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BRIGHT DISPLAY EQUIPMENT FOR SURVEILLANCE RADARS 

SUMMARY 

Techmques and equpment used to 
provide a bright dIsplayof radar mformatlon 
are described XI this report, together with a 
techmcal evaluation of the results obtamed 
from expermental equpment Performance 
requrements for the display equpment are 
dlscussed, with conslderatlon bemg given to 
the OperatIonal requrements It 1s shown 
that the resultant d 1 splay 1s suffmently 
br1111ant for satisfactory operatIona use In 
a room with a high amblent light level and 
that the storage tube techmques applxd offer 
advantages over the conventional dark room 
plan pasltmn mdlcator (PPI, in the detectmn 
of weak signals, 111 ease of operational use, 
and in flexlblllty An analysts 1s made of the 
characterlstlcs and llmltatmns of the equip- 
ment The scope of the comparison data 1s 
lmnlted to the extent that accuracy and long 
term stablllty characterlstlcs were not 
quantltlvely measured 

INTRODUCTION 

The early and currently avaIlable 
types of surveillance radar PPI have used a 
cathode ray tube w,th a screen coatmg 
which, when sxclted by a high velaclty 
electron beam, produces vlslble light In 
radar PPI appllcatlons thxs electron beam 1s 
mtenslty-modulated by the video signals and 
1s deflected radmlly by the magnetic field 
produced by a saw-tooth current ln the 
deflectlon yoke MechanIcal rotatmn of the 
yoke,whlch 1s in synchromsm with the radar 
antenna, results in a display of signals 
throughout a 360’ sector to a distance deter- 
mmed by the radar and the mdlcator swepp 
deflectmn permd. The most commonly used 
screen coatmg prowdes a long persistence 
or afterglow, enablmg the viewer to observe 
target posItIons for several seconds aft-r rhe 
radar antenna (and mdlcator sweep) have 
passed by In the case of the P-7 screen 
material, the uutml fluorescence 1s blue. and 
the phosphorescent afterglow 1s yellou The 
phosphors used to prowde long perslstence 
do not provide high levels of light output, 
hence the displays must be viewed in a dark 
room 

The functmnal requrements of .XI r 
traffic control personnel are such that 
frequent and xstantaneous reference to the 
radar displays 1s necessary for maxunurn 
ut,l~zat~on of radar mformatlon The 

requirement that other types of lndxiltori 
and instruments be readily vlslblr to 
controllers III order that they may exercise 
effective traffic control further accentuates 
the need for a bright radar display Person- 
nel in axport traffic control towers, where 
the avallablllty of radar x,formatlon 1s most 
unportant, have an addItIona problem of eye 
adaptablllty from a darkened radar lndxcator 
area to the high amblent light level existent 
in the remainder of the tower 

Many attempts have been made duru,g 
the past several years to produce a bright 
display which ~111 provldr adequate brll- 
llance for viewing III dayllght Wlthln the 
last few years the Radio Corporation of 
~~~~~~~ (RCA) has develoqed a storage tube 
known as the Graphechon This tube was 
developed for an appllcat,on where It was 
necessary to store radar lnformat~on for a 
predetermined length of txne The tube has 
excellent characterlstlcs for the storage of 
radar lnformatlon and, in addlt,on, 1s 
sultable for scan conversion use A contract 
was placed with RCA to further develop the 
tube and associated clrcultry to the extent 
that an evaluation of the results could be 
made to determine whether the tube and 
techniques applied would produce a display 
with enough brllllance for daylight v~ewxng 
The results of this work were favorable and 
showed that the display was usable in a well- 
llghted room The resalutxon, howe\er, was 
very Inadequate, provldlng about 220 lines, 
and further work was necessary to Isolate 
the causes and xnprove the performance 

This report describes the performance 
obtalned with the development model of the 
storage tube equpment after a number of 
modlflcatlons and unprovements were made 
Dual channel prototypp equipment 1s being 
procured under contract for evaluatlan of Its 
long-term stablllty, rellablllty. accuracy, 
and operatIona sutabllltp 

THEORY 

The technique of obtaunng a display of 
sufflclent brightness for effective viewing in 
dayllght 1s that of converting radar signals 

1 
L M Seeburger. “Operating 

Characterxstlcs of the Graphechon,” RCA 
Report No EM-4050, Camden, N J , 
Februarv 16, 1950 
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Fig 1 Graphechon Storage Tube 

to telewsm” slgnalswhlch are thendlsplayed 
on a cathode ray tube having a mrdlum 
persistence screen phosphor. In the con- 
ventlonal PPI us,ng a P-7 screen, the image 
1s retamed between successive scans of the 
radar antenna by the relatively long decay 
characterlstx of the phosphor The bright 
display equpment differs from this I” that 
the retentm” of the ~ma ge 1s prowded 
electronically by v ,r tue of the storage 
characteristxs of the Graphecho” tube 
Smce the storage 1s obtamed 1” this manner, 
short or medlurr, persistence cathode ray 
tubes of the type used for televlsmn may be 
used. with the attendant advantage of theu 
high efflclency I” producmg vlslble light 
This televlsmn kinescope 1s scanned at a 
televlslon rate to provide maxur,urr, bright- 
“ess and resolutm” consistent with the 
requrements of a radar display. 

The Graphechon storage tube 1s 
provided with two electron guns smular to 
those used I” standard cathode ray tubes 
The electron guns are aligned axially at 
opposite ends of the envelope, and a target 
electrode 1s suspendedapproxlmately mldway 
between the guns as show” I” Fig 1 The 
electron beams are focused electrostatxally 
and deflected electromagnetically, and, with 
the exceptmnof the common target, operatmn 
IS equvalent to that of two separate tubes 

A functmnal block diagram of the 
bright display equipment 1s show” 1” Fvg 2 
Ir will be see” that one electron gun 1s used 
to “write” the radar display on the target 
electrode of the storage tube Both the 
clrcultry Involved and the functions are 
essentially ldentxcal to those employed I” 
co”ventlo”al PPI The prm,e difference 
between a normal PPIand the wrltmg sectm” 

of the Graphechon storage tube 1s that with 
the Graphechon, the signal IS wrltten on the 
target electrode. whereas,wth a P-7 cathode 
ray tube. the slgnal IS wrItten on a chemical 
phosphor screen coating 

The target electrode consists of a 
500~mesh copper screen upon the reading 
side of which 1s deposIted first, a 01 
micron aluminum film, and second, a 0 6 
micro” magnesium fluoride film A graphite 
coatmg on the mslde of the tube envelope 
serves both as the second anode of the two 
gunsand the collector of secondary electrons 
emltted by the target film 

In operatm” the film side of the target 
1s scanned by a l,OOO-volt electron beam 
from the reading gun at a commercial 
televlsmn rate of 525 lines per frame, 
30 frames per second, odd lme mterlaced 
Smce magnesium fluoride 1s a” msulator, 
the “et currentmto the surface must be zero. 
Through secondary em1ss10” phenomena, 
however, more electrons leave the surface 
than arr,ve I” the reading beam Because of 
the proxlmlty of the grounded graphlte 
collector. the secondary electrons travel to 
It until a” equlllbrlum IS produced, at which 
tune the front surface of the film 1s 
practically at ground potent14 As a result 
of the low potential gradlent, only the faster 
secondary electrons then reach the collector 
wh& the rest fall back on the target If 1” 
some manner a sectlo” of the film surface 
were made more negative than the collector, 
more secondary electrons would leave If 
this negative potential were not externally 
malntalned, the surface would be charged 
back to collector potent14 by the actlo” of 
the reading beam The rate of potential 
decay depends on the mltlal charge on the 
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Fig 2 Functional Block Diagram of Bright Display Equpment 

fAn and on the magmtude of the readmg 
beam and therefore varxs with readmg gun 
grid voltage 

For target potentials greater than -10 
volts almost all the secondary electrons are 
collected, and further mcrease m current 
can be obtamed only by mcreasmg the 
readmg beam In the exlstlng equpment the 
alummum fllm 1s mamtamed at about -50 
volts by an external supply. Because the 
front surface 1s practically at ground 
potentxal, this voltage appears across the 
magnesium fluoride film (correspondmg to a 
gradlent of one mllllon volts per centnnete4, 
but this potential gradlent 1s msufflclent to 
cause breakdown If the wrltlng or high 
voltage be am has s,,ttxlent velocity to 
penetrate both fllms,the magnesium fluoride 
becomes instantly conducting at the point of 
unpact This drives the front film from a 
slvghtly posltlve potent14 to -50 volts When 
the wrltmg beam (which 1s deflected with a 
radx.1 PPI scan)moves on, the IAx patentlal 
remans unchanged until the readmg beam 
strikes It and charges It part way back 

toward Its orlgmal condltlon The rate of 
charge 1s constant, but no charging takes 
place after the readmg beam has passed this 
particular pomt The new potential. there- 
fore, remams unchanged until the readmg 

beam returns l/30 of a second later This 
process continues until the film has been 
charged completely,as before The charging 
current (secondary electrons mmus readmg 
beam ) flows through the lo ad resistance 
connected I,, series with the target and thus 
develops the useful output signal across the 
load resistance The amplitude of this signal 
1s constant durmg each scan of the readmg 
beam until the film potentlal 1s less than -10 
volts Thus, halftone reproduction 1s not 
feasxble, smce high sIgnal-to-noise r at 1 o 
precludes the use of the 0 to -10 volt region 
where halftones theoretlcally could be 
dlfferentlated The storage tune of the 
Graphechon 1s directly proportional to the 
film dxlectrlc constant, the dlelectrx 
strength, and the area of the target. and the 
storage tmxe IS mversely proportIona to the 
readmg beam current 

The unpact of the wrltlng beam 
produces a signal of opposite polarity to 
that of the readmg beam and one which may 
be one thousand tmxs as large If this out- 
put voltage were fed directly to a video 
ampllfler, the pulse would overload the 
ampllfler and block all signals through It for 
some trne after the wrltmg pulse has passed 
Smce It 1s desired to write and read sxnul- 
taneously. the two signals are separated by a 



f r e q ue n t y selective amplifier A 30- 
megacycle (MC) voltage ,s fed to the grid of 
the readmg gun which operates as Class C 
The target load consists of a tank clrcult 
tuned to 30 Mc. The wrltmg pulse then has 
no effect on the output s,gnal but applies a 
charge pattern to the target as before The 
30-MC pulses of readmg beam current cause 
secondary ernlss1on from the target, as be- 
fore, and the 30-MC component 1s amplified 
and detected to recover the video signal 
Thus, w,th the readmg beam deflected with a 
rectangular televlslon scan at a telewslon 
rate. a complete televlslon pxture signal IS 
available for transm,ss,on to the display 
monltor, and conversmn of the radlal radar 
scan to a rectangular televlsmn scan 1s 
accomplished 

Synchronous deflectmn of the electron 
beams of the reading gun and the display 
momtor are assured by the derlvatlon of 
synchromzmg pulses from a commercial 
televlslon synchronlzmg signal generator and 
a multxhannel dlstrlbutlon ampllfler umt, as 
mdlcated ,n F,g. 2 Blankmg signals also 
are provided by the synchronlzmg generator 
for the purpose of blankmg the return traces 
of the display tube. These same blankmg 
pulses are used to key off the 30-MC 
oscillator slgnal durmg retrace permds of 
the readmg gun Since the operation of the 
reading gun 1s Class C, no readmg beam 
current flows durmg retrace permds m the 
absence of the 30-MC signal In practice, the 
blanking srgnals for the display tube are 
mlxed with the readmg video slgnal obtained 
from the radio-frequency ampllfler and 
detector m a control and mixer arnpllfler 
umt, and then they are further ampllfled in a 
lme ampllfwr umt. where the composite 
slgnal 1s ampllfled sufflclently to compensate 
for transmission losses I* a long caaxlal 
cable to the display umt. Equalizatmn for 
high frequency losses in the transmission 
lme 1s accompllshed ln the lme ampllker. 
Vertical and horizontal synchronlzlng pulses 
are transmztted over separate coaxial cables 
to the display umt A bandwldth of 6 MC 1s 
mamtamed throughout the readmg sectmn. 
vzdeo clrcults, and the display umt video 
amplifiers to permit full utlllzatlon of the 
available resolution of the Graphechon. 

TEST EQUIPMENT 

The apparatus used m determmmg the 
performance characterlstxs of the bright 
display equipment consists of a composite 
group of cammerczally available umts, some 
of whxh were modlfled to provide certam 
special characterlstxs In Fig. 3 are shown 
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the televlslon synchronlzlng generator. 
dlstrlbutlon amplifxrs, and the Graphechon 
scan conwrslon unit The display momtor 
1s shown I” F,g. 4. The experxnental equip- 
ment does not provide controls on the display 
unit for radar range selectlon and other 
functions normally provided on PPI Such 
remote controls can be pravlded I” a 
conventmnal manner, however 

Signals from two sources were used to 
write lnformatlon on the target of the 
Graphechon The first of these were video 
signals from an L-band surveillance radar 
whose important characterlstlcs. msofar as 
the display equipment 1s concerned, are a 
one-microsecond pulse, a pulse repetltlon 
rate of 1,400, and a maxl~~lum antenna scan 
rate of 20 revolutions per mmute (*pm) 
Both normal and movmg target mdlcator 
(MTI) video were supplle d to the SC=” 
conversion umt 

The second slgnal source used for 
speclflc tests was the radar slgnal smnulator 
shown ,n Fig 5 This simulator provides 
one or two snnulated aircraft signals with 
simulated range. azimuth, and slgnal strength 
controlled separately. The simulator also 
provides a variable amplitude noise source 
to sznulate noise from a radar receiver All 
tests described I” this report, except the 
resolution test, were made using the above 
slgnal sources. 

PERFORMANCE 
MEASUREMENTS AND PROCEDURES 

The measurements which were made 
on the development model of the brxght 
display equlpme nt are dlvlded Into fxve 
groups These are 

1. Display brightness 
2 Display contrast. 
3 Signal-to-noise ratm. 
4 Storage txne and resolution. 
5 Ablllty to display weak signals 

It should be recogmzed that the performance 
obtained I” Items 2 through 5 can be made to 
vary appreciably by varymg the parameters 
whxh affect the operation of the Graphechon 
tube For this reason a speclflc set of 
operatmg candltlons and voltages was 
selected and mamtamed The selectlo” of 
the operatmg parameters was made on the 
basis of the present application of the 
equipment 

The choice of operatmg parameters 
for the Graphechon wa s based on known 
lxnitatlons of the bright display equipment 
and full conslderatmn of the varmus ax 
traffic control operatIona requirements A 
complete d 1 s c us s 10 n of the operatIona 
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Fig 3 Bright Display Equipment 
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Fig 4 Bright Display Monitor 

requirements 2 1s beyond the scope of this 
report, however, an analysis of the perform- 
ance data clearly shows that the operatmnal 
reqmrements can be metwlth this equipment 

1 Display Brightness 
To determme the maximum usable 

display brightness, the display momtor was 
placed ln a dark room so that neither the 
amblent light level nor reflectlons from the 
face of the kinescope would affect the 
readmgs obtamed on an Illummometer. The 
monitor was adjusted 1” the conventional 
manner for visual extznctlon of an 
undeflected focused spot. A signal from a 
monoscope umt. whrch provided a standard 
Indlan head test and resolution pattern, was 
applied to the video input termmals of the 
monitor. and the amplitude of this signal was 
mcreased to the pomt where there was a 
noticeable deterioration of the picture detail 
The signal then was reduced ln amplitude to 
the pomt at which the fmest detail zn the 
resolution pattern could be clearly resolved 
The monoscope tube beam current was cut 
off, leavmg on the face of the kmescope an 
all-white raster which was measured with an 
~llummometer. Measurements were made 
at varmus pomts over the face to take Into 
account any effects of shadmg The results 

2 R ad I o Techmcal Commission f o r 
Aeronautlcs.Reoort of S~eclal Committee 31. 
Paper 27-48/Dd-12, Ma; 12. 1948 Fig 5 Radar SIgnal Sxnulator 
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TABLE 1 

Posltlo” Brightness I” 
Number Foot-Lamberts 

1 
2 
3 
4 

6” 
7 
8 
9 

10 
11 
I2 

Average 

46 
44 
42 
53 
52 
42 
42 
49 
45 
42 
42 
42 
45 

First anode voltage = 270 volts 
Second anode voltage = 13 kllovolts 
Filament voltage = 6 3 volts 

of this measurement are given m Table I 
The average brightness was 45 foot-lamberts 

2 Display Contrast, 
The measurement of contrast m a 

televlslon display IS an exceedmgly dlfflcult 
one, masmuch as It 1s not speclflcallydeflned 
and can be Interpreted m many ways For 
the purpose of this report, contrast ~111 be 
defined as that change I” light output brought 
about by a give” change ln slgnal voltage 
applied to the grid of the kinescope The 
effects of amblent hght level and reflected 
light from other sources ~111 not be take” 
into account because of the many varx,bles 
and attendant dlfflcultles of consldermg all 
of the possible condltlons. Thus, contrast 
~111 be directly related to the transfer 
characterlshc of the kinescope and the ratlo 
of the video signal voltages applied The 
transfer characterlstlc of the lOFP4 
kmescope tube 1s show” I” Fig 6 It will be 
noted that the middle and upper regmns of 
the curve are not lmear and do not exactly 
follow publlshed transfer curves The 
devlatlon results from series resistance and 
from poor regulation effects mtroduced by 
necessary clrcult elements This curve, 
therefore, shows the transfer characterlstlc 
obtamed I* practical equipment 

The llnearlty of the video ampllflers 
followmg the redlo-frequency ampllf,er and 
detector was measured m the conventIona 
manner Signal voltages of known amplitudes 
were applied to the Input of the control 
mixer-ampllfler m place of those obtamed 
f r o m the radio-frequency ampllfwr and 
detector The slgnal voltages appearing at 
the grid of the kinescope were measured and 
plotted against Input signal voltage, as shown 

Fig 6 Transfer Gharacterlstx 
of a lOFP4 Kinescope 

I” Fig 7 Since the lmearity of the mter- 
mediate ampllflers 1s extremely good, the 
dlsplayed contrast may be determIned from 
Fig 6 when both the max~“~m and one other 
signal voltage amplitude are known 
Therefore, excluding the effects of amblent 
light, the display contrast ~111 be determmed 
by the maxznum and mmlmum s lg “al 
voltage 5 appearmg at the output of the 
detector I” the radm-frequency ampllfxer 
unit 

3 SIgnal-to-Noise Ratlo. 
The 30-M= readmg slgnal appearmg at 

the target connectlo” of the Graphechon tube 
1s very low ln amplitude and contams noise 
c*mp**e*ts Since the maximum output 
under normal operatmg condltlons does not 
exceed approxxnately 50 rmcrovolts (pv). a 
hxgh gal” radio-frequency ampllfler 1s 
requxed to provide approximately one-volt 
output from the detector Every effort was 
made to mlnlmlze the generatmn of “else 1” 
this redlo-frequency ampllfwr Smce the 
storage time for a given wrltmg sIgna 
amplitude 1s determmed by the reading beam 
current, the readmg slgnal voltage appearing 
at the target load resistance IS directly 
proportIona to that current In practice, 
then, the gam of the radlo-frequency 



ampllfler 1s varxd to deliver a one-volt 
peak wgnalat the detector outpdt to rnau~ta~n 
a constant peak sqnal brightness at the 
display tube for all usable storage tm,es 
Hence. It can be seen that the sIgnal-to-nom 
ratm for a given maxnnum display brqht- 
ness 1~ determmed by the storage tnne and 
that the maxnnum display contrast 1s largely 
determmed by the slgnal-to-nmse ratm The 
contrast for “ar1ous sqnal-to-nom ratms 
1s shown III Fig 8 Fig 9 shows the relative 
SIgnal-to-noise rat10 versus storage tmne 
obtainable under typ~aloperatmg condltlons 
In Fig 9, a sqnal-to-nmse ratlo of 1 1 IS 
defmed as the peak signal level equal to two 
tnnes the average noise level MFA*SU*e- 
ments of sug,al-to-nozse ratm mere made 
with a Tektromx Model 513D oscilloscope 
havmg a Y-arks bandwldth of 20 Mc and a 
5XP2 cathode ray tube with 12-kIlovolt (kv) 
anode potentml 

4 Storage Tune and Resolutmn. 
The storage tune avaIlable with the 

Graphechon tube 1s dependent upon a large 
number of factors. mcludmg taljget voltage 
and other operatmg condltmns optmum 
operatmg condltmns of the Craphechon for 
surveillance radar appllcatmns have been 
established, and storage tune results III this 
report are based on those parameters 

storage tnne 15 prmar1ly a 11near 

Fig 8 Display Contrast Versus 
Signal-to-Nom Ratm 

Seeburger. op cit. This gives a more 
complete dlscusslonome factors affectmg 
storage tnne 
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function of target voltage The maxunum 
storage time is lmnlted by the dlelectrlc 
strength of the target msulatmg layer and 1s 
determmed prunarlly by the writing signal 
amplitude and the wrltmg gun acceleration 
potentwJ. Storage tune herem refers to the 
tmx requred to discharge the target com- 
pletely at a standard Radm Manufacturers’ 
Assoclatmn televlslon scan rate and has been 
measured by establishmg the time interval 
between the end of a wrltmg permd and the 
txne that the signal becomes mdlstmgulshable 
from nolse,as observed on a Tektronix 513D 
or smular oscilloscope 

The maxunum usable wrltmg signal 
amplitude 1s in turn determmed by the 
requred display resolutmn Surveillance 
radars used for traffw control purposes are 
capable of relatively high degrees of 
resolutmn For the sake of slmphclty. the 
range resolutmn 1s approximately equal to 
the radar pulse width, and the azimuth 
resolutmn 1s determmed by the beam width 
of the radar antenna m the horizontal plane. 
The resolutmn requirements for a given 
radar and radial sweep range can readily be 
computed. Surveillance radars such as the 
Type ASR-2 require Indicators capable of 
high resolutmn. If maximum use 1s to be 
made of the radar InformatIon. Air traffic 
control appllcatlons require that the 
resolution of a bright display indicator be at 
least equal to th”J of a convent1ona1 PPI, 
usmg a P-7 tube. Exammatmn of Fig. 10 
shows that the writing signal must be limited 
to approximately 20 volts to obtain a 
resolutmn of at least 400 lmes The ease 
wrth which these lmes may be resolved 1s 
somewhat dependent upon signal-to-noise 
zatm m the display and therefore also 
dependent upon contrast, as IS the case with 
the conventional PPI 

The resolution capabllltles of the 
Graphechon equipment were determmed by 
electronically wrltmg a number of concentrIc 
circles on the target m place of radar range 
marks and wdeo signals. These 5lgldS 
were derived from a Tektronix Type 105 
square wave generator which was synchro- 
nlzed by the radar trigger The kmescope 
was adJusted for maxxnum brllllance, as 
described under “Display Brightness.” and 
the number of concentrIc 11nes was mcreased 
by mcreasmg the frequency of the square 
wave generator until the mdlvldue.1 lmes 
were no longer easily and quckly resolved 

4 LOUIS N. Rldenour, “Radar System 
Engmeermg,” M. I T Radlatmn Laboratory 
Series, Vol I, p 548. 1947 

Fig 10 Graphechon Resolutmn Versus 
Writmg Signal Amplitude 

with an amblent lllumu-,at,on of 150 foot- 
candles The number of equally spaced 
alternate black and white lmes are deter- 
mined by visual count or by the equatmn 

RL = 2(Ts2F) 

where 

RL 
= number of lmes resolutmn, 

Ts 
= radial radar sweep tnne m seconds, 

F = frequency of square wave generator, 
cycles per second (cps) 

The factor of 2 1s applied to double the radius 
and determmes the resolution in lmes for the 
display diameter. 

The measurements made on the 
developmental model show that, with the 
Graphechon and display mamtor adjusted as 
described above. more than 400 lines of 
equal wtdth and spacmg are easily resolved 
under amblent ~llummatuxx of apprwumately 
150 foot-candles 

The400-lme resolutmn provided by the 
Graphechonequlpment exceeds thatattamable 
from a P-7 tube. TheoretIcally. a radar 
with a one-microsecond pulse will pernut 
reaolvmg two targets at the same azimuth 
posltlon when they differ in range by 500 feet 
The Craphechon equrpment ~111 provide this 
range resolution to 18 6 statute m&a, 
whereas a P-7 phosphor provides tlus 
resolutxon to only approxnnately 13.6 miles 
From an operational point of vxw this 
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F,g 11 Dlsplav Momtor Showmg Targets 
With 1 1 and 10 1 Signal-to-Noise 
Ratms 

resolutmn 1s very good, masmuch as It per- 
mlts resolvmg targets 1,000 feet apart In 
distance to more than 37 mules Air traffic 
control procedures require a mimmum radar 
separatmn of three m&s for arcraft on 
approach or at the same altitude, hence, It 
can be seen that the range resolution 1s more 
than adequate. 

5 Ablllty to Display Weak Signals. 
It has been stated prevmusly that the 

Graphechon IS not capable of wrltlng half- 
tones This does not mean that the 
Graphechon 1s not satisfactory for the 
simultaneous display of both weak and strong 
aircraft signals It ~111 be shown that weak 
szgnals havmg an amplitude equal to or 
slightly lower than the peak noise level from 
the radar receiver can be displayed with a 
brlllmnce nearly equal to that of a radar 
slgnal havmg a 10 1 or better slgnal-to- 
noise ratio The radar signal sxmulator was 
used for this test The characteristics of 
the Graphechon are such that a low amplitude 
signal voltage occurrmg at a regular rate, 
as does a radar signal, develops a high level 
charge through mtegratmn at the target. On 
the other hand, noise occurring at random 
rates does not integrate If sufflclent 

ampllflcatmn 1s provided for low amplitude 
video signals to obtamapproxmmtely 20 Volts 
of writing sIgna and If higher amplitude 
signals are lxmted to a ZO-volt level, then 

Fig 12 Charge Dlstrlbutmn on Target 
01 GraDhechon 

all signals ~111 produce approximately the 
same storage and display brightness In this 
mode of operatmn the wrltmg grid 1s bmsed 
to a point Just below the noise peak writmg 
level Fig 11 1s a reproductmn of a photo- 
graph of the display of signals havmg 1 1 and 
10 1 slgnal-to-noise ratlo* This method of 
operation appears to Increase the useful 
range of a radar by approxxmately 3 to b 
decibels (db). depending on the antenna scan 
speed In reality it has ellmlnated the loss 
characterlstlc of a PPI using a P-7 tube, in 
that a large amount of time IS not required to 
build up the light output from phosphors 

EQUIPMENT LIMITATIONS 

The kinescope display illustrated in 
Fig 12 shows that the background, which 1s 
actually an electronic reproductmn of the 
target, is not e v e nl v lllumx.ated This 
shading efiect 1s caused by the varmtlon in 
the charge dlstrlbutlon over the target and, 
with the tube design I” its present state of 
development. cannot be ellmmated SOItX 
speculation has been made concernmg the 
manner InwhIch the charge may be equalized 
One method proposes the placement of a 
barrier grid in front of the target, whxh 
method (to the authors’ knowledge) has not 
been tried to date In fact, there 1s little 
agreement among users of the tube concernmg 
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,,“&kf&,t,n of the addltlona.1 development 
e shadmg has a mlno= effect on 

storage tune, mcreasmg It near the center 
of the tube From a practxca1 pant of “WW, 
the lighter area near the center 1s masked by 
a small amount of amble nt light and 1s 
therefore not considered oblectlonable 

CONCLUSIONS 

The bright display equpment in Its 
basic form, as described in this report, 1s 
large and complex I=, comparlsan with the 
currently used PPI using a P-7 tube. 
Experience has shown that the design 
requirements are very rlgld This 1s easily 
understood when It 1s recognwsd that there 
are three deflectmn clrcults for the storage 
tube Instead of one, as I=, the normal PPI, 
and very high orders of deflectlon llnearlty 
are requred to provide root mean square 
target posltmnal errors not exceedmg those 
of a well-deslgned PPI Regulated power 
supplies and thorough shleldmg of the storage 
tube are also requsltes DeflectIon 
lr,ea=,ty in the display monitor need not be 
of such a high order, since no e==o=s are 
Introduced at that pomt unless an overlay 
map IS used 

The eaperlmental equipment has 
shown that a signal o= hIghlIght brightness 
of 50 foot-lamberts 1s readily obtamable 
while provldlng the maximum requred 
display resolutlan fo = surveillance radar 
applications This display brightness 1s 
a d e qua t e for cantmuous o= lntermlttent 
vwwmg over long periods of tune I,, amblent 
light levels up to 150 foot-candles wlthout 
requrlng close scrutmy o= unduly concen- 
tratedeffort on the part of a traffx controller 

A study of amblent light I=, a traffic control 
tower on a clear, bright, sunny day discloses 
that amblent lllwmnatmn from approxznate- 
ly 25 to 350 foot-candles IS encountered m 
“al-1ous areas In all probablllty, an area ,n 
the tower having an amblent lllummatmn not 
evceedmg approxunately 150 foot-candles 
over a 24-hour perlod can be provided 

Storage txne 1s believed to be more 
than ad e qua te with good signal-to-noise 
ratms over the useful range and exceeds that 
of currently used PPI A range of from 2 to 
30 seconds 1s provided. Numerous other 
operatIona ad v a nta g e s are obtamed as 
follows 

1 Weak signals are easily detected, =e- 
sultmg I,, a worth-while increase in effective 
radar range. Signals that are undetectable 
on a P-7 PPI are clearly and brightly 
dIsplayed. 

2 No radar controls need be provided at 
the display unit, the = e b y elumnatlng the 
posslblllty of operatmg personnel deterlo- 
=atr,g radar and display performance by 
u-advertent malad]ustment 

3. Dlsplaybrlghtness mayconvenw~tly be 
varied to meet operatIona requirements 
wIthout affectmg accuracy o= sensltlvlty 

4 Flexlbxllty 1s prowded. thereby per- 
mlrtmg the addltlon of a large number of 
small, low cost repeater dxplays. An 
accurate and sample televlsmnvldeo mappmg 
system may be added at any time 

5 All modes of operatlon obtamable with 
the normal PPI are avaIlable with the bright 
display equpment. 

6 AIrcraft vectoring operatmns can be 
accompllshedwth greater ease and accuracy. 
partxularly at low antenna scan speeds. by 
mrtue of the long storage 


