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Extenslve laboratory fests have been carried out to determine
the effect of the different radsr-system nsrancters on the mninimum
pulge pover Jelectadble ia rucelver ucise. The results ire reported
in ths form of sraphs with brisd ovolaveiicons of each as well as the
theory involved. The tesiz vove corrlad out using an A-scope and a
PPI as i~fectio., _ obremarie, '

The paramsters which wnie investligsted using the i-scope tyre of
indicator are as faliowss Iul:c repetiticn fregueney, signal presenta-
tlon time, I«f and video boudwidth, swesp speed, extrsa nolse sweeps,
integration effect of P1 ané 7 screens, focus, trace intensity,
recelver gein.

The nsramaters invesiigated on the PPI are as follows: Pulse repati-~
tion freguercy, I-f bandwidil;, revdom possible azimuths, per cent of
slged overiar on successive sesns, scannling speead, and dependence on
signal angulsar arc.

In every case, the slipgnal *hreshcld power 1s glven in terms of the
Teceiver nolse power, and consequently the power In watis rsquired for
sigrsl detectlon for any zot of condifions veported enn easily be calevlszted
for esay receiver of knovn nolse figure.

The values cf signal thraahold 590 glvan, rerresent the sipgnal pover
required for em o: server %o rame lhe corrcet yosition out of six, 90 per
cent of the time {[the sigmal huving equal 7 hability of being st any one
rosition). A1l tests woare cirried oul vriler carsfully controlled conditions
so thut sdequate choeking of resulis zould be oltained,

s
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o T R i R SR T A e SRR T
Skaaay THERESHULD STULDLAS

I. INTRCDUCTION

It was the purposs of this atudy te investigate the slgnal pover
needed for detection of a redar scto. At the time this problem ras under-
taken, it was clear that many systams parsmeters Influenced the threshold
power required. At akout thal ticne Heeff of NRL and others since,both in
U.8. and abroacyhave revorted simllar siudies, horever, of less general

SCona.

IT. FACTCRS INVOLVID IN THR¥SHOLD MPASUREMENTS.

Systems Parameters.

From the beginning a list wos mede of those parameters which might
influence the signsl threshold power. While this list is admittedly in-
complete, and may alse includs some paremeters having small significance,
it 1s included here to zld in orientation in regard to the parameters which
ware investigeted and those that were not.

Systems Perameters Possibly Iafluencing Signaj Threshold Powsr

1. Pulss length usec, 10. Scope trace intensity.
2. I-f bandwidth, B c/sec 11, Scope focus.
3. Tyve of i-i circuit. 12, Ambient Iight.
(Single c¢r multiple tuned)
(Single or multiple narrowod) 13. Receiver gein dbh,
4. Video bardwidth, b Mc/sec. 14, 8Signal rreseatst on tim~, 7T esc.
5. Type of video circult - frsquency 15. ‘ftiention interv.l —- 8'znsls
and phase rasponss randen in time T 838,
6. Pulse Repetition Frequency, PRF 16, Various operctors sertter..
pulses/sec.
17. Degree of ™ on ralse.
7. Sweep rate, mm/psec.
18, Variability of signals,
?. Law of second detector and vidao
amplifiar. 19, Number of signal vositions.
9. Type of scope screen Py, Pr. 20. Signal arc on P”I, degrees.

-l



21, Scanning rate, rev/min,

22. bkxtra noise sweer: -=- sweep
recurrence frequircy SRF, sec.

23, Direction of swecp, horizomial or veriicel.

It was determined to vary one {if possible) of these parameters, and

investigate the way the signal threshold power varied.

| Perbaps the most difficult aspzct of the problem in the beginning was in
finding a suitable criterion for z threshold signal, Xany different criteria
were tried but most of these had raychological factors involved which were
not too well reproducible from obs:rver Lo observer nor for the same observer
over a reriod of time, The eliminziion of these paychological factoré was lurgely
accomrlished by the adoption of a purely statistical criterion, which has been
furtler develored ﬁy Uhlenbeck, Weng, and others.

Several dizcrete positions (discrete values of range)(l) were marked on
the fuce of the indicator tube, elther i-scope or PPI. Each one of these had
equal (randorm) probzbility of being the signal position. The observer was
instructed to give the position where the avercce deflection(z) (or intensity)

was ¢fre.test as the signal position. The correlation ubove chance between the

actual signel positions and those naued by the 6bserver was plottéd as a
function of signal power, S. Figure 1 gives exarples. The signal rower for
ﬁhicf this correlation is 90% has srbitrerily been tecken as the signal
threskold power, written 590, A sigual power having auy other rercentuge

correlution was designated by the carmsmsponding suwlscript; 508, 550,'etc;

(1) Except for the influence of memory end the difficulty of designating them,
roints in time could equally well bte usaed. T1heorstically they are the same,

{2) Actually for best results the averags rower should be taken.



C. Theoretical Approach.
For simplicity the tvo-position, single~sweep experiment is considered.
Suppose the signal 1s at position’z. Then the prohability distribution of

tke ampittude at the other position, y, is given by the curven s O in Fig. 2{?)

This is the amplitude probability distribution for noise as it comes from
a linear detector. At position z, vwhere the sgignal is, the amplitude
probability distribution will dspend on the signal power and may be glven
by any one of the curves in Fig. 2. The paraxeter A 1s &« neasure of the
signal power.

If the signal power is so low thut the cuxrve Az C aprlies closg}y also
to the signal position, z, and if the observer reports the kigher position
each sweep, for a large numbcr of sweéps, position z will be reported just
one half of the%}imes, which is just chance. The probability that the
signal position nili be lower than position y ie ~4u2l to ovne half the area

A comron to both curves (4 is cross hatched in Fig. 2 forAs 4, signal power

4 tires noise). 4
Prey =2 (1)

The probability that the signal positi.n, z, is ' igher, 1s of course:

o = -1 4.8 ;4
Pz)y = lnpz(y- z ! 2>3% ¢ %

(2)
where B is the remaining area under buiu curres. (The curves are each, of
course, normalized to a total area of unity).

One half the area under both curves not shured, 3, is then the
probability above chance thzt the signal position haszgreater amplitude than
the noise position. If this probability or corr;iatQOL above chénce is
computed and plotted as a funciion of signal no ar a thed retlcal curve

corresponding to the experimental curvas of Fig. 1 is obtained, from

(3) Figure 2 is taken from North, 2C4 Heport TIl~&00, Sheet 34.



which the thecretical signal threshold power Sgy ean bs obtained and compured
with the experimental results,

This tyre of theoretical computsiicn of siimal threskolds can be
extended to any number of positions and esny muwher of signal swesps. For
this computstion reference should be made to Uhlenteck's discussion inm the
Radiation Laboratory Technical SeriesgL) A speclal arplication of the genersl
method was used in Appendix A of this report but for ile present, it can be
stated that the curves correspending to those of Fig. 2, mt computed for
n averaged aweeps, aprroach Caussian shape in elther voltzge or pover. The
curve for noilse sweeps is centered about the average noice rover and the
one for nolse plus signal sweeps 1: center:d to the right of the other by the
average signal power. These normalized Gaussian curves have a width which is
proportional to I/y/;?‘(n = number of sweeps). For a given overlap betveen
them the signal pover will, therefore, be proportional to 1/4/ n. This overlap
determwines the correl&tion above chance in the threshold esxperiments, therefore,

the signal tkreshold power.

T T

Sgg = k//n . (3)

The sigmsl threshold power vardeg as the ragiproca) of the square root of the
pumbor of sweeps gvaraged. This law is a1 good approximation in computing
the effect of changes in pulse repetition frequency (PEF), seanning rate,
‘observation time of the s=ignal, etc. For some fscters, the integration
properties of the presenmtation system muzt also be considered.

The foregoing theory has postulated th:t the observcr can tell which
position has the highest average deflectica or intensity po matter how small

the difference between the two pecaitions. Ths actual observer cannot mnet

A

{4) Threshold Signals, Rzdiaztion laboratory Tezhnlecal Series, leGraw-Hill.
{In preparetion).



this requirement as is shown by the observatioms thst: (1) the experimental
thresholds, Sgg, are generally severzl db atove the theoretical valnes,

(2) tke slope of the experimental "btstiing curves" (Fig.l) are much stesper
thun the theoretical, ard {3} izo obsarvers of noise, onmly infrequently (above
chznce) report the same position as the highest. The "ideal®™ observer would
suffer none of these defzcts. The actual observer has several inherent
limitations:

(1) Limited ability to integrate. (to remember, to averzge and to forget)

{2) A limited anpulsr region of maxiwum attention,

(3) Limited engular resolution, (acuity)

(4) Limited "contrast® diacernibility.

(5) Limtted ability to averuge fluctuations.

In view of these limitations the average value at the signzl position
ust be hicker thup the gverupe value at e noise positions by s certalp
mininum factor before any difference is moticed, The discussion of the
intrecducticn of such a "contrast® or "aver:ging defeci® factor into the
theory is given in Appendi: A, (%ile this pert of the theory is admitledly
as yet in a preliminery ctabe, it Joes show promise of correlsting meny
effects. The introduction »f {iie proper facter displaces the tiieoreticel
threshold, Sgg, to about the right sxperimentel zbsolute value and at the
same time gives the theoretical betting curves =zlmost exactly the same slope

a8 the experimental ones.
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E.

Signal Power, S, Measured Relative to Pscslver Nolse Power, N,

It is the ratio of the signal powsr tc tha noise porer in the 1-f
amplifier which lergely determines the signal visibility. Ia nlatiing
the theoretical or the sxverirental signal threchold pover as a function of
various systems parameters the value of signzl pover, 8, 1s given relatlve
to receiver noise power in the i-f ampliiier. {Usually the bandwidth of the
i-f amplifier 1s the reciprocal of the pulse lenmgth. The noise porer for
this is written Nl)‘ Once the overall noise figure of eny receiver is
¥nown the absolute po-er in watts cen casily be celeulated for any of tha
conditions described in this report. Becides being in a highly ussdle
form, one other advantage of this roference level (noise) is its greater
accuracy. At present there is greater uncertsinty in the measurement of
noise figures fﬁ many frequency ragions than there is in measuring the
signel to noise pover ratio.
Scaling.

From the forsgolng it is clear tlat the zignal threshold power, Sgq,
devends on many parameters (Section B).

Sgp = £ (B, b, §; s, T, g, T, PRF, scan, focus, spot intensity, etc.)
B = i-f bandwidth, c/sec.
b = video bandwidth, }e¢/sec.
T pulse length, nsec,

~ sweep speed, mm/nsec.

o
]

jamming or interference power.

g = recelver gain.

T = time sipnal is observed.

PRF = pulse repetition frequency/sez,

Thers 18 every reascn, theoraticel =ud oxpsrirental, to believe thet the

sondiviond Cor dlsceraibliitly 7w no. clorged 1F thns foilowing peremetors

26
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are &ll changed by a factor as Indlcated slnce the geonstrical pattern
presented to the observer is essentially unaltered.

S

...':'.Q,'?;a, B, b, 5, N5 4, 88
“t % a a&a

o
® joq

or invariant aich

SS}‘O'{Q;;, }.,;‘5, bt; z;‘?-, Nt ‘5/§.~ 7

te

In the above scaling with change in palsc lenypth, the following
psrameters should be kept unchanged for the above reazsoning to apply
strictly: DPRF, scan rate, -focus, spot intensity, cte. Our results in
regard to scaling confirm the British cbservaticns on this subject(5), show
that the observed relative signal threshold follows the predictedkphanges
to an accuracy_well within the probable experimental errors.

ITI. EXPERIUENTET, PROCEDUEE

Appsratug.

1. Block Disgram. The zpparstus used in the i=scope measurements is
shown scheratically in the block diagrams of Fig. 3. The names of the
compénents ure glven as well as the parameters whose values are determined
by the corresponding components.

2. Pertinent Characteristics of Componepts, In Table I a summary is
given of the possible settings of cach parancter and the cowporent in which
the adjustment ig made.

a. Aziputh selector. Although designéd primarily to turn the
signal on at the desired zzlmuth for vee im IYI experiments, this
component was also ugeful' in A~zcopa ewneriionts in thet it provides
warning bells which tsell the o“snrv.r xban to rreéare to leok for the
3ignal and when the signel is actve.ly ome. Ip tie ecarly A-scope
experiments these functioas wers nerforwed by the operutor who simply

said "Ready",

1o

io. bEDS cpencb By M U atoe, 354



TABLE I, Adjustable Parareters of the FExperinentsl System,

Component where
adjustment is
_made

Parameter

Avallable range
of variation

Values most of'ten
used.

tazimath
selector

Mechanical
timing switch

Random range
selector

Frequency
divider

‘Pulse former

Signal
Attenuator
cw
atianuator

Raaseiver

A-gcope

Tt attention interval

Sweep tiriggering tise

Signal positiovns Nambar
Spread

PRF
SRF

T, signal presentation
time ‘i, pulse length

S, signel powar
at 2nd detector
Sc.w, ¥ power at
2nd detector

B, intermediate
frequancy vandwidth

b, video bandwidth
Limit level

8, sweap rate
Foocus: (spot uize)
Horizontal
Vertical

Average noise
deflection

Trace intensity

Type of screen

0.5 to 60* a=c,

1/12% to 6 sec
100 steps

1 to 5O

1 to 50 mm

3200 to 17 .5/sec.
L ostens)

3o o PEF

0.014 to 15

0.2 to 11 ™¢./mec

10 40 0.01 Nc/sae
3 v to 15 v

10 to 0.0%5%
nm/nsec

1,/20 to 3 um#
1/20 to 3 mr*

0 to 40 mn*
24 dp¥

P~l snd P=-7

T

PRF

0.06 and 3.%5 sec.
1 naec, '

1.2 ne/sec
(opt. for 1 psec)

10 Mc/see
u. 1indtizg

1,7 mm/nsec.
1/20 mm/usec.

Fasts
Slow:

1/20 mm

11’2 mm

4L mm

Single tracs
easlily visible

p-1

# Contimuously

verinblae

Cf_é.s



"On", and "Cff® at the apprepriate times, In the azimuth
galector a warning bell is antormctlcally souundsd one second
befere the signal is turned om and slsc s+ the exaet time the

signal is presented.

b. Random vange selscter., In this comnmonent the range
of the signal wrs adjusted slther meruaily by turning 2 potentiometer
or automatically by a device vidch rulies 8 vendum cheice of cne
of six pre-set potenticmsters, Two types of sutomstic mechanieal
randoi gelectors have besu used.,

¢. Fronuency divider. This comconsnt provides toiggers

for the signal pulse and A-scope sweep. There were nine values
of pulse repetition frequoency, PRF, ranging from 3200 to 12.5
per setond by factors of tro. The sweep repetition frequency,
SRF, was either equal %o the PIF or ii w2zs 3200 per sccond. A
coincidence beotween the master triggers and the output triggers
provides for jiiter«free cperation.

d. Pulse former. The pulse length,7", tnd presentztion time,

T, were established in this compounent. In uddition,it delays
the pulse to the range posltion selected by the random selsctor.
Phasing was accompli-hed in < 5™M7 Luitivitraior, the length of the
gate baing deteriined by he ®-¢ "ime conatant Ircu the plate of the first
half of the tube to the grid of the szcond haelf. R was equal to the
resistance of one of the alx poientlumsters in the random range selector
plus the resiastence of another puter’iurctsr common to all six., The
latter was used for coavse adjusimant of all six sijnal positions simultanecusly.
Two values of ¢ were used. Ove glves ¢ nivlnum dalay of 2 usec but excescive
Jitter av maximum rarge end wmag, thersfora,uscd only for ernerizents in which

thy vasrop Tanghl ras ety Ty ofler wer b ool arly 4An rupecinents

PR B



employing a loay swesy since it zivis a minimun delay of 20 ussc.

Ths signal pres:nt~tion time was coutrolled by cnother multivibrator
whose oper tion vas similar to that of a phesing multivibrator but »ith,
of course, a ruch louger time consizant. WThen ths grte produced by tie multi..
vibrator was "ON" tlie delayed trizigsr was passed. Fhen "0OFF? the direct
trigrer was passed, Thersfore, the r-© vulse generrtor wes beins trigeerad
at all times. This is impcrtant because the aignal vower output of the r-f
generztor is criticelly dsuendent nn the d.ty cycle. For exsmple, a reduction
of 4 db in outrut paver wes obsarved when the PRF was increcssged from 200
to 3200/sec.

The video pulse used on the cavity of Lhe 707B r-f generator comwes
from a circuit melaying tro thestreans coupled to a catlwde follower. Ths
r-f rulse so pr;&uced wvas adjustctle in length from 20 psec down to 0.2 psec
and was free from frequency modulation.}

e, R-f generutors. The r-f pulse generator and c-w renerator wera

7I7B tubes comnlately enclosed in metal containers havine only one
ioint. Special palns were taken lo make this joint electrically leake
riocf to prevent any loakegs porer from invalidating the results,

A washer, conoisting of & hullix of 10 mil planc wirs wound on a 1/%n
arbor and joimed into a ing, was compressed bastresn the tc cections
of the contaiver. “he locsl oscillator was a raflex kXlyatrom rhoee
courling to the rlirsr wes adjusted to glve 0.25 ¥a crystal current

at all times.

f. Atteruators. The signal porer, S, snd c-» powar, Sc-w, wora

read frem r-f wareguide-below.cutoff attemuctors of two 1. 1 "ereqt

kinde. In tle esrly work doubla-locp ettenuators were .52d. Latsr
=30



these were rsplzcad by abt. auwisrs walch employ en irls to produce &
pure Hl moda {6)5 Thia type ol attenuator was much more accursate
then the earlinr type. Uovever, the mathod used in powar messwrement
tends to cancel out any errorsa in the linsurlty of attenuators.

The attenuators were isolated from esch other and from the r-f
generators by sufficisnt lossy line (at least 10 db per cuble) to
prevent interactions.

g Crystzl mixer. The mixer used in these experiments was similar

to MEW mixers. It was coupled directly to the receiver without inter-
vening cable.
k. Receiver. The recelver used was one designed especially for
the purpose,'having a chcice of 5 values of i-f bandwidth, B: and / velues
of video bané&idth, b. The interstuge couplings were double tuned and
transitioral coupled !flat-rlat) wifh rarrowing produced in only one
such double-turned stage {?)5
A diode second detector (6H6) followed the 1-f stuges. Its plute
voltauge, E5, was used as a measure of the output of the recelver in measuring
S/N and in experinents involving chaunges in receiver gein. The response of
the second detector wes practicelly linesr except for very low voltages.

A video bandwidth of 10 Mo/sec, obitained by shuat peaking in sach stu.e,

wus normally uvsed. Thres other velues of b ware obtéinable. A bandwidth

(§) See RL Report 404, S. G. Sydorisk, Septeuber 27, 1943. liodel V attenustors
whose calibrutions are given in this report vere used in later experimsnts.

Farly experimentz were done with kiodel K attenuators.

(7) In the widest b:iuc cuue the results were ocorrected for the differsnce

betreen singly uarrowed and multiply nsrrowed nolse bandwidth.
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B.

of 0.5 Mc/sec waa sbiainad by almb peak! g, uslng 20K and 5 nk in series
from the plats of %Lie Mipst video staege to F 4, Po narrover video bandwidtha
series psaking wes used by placing R and L in series from the plate of the
firat stagze to the coupling condenser of‘tha segand and C from the latter point

to ground, The values of R, L, C, and, therefore, of b were the followings

R (oms) L {=h) C (uf) b (ii2/sec)
20,000 25 0.0001 100
5,000 35 - 0.003 10

The meximum cubpui amplitude of the video amplifier, called the limit
level, mas very high in the recalver described above 30 that the noise was
practically never limited (i.e., the amplification waallinaar). However,
in some A-acope expsri~ents limiting was purposely introduced to determine

B ¢
the effect on tge thrsshold (&)

In ihese experinents ME¥ receivers were
used, Their limit levels were made adjustable by controlling the screen
voltage of the 6AC7 tube in which limiting takes place. The limit level
at the output of tha rsceivers could thus be adjusted from 3 volts to 15 volts.
1. A-scopes. The usual controls present on all A-gcopes were
available in the two scopes v3ed in these experiments. In addition
it was posgsible to increass the scceler:uting vbltage of the per~
sistent tube (P-7) in order to get adequate intensity when the swaep
specd was very faat.
Techniquesg.

1. Lawson's method of resasurlng pulgsed signal power compared to ncisa

power invelves two steps (1) the puls: signal 2%p compared in amplitude %o a

c-w gource at the seme fraquency. {2) The c-w scurce is then compared to tha

noisae power in the rca:l?ara .

{?)} NRLFS Renort, S. G. Sydoriak, December 31, 1945 12



(a) The comparison of prulsed signsl power ta.cmw rower is rade

by observing tho bheats between thaw on an A-scope. The bendwidihs
should be at least wide =nough to give an appreciuble flat reglon
on the top of “he pulse (3T % 2) and thre gain low so thst little
noise is showing. Fluctustions or beats in the obtserved signal
amplitude are due to the random phuse between the pulse signel and
the CW, The relative airlitude is adjusted so that the minimum beat
height is just sven with the baze line. Under these conditions

the pulsed sifmcl will bte 180° out of the phise and & db greater or

tvice the zimplitude of the CW, This may perhaps be made easier to

see by s aketch. M {}
- O -
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(Note uniform cnvelope with phase reversal et beginning and end of

the rulse. These reversals of phase necessitate the wice band circuits
8o th:t the stuvady values may be compzred inderendent of the trénsiepts
introduced s the beginning and at the end of the pulse.) For other

phase differcnces other amplitude of signsl will be observed, but ihsse
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are of no imporiannce In the messurenent; consaquently, the arplifiestion
nay be arbitrarily non-linear without effecting this mezsurement-

(b) The comparison of c-w power S,., and the noise power N in the
desired receivor band was made by means of a voltmeter connected

to the output of the linear second detector. The average voltuge

output of a linear detector due to noise was increasced by a factor

of 1.45 by the addition of c~w power equal to noise powersg)

Pulse Power C-H Hoise Bandwidth Instrument
{a) : wide
%’db Btz 2 A-scope
as used meter
T' 1 to 1.45
x db metsr deflcc-
(b) $ — ___0adb tion with

linear detector

Pulse signal attsnuator reading during measurement (a) was (6 ¢ x)
db above pulse power equal to noise power.

2. Zrocedure Followed ip Meaguring the Signsl Threchold: the

=P . .

a. Observetion of secpes. The experimental results reported in
Sec. IV vere nearly all for a "six-position experiment". A4 signal was
presented for a time T at any one of six narked and numbered positions
in range on the face of the A-gscope or P'I, The signal position was
chogen at random but the eract instant at which the signal was turned
on was indicated by sounding a bell, A bell w»as also sounded one second
earlier, as &« warning to the observer to be ready.

aAfter each presentation of the signal, the observer was required

(9) This factor wculd bequ except for the diff erence between the

averape veltuge and the rms voltage,

m_'il:-



to name one of the 3ix positisns by nurber as the position having

the highest aversge deflection or intemsity and, therefore, most
likely to be the signal position. Ten or trenty such observations,
made with the same level of signal power and the seme value of T,

are used to compute the correlation above chence of aach signal power
level required.to obtain the‘betting curve,

In the A-scope data the avsrage number of observations made by one
observer for one betting curve was of the order of 100, but may range
from 50 to 200, dsvending on thé accuracy desired and the apparent
consistency of the data.

‘Before beginning observetions and perticularly bafore the first
group for a given betting curve the obsérvers were allowed a few
practice obdervations. Usuelly two or three observations were
sufficient, but the observer was allowed as many practice observations
as he felt he needed to focus his attention and to become familier with
the appearance of a signal of low discernibility.

As sn aid in recognizing insufficlent practice the experimentel
points have been numbered in chronologicel order. If the e;rlier points
are far to the right of all ths other points they are given little weight
when drawing the betting curve.

b. Conversion of data to correlation scores. The proportion of lucky
guesses in a six-position experiment can be easily estimated on the basis

that when there was no signal present at sll an observer required to

name one of the slx numbers will make only five misses in six observatione,
on the average., That 1s, for every 5 recorded misses he has mads one
lucky correct guess. The ccrrelation score, p, in per cent, was,

therefore:
100

miaxX —15—



whare npax was the total mumber of observations in the group in
which 7 misses vere made, Fur experiments in which there are other
then six possible signal nceitions the correlation score can be
calculated in a similar manner,

¢. Drawing the betting curve. From the table of correlation
scores the betting curve, p vs S/N, was plotted using a linear scale
for p and a logarithmic (db) scale for S/M. Of course, points having
either zero or 100% correlation are given no weight in drawing the
straight line through the points.

Examination of a large number of tynical A-scove data has shown
that characteristically the points will cluster sbout a stralght
line such that its 50 per cent and 90 per cent points are 1.6 to 2.2
db apart for all but a few of the most extreme cholces of system
parameters,

d. Reduction to Sqg and S;. The signal threshold, Sqq/N, was
arbitrarily taken to be the abscissa of the betting curve at p = 90..
The signal twilight zone, Sz (zEq0/Ss0), was then obtained from Sag/N
and the abscissa st p = 50. The signal threshold number and twilight
gone nmumber were sufficlent to deseribe tﬁe characteristica of the

thrsshold results,

3. Factors influencing the accuracy of Signal Threshold Measurements,
a. Apparatus Instabilities and inadequete monitoring have ma&é
many experiments reported previously by other laborstories of questicnable
value., Most of the results and trends measured may be correct but
one or two comnletely misleading results and conclusions tend to nullify

all tnat was done. Irn the axreriments rerorted here, the .ui%od of
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measuring the signal power relatlve to nolse is simple and tends to
minimize errors. Such monitoring measurements were made at the
veginning and end of each‘betting curve series and only those data
accepted for which a check within about 1 db was obtained.

b, Improvement with Practice. After e short peried of practice
the signal correlation scores}obtained by a2 given observer were
recorded and numbered so that recheck could be made as to nossible
further improvement. Thase ropeats shovaed that even after montha
the threshold measurements were stable to within the normal scatter.

c. Statistical fluctustions. The limited mumber of observations
and the limited number of possible signal positions both give rise
to statistical fluctuations of the msasured thresholds. It appaars
from tho data, that these fluctuations are the same order as the
differences between observers. |

d. The inherent skill of the observer, Cf tle nine observers,
who participated in the measursments, no one cbserver was markedly
better or worse than the others. The total spread in their averasge
thresholds would be less than 1 db,

e, Fatigue did not appear to be an apprecileble factor although
ample oprortunity was provided for any effect due to it to be made
ovident.

f. R-f leakage must be elirinsted from any threshold measuring
apparatus before experimeats are begun.

IV. ¥wXPERIMENTAL RESULTS ON A-SCOPE

A. Statistical Effects,
Included in this group of puramsters are those which influence (1)

the muaber of sweaps ng 0f the oignal wilch ars sveraged in each reading,



(2) the number of sweeps containing only noise that are averaged in with
the signal sweep, (3) the nurber of positicns on the tube face or (4)

the number of tiwe intervals thut must be compircd to find the signal
poaition ia time, and (5) also the signal rrcsentation time T, which has
to do with the ability of the observer tc integrate or average all of the
informstion given him and seleé£ it out from lerger time intervals, The
number of sweeps is, the sweep recurrence frsquency multiplied by the

presentation time interval.,

1. The Pulse Repetition Freguency. The pulse repetition frequency,

PRF, was varied from 12,5 per sec to 3200 per sec with all other parszeters
constant ag given in Fig. 4. The results follow the law 1/ /@ mentioned in
Section II over most of the range but begin to show some devistion when the
signal threshold is attributarle to the decrcasing contrast tetween the
signal and the noise positions and the limited coantrast discernibility of
the observer. The spread of threshold meazsureucnts for diffarent observers
is seen to be small. Results for three i~f bandwidths are given. Signal
presentztion time, T, was 3 sec.

2. Siengl Pregeptition Time, Thae number of signal sweeps n is the
product of the PRF and the signal presentation time T. The lutter was
varied in the experiments of Fig. 5. In the region of signal time between
1/10 and 2 sec the thresholds, Sggs are seen to follow the 1//n law fairly
well, but outside of this reglon deviations become ayprasiable.

In the region of very short presentation time this deviation is
attributable to tke inability of the observer to integrzte only during the
signal presentation interval, The =ame cbscrver charactoristics which cause
flicker to dizappear scmewhere betwsen 25 and 100 cycles/sec also cause the
observer to integrate sowe of the noiss swcers immediately preceding or following the

“18- -



signal presentation interval.

At long signzl presentztion times, the deviation from the IA/fﬁ'law
is sttributable to the observer's inability tv reuember all of the data
given him, Finally, he will prcbabiy forget dzta at the same rate it
is procented to him and the threshold curves will level off to a limit.

The experinentxzl curves can be fit very vell by assuming a minimum integration
time, correspronding to the first effect and o méximum integration tire of
about six seconds corresponding to the second effect.

it the long signal presentation times, differenc? between the thresholds
for F1 and P7 4-scope, screens are sgen to be of the order of one or two db
but the differcnce is essentially lost at short tiues.

3. Lxtra Nojse Sweeps. In the sbove experiments on repetition freq-
uency and cbservation time the observer was always informed as to when the
signal vas being presented. A study was made of thke effect of increasing
the uncertainty as to the particular sweeps und exact range positiomns contain-
ing the signal., In the first experiment of this type, extrs sweers contalning
only noise were introduced between sweeps containing;the signal and noise by
triggering the sweep at a constunt rate of 3200/sec and using‘dif-arent pulse
repetition frequencies. The results zre skown in Fig, 6,

As long as Sgg/N(#B db it is inversely proportional to the number of
signal sweeps in agreement with the theorstical results for an Ideal Observer.
When the signal threshold rower is greater than this, Lowever, there is a
deviation from the predicted dependence. This is believed to occur becatse
the actual observer no longer uses asveruge pover as & criterion, but finds
it much better to examine only the few deflections of wvory high auplitude.
This is one of & number of instunces which h.ve been noted in which superposition
of signzl and noise traces is not squivalent to presentation of the average

rover as is assumed in effect in the theory.
=] Qe -



At lov SqofN,tha P77 gervcers was belter than the Pl because it helps
to avercge out the light intensity et sach amplitude. At high § /N +he
P7 screen was worse because it cuzs down relatively on the instantaneous
intensity of the few deflactions of high amplitude which are most useful.

In a similar way, if the PRF 1s held constant at 200/sec and nolse
swaaps ars added as sho#n in I'ig. 7 by triggering the A-scope more often,
the signal threshol?, Soo; rises at the theoretical rzte, nronortionel
to the square root of the totsl mumber of sweeps.

Then the signal threshold vorer, Sqgy %@ comparable to i-f moise Power,
the signal threshold porer #% .roportional to the square root of the total

number of sweeps, divided by the number of sweeps containing the signal,

Sgg = kPtotel

Bsignal (4)

4. Number of Renge Position o. If the number of possible signal
positions in ranre 18 increased, thé signal threshold rorer increases.
Fig. 8 gives the results of tro experiments in vhich thas possibls renge
positions wsre changed from two to fifty. The spread of the positions was
diffafent in the tro experiments. The cne storted with tvo posiiions 1 ﬁm
apart; the other, 50 mm apart. The difference is 2 db, (Attention is
called to the expanded vertical scale of Fig. 3 comprred to other ficures).
The difference betreen these expzrirents is, duc %o #7118 better
attention or acuity poasible over the srsller zagular cone compared to
the lerger cone.

5. Signals Rondom in Time. Similar to the increess of the numbsr of
possible range pcsitions, the number of possible positions in tire ray be
increased by raving the signal occur zt rendonm time, (but still of definite
duration known to the observer) in a lerger tine interval. Frem a theoretical

standpoint, the problem was the seme. In the sxperiment of Fig. 9, the
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B.

attention interval was incrcased from 1/10 sec {equal to the signal
presentation time) to 20 sec, a factor of 200; frow 6 range positicns, to
6 x 200 e 1200 ranre-time positicns,

Gegumetrieal Parsmeters.

Inciuded samewhatl arbitr.rily in thias group of parameters were those
that reve an influence on the geometrical appsarsnce of the trace on the
A-scope.

1, I-f Bundwidth x pulse length, BT, 4s shown in Fig. 10 the i-f
bandwidth x pulse length has a btroad optimum at BT « 1.2,

at high values of BT (*10) the signal threshold appears to increase
linearly with BT, This corresponds to the increase in ncise power in the
paess-band without a corresponding increase in signal since most of the
signal power is.included in the pass-band when BV = 1.

For low values of BY, (<0.1), i-f bandwidth too narrow, the signal
anplitude is approximat~-ly propcrtional to the bundwidth, with the noise
pover still proportional to the bandwidth. This results in tle inverse
linear relationship of the signal throshold Sgj that exists in this region.

"Although not critical an i-f bendvidth corresponding to a B¥ of 2
aprears to be a reasonable compromise bhetween rate of recovery from overload
and increase in threshold.

2. Videg Bsndwidth x pulge Iength, VY, Although the Jdata presented
in Fig. 11 are rather meager, they show that the zlgnal threchold is relatively
independent of video bandwidth, if b 1is greuter than one-half the i-f band-
width. If a slow sweep 1s used, still furiher narrowing of the video is
possible before additional rise in signal threshold is observed.

However, recovery from overload, especially the influence of jamnming

or interfserence makes a video bandwidin x pulse l2ngth of not less tkan 1,

=Ne:
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perhaps 2 seem Vexy dsoiraiis.

3. Video Coupling - Nedsction of Low Frequencies by R-C Differentistion.

Experiments ualag 1 usse pulses wers psrformsd in vhich the i-f bandwidth
was optimum 1.1 me/msc snd the video 3-db down fracuency on the high side of
the pess band was 10 mc/sec. The coupling time constant, which would effectively
deteymine the 3-db frequency on the low side of the video pass band, was mads
successively smaller until the iime constant was 1/10 pssc. Tven under this
extrera differentiation less than 1 db rise in the signel threshold was
recorded, Additicnal video gsinm was resuired under these conditions. The
absence of influence wes etiributeble to the fact that the noise is slso
differentiated equally with the signal,

L. Sweep rate, s, mm/ussc multinlied by pulse length ¢ usec. The

regults of both PPl and A-zcope experiments are given in Fig, 12, A broad
optimum was observed whem the signal lengtk, sY, on the PPl or A-seope was
aprroximately 1 mm., For valuas shorter than this, as moat often used in radar
prasentation, the sigunal threshold rises significantly.

The déta of Fig., 12 vere taken using several diffsrent i~-f bandwidtls
and pulse lengths., In every case the observed threshold confirmed the scaling
principles discussed ezbove in Section II.

5 Focus. As shown in Fig. 13 defocusing nerpendicular to the direction
of the aweep was found to iave ragligible effect on the threshold as long as
the spot was not greater than the nolise emplitude. Defocusing in the direction
of the sweep also had little effect on the thrsshold even on slow swacps,
until the aspot size was 1 mm or greater. This foct and the praceding observa-
tion of an optimum pulss length on the presentation of 1 mm imnly that the

obaarver makes 1ittla use of fluctusatlons aprearing in less than 1 mm. Asgsuming

-

(1D) Refer to PL Roscr, %Y hy *, M, fllred &nd A. L. Gardner.



an "cbserver video bandwidth® dependent on swenp speed, Uhlenbeck has
satisfactorily correlated the videp bardwidth, sweep rete and focus data.

6. Receiver {i{-f) Gain. Fipure 14 shows the derendence of the signal
threshold,4sgo, on receiver gain., Alwost no inereass in Sgp 1is observed
until neurly all of the noise has disappesred from the trace; after that the
trace k3’}% is the controlling fsctor, 1 constant slgnal amrlitude is required;
therefore, 590 varles inversely as the receiver gzain as would be expected.,

7. Swveep Direction, Because of rumcrs of a large dependence of sigﬁal l
threshold on sweep direction; a few observatious werc made on a vertieal d-gcore
sweep. In spite of few observations to practice on, the vertical sweep
threshold measurements were within 1 db of the much»practiced horizontal=
sveep thr&sholdsﬁ
Conptrast nggg§§;

1, Trace Intepgity. The conirast ir light intensities between the A-
scope trace and the surrounding region was axamined briefly and found to be
completely unimportant under the conditions examined., The resulis are shown
in Fig. 15. In this experiment the trace inteusity was varied from the maximum
6btainable, mich brighter than used in practice, to the point, some 6C db lower,
at which the trace was barely visitle. A total change in the threshold of only
3 db was observed., Of this, 2 db occcurred at the lbwer end., The threshold
was constant, within exrerimental error, for the first 40 db of decreasing
intensity. In this experiment the ambiasnt 1izht was kept at a minimum, For
the suke of completeness it would be desirzble to keep the trace intsnsity
constant and progressively incresse the aumbient light, but this axperiment was

not done.
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2. Evidence of contrast sffects. Imperfectioss in the observerts

ability to tell which position hag the highegt averags Intensity or deflection

lead to at least thres differences betwsen the expaorimentel rasulte and the

theoretical threshnlds caleulated for ths "ideal" ohserver, without these
imrerfections.,

(1) The experimental thresholds, Sgo, —~are generslly sevaral db above the
ideal theoretical values (calculated by Uhlsnbeck and Yaag) as seen
in Plg. 16. The data are aversges over a large number of experiments.

(2) The slore of the betting curves mas grestsr for the experimental curves
then for the thecretical Ideal Cbmarver, as showmn in Fig. 17, wheve
the width of the "twllight zone® wes presented, ithat is, the ratio
of 8qgp to §5Q, the theoretical value belng 2.2 db,

(3) Two cbnerve;s of noise if "idesl™ would alweys rsport ths “2me position
as the highest, Actusl observers show liftle correlation. In Fig. 1%
the correlation of coinciderce missos for two observers is given; that
is, if the two observers nsamed & nolse (no signal) position as being
the highest, Fig. 19 gives the probobility of their naming thke scme
noise position,

In each of these casss the deviation of the actual observer from the
theoretical or ideal observer incrasses ag the nuumber of rulses to be Intecrated
increases.

The observed pecularities in ths shape and dieplacement of betting
curves can be approximataly reproduced theoretically as showm in Fig. 19 on

the essumption that the observer erlibits an "averaging defsct®,§, such that

b ::k[jnﬁ'

In this expression, k is a conciant,snd n ths .umber of signal puises observad,
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The avessglug usfeuvk,d, is dellaed as tiw miclweu discerninie f1isc.uual
difference in the azver-ge intensitles at tro nolals on tha radar screen. The
theoretical methed for deriving a‘betiirg curve when § £ 0 1s deascribed

in Aprendix A. Several bettlng curves calculated by this methed for variocus
values of n and bare shown ip ™. 19 There is a progressivs steepening

and unward disnlaceuent of the Letting curves as § increeses. Wor ¢ given
disnlacement of the btetilng cuw ve,d 1s less at high n than at low n. This

is in ths prover directlion to be ralitatively in agreerment with experimert.

The approximate value of k cen be determinad from Figs. 16 and 17
which show the results of an anulysis of Z4 messured betting curves taken
at T = 3 sec and n = 4O, 600, and 10,000, and theoretical results tokan
from Fig. 1%¢, It should be pointed out that the theoretical results
showm here wera pct read directly from the curves of Fig. 19¢ but from sirzight
lines drewa to sppro:imate these curvea in the range from 207 to 507. This
was done becruse the sxpari-ental betting curves were drewn in & sirilar
mamner; 1.e., by drawing a straight line through the distribution of ex-
parizentel points,

Of the tvo valuzs of k whieh wers chosen vhen calculating the baiting
curves, k = 5,6 best fits the exporliental deta of Fig. 16. Unforiunately
a comrlete ped of ca’culations for this volua of k end other values of n
was not mads bul nrosumably its share would be semewhat the same as the cona
shown for X = 2.% ard s reeaonably good Pit for low valuen of n with some
doviaticn at higher values weuld axisé. Aporrently the assumed function
takes care o an avervzing defant but nwa limited contraat discernibilie.
If k, in ths assumed functiond - k//n, is assumed o be 2.8,then the obssrved
and calrulated twilight zoney very 1in tlhe same vay, although the caluulatad

eurve is scmesiist highor than Llie sxperizental points. On ths othar band,
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A.

B.

kX = 5.6 gives & peint shich i3 oo low, ludicating that en iatermodiate

value would give the best fit,

Z» Law of the Receiver, #xcept when limiting, the law of the recaiver
is believed to have little ef72ct on the signel threshol? pover for A-scove
since the observer can welght the defiectiona according to sny law compatible
with his iimitations., Information may be lost if severe limiting tekes
place and the signel threshols pover, 859, Mmay be much higheru<3lz

V. SIGNAL THRZSHOLD ¥EASUREIZNTS ON PPI

Using the same t=clniques as for the A-scope, measuremsnts ware mads
of the signal threshold power Sgp on the PPI, Parameters investigated wers
PRF, signal presentstion time, i1--f bandwidth times pulse length, random
signal azimuths, overlav from secan to scan, dependence on angular arc. The
dependence cr pulsa length on the screen is given along with the A-scope
data on the same subject, Fig. 12,

PRE
Laberatory experiments on = PPI scope made to determine the effects
of the variation of the pulse repstition frequency of the reder system on
the signal threshold power Indic-ted approximately the seme résults, within
the 1linits of experimsntal error, as on the A~s¢0pe for the region investigsted,
The results appear im the graph in Flg. 20. It is quite possible thet the
results might te differsnt on a pariticular overating rader svstem since
the effect of vidsc limiting on threehold porer is quite markeéaiﬁl)

Signal Presentation Time, T.

PPI teuts were alsc made to determine the effect of the variation
of the signal presaentation time, T, on the signal threshold pover. In thena
tests, T, wes variable from 2.004 to 7.5 sec, PRF was 300 cycles/sac, a

signal was turned on at 90° szdimuth *1th a scanning speed of 7.5 rpm.

(11) NRLFS Report 2-3008



C.

D.

‘"he results for two observars are shosn in #lge 2.

As in the A-scope experirents,and 1a agreemant with the theory, a
squars-root relations!dp =zas Tongﬁ to hold over a wide range of T; from
T = 0.01 to 1 sec, Sqo/¥ = ¥/ /7. This range of T is equivalent, at the
scanning rate used, tec & renge in antﬁnna.beam angle from 0.50 to 45°.
At the avarace signal position {snversge tergst renge) the length of the
arc of signals ranged from 0.2 un to 25 mm.

At T = G.004 there is ezn averrzs of only 3.2 pulses per scan and
the deviation from the squere roct depeadence is 5 db (poorer discernibility).
At T = 7.5 sec the tlrashold is egain above the square root curve (2 to 3 &b
higher). These deviations are comparable to those obizined for A-score
experirents. The deviation at lor T is due, et leart In pert, to the small
goometrical dimensions of the signal and the resulting inabllity of the
observer to disregard extra nolse adjacant to the sizgnel position. At high
T,the extra lcss is probably due ¢ thé inezbility of the obszrver ts estimste
the average intensity over a very long arec.

The Effect of the Variation of the Prodlust of I-f Bariwidth snd Pulse Length
on the Signal Threshold Power,

PPI tests were ncde to detsruine the effaect of veriztion of the‘prodn:t
of 1-f handwidth and oulze length on the sigrnal threshold rower. The results
which are showm in Fig., 22, are v2ry sirilar to those on the A-scops. In
this experirment, there were twe obssrvers, The PIF was 391 cvs, The sivnsl
presentation time, T, was 1/16 seconds. The rulse length*Y was 1.0 usec, «nd
the swasp spsed was .08 mm/pszc.

Rendom Pousible Signal Aziwmutlbs,

In the vrevicus sypuriuent the signel was slweys at a maried azimuth,
(50°) from the "top" end or the s~reen) so tiat ths observer knew whars to

focus his attention. Ia this experimont, thes signal azimuth was chosen st
= Q7w
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randonm so thst the obszwever hal 1o 2uvwine whe antiey ece of tha tube for
the signal. Two auch sxperiments were performasd. At T = 0.004 sec and 7.5
rpu,the loss due to incrzasing the renge of signal aziimuths to 360° was 2.4
db., At T - 0.25 sec end 2 rom the loss was 1.2 db,
Overlap.
Because of the persistence of a P-7 screen, a signa’l which remains
at the same position from scan-to-sean can be seen more readily on one of
the later scans than on the first scan, Tbet is, ~hen a signal overlaps
on succossive scaﬁs the effective aignel presentation time increasss,
Although overlap was not purposely provided in the first FPI sxperiments,
the randem cholce of cume of six slgnal positions resulted in the cccurrence

of an apprecizble number of repeats., In eznelyzing these repeats, it was

~ found that the cholce of an observer, after cre overlap, was better than the

choice with no overlap. Of 192 repeats,in which the first or the second

cholce of an observer was correct but not both, the vprobability was 429

that the first was right and 584 that the second was right. Assuming a

typical betting curve for which the correlation score rises 207 per db

rise in signal powar, the improvement due to one repeat at the semz eignsl
position 1s, therefcre, 0.8 db., Theoretically the maximum possible improvement
would be 1.5 db, the imprevement due to doubling the signal presantation

time.

Further work in deterninliy the effect of sigual ovarlap on signal
threshold power was done on the PPi of an actuel radar system using bbth e
target airplane and a signal generator as s source of slgnal. ™hen the
airplane was used, the percent of signal overlap depsnded ca both the spsed
of the airplane, ond the scanning speed of the antenna, Cince the speed of
the airplare could not be varied over & wide enough range to vary the per

cant overlap appreciably for any given scaaning soeed, no conclusive results
23
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sould ba obtalned., Fewerar, tre zignal genercter was designed to nreduce
a signal varisble cver £0 db in intensity end movable in a range ~t a veriabls
speed corrasponding to an air spééd of 40 miles par hour to 600 miles per
hour, The results are shown in Fige. 23 and 24. The syster used had an
antenne pattern 1.5° wide in mzimuth, the pulse length was 1 mssc, and the
PRF was 400 cycles/sec. The alrplene used was a Curtiss Wright monoplane

with & cruising speed of sprrorim:tely 100 miles/hour,

Dependence cn Angular Arc,

The signel appearing on the PPI of a rader system having a very broad
antenna pattorn will show as an are,vhile that from a system with a-very
narrow anteuns pahtern will o~ppesr &s a spot. Since the shape of the tvo
signals 1s so different it was fzlt desireble to find how the signel threshold
pover depsnded ‘en the angular arc of the signal.,

In thls experiment, the time, T, that tbs signal was presented, wes
keépt constent at 1/4 second, the scanning speed was veried from 0.5 rrm to
120 rpm, 2nd the signsl was turned on escn time at an azimuth of 90°, The
PRP used was 300 cps. Ous cboorver did the experiment.

From 2 to 30 vym the thrashold did not chenge appreciably (lass than
1 db spread in the points). At 120 rpm, the loss was about 2 ¢b. In other
words, f;om anterna beem angles of less than 0,59 up to 45° the threshold
wes essentlally constent, bul when the signal was spreéd out cver 360% a 2 4b

loss was obtained. The resul*s are shown in Fig, 25,

Bauation for Tstimatinz Seenring loss

One imvlies from the deviution of Fig. © fron the theoretical depende: @
of 1// n and also ssprcially from the inderendeuce of the aircraft sigmal . .rve
of Fig. 24 shove iC rpm, that the inforretion In an interval of from & to iC

gec is all that is useful to the cbserver. In other words, tle observer



see essentially as small a signal in € to 10 sece as he could if the
systen "searchlighted" on the target for a rmch lon~er pericd. Therefore,
the signal throshold power for ¢ 393(32) on target is used as the "searchliphtin~
value from which the increase in signaJ power required for detection under
seannins conditions (scannins loss) is computed.

From tho best information now avallallc "good" radar onsrators recuire
a signal about 3 or 4 db above Sgn of these experiments. This minimum useful
signal power, Ppipn, varles in the same way as 890. To stress this differcence
and to use a notation nearer that of other discussions of maximum range «
radar systers, P, will be used in this section.

I£<T 8 see, the information of Figs. 4, 5, 6, 7 and 24 can all be

correlated ~uite well with the relationship for Ppin.

J———
P, s kv Mtota

min ;—;;:—»E—l (5)
Niotal = P3ignal 4+ Pnoise (€)

Where ngotal is the total nunber of sweeps in a bearwicth, ngignal
is the number in which signal power is present and npgqge the number having
only noise present at the range beins considered.

1. Simple Scans. In this expression Diotal = "siznal except for complex
gystems, gn those involving scanning in both azimuth and elevation. Equatiom
(5) for simple scans reduces to:

Pmin -t k (7
J Psigral

With the aid of this equation let us compute the apnroximate scanning

loss for a system having an azimuth beam width, H, of 3°, scenning in aziquﬁh

at R revolutions per minute (R{(8 rum). The value of P, for searchlighting

(12) 4%y value from 6 to 10 sec could be used within the accuracy of the

approximation.



will be given by

P b k
S 5! % 5

The angle scenned through 1u 2 sec is %x 360° x R = 48R and ihe

nurber of signal sweeps is therefore, R_ x 340 x 8.

€0
Therefore, P, % k /4%R
*"min © 7 SBPRF x 1
_J_g z \/.Z. H (1 ¢8 rpm (o)
s'min
For 39 beamicdth and 4 rpm the socanning less i8 48 x 4 = € or approrinately 9 db

3
Al) this loss would be gained back Yy scanning so slow that the “bear

Just moved rcross the target in 8 soc. (3% in 8 sec or 1 rpm). Mo more could
‘ba gained by scanning slower tharn this. 16

For *he casd when R)8 rpm for essentially stationary targets sean to
scan integration of the sigral takes place as indieateé by Fig. 24. The
scanning loss is given by ‘

- e,

..eca,min, loss = {QQQ (1)
v H ’

This law may be exposeted to apply up to targst veloeitics such that the target
moves & distance equivalent to ‘*wt ;’; of the pulse length from one sean to
the next, ( v<2.8 R% and R»8 wi*é‘;h‘w‘inﬁmph, R in rpm ané ¥ in pses).

For target valecities gresior than this (order of 57RT>#32.8 RY)
integration of the noisz swesns, vhich overlay the signals, from scan to
scan cormpensates for the integration »f signals from sean to sean and the
threshold would be expacted to vary approdmateiy as the scuars rooct of the
scanning rate for R)8 rpm as in emiation 9.

If the spot has rmoved of the order of 10 pulse lengths between scans,
eorrelation of two or more pesliicns in such a way as to provide effactivs

integration of thelr sigmal inforraiion ceems extromely unlikely. Therefore,



for very high speed targets {57 R’Iand R)8) ths total number of sweeps

in a beamwidth in £ sec will be constent at npgp,q 2 B 5 zgg and the nurber
of these sweeps containing the signal will be inverse]; mOportional to R.
Equation 5 applies for the *hreshold and the scanning loss will be proportional
to the scanning rate.

2. Complex Scens., GCcnsider the secanning loss of a system having the
followinz characteristiecs: vertical beénwidth 1°, horizontal tearmridth §°,
elevation scan 159 4 scame 521.,azruthal sean 3 rpm = 18°/sec and presentation
PPI. The total mumber of sweeps in a bearwidth, nggtgy is in O seo:
ntotal:!ﬁs__zlil%gi ilg' TRP
Tor the number of signal swecps In 8 zec essuming a linear vertical scans

Rgiomgl = %3 Ntotal = %Z PRF

For ”eearchiighting": aMotal = s";iqnal = 8 PRF

Therefore, the scanninz loas from equation 5 will be approximately:

! FRF
Scanning loss g min g PRF
P®nin 1 PRF

In peneral for a complex scen which searches a vertiesl angle BO at a
high rate ¢nd at the rame time saarches more slowly in azisuth throvgh an
angle of 4° in 8 sec., the total nurmber of sweeps {nyote1) in a given beenm
width H® on the PPI is invercely proportional to A°. The number of siénal
sveeps (“signal) 12 invorsely proportional to 82 and dirsctly rroporticnsl
to the vertical bean width ¥°.

The scanning loss for fixec targets for this case from equation 5 is

Seanning loss = % A %

indb=z5log A +10 Joz 23
H v



Further lossas om hizh spesd Sargets are to be expnoted as in the
above axampls of the simple sean and ean be estimated Ir the sams way as
wes done there.

in using these emuations ong should remember that most of the expericents
on which they are brsed wore with aslgrals below & 10 db rsletive to noise in
optimum bandwidth. Fxtrapolation iuto hirgher sismal to noise regions should
bo regarded at best as approxirmations especially in view of such doviations
from the laws in these repions as thoss in Fig. 6. The sxperinental systers
used were linesy througliioub as zearly as could be achieved. Non-lincayitise
are expected to Influenss signel furesheld eapecially when the threshold

signal is lsrge compered tc polse in ostimum bandwidth.

il
Ll
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AVPENDIN I Theoratical Dstiing varves for an Quservor with an Aversging Defact
By S. G. Sydoriak

A. Definition of Contrast and Averazing Defect.

Ordinarily miainum disesnible contrest is cdeflned es the ratio of
light intensities of & jﬁst Jdiszernible uniformly illuminsted peteh on a
uniformly 1llumireted beelground., Unfertunately thie ratio minué unity is
also sometimes cellsd "contrast® in the literaturse although it is more corractly
ca}led the Fechner fraction. MNumbars often used to represent the =inimun
discernible ccntrrst }ange from 1.02 to 1.04(1). However, recent experiments
heve shown(2) (3)that the correct mumbar ie often considerably gher than
~ this and is critically dependent on the zrea of the patch and on the brighiness
of the background, expaclally when this is less than 1 equivalent foot-candle,
¥hen both'jhe patch end the teckground fiuctuete, as in the case for
radar signals surroanded by noise, the rms deviation of the fluctustion will

be an additional factor in determining the minimum discernibla contrast. Due

a difference in the avereze srrlitude (or aversse intensity, in the case of PPI
presentation) of a signel comrured Lo that of nolse, It would, therefore,
be expected ithat the "mirimuam “lscernible contrast® differ for fluctusting

gignals than for steady illumln=tlon.

(1) D. O. Rorth "An Analysis of tle Factors which Determine S/N Discriminsiion
in Pulsed Carrisr Systems" R.C.A. Technical Repcrt PTR 6-C uses 1.02 to
1.04 which he obt-ined €rom a rerort by M. E, Xallman "The Grodaticn of
Telsvision Picturas" IRE vol 23, No. 4, pp 170-174, April 1942,

(2) R. 0. Horkinaon "Visibility Problsms Assoclated with the Skirtron" GRC
8059 (RL No. 3594) finde that under operational conditions a contrast
ratio of less than 1.06 is not apprecisble. He £lso notes that the dark

adanptatica of ths cheliver wud tho width of Uhe trece are lujwitent.

(3) 7, Faivbeirn aad R, G. [ iinsrn "Vielhility of PP( Tracss on Uathode Ray
Tubes. Traces on Uniform 8:.ckerounds.® GEC 8506 (AL No. 4042) July 7, 1944.
ko have meosured winteon diccsiallle contiast ratlos vanglug Liomi L.0L
for large areas in bright surrmundings to upwsards »f 100 for cmall arcas
in dim surroundings.

i, -



To avoid confusion with the usual cege of steady 1lluninstion and
because the observers do not wish 1o limit themselves to speaking of light
intensitiues, it has been useful to introdvee & term, anslogous to the Fechner
fraction, which 1s called the "averaging defact of an observer of rader
slgnals®, Thne r~veraging defect for the crse of PPI preseantaticn is defined
as the minimum discernlble {ractionsl increase in thy average intensitles
at two pcints or the radar sereen. TLus if A and 3 ave the intensities
averagsd over n sweeps at polnts Py and Py respaclively on e rsdar screan
and A is just noticeably brighter than 3, then the eversging defsct8 = A $ B/B
whore A and B are defined as the ~varsze of the squares of the amplitucdes at
the two ranze maris. A being just nolicaariy bigher than B. For the csase
of steady illumination the ratic of A to » is in fazt the minirum discernible
contrast ratio and A/B - 1 1s tle Fechner frection. The Fechner fraction
is, tierefors, seen to be anelogous to the sversgivi: defect as defined above
for fluctusting signals on & noisy backgreund.

B, Uhlanback's Theoratical Reletions.

Let z be the average of ths PPI intensity (cr thie aversge of the squares
of the amplitudea of the A scove trace) on n szweeps at a nolsa ﬁosition and
z2' be the aversge intensity at a signal position., Also let Zahd 3t be the
grand averages of z and 2' vhen the s&r - experirent is rereated an infinite
nunbsr of times, n being constent. Thsn ¥ is the zvarzze nolite norer, called
2r, and ¥' the sverage signal power, cclled P2 & 2, the retio 7'/3 2 0324 an)/>m
belnz the signal to nolge pover ratic, elsswhere in this report called S/N.
For the signal position the probeblility that 3! will oceur in a particulsp

(%

exnerimeant is then siven by the velotion,
- {1 1<
3 {z1-Z1)

L P S
‘V.?';‘G" e 2"12

.. 2 _ : pe)
whers * 2 = (a2t - 792 = 212 2 722 = fw/n) (7 4 W)



For the noise positicn, the probsbillity that z will occur is

1 - 532
P {Z,n) = JouT (2 g—'}'
\2, ™ <o~ ] 2,.

where g = 4 Wo/a.

These distribution functions ave shown in Fig. AL to which we shall
now refer in explaining the method we used to celculate butting curves for
the case of an ocbserver who hes an averaging defectd .

c. Betting curve celculsticns for the tro-position experirent.

Suppose 1n a particulaer observation, that the aversge intensity at
the signal position is 2'. At the noise pusition, tie intensity cen be
either noticeablyi less, in whicl case t'e obesrver will be correct, or
noticeably greater, whereuvon the cbsarver will be wreng, or in the region
betresn, where tk;e observer is not ewere of a {difTeronce in intensity and
will, therefore, be forced to yuess. The tvo limits of the latter r-rion
vill be such that z = 148 and 2'/2 2 1 45 ,
2
The condition for which the observer will mersly gﬁe:«’:s at rendom is, therefore,
2 /(L 48)czcat (1 45)
The probability that the observer will siaply guess i3, therzfore, equal
to the area B in the figura end Tor a two-position ewperiment his score
when this haprens will be, on the wverage, 504. Vhensver z2<z!/{1 $6), and
the pr-bability that this will occur is jiven by orea A, the obsarver will be
1007 correct. Therefore, his averege score wmhen the sizgnal ennrlitude is 2!

will be
S = A4 B/2

Of course, the signel irtansity cun have any value and to obtzin the
total score § a deuble integration must be performed zccording ‘o the follow-

ine methemotical formula

-
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or, converting to cerrzlatlon ssorz ccording teo the method of See. TIIB, 2b

2
g %:"s --(z--—z“)2 -{ z—-z.l2 (2'-2!
—— -, 3'(1 +d) 20’1 ? g -
CS = 25-1 « 41 4 {2 2 r
_ e dz ¢ |- e azle cda’
1; 51'l'49'z AN 1/ 27,-0’" /2‘#6”2
O *5

The actucl czleulation was parformed by double numerical iategration,
teking some 15 intervels in z!', multirlying the aree of sach interval by the
function 8, and summing up. The fancticn "s" corresponding to each value
of z' is evalusted by a separste numerical intsgrationm.

D. Betting curve calculations for the six-position exveri-ent.

The theory bf the extension of the above method to the case of a siz-
position experizent ig the folloﬁing: Sunrose, &3 before, that the signal
intensity is in ﬁhe interval shown at z' in Fig. A1 . The prcobability that
the intensity a* all five noise positions will be belor 2'/(1 $ §) is equal
to As, since the intensity at any pcsition ls independent of the intensity
at any other position, (the positions being several nulse lengths apert). -

Similarly, A4B 13 the nrobabiiity thet a particulsr nolse position,
say nosition No. 1, will 2}l in region B at @he same time that the other
four noise positions fall in A. Then thisz event occurs the observer will
make a pure guess'yetween pegition HNo. 1 and the signal position and the
score will be #43/2, put since any of five positions can fz11 in region B
whan the others fall in A, the contribution to the totel score o such events
is 5 Abp/2.

By a similar line of reascning the other possible combinations can be
derived, Of course, any combinstion that puts one or mere noise positions in

region C sutomztically camuses the observer to mak%e a wrong stztement., e

thus obtain for the net score whenaver z' ocours,

] R
8 zA’ 42 ppell 332 5 £ 4283 F 105
4+ > +:% + 5 $ashy Z B



where

A -

21(1 +8) 2'(1 445)
j P (z,n) 8z end B =| P (Z,n) dz

2' /(1 4
Intsgrating over z' we luve for the totel scorse

,0 -
SJ s PV (3',n) dz?
Yo

or, coaverting to correlation score we have, for the six-position experiment

[0}
S5265-1z6 s Pt (7,n) dz' - 1
5

o

By the same process of double numerical integration used for the tre-position
exveriment the betting curve can be obtained for any signal to noise ratio
2'/z and any value of n, To eliminnte the lcbor in;olved in rerverted cale
culations of the function P! (Z', n)for 2ifferent valuss of 2! a nomograph

waa constructed of the single curve.

22
(zJE)z
2 0-'5:

oo 8 d (z-2)

and of several straight lines

2 -2  va. (z-?)/J?.rz

for various values of g(heuca various values of signal to noise ratio). By
meuns of this nomograph A and B could be read directly for many combinations

of Z!' and n.
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CORRELATION SCORE IN PERCENT.

CORRELATION SCORE IN PERCENT.

(¢

SYSTEM PARAMETERS

T= lpsec.
PRF =200~/sec.

S =1.92mm/usec.
T=3.0sec.
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SIGNAL TO NOISE POWER RATIO,S/N IN db
e | b | __c _ d
B 13.0Mc/Sec.| 0.182Mc/Sec.| 13.0Mc/Sec. | 3.32Mc /Sec.
BT | (130 0.182 130 332
FIG.I SOME BETTING CURVES OF A-SCOPE EXPERIMENTS.

SXT=1.92 mm

PRF XT =600 Pulses.
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SIGNAL THRESHOLD POWER,fSgqnIN db ABOVE N,
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FIG4 SIGNAL THRESHOLD POWER VS. PRF.
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FIG.6 SIGNAL THRESHOLD VS. PULSE RECURRENCE FREQUENCY
WITH SWEEP RECURRENGCE FREQUENCY CONSTANT AT 3200/SEC.

SYSTEM PARAMETERS OBSERVERS
PULSE LENGTH T= lysec A RA
PULSE LENGTHS ON SCREEN 8Tz Imm o L
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FIG.7 SIGNAL THRESHOLD vs. SWEEP RECURRENCE FREQUENQGY,

SRF, WITH SWEEPS CONTAINING SIGNAL PULSE CONSTANT
AT 200 PER SEC.
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RELATIVE SIGNAL THRESHOLD,IN db
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FIG.8 SIGNAL THRESHOLD VS. NUMBER OF
POSSIBLE SIGNAL POSITIONS.
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FIG.9 SIGNAL THRESHOLD vS. ATTENTION INTERVAL,WITH
SIGNAL PRESENTATION TIME CONSTANT 0.1 SEC.
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FIG.10- SIGNAL THRESHOLD POWER VS. |F BANDWIDTH X PULSE LENGTH.
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N, = NOISE POWER IN A BANDWIDTH OF I/T
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SYSTEM PARAMETERS OBSERVER
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RELATIVE SIGNAL THRESHOLD IN db

WIDTH OF PULSE ON
SCREEN sT=0.05mm.

, ¥

| g
//_A.’O/
0 ﬂ r——ﬂ

O FOCUS PARALLEL TO SWEEP.
A FOCUS PERPENDICULAR TO SWEEP.

.04 06 08 .| .2 4 6 .8 1| 2
WIDTH OF VERTICAL OR HORIZONTAL LINES IN mm.

FIG.13 SIGNAL THRESHOLD VS. FOCUS.

SYSTEM PARAMETERS OBSERVER
BT = 1.2 (opt) o| s.s.
sT=0.05mm. A

PRF =200/sec.
T = 3 sec.



SIGNAL THRESHOLD POWER, Sg0,/INdb ABOVE N,
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FIG.14 SIGNAL THRESHOLD vs. RECEIVER GAIN

SYSTEM PARAMETERS OBSERVER

BRT=1.2 RA
sT=17

PRF=200/SEC.

T=3.4 SEC.

SCREEN=PI

VIEWING DISTANCE=30CM

FOCUS PERPENDICULAR TO SWEEP= 0.5mm

Nl = NOISE POWER IN A BANDWIDTH I.O/’r
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I-F BANDWIDTH, B,.= |.]| Mc/sec O© RRM
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FIG. 20 — SIGNAL THRESHOLD VS. PULSE REPETITION FREQUENCY
ON PPI.



SIGNAL THRESHOLD POWER,Sg0,IN db ABOVE N,

BEAM ANGLE AND LENGTH OF SIGNAL ON SCOPE
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