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AVEKAGE TEACANT OF TARGET iba COVened
Ao R. Mood

'. latredusticn

This cenorandum presents two numerical tables. The first
gives the average percent of target ares covered at least once
{or a wide renge of bomb pattern sises snc turget sizes., The
second table is arn auxiiiury table .'.i.!: makes it easy for one
0 compute the average parcent of target wuriu covered exictly
or at least once, twice, three times, etc. Both pattern and
target areds are squares, i4nd the number of bomde ranges {rom

one Lo ten,

<. Rasic Formylag

If u squure paitern of area P° 1s aimed with normally
distributed error at the center of & square turge: (with the
same orientation) of area 'I'g, the probetility that o point

(x, ¥y) in the tirget will be covered is

nY*3P pxedr -l )
1 f 1 ——le o O du av = g(x)gly)
y-3P x—-3P 2no*

wiere it is :<pumed that aiming errors in range &and deflection
sre independent ana hiave the same standard deviation o .
Supposing n bombs are dropped, the probubtility that the point

(x, y) will be rccverec exactly k times is
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which say be put in the form

b:(l.y) - (-1 (.!z -')” )[c(x)e(y)] (1)

- 1/n—&\ 0y -1
. (-n"gw) C G ewen™ .

If this sxpression i{s sunzed on k from r to n, one obtains the

probabilily that (x, y) is coversed at least r times

- —rei n—=4 n. n—i
r(;, v) = kﬁ '1% (__”r ‘. . ,\11‘&“)5“)3
Ld o !

and Ly interchunging the order of summation the sum on k is easily

Jetermined frow the identity

= =!\‘. o m""’
.;r(-’) \"' ("") r_‘

One finds that

+jep/n=4-1y/n n—-{
i+ o™ L Dot

- j}‘f (-1 (J- e ‘._g(x)z(y)]
LD of r

The expected proportion of the target area covered at least

r ¢.mes is now found by integruting this last expression ov.: the
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tarpet area. .ietting
y 31 1
4”; -? . &(K’] dx , ‘¢
mzr
the expecteu r—fold coverage may ve written
fopr B R ') n
r - -
R ;%( DI G (i)Ji. (3)

3. QRescription of Jybles

Table I tudulates h:‘ defined by equation (3); that is, it
gives thLe expected proportion of target area covered at least
once. Table Il tabulates J1 defined by ecuation (z2); this table
together with equation (3) enables one to cclculate directly the
expected proportion of t.ax"gat area covered at least r times.

r—1i
slso, by substitutior of J _, for [g(x)gly)] = on the right of

®

cuntfon (1), one cin compute dlj-ectly the expected proportion
of tarpget area covered exectly k times,

The unit of length is taken <o be one circular probable
error (CEP). If the uiming errors in range and deflection cre

indeperdent and lLive the same stanaard deviation o, then

1 CeP = /i lor 20X1.177 0.

(Une mean radial error (MRE) = Am/2 ¢ = 1.2530 ¥ 1,004 CEP.)
Thus the lengtls of the target side and pattern side are denoted
by t = T/CEP

p = P/CLP

in the tatles.
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TABLK 1
average Percent of Target nrea Covered at Least C::e
Number of Hombs
P t 1 2 ) 4 5 ¢ 7 8 9 10
0625 00625 1.0009].0017].0020.C03¢% |.0043|.3052] .00060 | .00€9].00771.0086
125 [.0009].0017].0026].0034}.0043].0051].0060}.0069].0077.C086
.2%  1.00091.0017}.0025].003% }1.0043}.0051] .C060).206¢8}.0077].0085
.50 ].0008].0017].0025].C033).0042] .u50].0058].0067].0075].0083
1.00 0008 [.0015]1.2023}.C031].00368].u046].0054].00€1].2069].0077
2.0V 0006 1.0011 1.0017].00231.L028]1.0034].0040}.0045] .51 .56
£.00 [.0002].0006].2007].0009).0012].u014].c01€}.0019}.0021].0023
8.00 [.0001 |01 }.00u2].u002 [ DU | 0uil] OUOL | .0005] . w05 | L0006
16.00 [.0000].0000].0001 .00V }.0001}.0u01].0001].0001].00021].0002
148 w25 [ 0346 |- wu09] W13 | .V137].0171].0205].0238|.0272].03056].L339
125 l.uudl 00069 ].0l031.0137].0171].0204].0238.0272].030561.0338
.25  l.wudsl.uut8l.u102] 0136401700203} .02371.0270].0303(.0336
50  {.0u331.00€7|.0100].0133].0166].0169].02321.0264].0297].90329
1.00 ].0031].0001].0092].0122].0153}.0183}.0213|.02463].0273}.0303
2,00  1.00231.0045).00t8!.0090},0112].0135}.0157}.0179].0201|.0223
£.00 ].0009].00191.0028].0038].0047]«005€].0065].0075] .04 |.00F3
8,00 . 0002 {«0005].0C07].0010].0012] 0014} .0017].0U19}.0022 }.0024
16,00 WUt |.0001 | .uu02| 0002} ,00U3 ! .u00L] .0004 | .CO05] .CO05 | .0006
.25 .00251,0137(.0272).0405}.0536].0606].0793].0919|.1044] .116€|.1287
125 [.0137].02711.04041] 05361 ,01€€5].0792].0918].1042{.1165].1286
.25  1.01361.0270}.9402|.0533f.06c1].075¢{ 0914 ].1037) .11591,1279
.50 1,01331.02641.0394.C522) .ct48].0772].0695].10161.1136 1.1254
1.00 |.C122|.0243].0363|.0481].0597{.0712].0£26].0938|.1049].1158
2.00 1.00901.0179}.0268].0355] .0442] .0528' . 7713].0697|.07801,084)
4.00 1.00381.0075{.0112}.0149].0185].c272|.0258].2293].0329].0364
8.00 |.00101.001¢} .0029].0038}.0048] .0057|.00661,0076} .3085 ] .009%
16.00 |.0002).0005].0007].0010].0012! ,0U14}.0016].0019.0021 }.0023
!
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T/BLE I (cont'd)
Average Percent of Target iArea Covered at Least Once
Number of Bombs
P t 1 2 3 b 5 6 7 8 9 10
.5 «0025 1.0536 1. 1043 |. 1523 .1977 (. 2407 | -<613].3198 |.3563 |.3908 | . 4234 .
o1a5 [0535].1041 |.1521 | 1974 |. 2404 |.2810].3195].3559}|.3904 }.4230
<25  1.0532].1036'.1513].19651.2193 }.2797]. 3181 [. 3544 |.38E7 ). 42131
50 [.0521 |.1015 ] 1e86 11927 158, c707] . 31253483 |. 3823 .u1¢5§
1.00  [w0080.0937].1572].1786].2181].2550].2913|.3252].357¢6].3884,
2,00 ..0356].069€ [.1027 {1343 |. 1648 |. 1941 | . 2223 |. 2494 |. 2755 -3007
4.00 (.0150].029€.0438].0575].07:0}.0640].0967].1091].1211].1329
8,00 1.00391.LC77!.01141,01501.0185].0219].0253.02851.0317].0348
16.20  [.0010[.0019[.0028 | 0037 |.0045].0U53].0060 |.00€8 |.0075 |.0082
1 .06251.1970].3552].4822].5842].6661.7319].7647].8271 }.68012].8685
125 [.1968].3548|.4818].58371.66561.73141.7843].8267 |.£C08).c682
25 1.1558].3533|.4799].5818).€€37].7295].7625].8251 |.£593].c8¢€9
.50  l.1921.3073].4727).5740].€558].7219].7753].€164 |.€533|. 2815
1.00 |.1782].3245] . Lbb?].5834].62L4].¢911).7458].7908 [.£278].£583
2,00 [.13491.2505].3497].4349].5083|.5715].6261].6732].7140].7494
LoD 1.0593[.1125].1604[.2036}.20771.27831.31081.3406 126781 3530
8.00 [.0156}.0297].0425].0540]).06,6].07431.0831].0913].09589}.1559,
16.00  }.0029!.0074].0106).0135].0161 j.o186 ) .020¢}.0228 |.0247].0265
2 0025 |.5789| . 8227].9253 | . 9086 | . 98¢5 | . 994t |.9977] .5990 |. 9996 | . 9998
o125 1.57841.62231.9251].96841.98671.9944].5976].9990 |.9996 | .9998
.25 1.5765|.82061.92401.9678 |.9804 1 .65942 |.9976].9990 |.9996 | .9958
.50 |.5689].8141).9198].9054].9651}.99361.99721.9988 |.99951.5998
1.00  {.5396|.7675{.916(.9543(.9787 {.5901].9953}.9978 |.9990 | .5595|
2.00 1.4407]1.¢8101.8147].89051.93421.05051,97521.9b44 1.9901 |.3937
4.00 }.2257].3781].4800}.5¢59 a0t 752 .74 7063 ). 7732].79L0
£.00 }.0625].1064}.13911,1€45].1850).2022].2168].2296}.2409].2511
16.00 |.0156] .0206|.03LE 1,041 [.0403}.0505[.0542].057¢% .0cozl.oaza
| |
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TaBLE I (cont'd
® )
averuge Percent of Target area Covered at Least Unce
Wumber of Bombs o
P v 1 2 3 [ 5 6 7 8 9 10
L1 .C625] .9€32] .9986 |1.0000]1.0000(1.0000]1.0000f1.,0000]1.0000[1.0000]1.0000
<125 | 96311 .9986) .9999}1.0000 }1.0000]1.0000}1,0000]1.0000]1,0000]1.0000
.25 .9624] .9986] .9999]1.C000}1.0000}1.0000]1.0000]1.CO00§1.0000]1.0000
.50 +9599] .99841 .$999]1.0000}1.0000}1.0000]1.0000}1.0000 |1.0000}1.0000
1.00 OL9hk] 9974 ] .9999}1.0000]1.0000}1.0000}1.0000}1!.0000}1.0000]1.00CO
2.00 «9028] .9890} .99861 .99981.0000]1.0000}1,0000}1.0000}%.0000;1.C200Q
4.00 +6899] 8744 .9L18) .9708] .9845] -9915] .9951}) .9971] .9983] .9990
8.00 e24931 3ISLT [ JW169] 4612F 4951 .5225] .5454) .5650) .s5821) .5G672
16.00 .0625] .08891 .1047] 1160} 12461 .1316] .1375] .1426] .1470] .1509
8] .0625[1.0000]1.000011.0000}t.0000]|1,0000]1.0000}1,0000]1.0000}1,0000]1.000C
¢ .125 11.0000}1.0000 |1 .0000]1.0000 |1.0000}1,0000]1,0000 1 .000UC]1.0000]1.0000
eat 11.0000]1.0000 |1 .0000 |1 .0000 |1 .0000|1.0000]1.2000]1.0000]1.0000]1.230C
.50 110006 ] 1.0000 |1.0000 }1.0000 |1,0000 f1 .0000]1,0000|1.0000§1.C000|1.0000
1.0C  ]1.0000]1.000011.C00011.000011.0000{1.0000]1.0000]1,0000]1.2000} 1.000u
.00 .$999 ] 1.0000 |1.0000 11 .0004 | 1.0000 |1 .,0000]1.0L00]1.0000]1.0000] 1.00C0
4.0 ¢99TR] 1 LUV |1 000U |1 .0000 11,0000 11 .000011 0000 11.000011.0000] 1...000
.00 L8378] 9438 .976L] .5892]| 9947 9972 .9985] .9992) .9995 .9997!
16.00 .2500] .3063] .3372| .3581| .3738] .3864] .3968] .4056] .4133] 4200
16] .0625]1.0000]1.0000]1.0000 ]1.G0O00[1.0000 [1.0000]1.0000]1.0000]1.0000] 1.000C
.125 ]1,0000]1.0000}1.000U }1.0000}1.0000}1.0000}1,3000}1.0000}1.0000] 1.0000
.25 (1.0000]1.0000]1.0000[1.0000[1.00001.0000}1.000]1.000C]1.,0UOLE1.0000
.50 {1.,0000]1.0000}1.0000}1,0000]1.000011,.0000{1,0000}1.0.0C]1.0000] 1.80uC
1.00 }1.0000]1.C000)1.0000]:.0000]1.0000]1.,0000}1.0000§1,C0C0}1,.cuuf 1,000
2.00 | 1.0000] 1.0000] 1.0000} 1.0000| 1,0000} 1.0000] 1.0000} 1.0000] 1.0000§ 1.000v
4.00 ]1.0000{ 1.0000]1.0000]1.0000] 1.0000] 1.QUIG| 1.0000] 1.0000f 1.,00001 1.COUC
8.00 (1. 1.0000! 1 ,0000} 1,0000} 1.0000} 1.0000] 1.,0000} 1.0000} 1.0000] 1,000
‘# 16.00 S8171] .9735] .9897 .9956' .99801 .9990] .9995} .9997| .999K .9999 .
i v !
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