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1. AUTHORIZATION DEG! ASSIFIED

1-1, ‘ibe original request for the project is contained in a letter
from the ch:.ef of the Bureau of Ordnance to the Director of the Naval
Research Laboratory dated 16 January 1943 [Fh2—l(Rebf)]. Further infor-
mation was cbtained in several conferences between Naval Research Labora-
tany‘personnel and Lt. Bridges of the Bureau of Ordnance.

1I. DESCRIPTION OF EQUIPMENT

2.1, The equipment consists of the following units:

2-1-1. A camera, consisting of optical lens,
iconoscope, pre-amplifier, and associ-
ated equipment. Some controls are in
this unite

2.1-2. A main monitor unit, consisting of kine=-
scope, video amplifier, sweep and shading
circuits. The majority of the controls
are in this unit.

2-1-3, Main power supplye.

2.1-l. Six remote monitors. These consist of &
kinescope, together with necessary scan-
ning and video circuits. The controls on
each remote monitor are independent, thab
is to say, the controls of one monitor do
not affect the operation of the other
monitorse.

s.1-5, MNecessary coaxial cables and connectbors.

0_2. The manufacturer is the Radio Corporation of America. All
the above units, except the camera, are mounted on lord vertical snub-
bing holdei’Se

2.3, A detailed description of the apparatus 1is contained in the
instruction manuals uwplotting Room Television.Equipment Proposition
23018-B" by W. J» Poch and F. E. Cone, and "Seven-Inch Television
Yonitor Equipment" by R. V. Little, Jr. TWO copies of these manuals
were delivered to the Naval Research Laboratory by 1essSrs. Poch and
states of RCh. These gentlemen demonstrated the operation of the
equipment at the Anacostia Station of the Naval Research Laboratory
on 23 March 1943

1II. PURPOSE OF PLOT ROOM TELEVISION

3-1. In the fleet, present methods of communicating information
concerning the bearings and ranges of targets from the Anti-aircraft

o




lotting Room are ordinarily by telephone or synchro transmission.
‘hese nethods have proven inadequate for handling a multiplicity of
righ speed targets.™ Several plans for solving this problem are in
the experimental stiges of development. Television scanning of the
naster plot in the Jnti-aircraft Plotting Room (or in the Combat
Information Center) and the reproduction of the plot én remote SCOpesS,
located at desired positions, is one of these planse
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IV. OUTLINE OF TEST PROGRAM

L-1. The test program was divided into four general parts:

J~1-1. Tetailed analysis of performance and
cperating characteristics., This in-
volves the quantitative measurement
«f various aspects of performance
:nd the effect on performance of
various factors which can be expected
10 be met in service. Information of
{his kind can be obtained only by hold-
:ng all parameters constant and varying
one at a time, From the data obtained
n this way an accurate estimate can
1se made of the service performance of
‘the equipment,

j-1-2. From the results of L-1-1, certain
alterations in operating conditions
and circuits appeared desirable.

Such of these as were practical to
incorporate in this particular equip-
ment were put into effect and tested.

L-1-3., Overall check of performance with a
special plotting board designed for
this equipment. This involves the
actual use of the plotting board and
television equipment in fire control.
The possibility of making this part
of the test awaits the arrival of the
special plotting beard at the Naval
Research Iaboratory.

h-l-4. Shock and temperature tests. The
chance of damaging the equipment has
caused this part of the test to be
postponed until all other tests are
completed.

1 A discussion ol the Target pDesignation Problem —= Proposing a System
for Radar Targ:t Designation Transmission, BuOrd (ReLf), dated 22 Jan.
19L3.
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L-2, The following parts of the report give the results of
tests L-1-1 and L-1-2.

V. GENERAL CONSIDERATIONS

S.1. The construction appears to conform to the usual standards
. of commercial apparatus. The most obvious deficiency is the absence
. of any holes on the camera for mounting.

g.2, Tt was found necessary to remove the protective rubber
tube from the lens barrel, With this in place it was not possible
to focus on a plane giving & one meter vertical image, which is equal
to the diameter of a plotting board. The equipment is relatively com-
pact. The requirement that the remote monitors operate in series (with
a line from the main menitor to the first remote, from the first remote
to the second remote, ete.) would make shipboard installation somewhat
difficult.

5-3. A warm-up period of about ten minutes is required before a
steady operaticn condition is reached, One of the remote monitors had
a tendency to fall out of synchronism with the system. This caused its
picture to "junp', None of the other monitors exhibited this effect
‘under normal conditions.

5.4, The shading controls required an excessive amount of adjusi- .
ment, even under steady-state conditions. Any motion of the main cable !
connectors (going from the camera to the main monitor unit) was found §
likely to affect the shading. At times the shading would change, from ,
no ascertainable cause, by an amount sufficient to seriously impair the :
visibility of 2 large portiocn of the image. As a rule, each time the
equipment is tarned on scme adjustment of shading is either necessary
or desirable.

5-5. A prolonged initial lining up process Was necessary to get
best reproduction of the image. gontrast, brightness, optical focus, : g
jconoscope focus, kinescope focus, linearity, etc. were adjusted for :
optimum results and kept in adjustment throughout the test. Suitable j
test patterns were used for this works

VI. TEMPERATURE

6-1. The following equilibrium air temperatures were measured
above the chagsis and inside the cabinets with the cover plates on:

Position
Apparatis (facing the front panel ) Temperature
Master Monitor Rear-Right 85° Ce
Master Monitor Front-left 118° C.
Remote Monitor Center 65° C.
Power Supply Center 1159 C.
Room 239 Ce.

oy -3-
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. The temperatures varied somewhat with the position in the various unitse.
Approximately one~half hour was required for the units to come to tem=
perature equilibrium, 115 volts vere applied to the units.

VII. LINE VOLTAGE VARIATION

7-1. The apparatus was placed in normal operation with 115 volts
supplied to the units from a variac, At 120 volts, there was some
‘difficulty in studying the reproduced pattern because of jumping of
the frames. This motion resulted from "lock in® failures, At 108
volts, the vertical motion of light and dark bands on the scope became
noticeable ard distracting. The motion of lines and bands and 1 ock-in"
failures were so pronounced at 104 volts that the scope could not be
read,

VIII. LINE PREQUENCY VARIATIONS

§-1. The apparatus was placed in normal operation at 115 volts
and 60 cycle:s per seconde At 60 cycles per second varying the voltage
gave the resilts indicated above. As the frequéncy and voltage were
varied, the results given below were cbserved:

Frequenty Voltage : ‘
(cycles/secs) (Volts) Remarks
55 115 Readable but belew mormal performance.
55 110 Readable but below normal operation.
55 105 Becomes unusable with lock-in failures
i and motion of dark bands.
55 118 Lock-in failures become very prenounced.
65 106 Becomes unusable with motion of bands
: and lock-in failures Very pronqunced.
65 120 Lock-in failures very pronounced. :

8-2. At normal voltage, the apparatus was not particularly sensi-
tive to frequency changes. The beats produced faint dark lines that
moved across the Field of view of the remote scopes, but these bands
were not sufficiently pronounced to be very disturbing to the operator.

TX. SHOCK AND BLAST

9-1. The video stages of amplification in the master monitor are
very sensitive to shocks and Blasts. Though shoek mounting is provided,
rapping the table with the hand develops microphonics that obscure the
reproducticns on all the scopes, The units other than the master monitor
appear to te relatively insensitive to shock. In a room across the hall
from Room 1., and approximately 30 feet distant, ballistic tests of a 30
calibre riile were in progress. The charges being used were standard

abi -h -




B . Y. |
B b ! 5 A g il L W
' 13 B i B S J

and below, Reproductions on all the scopes were always obscured follow=-
ing the blast. These shock tests are not those referred to in section

e
9-2., The shading on all the scopes appeared to be changed to some

extent when the coaxial cables leading from the master monitor to the
remote monitours were ammoved,

X. RADAR INERFERENCE

10-1. ‘The apparatus was set up in the Penthouse of Building 12 for
operation near the XAF radar (prototype for CXAM). The resultant inter-
ference patterns are shown in the prints of Plate l. The negative bias
on the electron gun in the cathode ray tube, which 1s controlled by the
brightness knob, was fairly effective in neutting offt the low voltage
interference, The various pictures of Plate 1 were taken with different
settings of the brighiness control. The apparatus was about 5 feet from
the XAF when these pictures were taken. With the apparatus 60 feet from
the XAF, satisfactory reproduction on the scopes without radar interfer-
ence was obtained for a limited range of the brightness centrol. The
jnterference appeared to be due to radiation pick-up and not due to fluc-
tuations in the a-c line arising from the pulsing of the radar oscillator,
‘as the a-c line ecormections were essentially the same for the two distances.

10-2. A portable LOO mc pulsed oscillator of low power output was
employed to explore the interference sensitive regions of the master moni-
tor, The output power of the oscillator was not sufficient to give a
noticeable interference pattern when the cover plate was on the master
monitor. lhen this cover was removed, the oscillator gave a pattern of
vertical rons of bright dots on the scopes, each dot corresponding to
one pulsing of the oscillator. The initial stages of video amplification
were very sensitive in picking up the radiation.

XI. REFLECTED AND TRANSHITTED LIGHT TESTS

11-1, There are two general ways in which the plotting board can
be illumincéted. These are by reflected light and by transmitted lighte
peflected light is the usual way by which opaque objects are vieweds
Viewing the plotting board by reflected light involves illumination
from the #front", or the same side of the board that the camera is one
An image is formed on the iconoscope mosaic by reason of the different
coefficients of diffuse reflection of the lines and other marks, and
the background of the plotiing board,

11-2, Transmitted light viewing depends on the use of a t{ransparent,
diffusing background on which opaque marks are made, In this case the
j1lumination is from the rear. Here the image is formed by reason of
the difference in the coefficients of light transmission of the marks and
the backgrounds

Has -5 -
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i ia of excellence of one method over

11-3. The principal criter

the other depend ¢ the relative and absolute ya ues of the coefficients

of light transmise ion and diffuse reflection of the marking materials

and the backgroundis. The absolute values of the coefficients determine
and the relative yalues of contrast

the amount of j11umination needed,
obtained.

-k A secondary consideration is that with transmitted light
practical 1imitations digtate the use of diffuse 1ight sourcess while
with reflected 1ight £ilament-type pulbs can be useds

11-%. In the tests, except where explicitly stated, every effort
was made Lo get maximurm contrast between patterns and.backgrounds. This
jnvolved the use of India ink on white paper in the white—background
reflected light tests. gimilar methods were used in the other testss

X1l. DIFFUSElX_BEFLECTED LIGHT TESTS

sultant reproductions on
For this purpose, a screen

12-1. It was desired to evaluate the re
of jnterest in the

the scopes under various 1light jntensities.
irig paper was set upe

e constructed; Fig. 22, 2by
ts of the test pattern.

t, up for & vertical

Tt is customary Lo express
lines resolved in

y meter in the present
¢ 200 1lines per meter;
Q00 lines per meter.

as it is desired to
rig. 2b has 1ines of
n thumd tack
elements that

guctions, approximately
FTig. 2a shows ‘the
field of yview of one meter on
the vertical resolution i
the vertical b
case., Number 2 correspond
mamber 3, 267 1ines per meter;
vertical £ield of vieWw of one me
reproduce 2 circular P

1/32, 1/16, and
neads and wire crosses soldered to tacks to give the
are repr o, Des In W UDERS rig
a figure composed © i lines of varying widths provided a
reasonable check i ity of the reproduction near the outer
portions of the scope, where distorticns are the most pronounced.
The chart ir the lower 1eft corner of the screen was & S
testing chart. The 1line connecting he black crosse
Chine markirg pencil; 211 the other lines were made Wi
12-2. The screen was illuminated with General Electric Hazda,
ature of approximately 3800° C.

No. 2, phot?d £1loods at 2 color temper
i anged in reflectors to provide uniform
e e :

with a 7eiss Tessar,

£ the scope Wwere taken
Panatomic

12-3. The pictures ©
5.6 and 1/10 second on

1:3:5, £ 15 cm, lens at
out any filters.
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12-4. The data on resolutions and illuminations are supplied in
'Tsble I. The resolutions, as estimated at the time the pictures Were
taken, are entered under "eye" in Table I; nfilm" indicates that the
resolution has been estimated from the print, At the light intensity
for taking Fig. 3d, the rise of the noise became apparent with an ac-
companying lcss of contrast, this effect increased in Fig. 3e and 3f,
The automatic gain control operates to maintain the same overall bright-
ness as the illumination is reduced, but contrast drops and random noise
increasesSs .

Table I

ILluminaticn Vertical Resolution Horizontal Resolution
Fig, Noe £ft.—candles) Eye Film Eye Film
3a 116 250 255 270 280
3b 83 250 ' 265 270 275

3c L2 250 255 270 275

3d 20 250 255 270 270

3e 13 250 250 270 275

3f 6 250 250 260 270

12-5, An illumination of 1O to 60 ft.-candles of the screen is
recommended, as there is 1ittle if any improvement in performance at
greater illuminations. T1luminations in this recommended range should
be satisfactory for making the plot without too mach discomfort to the
plotter, as 15 ft.-candles are ordinarily recommended for drafting
rooms.S A search light bulb of the type TG-19 (in use in the fleet)
was used as a light source in a few tests; the performance appeared to
be as good as with photo floods. Plotting with black thumb tacks or
wire crosses is recommended as a rapid method of producing black points
of sufficient size to show on the scopes.

XIII. FLUQRESCENT LIGHTING IN THE PLACE OF PHOTO FLOODS

13-1, Four General Tlectric Mazda, LO watl, white light, fluores-
cent bulbs, 3500° C. color temperature, were arranged to illuminate the
screen, Tne performance of the television apparatus with fluorescent
lamps was as satisfactory as with photo floods, except that the flicker-
ing of the fluorescent lamps gave 2 pattern of norizontal dark bands on
the scope, These bands were not very pronounced, but they might prove
distracting to the operators The bands arose from optical flickering,
not electrical interference, and were not dependent on the distribution
or directions of the axes of the lamps. The bands appear with a screen
illuminated by transmitted as well as reflected light., These bands
might be eliminated by use of d-c on the fluorescent lamps; however,
this would be an additional complication to the apparatus for shipboard
installation.

¢ Cady and Dates, T1lumination Engineering (Wiley) Ps 275.
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XIV. TRANSMITED LIGHT _ DECLASSIE

14-1. For the tests with the 1ight transmitted through the
plotiing board, & screen of Imperial tracing cloth was set up. The
vertical field of view was again approximately one meter. The black
wire crosses and the thumb tacks of Fig. 2c were placed in a column
on the upper right of the screen. The center thumb tack was larger
than those shown in Fige 2¢, The cross in the upper left was formed
of 3/8" India ink lines. 211 the other lines were made with China
marking pencil. There was considerable difficulty in making black
1ines for television purposes on the screen with either Cchina mark-
ing pencil or India ink.

-2, ‘'wo photographs were taken with transmitted light and the
data are given in Table II. The screen Was i1luminated with photo
floods »

Table II
f e B
T1lumination
(ft.-candles)
Eégh No. Behind Screen In Plotter's Eye
La 1060 140
Lb 340 63

The illumination in the plotter's eyes jincluded some light that was
being diffusely reflected about the room, and is accordingly somewhat
higher than may be expected if these reflections are minimized. AN
i11luminaticn of 300 to 1,00 ft.-candles is required behind the screen
to provide satisfactory performance. This given 50 to 70 ft.-candles
in the eyes of the operator. Comparing this value with the illumina-
tion recomnended for diffusely reflected light, it is shovm that the
operation of the iconoscope is essentially dependent on the amount

of diffuse light leaving the screen and essentially independent of
the distribution of lamps that produce the diffuse light.

1L-3. A glass plate from Hamilton Plotting and Tracing Board
was set up as a screell. The glass Was glazed on one surface and
frosted on the other surface. Markings on the glazed surface were

not satisfactorily reproduced because of reflections. In marking on
the frosted surface with China marking pencil, the failure of the
China pencil to £i11 in all the pits in the glass reduced the contrast
to a remarkable extent; India ink filled these pits and the reproduc-
tions shoved contrasts comparable but no better than those secured
with reflected light.

NECE ASSIFIFD




| XV. CONTRAST DECLASSIFIED
of the detail brightness contrast

| ratiol on the scope by using a Macbeth i1luminometer with a green
filter for color matching. A screen prepared by making a large spot

of India ink on white drawing paper, Was 11luminated with about 150
ft.-candles from photo floods. The resultant black spot on the scope
was slightly larger than the tube of the illuminometer. Detail bright-
ness contrast ratios from 6 to 9 were measureds

15-1, Measurements were made

XVI. DIAL REFRODUCTION

16-1. Tre dial shown in Fig. 5a was observed and photographed on
the scopes. The print is shown in Fig. 2b. The dial jlluminated with
265 ft,-candles from photofloods with the screen 18 inches from the
camera lens. The distance of 18 inches from the camera was chosen
because this gave a vertical field of 17 inches which is approximately
the height of an instrument board. The dial of Fig. 5a forms a con-
siderably betuer image than the usual instrument dial under glass.
There was much improvement in the reproduction when 2 white background
was used. This improvement was due to the action of the automatic gain
control. Wita this removed, the following section indicates the black

field can be sxpected to be by far the bettere.

T R ——
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XVII. AUTOMATIC GAIN CONTROL REMOVED

17-1. The automatic gain control was removed and 2 potentiometer
was arranged to provide a variable grid bias on Vg (type 6ACT)e This
change permitted the investigation of white marks on a black background
without the sutomatic gain control raising the noise to an intolerable
Jevel., When a white background was used with the automatic gain control ]
removed, resilts that were somewhat better than those reported in the ¢
preceding section were achieved by turning the contrast control (con- k;
trol of gain in video stages) to the maximum setting and placing & Vvery 3

1

negative bias on the kinescope (brightness control)e

17-2. . black screen of thick blackboard paint on white drawing ¥

paper was arranged with test patterns as shown in Fig. 22 and thumb i

tacks with heads painted white and of the size shown in Fig. 2c. The

vertical field of view was again approximately one meter. :
}

17-3. The print of Fige 6 indicates the improvement in performance
achieved with white on black as contrasted with black on white., The
resolutions, as estimated by the eye at the time the pictures were
taken, are: L4OO lines per meter on the screen for the horizontal and

3 Ratio of brightness of light region to brightness of dark region when
d to the area of the dark

the area of the bright region is large campare
regien,
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280 lines per meper for the vertical, It was not possible to remove

all the shading”secure 1lines of desired brilliance on the screen, The
picture was taken with 75 ft.-candles on thc SCreciis Under more intense
illumination the signal-to-noise ratio and contrast are increased and
improved reproduction 1s achieved.

17-L. Blackening out of most of the field of view on the scope ,
adds to the comfort of the operator by improvin; the contrast and re- :
solution, and making the flicker not noticeable to the eye. The black ;
background reflects less light into the plotter's eyes than the white

background and is accordingly much more satisfactory fran his point of

view, Lighting the detailed points of interest is more effective in

attracting the attention of the operator than darkening these details. {
Another improvement is that the image is less affected by shocke

L —

XVIII. CONCLUSIONS

18-1, On the basis of +he foregoing tests, the following conclus-
jons have been reacheds

18=1=1,s The required.manipulation of the shading
controls is too great to be convenient for
service conditions. A man would be required
permanently stationed at the main monitor,
and even so there would probably be periods
of several seconds or more when up to half
the screen area would be blacked out or have
its visibility jimpaired due to shading varia-
tions.

18-1-2, Ceytain portions of the equipment develop ex=
gessive temperatures. 7ith ambient that may
ocour in service, no definite predictions can
be made as to the possibility of failure from
this cause until runs are made in the tempera=
ture roocf.

18-1-3, The equipment is 1imited to the range 108 to
120 volts in its goleyance of line voltage
variationse The apparatus is relatively in-

sensitive to line frequency variations in the
range from 55 to 65 cyeles per second.

18-1-ls Even comparatively insignificant shocks cause
the imege to jump disagreeably. BY using a
white-markwon-black-background plot this sit-
uation is improved. Until complete shock tests
are made no prediction can be made as to the
possibility of failure or inferior performance
with conditions as found in service.

DECLASSIFIED
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18-1-5, Under most service conditions, jnterference
from radar should not be 2 serious factor.

i i
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18-1-6, Performance with reflected light and a white
background is below the minimum standard which
appears useful, for any naval purpose. With
the automatic gain control in cperation, the
best resolution is 250 vertical lines and 270
horizontal lines with 40 to 60 ft.-candles on
the screen. Contrast is around 6 to %

18-1-7. Transmitted 1ight gives results inferiocr to
18-1-6.

18-1-8. Fluorescent light gives a s1lightly objectlon-
able pattern with used on a-C.

18-1-9, There appears to be no possibility of using
the system for remote indicating of 3" instru-
ment dials.

18-1-10, Great improvement in quality and reduction
in eye strain is made by having & black back-
ground with white marks. successful operation
under these conditions involve substituting
for the automatic gain control a manual gain
control (which need be set only eccassionally)
and a change in value of the shading voltages.
Thether or not this form of operation gives
acceptable performance for plotting room use
is doubtful, but the final decision must await
tests with the plotting board.

1f-1-11, The choice of an aspect ratio of L:3 is unfor=
tunate, 1:1 would be preferables

XIX. RECOMMENDATIONS

19-1. The possibility of radical improvement in performance by &
new design is so great that, even if this equipment is able to neet
minimun standards, its adoption is not recommended.

YX. GENER/L DISCUSSION OF THE PLOT ROOM TELEVISION PROBLEM

20-1, Scope: The development of television for the reproduction
of a maste:r plot on remote scopes presents problems sufficiently dif-
ferent fran the problems of commercial television to merit their
enuneration and consideration. The problems taken into account in
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the development of commercial television are well known.Bsh For the
present pwrposes, wire transmission of the signals and the nature of
reproductisn that is feasible, introduce significant simplifications
in the elestrical features of the desired apparatus. But shipboard
installation presents problems of line voltage fluctuations, shocks
and blasts such as are not encountered in the commercial de;elOpmen%s.

20~2. Contrast and Resolution: Contrast and resolution are the
two most important points in analyzing the scopes for the type of ine
formation desired under the present consideration. The major portion
of the ficld of view on the scope should be dark with the points of .
interest (n the plot aﬁpearing in light. As amply discussed in tele-
vision putlications,3,4 and pointed ocut in the tests of plot room tele-
vision, this procedure provides a brightness ratio 5 or more times
greater than may be expected when a considerable portion of the field
of view on the scope is bright. This type of field may be produced,
either (a) by using a black background and white marking on the plot,
or (b) by using a white background with markings in black with an in-
version of white into black in the television circuits. The black
background is believed to be the more suitable of the two for the com-
fort of tae plotter and the fidelity of the reproduction. The vertical
resolution depends on the number of scamning lines; the horizontal re-
solution depends on the frequency band pass of the circuits and the
time required to scan one line. These quantities are inter-related and
present problems of compromise.

20-3, Number of Scanning Lines: It is pertinent to consider the
reqnirements'GT'EEE"TEIE?EEEBEfgﬁﬁfgm that would provide as much detail
as possitile on the scope of convenient size. The cathode ray tube must
provide the smallest possible spot diameter. DuMont manufactures some
cathode 1ay tubes that are designed for low beam currenbs and small spou
diameters. On a 7-inch DuMont tube, which is of convenient size for nost
applicat:ons, 550 to 600 scanning lines can be advantageously used if the
aspect ratio is 1:1 and the unnecessary corner portions of the reproduc--
tion are made to extend at least partially out of the field of view.

Five hunired fifty scanning lines would provide a vertical resolution
of approgimately LOO lines, Commercial Iconoscopes that will accommo-
date 550 scanning lines areg available. Accordingly, 550 scanning lines
on a Dudont T-inch scope are recommended as reasonable.

20-Li, Frame Frequency: A frame frequency of 30 per second with
interlaced scanning 15 in use in commercial television, but it is re-
cognized that it is desirable to reduce the frame frequency to as low
a value as will be consistent with tolerable flickering. Recent exper-
iments by the author with a line of light on a dark background on a
scope with a Pl sereen, ghowed that retrace rates as low as 15 per
second cid not gilve particularly'objectionable flickering for normal
and below normal intensities of the 'electron beam. 17ith a scape of

3 pelevision, by Zworykin and Wilsen, (Wiiley)
L Principles of Television mngineering, by Fink, (McGraw-Hill)
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Jﬁ%ﬁﬂf}k?ﬁybtbawe screen Lban # ot -!L-
2 g 2L, frame frequencies of 15
or less if cesirable, should be adequate. (The plotter shaa3§752§§?§f5
black sleeve and black gloves to avoid "smearing” a long persistence
screen,) Infierlaced scanning reduces flickering but should not be
necessary, and is not desirable if it must add greatly to the complexity

of the apparitus.

20-5. (leneral Requirements of Video Amplifier: The design of the
video amplififer is much Simplier irom the eTlectrical point of view for
the present Jdesired reproductions than for commercial television. This
significatioa arises in the present considerations because intermediate
shades betwesn black and white are neither necessary nor desirable,
Accordingly, the video amplifier should provide full response for any
signal above a certain minimum amplitude and no response for signals
below this minimum., One early stage of the video amplifier should feed
into a stage of class C amplification for the elimination of the "noise";
the negative bias on the kinescope (brightness control) has this function
but it is desirable to have the brightness control setting independent
of the "noise" level., A "squarer" amplifier may be introduced near the
kinescope to provide pulses of constant amplitude to the kinescope; this
ngquaring" dction removes the requirement of keeping the response-
frequency curve flat and improves the horizontal resolution. Tt is more
important to avoid phase distortion than amplitude distortion in the

video amplifiier design.

20-6, Video Frequency Band Pass: In an ideal amplifier, pulses from i
the camera aTe Transmitted to the kinescope without change in wave forme
For wave forms that are nearly square, such as those encountered in the
present consideration, practical operating characteristics must naturally
fall far short of the ideal conditions. The high frequency cub=off must
not be at too high a frequency 1f a suitable signal-to-"noise! ratio is
to be achieved and if design gifficulties are to be held to a minimum.
However, the high frequency limitations of the amplifier limit the hori-
zontal resclution on the scope; i.e., the greater the number of harmonics
of the squére waves that are passed the greater the horizontal resolution.
Tn commercial television transmitters, the high frequency response of the
video amplifiers have been designed (whenever possible) to provide a hori-
zontal resolution that is approximately equal to the vertical resolution.
The frequency band pass, being a function of the frame frequency, cannot
be determined until a desirable frame frequency has been chosen. However, i
it is of interest to consider ihe frequency band passes required for frame i
frequencies in the range from 10 to 30 per second. The following formula :
has been found satisfactory for computing the frequency characteristics ‘
for picture transmission: (See Zworykin and wilson, p. 191) L

fc- :A{E Nz nw

Vhere N is the number of scamming lines, n is the frame frequency, w/h
is the aspect ratio, and f¢ is the maximum frequency for which the

response-frequency curve must be flat with the response-frequency curve
gradually decreasing to zero at 2f,, This curve provides approximately
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equal horizontal and vertical resolutions in ordinary commercial opera-
tion. For the old standards of the Radio Manufacturers Association of
L1 scanningz lines at 30 frames per second, f, is 2.75 me and 2f, is
£.50 mc, However, it has been found possible to reduce the cut-off
frequency from 2f to L1025 mc without very serious reduction in the
horizontal resolution. The elimination of the noise and the "squaring"
action mentioned above improve the horizontal resolution to such an
extent that cut-off at 1.5f¢ should provide approximately equal hori-
zontal and vertical resolutions. However, there is no objection to
having the horizontal resolution appreciably greater than the vertical
resolution; accordingly, cut-off at 2f, should prove desirable. The
data for the table below were prepared from calculations with the above
foymula forr 550 scanning lines and an aspect ratio of 1:1, which is
desirable flor a circular plot,

Frame Ifrequency Lo 2f 1e5%,
(frames per seCs ) (me) !mcs (mns
30 3.2 6.4 118
25 2.6 5e2 3.9
20 2ok L.2 3.1
15 1.6 3.2 2+
10 1.1 22 p S

In the present consideration the low frequency response below that nec-
essary to reproduce a continuous horizontal line one-half the diameter

of the plot is not only not necessary but leads to objectionable sensi-
tivity to shock and blast. In the analysis of this pulse, the Fourier
integral shows that all frequencies from zero to infinity must be passed
by the transmission system to provide a square wave output for the square
wave inpui. However, it is anticipated from the analysic that frequencies
below one-half the line frequency may be highly attenuated without too
serious difficulties with the amplitude or the phase response in view of
the operation of the nsquarer" amplifier on the output pulse. The low
frequency end of the response-frequency curve should be nearly flat at
line fregquency and then gradually decrease to cut—off at a frequency
that is above the range of powerful harmonics of mechanical vibrations.
The most satisfactory 1ow=frequency cut-off can be best determined by
experiment.

20-7. Synchronizing, Blanking and Scanning Pulses: Ib is sug-
gested that The syncﬁ?onzzlng, EIEE&EHE, and scanning pﬁlses be gene-
rated at the master monitor and transmitted over wires (separate from
the video signal wires) to the camera and the remote monitors, where
amplification and phasing as necessary may be accomplished. This pro-
vides forr improved synchronizing, blanking, and scaming and is less
1ikely to be sensitive to voltage and frequency changes on the a-c
1ine., All sensitive and bulky parts of the apparatus should, if
possible, be removed from the remote monitors, The master monitor,
camera, and power supply can be placed deep in the "bowels" of the
ship somz distance from the guns and where space is available for
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bulky apparatus, but the remote monitors must be designed to operate
near big guns and fit into limited spaces, such as are encountered

in directors,

20..8, Parallel Operation of Remote Monitors: The remote monitors
should be arranged to operate in parallel for more convenient shipboard
installation and to avoid the possibility of rendering all the remotes
inoperative in case part of one cable is damaged in battle. The princi-
pal difliculty encountered in parallel operation is that each line must
be terminated in its characteristic impedance to prevent standing waves
in the line, One method, although cumbersome, for achieving parallel
operation is to provide that the last stage of video amplification in
the master monitor feed into a parallel set of tubes, one leading to
each remote monitor.

20-9, Camera: The possibility of using the Orthicon instead of
the Tconoscope in the camera should be considered. The features of
greater signal-to-noise ratio and the elimination of shading are very
important in the present considerations. Possibly the Iconoscope can
be arranged to operate without shading if the plotting teble is black,
and white lines are used.

2010, Aspect Ratio: The aspect ratio should be 1:1 for the
reproduction of a circular plot.

20~11. Line Fluctuations: As line voltage variations as great -
as 107 may be expected under battle conditions, voltage regulation
of some¢ type may be necessary. The circuits should be designed to
provide normal operation with a frequency change of 10% on the a=c
line.

20-12. Screen Color: A screen providing red fluorescence is
advisable in case the operator must have his night vision unimpaired.
Such screen materials have been developed. (See Zworykin and Wilsen,
p.56) The use of a white screen equipped with suitable red filters
for nizht operations may prove as satisfactory as red fluorescent
screens and should be considered.

20-13, Shock and Blast: The video stages of amplification must
be carefully Gonstructed to provide ample insensitivity vo shock and
blast. The elimination of the low frequency response in the amplifier
is beneficial in this respect. Significant development has been made
in developing video amplifiers for shipboard radar gear and many of
these findings should prove equally applicable in the present con-
gideretions.

¢0-1l. The major problems of plot room television, as pointed out
previcusly, are not radically different from problems of this type that
have zlready been solved. Accordingly, the development of plot room
television on a practical basis should be possible.
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Fig. la. Scope.

Fig. lb.
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Interference from XAF kadar.
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Fig. 2a. Resolution chart. The numbers represent
resolutions of; 2 == 200 lines; 3 =~ 267

lines; 4 -- 400 lines for a vertical field
of view of one meter,
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Fig. 2b, Array of lines of widths
1/32 in., 1/16 in., and 1/8 in,
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Fig. 2c. Thumb tacks and wire crosses with heads
painted black for convenient plotting.
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piffusely reflected light, 116 ft.-

Fig. 3a. Scope.
n of screen,

candles jlluminatio

Fig. 3b. Scope. Diffusely reflected light, 83 ft.-
candles illumination of screen. . '
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Pig, 3¢c. Scope. Diffusely reflected light, 42 ft.-
candles illumination of screen.

Fig. 2d. Scope, Diffusely reflected light, 20 ft.-
candles illumination of the screen.
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Fig. 3e. Scope, Diffusely reflscted light, 13 ft.-
candles illumination of the screen.

Fiz. 3f., Scope. Diffusely reflected light, 6 ft.-
candles illumination of screen.
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Fig{! h.

Fig. 4b.

Scope. Transmitted light,
of light behind the screen.

Scope. Transmitted light.
of light behind the screen.

DECL -Qaﬂ Ste

1060 ft.-candles

340 ft.,-candles
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Fig- 5a., Dial

Fig. 5bl SQOPG'
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Fig. 6.

Scope. White markings on & bleck screen,
75 ft.-candles illumination of screen.

AGC removed.
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