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NUMMARY 

This report analyses the effect of various factors on the detection 

ranpe of an active radar seeker. Tb~ factors considered include those 

which define the performance of a seeker, such as size of the search 

pattern, range and angular resolution, range of possible target velocities 

(with respect to the seeker), target closin;' velocitv, target echoing area, 

false alarm time, anti probability of detection} and constants describing 

the seeker such as average transmitted power, wavelength, dish size, pulse 

repetition rate, pulse width, scan time, i*f ano a**f bandwidth, and number 

or range gates and velocity channels. 

Equations and curves are developed to show the variation of detection 

range with the above-mentioned parameters, and to aid in making optimum 

choice of scan time. 
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T. V.mmw.s RFiLr'VA^r TO SEEKER PEHPC'RMANCE 

¥ 

/ 

í 
H 
r- 

í 
4T 

The pui*yx)ro of this report is to set down the factors that must be 

considered in determining the theoretical rang» of a seeker, to present 

graphs which show how these factors affect detection range .and which aid 

in choosing oot'mum parameters, and to apply those results to a few r-aroic- 

ular cases felt, to be representative of actual or proposed seekers. 

In general a seeker's performance can be defined by tactical cf nsider- 

ations such as the following: 

1, The space volume searched, 

2, The velocity and acceleration uncertainty - i.e. the range 

of possible target velocities and accelerations (relative 

to the seeker) over which the seeker can operate, 

3, The closing velocity. 

b. The false alanr. time, 

5, The probability of detection t various ranges, under 

various conditions of search, 

6, Resolution and ncctiracy. 

7, Target echoing area. 

To achieve the required performance, the values of various quantities 

such as transmitted power, wavelength, dish sUe, repetition rate and pulse 

width (in a pulsed system), scan tine, missile speed, ami number of velocity 

and range channels can be chosen within certain physical limitations. 

The physical limitations imposed on the seeker are usually size (prin¬ 

cipally of the dish), jver, and complexity. It is desirable to knew how 

the seeker performance, especially with respect to search, is affected by 

these physical limitations. 

CONFIDENTIAL 
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One mie:ht, «start a discussion of this subject with the radar ran^e 

equation : 

(i) 

P \2 o 

(hn)3 X AV k T NF L 

One can rewrite this to include the more interesting parameter, dish 

diameter D: 

U') 

(?.M? P Õ 

(Ùtt)^ X AV X2 kT ÍTf h 

This equation applies to either a pulsed or a c-w system. (Definitions 

of symbols aro on pp. iv and ▼•) 

For c-w systems, AV is the i-f bandw;Ldth. For pulsed systems (assum¬ 

ing i-f bandwidth Äreciprocal of pulse width) AV is the pulse repetition 

frequency; or, if there is comb filter integration in the i-f, it is the 

width of the filter around each harmonic component of the signal. 

The rango equation as stated in (1) or (!') does not explicitly in¬ 

volve many of the parameters which determine performance. Closing velocity, 

• velocity uncertainty, search, angle, scan time, false alarm time, and prob¬ 

able t y of detection enter irm licitly into the range equation because they 

affect the value of x . If one knows the values of these parameters, x can 

be computed. 

Due to the corra Heated nature of the dependence of x on these quanti¬ 

ties, it seems that the best way to approach the problem of relating these 

parameters to seeker performance is to give a series of curves clotting the 

CONFIDENTIAL 
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relation of some of the parameters to others, 

II. BLIP - SCAN CURVES 

A basic piece of informât*on in any such discussion is the blip-scan 

A 
curve, which shows the relation between the blip scan ratio, and ■—— » 

o 
(Blip scan ratio is the ratio of number of blips to number of scans when 

a target is present at a fixed ranre. The ratio states the probability of 

a blip appearing on a sinple scan when a target is present at a riven range.) 

Rq is defined by setting x equal to unity in (I1) : 

(Vif P D*4 o 

(Íítt)3 A7 \? kl S L 

R /l 
It is possible from Refs. 1 and 2 to obtain curves of P^ vs ~— ■ pc'J 

for various values of the par-ameters N and n. 

N is the effective number of samples, in which the noise samples can 

be considered statistically independent of each other, integrated by the 

audio filter. Strictly speaking, Refs, 1 and 2 compute blip-scan curves 

only for pulsed systems, and then only for the case where ’ntegration con¬ 

sists simply of adding N pulses. It is assumed here that the resulting 

■blip-scan curves can be applied approximately to the case of a scanning 

beam, for either pulsed or c-w systems, provided an equivalent value of N 

* 
is judiciously chrsen. Ir it be assumed that the audio filter integration 

The difference between pulsed and c-w systems can be shewn to be small 
since a nulsed system using range gates behaves after gatino almost like a 
c-w system as far as si xnal-to-noise ratio is concerned. The main approx¬ 
imation is concerned with the assumption that N equal pulses added together 
are equivalent to a number of mises integrated by means of a filter. 
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time is roujrhly equal to t, the tine durin^ which the tar^t is within the 

half power points of the bean ciurinp a single scan, then the value of II can 

be taken to be roughly 

NÄ t AV 
(3) 

The number or effectively iindependent noise sarnies occurring in the 

false alarm tine tfa , beror‘’ audio filtering, is denoted by n. Hence, Hence 

n»tfa AT ,p (li) 

Here q is the number of velocity channels used to cover the velocity 

uncertainty, and p is t he number of range gates used. For c-w systems p 

is equal to unity. This actually makes little difference in detection 

range as compared with pulsed systems where p is fairly large, b«oail8« range 

for a given bliprscan ratio is a relatively insensitive function of n. 

One can rewrite the formula for Î! 

(6) 

Here T is the scan time (i.e. time in which the beam completes one search 

pattern) arri m is the n'unber of beamvidths included in the search pattern. 

Fibres 1 and 2 can be used to calculate curves of blip-scan ratio vs 

CONFIDENTIAL 
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R/^ for variour val"cv of N anù n, for a particular fluctuating target 

model* (The target echoint* rea is considered to .fluctuate according to 

the distribution: w(o, Õ) = e ö/°> The echoing area is considered 

° T 
to be constant tor the t 'me on target during a : : n-'le scan, “pr» but to 

« 
fluctuate independently between scans.) It has been found numerically and 

shown mathematically ' ' *hat, for ihis tarnet fluctuation model, the blip- 

scan curves for varicus values of N and n can be represented to a good approx1 
R . 

imation by a single carve of blip-scan ratio vs u, where; u * r— • g(n,h) • 
o 

Here g(n,NT) "s a scale factor depending on n •tnd f. The deviation of this 

from the actual curves is small enough to be ignored over a parameter range 

of n = 1(/1 or higher, li e 1 to about 1000, and blip-scan ratio greater than 

about one percent; this is the usual range of interest. Figures 1 and 2 

give, respectively, t e curve of blip-scan ratio vs u and the scale factor 

g(n,N) . 

ITJt PETKOTIOH ClilTFRIA 

Cne can new proceed to define whatever detection criterion is thought 

to be desirable—for cx.imrle, cne can consider a target detected if a blip 

appears or. a single scan, or on two successive scans, etc. 

Tie criterion considered to be of most interest here is the single blip 

criterlon. For an automatic device like a seeker employing rejection of 

ground clutter ;y filtering, it appears that a good way to operate is to use 

a fairly high threshold, insuring a low probability of false alarm due to 

noise, and then to take action on the first crossing of the threshold. Such 

* 
By R, 1:. Pi shi nr ton in an internal RiNP worki:.'* paper. 
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act’on mi .’ht be to stop the .seeker anti examine more carefully the point in 

v.pace at vih;ch the blip appears. The hi?rh threshed will assure infrequent 

false stoppings of the seeker. 

W¡th the false alarm probability extremely low, one may say that 

stoppi rv’ the antenna is essentially tre same as committing the missile. 

One could instead use a lower threshold and allow the antenna to be stopped 

fairly often due to noise. When the blips were found to be noise by further 

tvstc the antenna could apain be put into search. This would be an ineffi* 

cient way to operate because of the time lost in startinp and stopping the 

antenna. One could also use a two or mere successive blip criterion for 

detection. It has been found, however, that the sensitivity with the two- 

blip criterion is not quite as good as with the one blip criterion, when 

adjusted to ’ive the sane overall probability or detection and of false 

alarm. 'I'o date, as far as we know, no era tor'on involving multiple success¬ 

ive blips has ;«en found that surpasses tve nrp-blip criterion in sensitiv- 

ity for the same overall probability of detection and false alarm time. 

One may be interested in the foilovrn? cases: 

a. The seeker is turned on for many search periods so that there is 

the possibility cf many different locks at the target. 

fc. The seeker is turned on for only one search period* 

If sensitivity is rne trime consideration one would use many scans, 

especially when the target is fluct. .ating. There are, however, certain 

*Other methods of detection tre sometimes 
sensitivity of detection o‘ signal in noire, 
old method or detection is useful because it 
or sinrle-”'.Ifo types of interference while 

useful for reasons other than 
'■or instance, a double thresh- 

di: criminates against, "railing” 
lowering sensitivity of detec¬ 

tion only hi : rhtly. 
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ccrffivierations that make it ctefdrabie not to tnm on the seeker at too long 

a rar.i’f. One is that the wronr target mi f'ht be aconlred. Another in that 

the tarín?t may have a sensirp device that tells it wLien ttie seeker is tjmed 

on and enables 1.‘ to take evasive action» Evasive action is especially in 

portant when the seeker is directed at a low—flyinr tarret ind when the 

difference between target and rrcund radial velocities is beinr used to dis- 

tinruinh between si duel and rround clutter« If sufficient time is allowed 

for maneuvering, the tarnet may turn so as to make its signal have the same 

frequency as the ground clutter, thus making detection very difficult. 

1'> most interesting case here appears tote to allow the seeker to 

accumulate looks over a distance such that any increase in distance would 

make only a sli-'it imrrevenent and, at the same time, little maneuvering is 

possible in the time required to close. Ecr case a,it is assumed that the 

seeker is turned on when the target is at a ranee of aprroximately 2 Ro« 

TMs -ivos an accumulation distance which is probably in the region of 

: •f-''rest. 

ATURARE "yi’Ii'.TTVS rRC^AETLITY C’-' 
“TJ “ ttt <pp”^ih'7r 1 “vT; ' 

AVEIIAGE 
DETECTION 

A tar -et moving with constant racial velocity toward the seeker will 

move a certain distance 6(R) during eacii search period. Trie target is said 

to be detected by the time it reaches a certain ranre K from the seeker, if 

a blip lias occurred on at least one scan up t o the time the target has 

reached range H, 

The basic piece of i.i.•fermât!on in which one is 4nterested is the prob¬ 

ability of detection by a ~iven range R (i.e. i y the tire tne target has 

reached a rjven r.ange P). 

CONFIDENIItL 
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CcnsiHpr care a, whf^e the seeker is turned on for many search periods. 

¡jet P (^) be the blip-scan ratio at mnee R. Then, if the last look at the 
b 

target, happens to occur precisely at range R, the probability of detection 

by ’’arge R wi 11 be 

k - 
(9) P (R) • 1 - TT 1 - Ph(- 4 i6(R)) 

c i-1 L 

P is called the cumula,ive probability of detection by range R. Here k is 
c 

chosen such that R k6 is between 2 and 2 R^ ♦ 6 . This wap chosen 

because, usually, beyond this point the probability of a blip appearing due 

to mr'se is .lust about a-? large as the probability of a blip appearing due 

to a target. 

P is stili not the thing one wants to knew. For a given range R, it 
c 

vil] rarely nappen that the target motion is sich that the last look will 

occur precisely when the target is at range R. Tn fact, the last look has 

equal probability of occurring anywhere in the range R to R + 6(R). There¬ 

for the quantity o’"' interest is P , (R), the average cumulative probability 

of detection at range Rs 

(10) 

R*6(R) ' 
P (r) dr 

c 
/ p 

6(R) 

Similarly, in 

period, trie intere 

case b, if tin seeker is turned on for just one search 

«•ting quantity would be P, (R), the average single-scan 

’‘.¡t is, the ]ist lock before the target gets closer fhan range R. 
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probabilUy of detection at rznre R: 

(U) 

R+6(R) 

F (r) dr 
b 

R_ 

6(R) 

Exarirles of these curve? for different parameter values are shown in 

Mps. 10, 11, 12, and 13, so that one can see the difference between the 

cumula iv*» and sinple-scaji cases, for instance, and the effect of averaging 

the blip-scan curve for a id von closing velocity. 

These curves were plotted using parameter values that have been sug¬ 

gested for actual seeker applications. One would like, however, to find anj 

optimum parameter values that exist, within dven restraints, and to see how 

performance varies with all the parameters, ¿he choise ol scan time, ^or 

instance, involves an optimization since too long a scan time reduces detec¬ 

tion range because of averaging, as in (10) and (U), while too short a scan 

time reduces integration. To this end, a set or curves was developed to ob¬ 

tain optimum scan tine and *0 show the performance variation with the various 

parameters. Thtse curves are shewn in Pigs, 3 through 9. They are made for 

an average cumula'ive probability or detection - 90* ami for an average 

single-scan probability of detection - 90*. The 90^ probability level 

is believed to be in the region of interest for a missile seeker. The value 

of n is taken to be 10 , which cor rest omis to a 'Cj. of around 700 seconds* 

The results can readily be obtained for a different value of n, If desired. 

V. 0PTTHH (A"‘£; V\ IT 'T .AK tr .JITf d -iKR ! A.-vAXrr.:RS 

•r yâç. been stated, tue lip-.-can rat.o vs curves car.be represented 
0 
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tj' 0 <0 u e p « ~ , R depending on n 
as a curve of blip-scan ratio vs u, ^ e P F 8 

. , .Vt+v detection for various values of the inter- 
and N. Cumulative probability of detection 

ic rorvc-s of cumulative probability ol 
val 6(H) can also be represented as carves 0. 

detection vs u ron various vales of 6(s). ¡¡0« 

(1?) 6( u) g • 6(^-) 6(H) 
,vcT 

■ vnuv as well as the blip-scan curve, are 
Two such cumulative probability carve^, 

shown in rig« 1» 

ThM# ,:r.„s can alto he averaped over an interval 6(u) to five curve, 

or „erare oavnlative nrohahUitv of detection vs », or average tingle- 

r . . lt;.n P V5 u, fc various values of 6(u). “iwre 
scan rrobubility o uetet^icn vs u, 

3 „ , curve of u .« »(») l'or a fixed average c«la i/c probability of 

det„..,10„ r . 90t;. Fi,,re 7 is a curve of u v, 6(u) for average tingle- 

scan probability of detection ibw " ‘,J • 

Ti;e affect of scan Une T on range rerfnr-ar.ce can be shown as follow,: 

^ influences noth !< anii 5 • 

(13^ 
6(fl 

0 

V T 
c 

t5 à % 
0 

N “ 
TAV 

m 

bombininr irere, 

(L; ) 

N - K 6(r^ 
o 

A7 

where K a m. 
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Now, if or« fixes K and n, a curve of |- vs 6(f) for i1cav * ^ or 

for n - oaf can be obtained as follows: each choice of 6(^-) determines 

» by di), , «,» then be .obtains fV» »If. 2« f«» ^ 

oM.a!ne,i; wp. 3 or Pig. 7 1' «en use<l 801 u! nr,aUjr “ c0,”rert'!d 

o f by u g . ¿ • The re,at 1, O corve of I « ^ «** « ^ 

° oiyf- or P. ■ 90Í. Since scan tine is not involved in R0, one 
n, and Pcaï 

0 
*-F CâV t)3iV 

c -hnui nr *he effect of scan time on ran^e for 
can regard these curves as shOTrtng ne ^ 

QOar or p . 90». Firrur* h shows a set of such curves for n - 10 , Pcav 
“uo Uí bav ' V . 

. r e K « lí_ Firure 8 shows similar results for 
Wf. and various values of K tT * 

c 

1 bav 
Two important conclwlon» car bn drawn Ton ‘If*. L >«» ^ 

optimum valer of 6(^-) is approximately equal to .X for • 90., and 

.20 for Fb ., - 907. °Th15 is practically independent of K for 100 f K i™10- 

Looi. th^effeci of ecan «me on ranee is slight when scan time is varied 

from optimum by aa much as a factor of two either way. 

vieures 5 and 9 an alternative way of plotting the same informa¬ 

tion. Given V AV, V;. and .. one can find Tom these corvee the range 

‘’or r 
. n . Qfl.r For p - 90^, this is plotted for &(R ) 

’ ^ ■ 90% or Pbav • ror rcav 7 * o 
R . ., (V,T, tfjL'T ■ Ie! to show the penalty for non- 

.06 (the optimum) as ’well as fbr 6(^-) ^ 

^ nry*' 
*■ „ R ^ For P “ 90Í, trie curves are viven lor 6(^-' 

optunun o[ît^ • ror bav o 
o p 

timum) and for 6(--) e »u0. ( 

Figure 6 is still another set of curves which can be derived from Fig. •• 

or >ir. S. It is plotted tor 6(f) - .¾. Tom Fig. 6, after choosing the 

dMi«d range for P;av ■ as -ell as choosing speed, search Pattern, 

arei j.f tarai width, on- can ”!nd Tom which the necessary transmitted 

power can be deterrun^'d# 
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, * • . „ p /■(‘rr p « 9O'?) is niotied 
^inire ^ i? act/ xlly two plots ir. ono. i • r * Rav 

. ... for C « JL - -AI- held constant; also R is slotted against ^ for 
against tv c, ;; 

0 ' o c 
R instant, '"his allows easy interpolation. 

' ° " ' 00'" 
•¡o curve corresponding to Fi?. 6 is ñven for Pbav “ 

Hvr.w the optlm. value of 6(^) , «1» *“ld liks 10 ^ 

low ranje varies with the .tier parameters. Since the results for rcaï * 

, r V « Qivt' at 's best to discuss these two cises 
çoi iiffer from t hose for Pbv, “ ^ -s 

V tVip for P « will be discussed in greater detail; 
separately. thp reswi-s iu* ,av 

«. t u 93',' vrill be svusmarized later on, corresponding results for Fbav ^ wixx 

. p n QQ!, 
* cav_ 

In equations (10 throuA (19), S, represente the ranee for * «>* 

when the scan time is optimum—ie^., 

If g. r were clotted on lor-lop paper, it would turn out that 

J R \ . (Vi t, e K vs K- curve is approximately a straight 
K < bOO, and 5(^-) • «Ob» ^ V5 !T 

line with a slope of b. 

Tv:us one can write 

Ie:) 
R « P. K 

a 0 

1 

Since K . tV ”rl5 co'lld be *xPresTOd 

,,,, « < Í (16) a ^ 
lA „ 5A 

,r ,,.. , <* fY h ^ , t en it can oe seen from Pi|. i that Y “ 
If one writes ^ ° * 

, * i r-r, Cnr R < ll f.^30, ''or K > bOO, 
1,1,, i* - 1.25 rives a rood approximation for fl0 i 1 , t,-■ • 

better values of Y ana * coolo be chosen •*« Mr. 6. 
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SubstitutinR for ^ and Ro in (16) 

(17) 

i ^ D3 õ ^ 

c V H 

'or K m 600. 

Th, variation of R, «ith « is significant for th. foUowin8 reason: 

,. certain rr.,:»ncy Rana is retired to cover the velocity uncertainty 

(r,nr. of possible tarret velocities) in a doppler syst™. « «n, ho««r, 

0, reduced bv introdudr.r multiple velocity Kännels. This improves ranee 

oerferrance, but the multiple channel, are costly to build; bonce one is 

interested in how much the ranee performance is actually improved. Since 

4, varies as the inverse of 0, the ™m»*r of velocity channels, one can 

see from (17) that, in the ropion of approxi^tion considered, 

(1*) 
n ^ n a 

lA6 

-Yon ^g. ? it can be seen, however, th 

o: q in (18) will ret larger than 

the variation would be cloror to 

at arc K increases, tic exponent 

1/16. In fact, for large K (K > 1000), 

(19) 
P oc q a 

1/0 

r,rrtfC in inr-easin? q when K becomes larger, 
mere is, fr» re fore, more layoff m rnc.ea, m 

+ , ♦ V« art- il rain in introducing more / -în Oort compute tne acbu.u. ; «i** ->om .l?ig. 6 cne oculc an ,acx, c.niut 

/el city channels for riven va i— u S 0 
- „-i-nr'+» nf P on dish diam- 

, v point is t.+e n a 

velocity rad search armies. 
emr, and the fairly strong dependence on closing ve.bO- . 
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7 he so par-unG ters are more significant than X o; q< 

a p « 
bav 

Tn eq'iatiora (¿0) throng (23), \ «Presents the ran« for Pb„ 
90:-, 

p 
when scan time is cr^mm—i.a., 6(5-) ' -20, 

If Re. 0 we« plotted on lo,-lo° «per, it wonld tu« out that for 

K > IOC, ml 6(J-) ■ .20, the H ^ f 
— curve is approximately a straight 

— o 

line with a slope of h.'• 

Thus one can write 

(20) 
p oC R K 
"b o 

1/9.5 

(21) 

Since K • ÇR0, this could be expressed 

1/5.5 R i.W 

Substituting for ^ and R0 in (21). 

pl.18 d3-27^1-10 

(22) e )-73 V -73 (^)^5 (« s ^18 

for K - 100« 

Hence, for th'i? ran,?? o4’ parameters, 

o£ q .11 
(23) ^ 

uH + hn becomes less sensitive than 
¡.'or K < 100, the variation of Rb with q becom.. 

in (23^. 
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C, q.opT 1 ineov.o Otr.ervTtionfl 

f.r assumption implicit in the treatment thus far is that the target 

spectrum is narrow compara to the r- >-«. of the post-deteotion integrating 

filter. This is necessary in order to be content with tto assied target 

fluctuation model—i.e., independent fluctuation from scan to scan but no 

fluctuation during U* time on target for one scan. Since target spectra 

appear to have U. ma.ior part of their energy in a fluency range corres¬ 

ponding to 2-10 mph, tins does rrt seem to t* an unreasonable assumption. 

However, one might be interested in the oases where the filter width is 

, rev. the filter and the tareet -.i the +Arref «nectníô', or mfrie.e 'itie iixtatfi narrow comoarea to tne T,an7ev . » 

spectrum are of approximately equal width. Therefore a blip-scan curvo, an 

average cumulative probability of detection curve, and an average single-scan 

probability of detection curve were computed using a rapidly fluctuating 

target model in which the fluctuations are independent from pulse to oulse 

(or in the o-w case, the fluctuation spectrum is comparable in width to bV)j 

this represents an extreme case. The results are shown in Fig. Hu. 

this curve crosses that of fig. 10 (the comparable c se for a slowly fluc¬ 

tuatin' model), Fig. lb shows an improvement at °cav - Hence it can 

h, deduced that in a case intemedlate between these two extremes, the 

ranee, at P^ • 90«, wUl probably be greater than predicted by the curves 

In computing the rams- of a seeker, assumptions must be made about the 

TOi5n figure, losses, and maintenance degradation. Estimates of those are 

the following: 
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Bear, ahape loar due to the fact that time on tW?et was 

computed on the basts of half-power one-way beamwidth.3 * 

Loss due to cross polarisation or circular polarization 

„ , Tii»« rtrlv for 3TL active c-v system).6 db or Mmagic tee" (applies o,lj or an 
. 2 db 

Two-way radome loss . 
. 2 db 

plumbinp loss. 
. h db 

Maintenance degradation . 

-. „„iaa «„re varies considerably, 10-13 db is usual for a mioro- 

„„„ system usina an i-f. A c-w system without i-f can be much worse, bnt 

can dc as well as 18 db. «ence HT.L mt,ht for a c-w system be between about 

2? db and db» 

Fi pures 10, 11, 12, and 13 pive curves of Py Pbav» qnd Pcav 

r, d «rvT P when some of the 
possible c-w systems. The effect on P^, Pbav, and P,av 

., ... V «en by com arinf «¡esc curves. The cross at 
parameters are varied can ne .-«en vÿ 

lh, 90-: point indicates the range for optimum scan time for Pcav ■ Wh th' 

»-¡mo for P • 90%. Thus one 
Circle indicates the range for optimum scan time .0. bav 

can see how far from optimum the actual curves arc. 

c of noct ser-ous limitations on active c-w seePcr ran.re is the 

iimit ,-nosed by transmitter noise -nd leakage to the receiver. 

Tr ß . «.action of transmitter power that is noise in each cycle of 

bandwidth, and I • fraction of transmitter rower «,at leaks ever to th. 

receiver, then "(31 is the average noise tower per cycle it. t.nt recc.ver due 

to t 's leakage. The quantity WW is the average noise power per cycle due 

Circuit noise 1, the receiver. It is clear that or.ee the leakage noise, 

., t. J .UIT,sscs M* c'rcuit noise, it does not. help 
whicb ir- proportional -o r, urp-.- 

much to «crease P, since n-ise is increased proportionately. 
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This -ilgo affects tho validity of the equations describing the vari¬ 

ation of range with F (Eqs, 1, 1’, ?, 17, and ?2), In order ‘'or these 

equations to be strictly correct, cne should replace the quantity kTNF by 

the quantity kTKF *■ ß\? . Thus, as long as jSFP is small compared with 

kTNT, the equations remain vúid as they stand. As P increases, however, 

a point !s eventually reached where iio additioral improvement in range is 

forthcoming. 

S'-tim it.es of the quantity ß for 

to 10 x Possible values of T are 

(3) 
active c-w seekers range from 10 

10~k to 10*^. Assuming j0 * 10 

■ll 

I ■ lo"4, and MF C! 18 db, cne can see t hat the naximvn use Ail value of P 

is about 2? wa.-ts. 

There are, of course, tricks that or, be tried to reduce noise. Some 

of these are mentioned in Ref, 3. 
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