lines/mm 945/15

Artificial 30 -60 Horz. 
Vert.

R = 600 
R = 325

525/30

RSTMA Artificial 30 -42 Horz.
Vert

R = 600 
,R = 500

945/15

Chart Sunlight 9 -55 Horz. 
Vert.

R = 600 
R = 350

525/30

Sunlight 9 -40 Horz. 
Vert.

R = 600 
R = 500

945/15
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TABLE 9-2

945 line, 15 frame system adjusted to reproduce an optimum 

visual picture on the kinescope.

Object
Illumina

tion
Target
Volts

Grid
1

Volts

Max.
Video
Volts

Max. Visual 
Horz. Resol.

Type
System

IBS High Artificial 18 -62 0.35 28 lines/mm 945/15

Contrast
Chart

Sunlight 10 -35 0.10 28 lines/mm 945/15

N3S Low Artificial 18 -62 0.15 24 lines/mm 945/15

Uontrast Sunlight 15 -65 0.15 24 lines/mm 945/15
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TABLE 9-3

525 line, 30 frame system adjusted to give maximum video

voltage and resolution.

Object
Illumina

tion
Target
Volts

Grid
1

Volts

Max.
Video
Volts

Max. Visual 
Horz. Resol.

Type
System

NBS High Artificial 40 -50 1.00 34 lines/mm 525/30
Contrast Artificial 40 -42 0.80 28 lines/mm 945/15

Chart Sunlight 42 -60 1.20 34 lines/mm 525/30
Sunlight 42 -40 1.40 28 lines/mm 945/15

NBS Low Artificial 52 -50 0.40 34 lines/mm 525/30
Centrast Artificial 52 -42 0.40 28 lines/mm 945/15

Chart Sunlight 42 -60 0.40 34 lines/mm 525/30
Sunlight 42 -38 0.20 28 lines/mm 945/15



. Chapter X

YIBICOM PEEFORMH’CB WITH EBDUCED SPOT SIZE

(10.1) Method of Reducing Tidicoa Spot Size

It was stated in Chapter 1Y that there are two methods 

by which the, horizontal resolution can be increased. One 

method is to increase the aperture correction. The aperture 

correction circuit amplifies the high frequency components 

of the video signal. However, the noise associated with the 

video signal is also a .high frequency, and any increase in 

the high frequency gain also increases the noise. Therefore, 

the increase in horizontal resolution obtained by increasing 

the aperture correction is very limited because the increase 

in noise soon eliminates the increase in resolution.

The other method of increasing horizontal resolution is 

to decrease the scanning spot size. Decreasing the kinescope 

scanning spot size can easily be done by replacing the kine

scope with one in which the spot size is smaller. The scan

ning spot size of the 6326 Vidicon can be reduced by increas

ing the magnetic focusing field density and the d.c. vol

tages applied to the ^wall1* of the Yidicon (grids number 3,
4, and 5 ) The 6326. Vidicon is designed for use with a

l$fStudy of Army Television Probltffis'”, Vol. 2, Contract 
No. DA-36-039~sc-566539 Engineering Products Division, RCA.
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type of dynamic focusing in which the dynamic focusing vol

tage is applied to grid number 3. To simplify the following 

tests, however, grids number 3, 4, and 5 were tied together 

to a variable. d«c. voltage source. It should also be men

tioned that decreasing the spot size increases the vertical 

resolution as well as the horizontal resolution. Refer to 

Chapter III,

(10.2) Results of Decreased Spot Size

In order to determine the deterioration in resolution 

due to the kinescope, the video signal of a single scanning 

line was observed with a Tektronix Type 535 Oscilloscope.

The video signal was observed at the output of the Camera . 

Control Unit thereby eliminating the kinescope and the video 

amplifiers in the Monitor. Both the kinescope and Monitor 

video amplifiers contributed to the deterioration of the 

signal. The single-line observed was one that passed through 

the center of an NBS Resolution Test Pattern as shown in 

Fig. 9-1. In this manner it can easily be observed if the 

three spikes corresponding to any.given resolution are re

solvable. This would then indicate the ultimate resolution 

of the system if further amplification and the kinescope 

contributed no deterioration to the signal.

• The results given in Table 10-1 were obtained’for var

ious spot sizes with the equipment operating as a 945 line,

15 frame system. The focus current was the current flowing 

through the RCA type 217D1 Focusing Coil. The maximum video
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voltage .was the voltage, generated by the 12 line/mm resolu

tion lines of the KBS Resolution Chart. Refer to Fig. 9-1. 

The maximum video horizontal resolution was the resolution 

obtained from the video signal.', whereas the maximum visual 

resolution was the resolution as seen on the kinescope. 

Photographs of the video signal were taken at the points 

marked by asterisks in Table 10-1 and are shown in Fig. 10-1. 

The photographs were taken with a Polaroid camera. The 

■film was then mounted on a. 4^ x 5i sheet of white , paper. A 

negative was made of this and prints were reproduced doubled 

in size. The actual video signal as seen on the oscillo

scope was much sharper and the observable resolutions were 

those recorded in the Tables.. The Polaroid photograph de

teriorated the video signal to some extent, but the greatest 

deterioration occured in the reproduction process.

The method for obtaining the data was as follows:

1) The voltage,for grids 3, 4, and, 5 was set at 

the indicated value. The voltage was limited to 550 volts 

for fear of permanently; damaging the. 6326 Tidicon since the 
maximum d^c. voltage rating for grids 3» 4, and 5 is 350 
volts. '

2) The resolution chart was set in focus by ad

justing the current through the focusing coil.

3) The target voltage and grid 1 (control grid) 

voltage were then adjusted to obtain the best overall pic

ture possible.
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4) The data were then.recorded.

The RSTHA Resolution Chart gives resolutions of 200 to 

600 TV lines when used as stated in Chapter I. Since greater 

resolutions' than this are desired, the distance between the 

camera and chart was doubled. The resolutions observable on 

the RETMA Chart are then from 400 to 1200 Tv lines.

The results given in Table 10-2 were obtained with the 

equipment operating as a 525 line, 30 frame system.; The 

procedure and data recorded were identical to that given 

above with one exception. It was noted that the target 

voltage for the. best overall picture varied, around 26 volts 
for the 945 line, 15 frame system.. See Table 10-1. This 

same effect was noted for the 525 line, 30 frame system while, 

'preliminary adjustments were being made. Therefore, in or- ' 

der to simplify the data recording and have a more accurate 

basis for comparison of data, the target voltage was set at 

26 volts for all tests. Photographs of the video signal 

were again'taken at the points marked by asterisks in Table 

10-2 and are shown in Pig. 10-2.

(10.3) Comparison of Results

An analysis of Tables 10-1 and 10-2, and Figures 10-1 

and 10-2 indicates the following -facts:

1) Horizontal resolution increases as the spot

size decreases. '

2) Vertical resolution for the 945 line, 15 frame
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Video G-ain: Maximum

Lens: 1 inch, with f/2 aperture

Illumination: Incandescent (about 10 foot candles)

TABLE 10-1

Data for 945 Line, 15 Frame Bystem with Varying Spot Size

N3S RESOLUTION CHART

Grids
3,4,5
Volts

Focus
Current

(ma)

Target
Volts

Grid 1 
Volts

Max
Video
Volts

Max 
Video 
H. Res

Max Visa 
(line 

Horz.

lal Res. 
s/mm) 
Vert.

200* 34 26 -49 .70 24+ 24 20
250 36 25 -54 • 60 28 24 20+
300* 39 25 -56 .55 28 + 28 24350 42 25 -59 .50 28 + 28 24+400 45 24 -60 .45 34- 28 28-
450 48 26 -60 .40 34 28 + 28500 50 25 -60 .40 34 + 34 34-
550* 53 26 -62 .35 34 + 34 34

RETMA RESOLUTION CHART

Grids
3,4,5
Voltage

Focus
Current

(ma)
Target

Voltage
Grid 1 

Voltage
Max Visual 

(TV Lir 
Horz.

L Res.' 
les)

Vert.
200 34 "ZET" -53 500 400
250 36 25 -57 525 450
300 39 26 -59 550 500
350 42 26 -60 575 525400 46 25 -59 600 550
450 48 24 -59 625 600
500 50 25 -60 650 650
550 53 26 -6l 700 700

^Photographs of the video signal were taken at these 
operating voltages. The normal operating voltage is 300 volts.
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Video Gain: Maximum

Lens: One inch, with f/2 aperture

Illumination: Incandescent (about ten foot candles)

TABLE 10-2

Data for 525 Line, 30 Frame System with Varying Spot Size

MBS RESOLUTION CHART

Grids
3,4,5
Volts

Focus
Current

(ma)

Target
Volts

Grid 1 
Volts

Max
Video
Volts

Max 
Video 
E. Res

Max Vii 
(lin 

Eorz.

sual Res. 
ss/mm) 
Vert.

200* ~35~ 26 -55 .75 28- 24+ 17
250 40 26 -56 .65 28 28- 17 +300* 42 26 -56 .60 28+ 28 20-
350 45 26 -58 .60 28+ 28 20-
400 48 26 -57 .55 34- 28 + 20
450 50 26 -59 .50 34 28 + 20
500 52 26 -58 .45 34 34- 20
550* 54 26 -59 .40 34 34- 20

RETMA RESOLUTION CHART
Grids

' 3,4,5 
Voltage

Focus
Current

Target
Voltage

Grid 1 
Voltage

Max Vis 
(TV 

Horz.

ual Res. 
lines)

Vert.
200 39 ” 23"" -57 500 Less than
250 42 26 -58 525 4.00
300 44 26 -59 550 Tt

350 47 26 -61 575 Tt

400 49 26 -62 600 tt

450 51 26 -63 625 tt

50(3 53 26 -64 650 tt

550 55 26 -63 675 tt

^Photographs of the video signal were taken at these 
operating voltages. The normal operating voltage is 300 
volts.
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system also' increases and. becomes, equal to the horizontal 

resolution. The vertical resolution for the 525- line, .-30 
frame system, is limited to less than 400 TV lines. This is 

because the distance between scanning lines is too great. 

Refer to.Chapter III.

3) .The maximum video signal; decreases as the spot 

size‘decreases. In fact, this became the limiting factor . 

with regards to increasing resolution. The noise on the 

video signal was of the order of .1 to .2 volts. When the 

maximum video signal dropped below about »45 volts the noise 

began to. limit.'the resolution obtainable.

4) The resolutions Obtained by the NBS and RETM6 

Resolution Charts compare very favorably. However, the reso

lution obtained by the BETMA Chart is almost always a little 

better than that obtained by the NBS Chart.. This may be 

attributed to the fact that the RETMS Chart resolution 'lines 

are in the form of a wedge with increasing,resolution to

wards the narrowest part of the Wedge. The observer tends

to read beyond the point at which the lines are resolvable.

5) Decreasing the spot size increases the size of 

the image on the kinescope. This, can be easily seen from 

Figures 10-1 and 10-2. The time base for all three photo

graphs of Fig. 10-2 is constant at 2 sec/cm. Actually 

the Vidicon scanning raster decreases as the spot size de- . 

creases and thereby scanning a smaller portion of the tar

get image. The object therefore appears larger on the kine-
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scope.

Although the chief purpose for decreasing the spot size 

was to increase resolution there was another purpose also.

It was pointed out in Chapter VIII that the 945 line, 15 

frame system had a great amount of overlap of the scanning 

lines. It was originally believed that this overlapping of 

scanning lines was, causing the poor contrast of outdoor 

scenes. Chapters VIII and IX proved that the contrast trouble 

was caused primarily by the reduced frame rate of the 945 

line, 15 frame system. Therefore the tests on reduced spot 

size were used as a check on the theory and data of- Chapters 

VIII and IX.

Outdoor scenes were viewed by both the 945 line, 15 

frame and 525 line, 30 frame systems as the spot size was 

varied over the range of the tests. No noticeable differ

ence was detected in the contrast of either system. This 

was true for both larger .and smaller than normal spot sizes.

(IO.4) Contrast with Reduced, Spot Size
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• ' / 'CONCLUSION

Tiie 94$ line,. 1$ frame system was developed for the pur

pose of increased resolution. This was accomplished chiefly - 

through the sacrifice of a lower frame rate and the intro

duction of flicker, ' The flicker, however, did not bother 

the personnel viewing the picture, nor did it obstruct the 

viewing of moving objects to any great extent. In this man

ner vertical resolution can be increased from 3.50 TV lines 

for the standard 525 line, 30 frame system to 500 TV lines.

Mien the size of the Vidicon scanning spot is reduced,. - 

the 945 line, 15 frame system can attain an.equal horizontal 
and vertical resolution of 700 TV lines. The vertical reso

lution of the 525 line, 30 frame system does not increase 

beyond 400 TV lines. 'Decreasing the spot size, however,.

’makes it necessary to exceed the maximum d = c . voltage, rating 

of grids 3,: 4, and $. It was found that the grids could 

stand voltages up to 550 volts for brief periods of operation.
Higher voltages were not tried. , It therefore remains to be 

■ - ■ . ' .  ? 
determined if the excessive grid voltages would appreaciably

shorten the life of the tube. Another disadvantage in de

creasing the size of the Vidicon scanning spot is the de

creased signal output voltage of the Vidicon. Although this 

is not a primary factor in viewing scenes of sharp, regular 

contrast, (resolution charts) it makes scenes of low irregu

lar contrast (outdoor scenes) look very poor.

The only real disadvantage of the 945 line, 1$ frame
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system is the non-uniform contrast which results from the 

characteristics of Vidicon operation. The signal output 

voltage is decreased for the 94$ line, 15 frame operation 

and the edge flare is Increased. As in the case above, . 

these factors are not serious when scenes of sharp, regular 

contrast are viewed. When outdoor scenes or scenes with a 

wide range of irregular contrast are viewed, the picture be

comes non-uniform in contrast. Any improvement in picture 

quality due to increased resolution is obtained at the ex

pense of degrading the contrast. The 945 line, 1$ frame sys

tem is.excellent for use in ideal situations where high res

olution is desirable.. An ideal situation is one in which the 

target has contrast of a regular nature. . '

It should be remembered that the disadvantages' of the'

945 line, 15 frame system are all based on the Vidicon. It 

is therefore believed that the 945 line, 15 frame system 

used with an .image orthicon would not have these disadvan- , 

tages. .
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