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AM&~MAob rtnhIIT OF TAIkQfrT 4ALA COV4~ib
A. IM. A..d

1. 15Il~l~J

This mmora•mi presents two numerical tables. The first

gives the average percent of target are. covwred at least once

for a wiae range of bomb pattern asioe amc target sizes. The

second table is art atxidiary table .'.-!. makes it easy for one

"to compute the average percent of target 4r•a covered exrctly

or at least once, twice, three times, etc. both 1,ttern and

ta~ret areas are squares, and the number of bombs r4nres from

one to ten.

If u siui~re pattern or area P' is aimed with normally

distributed error at tne center of & square turget (with the

same orientation) of area T- t..e probcbility th-t a point.

(x, y) in the t&rget will be covered is

Jy_•p _p 2no•du 0v - g(x)(y)

where it jo :osumed that ;iming errors in r~nre and deflection

are independent ano have the same standard deviation c.

3uppooing n bombs are dropped, the proba~ility th•t the point

(x, y) will be -everea exfictly k times is

U C LA3J" 42



(••.)()k n--,,k€,3
(~)~zi~gy)J i - (alg~y)jJ

which may be p.,u In the form

n--n, n-k )tn-k)n-

-- )( -I ) ( n , '- k ) I n ) -W r .( Y),) •

If this tIaression is summod on k from r to n, one obtaxns the

prob~bi:•ly that Jx, y) is coveread at least r times

ck~x Y _± -- (-I) n- - in- , n,, 5rXW ) n-t
n (x, k /1 1

and ty interchrnging thke order of suiLmation the suM on k is ea,&ily

JeterwLned from the identity

a-r

One finds that

nCnr,•, Y) - (-1)n \~ r-1 )ic~~~~

•- J~r/-I(j ný !• -(gyl]J
- (-1) •~~,r - ,.J 'g ) (

The expected proportion of the target area covered at least

Z t .rjes ib now found by integrating this last expression ov,.i the

UNCI.A--mum



tarret are. Lttiln

C(xc)j dx,

T

the expect*6 r-fold coverage may oe written

hr *j(-,)i)r 12)(n)J±(

taer

3. j&Cri&Dtion of TAiblee

Table I tabulates defined by eouatlon (3); that is, it

gives the expected proportion of target area covered at least

once. Table I1 tabulates Ji defined by ee.uatior, (2); this table

t~oretkher with equation (3) enables one to CL]culate directly the

expected proportion of target area covered at least r times.

hdso, by substitution of 4n-i for (x)F(y)F-j on the right of

eruation (1), one c~n compute directly the expected proportion

of t6reet area covered extctly k times.

The unit of leneth is t&ken to be one circular probable

error (CLP). If the -irnng errors in rlange and deflection Lre

indeperdent and U&ve the same st&naird deviation or, then

I CLP a' lq-otr 2rm o1 .177 a- .

(one mean radial error (ME) - 77a, 1 1 .253 ' ' 1 .064 CP.)

Thus the lengths of the target side and pattern side are denoted

by t - T/ZEP

p P/C1,P

in the tat-les.
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ST.BLTAB I

Average Percent of Tar.et Area Covered at Least C:.-e

Niaber of b~ombs

p 1 2 3 4  5 6 7 8 9 10j

.0625 .uG25 .0009 .0017j .002t .0034 1.0043 .0052 WOOX~ .0009 .0077 .0086
.125 .-009 .0017 J.0026 .0034 .00J43 .0051 .0060 .00691.0077 .0086
.25 .0009 ,o,, .00,, .,0031. .,V43 -.o,51 .. "060 0.,068 .0077 o.085
.50 .0008 ."017 .0025 "C133 .OU42 ,.i,50 .058 .0067 .0075 .0083

1.00 .0008 X015 .0023- I.331 .0038 o .046 .3U54 .0o01 .o069 . 0077
2.00 006 .0011 .0017 .0023 .1° 028 .0034 .U"40 .J045 .0k)51 .L'J56
4.00 .0002 .O,5 .W07 .009.0o012 .,,j14 .I.1,..019 . jJ21 J.023
8.00 .WO~v I uul Q00v2 - UC;2 v~,303 Uoj4 .JWM4 .005 .,,%d0 5 .00b

16.00 .0O00 .0000 .0O01 OU1 .001 .%sjol .03O1 U.*J~l 1- 0002 .0002

.15 vu.25 .v034 .vvb9 vlu13 -v137 .0171 U.205 .0238 U2~72 .-00 .U339
*j.125 .-.. 34 W069 vl103 .0137 .0171 .02U4 .0238 U0272 .0305 .0338

.25 uiu34 .uutd UIU12 .o036 .U170 .j20 .u237 .u,270 .0303 .0336

I.50 1.0033 -J-47 .J1-JU .0133 .0166 .6199 .0232 .U264 .U297 .0329
1.00 1.0031 .OObl .uU92 .0122 .0153 ..,;183 .0213 .0243 .0273 .0303

2.0 .0023 .0045 -0t .009U .0112 .0135 .0157 .0179 ou2U1 .0223

40 O9 .U019j28 .0038 -U,)47 -J5 .UU65 .%J075 .VOe4 .0093

.25 QL625 .0137 .0272 .U405 .0536 .0666 .0793 .0919 .1044 .1166 .1287

.50 .0133 .0264 U0394 .0522 .0at,4 .3772 .0V,95 .1016 .1136 .1254

1.00 .0122 .0243 .0363 .0481 .0597 .0712 .0626 .0938 .1049 .1158

2.00 .0000 .01791.0268 .0355 .0442 .0528 Z7ý13 .0b97 .0780 .08ý'3

4.00 .0038 .0075j.0112 .0149 .6185 .C2;2j.0258 .0293 .0329 .0364

6.0 wOli.Cg)lO..0zq9 U0338 .0048 0UU57~ .0066.0JU76 .0085 -u094

" I."0 uO""21".51j.j17" ...,010 .,1,I.4ou .o016 .0019 .00211.0023

MO B,"1

•.00 .O~ l.O~ l.,;,,. I .0,,0 .o,•/._,!._,_.__.-_l.,_,l.__
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TIDLE I (cont'd)

Average Percent or Target Area Covered 4t Least Once

Number of Bombs

S- 1 -3 -5 - - -0
.5 U.j25 .0536 .1043 .1523 .1977 .2407 .. 613 .3198 .3563 .3908 .•4234'

.145 .0535 .1041 .1521 .1974 .2404 .6.810 .3195 .3559 .3904 .42301

.25 .0532 .1036 .1513 .1965 .2393 .62797 .3181 .3544 .38b7 .4013i

.5u .0S21 .-10151.1,.04 .1927 .2CJ;011 .47 .3125 93483 .1123 .4145,
1.00 .1,I80 .0937 .1.72 .1786 .2161 .2556 .2913 .3252 .3576 .3884,
200 •.0356 .069r .1027 .1343 .1648t.1941 .2223 .2494 .-M5 .3UU71
4.00 .150 .0296 .0438 .0575 .v";0 .0640 .0967 .1091 .1211 .132.9j

8.00 .0039 .UOG77.,114-1.0150 .0185 .U219 .0253 .0285 .0317 .0348!
I(.,,o -UUlO .0019 .0M8 i.0037 .0045 .0U53 .0060 .0068 .0075 .00821

.0625 .1970 .3552 .4822 .5842 .6661 .7319 .7847 .8271 .$,$12 .8685

*.125 .1966 .3548 .4818 .5837 .6656 .7314 .7843 .8267 .06882

.25 .1958 .3533 .4799 .5806 .6637 .7295 .7625 o8251 .6593 .8869

.50 .1921 .3473 .4727 .5740 .C558 .7219 .7753 .8184 .8533 E815
1.00 .1782 .3245 .",447 .5434 .6244 L.911 .7458 .798 .6278 .583
2.00 .1349 .2505 .3497 .4349 .5083 .5715 .6261 .6732 .7140 .7494

4.00 .0593 .11w5 .1604 .2036 '.24,7 .2783 .3.0 .1040, .3678 .1.)-^

8.00 .0156 .0297 .0425 5.0540 .u6.,6 .U743 .0831 .0913 .U969 .10591
16.00 .OUy)9 .,074 .0106 .0135 .01l1 . 18t .-208 .0228 .0247 .0265

2 ,Ob25 .5789 .62271,9253 .9S86 .9866 .994 .9977 .5990 .9996 .9998
.125 .5784 .6223 .9251 .9664 .9867 .9944 .9976 .9990 .9996 .9998
.25 .5765 .dift .92k40 .9678 .98t,4 .994f'-' .9976 .9990 .9996 .9998
.50 .5689 .8141 .9198 .9054 .9651 .9936 .9972 .9988 .9995 .9998

1.00 .5396 .7675 .9-1W .9543 .9787 .9901 .9953 .9978 .9990 .9995
2.00 .4407 .t,810 .6147 dW. 5 .934W .,,'; .975 b44 .990I .9937
4.00 .22571 .3761 .480 .559 .C2?70 .. 752 .7149 .7463 .7732 .79L0
6.00 .062.5 :1064 .13911.1645 .1850 .20,221 .2168 .2,296 Z2409 -.2'511

16.00 .0156 .0266 1.0348!.411 .0463 .,505 .042 .0 574 . OtO .0(28
* If1 1



TABLk I (cont.'d)

fvor*kge Percent of TUrget Areu Covered at Least. Once

uber of Bombs i

4~ C.(,25 -9.32 .9986 ,.UOo, 1.0000 1.000001 .ooo1.0000 1 .0000 1.0000 1.0000I I"125 1"9631/'9986 .9999 1'.0000 1'.0000/ "°°1.00 "°°°1O "°°iO 1.Uooo01,.0o000]
.25 .0624 .9986 .9999 1.Gooo 1,.0000 1,.0000 1,.000 1.COOO .000o 1.0000
.50 .9599 .9984 .9999 1.0000 " I1.00 1.0000 1.0000 1.0000 1.0000 1.0000

i .00 .9494. .99741 .9999 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1"OCO
2.00 .9028 .9890 .998b .999,1,.o0o0 1.0000 1.0000 1.00o0 1.0000 1.0000
4.00 .6899 .8744 .9418 .9708 .9845 .9915 .9951 .9971 .9983 .99901

8.00 .2493 .3541 .4169 .4612 .4951 .5225 .5454 .5650 .5•21 .5972
16.00 .0625 .0889 .1"47 .116I .1246 .1316 .1375 .1426 .1470 .1509

8 .0625 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.00 iOO 1UOU 10U2
.125 1.0000 1.0000 1.-0000 I Wk)U 1.0000 l.U0~.A 1.OWO I 1.jOQO 1 .0000 1.00001

@6 . 100.) 1.0000 1.0000 1.0000 1 .0000 1.0000 1.ýM00 1.%;Oou 1.J0000I 1) . C,
"I.t 0 1.0000 I .000 I 1.00G 0 I .1.0000 .0000l 1.3000 1.0000 1.0000

1.Uu 1.00O 1 .000()( I.000 1.0000 1.0000J 1.000 1.0000 1.0000 1. 3000 1.juOu

I C.00 .9999 1.00oOyIoo 0. 000-iI ,. o 1 t)i,OOl,..0o,00 1.0000 1.0000 l.o0O0
3 4.U0 .997., 1.kjW 1. ,.. .1oo=,. 1.000 ) 10000 1 1oooo , .oooo•,.•o00 1.

I i. .8378 .9438 .976t .9"92 .9947 .9972 .9985 .9992 .9995 .99971

1616.00 .2500 .3U63 .3372 .35Z31 .3738 .3864 .3968 .4056 .4133 .4201

16 .0625 1.000lu(0 OOUO 1.I0 .. 00 WOO IOO 1.0000IOL)I.UOIj 1.Q000 1.O000 1.UOO(o

.125 I.OO -1.00O 1.0000 1.OOOi'.u•uOu 1.00O0 1. 0OO 1.0000 1.°0 000'.o

.25 1.00M00 .O " I.0OO I".O•OO 1.0000 1"• .001.0W0 I i0" I !' "0 1 .00U0 1 .0000"1.

.50 1.0000 1.0001 1.0000 1". WOO 1.U0 1.0'00 1.00010 1. O JJC •1.. i•j• ''

1.00 1.0000 1 .0001 .000 I.000 1.0000 I .OU O .uO 1.0000 1.COucO 1. 'uu 1.JX)

2.00 I. t'0 I.O1 0 " .W•1' "°01 1.0000 1.00° ° 00 1.0000 1.0000 1. .0o,0,,

I ! .00 1.0000 1.0000 I1.000 1.0000 1.0u00 Ik)1OQ 1.0000 1.0•00 1.000 " "I 0C
8.00 1. 1.0000 1.00M .00U 1.0300 1.0 1.0000 1 uu~ok 1 .0W00 1 .000)U 1 .CLi~
16-00 .9017 .9735 .9897 .9956 .9980 .9990 .9995 .9997 .9999 .~90T),
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