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To whom it may concern, 
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of the following document(s): 

Accession Number: ADC955131 

Corporate Author: ARMY COAST ARTILLERY BOARD FORT MONROE VA 
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A•l - A-6 • Lotter, Cil1o1" ot Ordnance to Chlct' or ~:Oust ,~1ll(lry, 
1onUft1"7 19, 1939, aubject: IlenYy fUltioirorutt ~~. mb1le typo, 
{OCCA 4.72.311/BO) wUh ono indorsement uul 1'1te chnrta. 

D - Letter, Pl'U14ellt, Cout /~illel""J Boclrd, ~ Chief ot C'..onet Al"til• 
1e17, FelJNil'J '• 193g, aubjeot 1 Hao'Y)' aUalrol"'ln gun, IDOb1la 
~. (cABotmt Projeot uasa occA •2.31.1/B0-2) with one 1A· 
c1D~n,. 

c • Chan - 'l'z.4 ot oe111J18 IID4 •peect tor v. s. bcDinB as.raran. 
D • Chait • :r.. !UP cnal'n8. 
I • Chan • S1.n JU18 llldt ...._,_ tl'UkiDg -t begin, 
r- c.n-~ ot t11sht a. •lut l'UP• 
G • CbUt • '1'U'pt paetloe hU ~ 1 :5-.lDoh Anttll1zoornf't GUll, 
Jl • Cbaft • CJIDU ltiOUOU ot JaihbB wol-.. 
l • Chut • DNUuaUft hit ~ tv ablle ftn111411. 
1- S..l• ~ftlkdowa ctluaJit • ..,.....r I!Dialda JIC*illlla •' ~ al.Utuctu. 
J: - Cllaft - H'WIIter of ro..U tlftd GD buwwl .. tupt. 
t • Chaft .. U.. S.nocw"IC \ulet la UIMier fta tor 1Ul0W1 guu. 
Jl • Chan • l.OcNltiOD~BI!t!fN~11ha ~lw tlft etteot 
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ICl~ cme 4utruo\1'n hit. 
tl•l • w-1 • Cbal'ta • Percen'-88 or cmo 4Htl'UoU w h1 t expeotect on 

uecwtns tuset. . 
o • Obaft • ~I'Ocm'-se ot tnrgeta theol'OUoal.l7 des\~ abo'N 10,000 
~ alti'ude. 

P • C.baft • Pewea.g. ot oJJe 4eatr,IO'U ft h1 t ezpeoW tor lOG • u4 
5-lnoh RUM wUh auule ftlooUle• ot 8100 t ...... ~ 3200 t ••• 

Q•l • Q-e - Chd'tla • Relatift hit a:ptotanq on pai•lag tarpu. 
Jl • Oban • aptllul oaliber. 
S • Ct.lft • Loa• 1D deltl"UOt1ft hit expeotrmO')' o• OCJIIPI'l"ed to optbua 

oal1ber, 

!mW!fiC!! 
• r.ou\ Aftillei'J 11oal'4 PI'Ojeot No, ll16, ":~t1a1ral'lift Al"'IIUUIInt," 

a • cout Aft1ll.el')' Boal'4 sooret Letter, ''11.11, J'llllunl'J EJ, 1939, to 
Cb1et' ot eout Al"Ullol')', oubjaot 1 Hi tUng -mluno, :s-tnoh A .. :... 
Shell. 

1. ObJ••Li!J:!• L1oo!. The objoot ot this pl'Ojeot ta1 
.!.• 'l"' a. • er • mobile ut1a1rornn gun ot oal1bor hearter 

thul ~ ID 11 Nqu1N4 1n ~ 4oteneo ot large ol"Ml \a1"gltll against aorial 
aUaok tJ'ICD ezt~lJ h1sh alUWdol. 

b. 'l"' eeleot • ..,., suUable oal1ber tor an1 auoh additional 
weapoi ftqu1N4. 

a. mato~!! p:ro~AA • 
.!L• 1.'tiO ilftdln 1n1'Lt1nr. tb1o •tu41' ill oontainoc'l 1.n ln IndoNe• 

.-t, OCC..\ .,1.111/ID, 1UUUJ 8'1 , 1939 , on lo'\ter, ottioe, Cblat or OM• 
UDM 1 • ~ Chlet ot eou• Art1lloq, (00 41f2.ti/6CHB), lanwa17 111, 1919, 
.UJMta BiM'17 utlali'U'aft SQil, IICtbllu '\7Pe (S" lbth1b1' A•l). 'l'hia 
PftJMt 1• ftl&W to the lftdf oontailutc1 1n Cou't Art1llo17 Boal'4 Pl"ojeot 
Ull, AatiUftftft ~at, l11'ed U Rete~ 1 beNto, whioh 4nlt --0-witll..,. 10-~ laD• 

1.- OoUl....uaa or • b•V anUalJIOI"aft SUD .. ~~ br ~ ~ 
, ...... la ~· ot -.a lalltlaa alJipluu ot Ja1cMI' apeecl uut 
....... ..u&Bc· na .. deteue .......... of lalp ........ ha .......... -.......... --bleb aUlt..._, pMdltlJ tz. alloW 60,000 h .. , •1.11 ftiiP an4 •·1-
tS.. of tUPt ,_,, the antSalNftft .-. Ul ~ a.at.Ml.e. It pao­
U•ble, •'-U. 8111111 ...a Ia •• ct.tGH of lalp uea .,...., neh u 
tltt•;. 8n14 lae oapaltle ot tatiD« UD441Jr ftN -. boaUle -...r at tu 
oellillle 

·~----~ 

y Codes 

~ · 8 1 I n ll<.:il and I or 
Oist Spedal 

~ q I· -2-
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s. C!M"iJr•~" ooulf!a~lOJI• In the oelooilon ot a oal1bol' fol' 
a beayY anUaiN g18l it 11 Ull4e:ntooc1 \hat 111 il not D0081ai'Y to a4• 
heN to tho eaot alu ot aD)' one of the ftftoue oallbel'fl tor whioh 4ak 
an preaenW, 11nae a deriaUon fl'all mating callbol'l w1U not ac)Japlloa'• 
gNatl)r 'he I!IIUlutanure ot \he gun. HOifaftr, thh atuq dNll only w1 th 
oaUbel"'l Cit g\Ull pajeoW or now ex1•UDB in tho United :Jtatu, 11nao 
theae gune are bol1eftd to otter a auttiolently wtdo obo1N or oallben 
and al10 booauae a oenain IUIIIIWDt ot data oonaemlftR the• parilcrulal' 
... pou aN aftilable. The oallbel'll oonaidel"'el are the iiO •• lOa ... 
15-inoh, and lim maa. It 1a bolieftel that ftD1 oM ot tl1e111 atiail"'ftft 
guu pl"'bablT oan be developed and IIIIDUtaotured aa raa41ly aa anothel'. 

4.. '~oenUal al-.nta w be oou1del'§. In appl'Oaohi~~g the quution 
ot the mat atteoUn cau'bu tol' a se'blie ant1a1rcl'att gUn theN app•l' 
to bo ~el'taln eaaential and oontrollbr, tao~n to bo wolgbed IUld eYaluahd. 
some ot the oou14eraUona nlatocl to the etfaotiftlneas ot 11uoh a gun area 

LluimUm runge requ1rod, 
U.mUaUona l.r4poaed by tho tire control syatem, 
Tlme of flight, 
lln'- ot tire, 
r!tteoti Te wl \lrliD ot tht1 shdl bta'B t, 
i?oight ot gun and IW!'JIUlition, and 
MobiUt;y. 

D. f!!!1o ue"!f\1ou. To t'bo1l1tate u study or this oh.araater it 18 
nooenul'f to alee oertain ua~Uons where utJt.umtial dotn buocl on past 
experienoe IU"8 not aTailable. Ii 11 tully ruoosnized th!lt t4o otnoome or 
th1a atuq is depenclent to a lCU'£8 4egi'Oe on thn 8al.Dldneaa ot theM ae&WDP­
Uone. aaah UII\IIIIPtf-ID baa 'thiNfoft been oa:retully oona14eNd with a Yiew 
to xak1D£ lt oouernt1n wUhin I'MIOil while taoing tuture p:robabl" teebn1• 
aal ad"IIUlOele Seftal or tlw UJOat illpol"\tmt asuUJQPtiono nl"'l lhtod below. 

~· P'll'o_os.nl.l!.l.t. \lT ~ 4•Moi&oL. DrtuloiJIIDlltl l\rtt ll&aumed to bo pftlotioable 
1n ldro ~~CIIl ili. wh1oh will ewblo tiro oontrol teluoopee 
to be pointecl at ill• wset, eltbltr at n~ght or by da1', t10 \hat 'l"tl*­
lnl Ja7 11as1n in U• ~Mat \he tuget with tire at • tulle I'IU'Ip ot 
30 •aan48. 

(A) aun ~· '1'he heayY anUairoftft gun sa\ neoea8al'i1T 
be MPiUe-o"l i.Uilins tu-geta at 07 nlti\ude hoa whleh bo•Ule 
airaftft _,. be able to ~ the ana 4et.W. It lai'Re aNa 
\a1'PU 1 auh u o1Uea 1 aft to be .S.teDIH, U la hiPl7 4ea1rable 
~t .- sun in qUHUon ahoul.4 I'Hah P.t 1 .. , to the ••mao 
oallba of tha belt boaJtlDI airplud in ul•teD•• It woul.4 be 
pnt•a-le ~ 41ftlop • WM,POilwhoal ftiiP oapa~illUN oneD4 
wll allow ._ hlch••t Hmoe aalUD&, 1D ozUI" that aiNNft 
Mftl~ 1Jl \be ~Gto fu~ abwlc1 - OU\ftDP the gull 
ctet ...... 

• 

.. 
~ 
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(l} ~ ot tift oon\1'01 !1!'-• I• Ii la-ai' onoe-aj;paft'ni' "ii&at no antlali"'fttt SUD 
oan be uUllsect etteoU'flll.r 'beyoD4 the ftbP ot 1 ta tire OOD­
tl'Ol ayat-. 'rhe 1'MP ot the proaent tlro aontrol. ayat• 
ia llmi ted bf 1 ~ depcdenoe Oil 'Yia\al lln4 ieuft4 cle\eCitiOil 
ot the '-"Bet. to rm extcmt whloh dou not pel'W.t 1"1111 
"'111 .. \lon of the l"''lDgg oapa'bll1U•• ot a'fiiD the 3-lnoh anu­
aii'Gfttt gun. Jlolfner, it 1e bolioftd that the seleotlon ot 
e. lMtaner oaliber ant1a1rol'lltt gun should not be intluenoed 
UD4ul7 by litsUod oapabilltieo ot the pl"ftaont tire oontrol 
11yatc. U h deall'able _, look to Mun a4ftnoerGent in 
means or fire control ~oh will make it ·possible to deteot 
and tl"'iok targeu at ext,....ly long J."nDBe&. D1 .suoh foresight 
1 t ahoul4 be poa1lble to pl"'rido a noapon l'fh1cb will be uoe­
tul. tor aenral 7f!lll'll 1 saklq due allowanoo tor deYelopwmt 
1n both alpPluea aacl tire oontrol equ1pwmt. 

2. The queaUon ot tiN oontrol at long l"!lngos presents 
n aerl'ou. problea. ODe ot 11ho obiet ditt1oult1ee axporlenoed 
in targot praotloe tll'iDp dur1D8 the 1938 Fori 9ftlgg exel"­
oisoll oonoeftled deMaUcm and Ylsual traold.ng early enough 
w meet the tal'g'U' w1 th tire at the Bl••ooon4 tuze rnnee with 
tho 3-inoh gun. r/1th a largar oalibor cun ot J.cmeer 1'llDg8 

uaiDg tbG 30-aooond tuze it uauall7 will not bo l>O&a1ble ~ 
deteot an airplarte at d1atanoea neoe•Hry to ut1l1t:e the 
mu1111111 tuso nutae• ;.1;1Jen'don is 1nT1ted to ~dbit ~ wh1oh 
ahoW8 gzapblMllJ t.he slant 1'8ngea at wb1oh 1t 1a neoeasary 
to begin tzoaakbg a 300-alle-pol"-bour lnooaiJ:Ig te.rgot it 
1D1 tlal bUl'IIU aft ~ meet that tnrsot at a tuJse l"'n8• ot 
30 •eonda. i.llowi~~e onlr US eeaonda to oatabllah n eootb 
now ot data 1 \ftotlng llllBt begln at about the tollow1ns 
alent I'DDB'MI 

3" AI\ DUn - 1:51000 to 1'1 1000 ;ynrda • 
iO • OUD - 16,800 to 1.8 1600 ynrds, 

lOD • CUll • lD, '100 to 19, fOO yal"Cla • 
D-1Dob - 17 .aoo ~ 80,000 JUl"dB, 
l8IS- - 16,1100 ~ 81,-600 ;rarda. 

BMauae ot thMe lons al.ant 1"'fttlr.M 1 t wu oona14e:n4 neoeaaa17 
to ...... that acleq\aM 4eteet1cm metbo4e would be 48Tolope4 
wb1oll wn14 poml' tbl Nl ut1l1atlon ot the_.,.,_ NDP 
ot allWOQQU ooul4eft4. It la bel.1n~4 that doYolop.~Dnt 
of a cletMtlca 4eft.oe hu pft~CNU84 tar fJDO\I8'b to WU'l'Ult 
W• .....,Uoa, . 

(2) -·- ot ~ •• ~Dept tor prelloUon ar­
••• tiw - el'ftlllran al;;t suu ot all aallbe:n aa 
..--« to be tM .._ u tOl' tbe S.lnoJl utiall"'l"aft SUD• P:NaloUon 
ei'I"'I'I aft ....... to 'fU1 411'Htl.T Wltll U. ot tllgbt1 ID Ul\lllll)\loD 
wbleh baa bee pul"'allJ aooepte4 lwNtoton. 

~I!CRE"'F" 
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(A) !l~_G,an!J.!.l_o£.1!.1!. !.•-1'!.1.!.11,!.4_~ J!.&!i~S· No a4equa~ 
4a\a wero ~aftllable on whloh to bale •DJ as~tiou u 1lo ftrla­
Uon ot tire ocmtrol el'fil'l'IJ u a whole tor Yarloua oallbeN. ~ 
oept tor pl"edlatlon Ol'l'Ol'IJ, the aesUD,Ptlon that eft'OI'I equal w 
tboH pruont 1n tbe 3-lnoh tlr. oontrol s,y~~tam ft11t tor all 
olll.!ben is not exreote4 to introduoo IU11 aorio\18 411\ortion ot 
~ .... 1"81 ealiber ootfiPClrilons pre1anted. 

(JL} ~-O! ,!l~t.!. ]\ t~hort time ot 1'11ght 18 ObTlOU8l:J 
TO 'I!'/ nctnnictgeo\111 in kMpiJlc the prod1ot1on errors low. P'or 11hla 
rouon 1 t 111 bel1flftd lapol"tllllt to &Nk ~a reduction 1n t1J4B ot 
tlit~ht aa tar !1ft :prnotia..ble. The rtta1 Nl.ftiion between tlJIIo ot 
nt.ght IIUld !'lllZzlu veloo1 v rake• tho latter an oaaential coD­
a14eftlUon. It is e'Yldent ~t both r.aaat be neighed oal'etullJ' 1n 
order to nrr1Te at sny soUDcl oonolualona. Timo ot flight hllTing 
been nooopted u being dlrootly rela'hd to pred.iction orrom, it 
will be rooognizod thnt for rut moving ial'Gets tho10 errore u­
IUIIIe 118nbltJ propon1on!l it a 10118 time ot tlir,ht ia 111YOlft4. 
For \hia reaeon 1 t 1a oonli4ere4 1nodT1Nblo to attoq>t ID enen­
alon ot r&n£e by uooepUDg a til» ot tll~t lGilger than 30 ••oonda. 
'l'ba T1 tAl lm,portru\oe Of a !!d.ntww timB of fiiWtt in Mtiail'Oraft 
gun t1N 1 I>ar\ioulnrl,- at lcmg rangoa, Lltlkea the outooae ot atu41u 
on 1nol'OIUI•4 DaUSale Teloo1 t)' raoonU;r tmclortnken by the Chlet ot 
Ol"dnanoe (pa.ft1gl"'\If\ B, lotter, Cbiut ot Ordnwtae, .TanUftl'Y lg, 
193; - i\Xhlb1 t A•l) ot utmot OOJUiaquunoe in tho de"n~1opi!IOnt ot 
q- new Mi;ift!l"'l'IStt r,un. 

be Hate ot' fh"ee The rntell ot' t'ire &IUIU!llfld till pmotinnblo tor pur­
poiCII()t 'ihi1-1tudy oontom to thoce tlhm;n C.%& :.:xUbi i. /1.•3 nnd tor the par­
Uoular oalibeN oonl14el"84 heralD IU"fJ M aet t'orth belom 

~~ ~~:: ...... . 
90 am ••••••••••• 

215 roun4a per oi.nuto 
ao rounda per minute 

UeohQJlioal loa41¥a• 
108 llllle......... ao ~undo per ninuto 
8-inah.......... 15 l'Ounda por uinute 
1DD -. • • • • • • • • • 10 l'OUDdD :per 1.1lnllto 

(1) ll!!4 tor hlal! aM. A high rnto ot tire 1s neoeuarr to 
IUb~eot & tazSt,t M the noxi- ohaaoe ot doatNoUon w1 WD a n-q 
lbon period. 'the hieb apeecla ot all'Ofttt ..,h1oh llN lnoreulng •ted• 
llJ .n it ll'f14ent that \arpu will be wUh1n range ll .,..,., llbort 
tS. at tbe ••'• 'rbe bollb 1l&h\as openUon wh1oh DGW NQulNI onlJ 
about 40 ~4• ~ N turther 1bonn.ct, thus requll'l~ l'eoUlillMr 
filaht by tbe ~t tor • tt. •• lbo1't u ~ ~~ald.l8• tS.. ot tl18ht 
for the UUUN:ftd"t pi'OjeoUlee 'l'hou poN1b111tlel lake both a 
lbo:ft U..e ot t11gbt and htp rde ot t1Jv o1aenUal 1n a 4•tend1Ds 
WM]'Oile 

(2:!) ~ rlltee based on "!Ounl v· 'lhe ""'' ... -..1 tor 
tJw 5-inoh 8UJl la bUecl oa ~rieDOe. ate ot SO roudl per 
mlaute aa•tald tor the lOG Dill bu DO' b1a atta11Ma4 ill •m• but 1' 

!!I!CRI!:.I =-

- :5 -
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1• bol1eftd 'hut \he moohan1oal lou41ng far•turo uan be i.Dipl"'"Yocl sut­
t1a1cmU, to 1nauro th<t oBaur~d rnto1 'l'h•• rutea QaBlDJd tor both the 
lOG m ucl ~1noh IU"'t based on those nttllinod 'by tlw Na"fY tor ita 
IS-lftah anttalraran BUll, whioh noao:rding w ot'ticial ru}Xirta bRa baa 
t1Nd taa lD to 22 l'Ounds pur minute uainB ui thor :t'bed or sel*ftte 
lod!Dg ••utU1on (eee J~b1t B). ..nue it 11 oo~cede4 that t1D4 
mma, wl~ a oon~miont lltiiiWlition oupply ouch urJ o\Jtcdna aboard llhip, 
haft an adft!l~ o'Y6r nob1lo l)Unu lUI to r.1to of r1ro • 1 t 11 bel1e'Y84 
~~at tor lboft por1o(la, nerinl targets onn bo tuken undor tiro lr; a 
~inoh JGbUe anUu11'0r&tt t;~.m wi\h a l'llte at leut equal to the Ra'W)' 
mtntnp ot lD l"'unde, Deoauso ot the lighter IUIIaWlitlon it 11 thought 
\bat a l'aie ot 20 rounda tor tho 106 .em le«r.M rua10Mble1 'J:he 1&1118 

l'll\o tor VO ... \hough .Mn4 loaded, 1a baaed on aotu.al wata uaiJ16 a 
~1n0h gqn with ~po\Dld drill out1'1dgoa 1 ap;>l'Oxiul.ate~ ~ weight 
ot a iO • wund, Jwfdlne tram theae toeta a hi!;hor 1"Gto ot tire tor 
1;he iO 1ft gun 11 doubUul. (f.eu pll(;tl 0 • p4l"Ot:J.'Uph 6 _q, iletoronoo 1.) 
A l"'lk ot 10 rounds per rdnute for tho 155 1:3!1 r;un W!lf1 btlsecl on a oon• 
a14eftUon nt ~e relaUw inorooae 1n projooUla woil~' over tbd of 
the E)-1noh and aao \he rate of o1x rounds por Qinute whlob baa been 
a\tallled wl-.h the lf)f> tn GPF • A rnte ot au rounc!a per nd.nute hu beon 
aUalDed tor the lattor with lum~ loading where pl'Ojeo111le 1111d powder 
_, 1HI ftlal4 aepeiontely. In view of this fuot, it a- wl~ 
reuon tt.t J:~Dohan10QJ. l"'W:l1ng ul10uld rn1ac tl.e l'llte • nt lonlt 10 
~4• }Mtr l:llnute when both power und projectile o.ro loc..dad toge-.her~ 
!.• E!P.!.&! !;"! .!•J)·!DA E!-'!l~fl!.· Throughout. tho ontirtt stu41 a speed 

ot 300 lllilol ~l' hour we• ftl8twed tor tho tu;:.-gct. lt \;WJ t'urtht~r &80\UIIIBd 
\ha\ bolllb1Jii attaoka hom nn tal t1 tude or 40 1000 roet would bo poauiblo within 
the near Mure. 

(1) Poaaible hostile ttlFf;eto. In an:- ot~ort to aeleot sui table 
weaJ)OJll tor deteue it .... ogtcal t1rst to 1n"YeeUgate the t7Jla or 
tiU'Pll to bo takon unc!.r fira 11nd tho capnb1l1t1so or these targets. 
B,y auoh a prooedur. it is po11aible to deter-..UUe the niniraum l"'lquire­
-• for a Rthfaotory w•pon. Cona1dcrat1oll or wea,pnn~ h£l'Y1ng 1D• 
auft111en\ 1'llDp 08Jl \hn be 41'0I>.PUd und 11ttont1on toouaecl on thoH 
sune llltoll a' least mae\ the ~nge rtqu1ru!10nts. The oapab1l1U•• ot 
boldt1118 airplanes are or or1r.mry lntoreot .. this t;vr-o Clil'Oatt 1a 
_,.ow .., be ~· moa\ UlwU of hoet1lo tarcoto tor a haaYJ uUa1r­
•att !WI• l'llot.dentallt thla typo ot U 1 s 1 w'.li tGq a1ronft appeaJW 
to be ... d..-.4 1D 1\8 dOYGlop!llltn'\ 1 be~ o~~le or 'both high 
•P• a4 hlp a1Uft4e. The put 10 years Mft ua:rbd an lnoreaee 
ill •xi- •Ut,u4e tmm a'bout 10,000 teet to O"Yn• 30,000 fHt. Reoed• 
~ u \IJloaclect 1 eJ:'Ori.'Qental, two-mtored plu.e 1n the bambor ollll& 
tl• • ld.uloa tor the Coaat Artillery Board cturinc whiob u al\Uu4e 
of owr aa,ooo tee\ .. r.aobec\, In the 19:58 :ron Bl"ai;g Air Corp~~ • 
AD'ialNftft aa:roi"•, bonlb1ns m11a1cma w8l'8 no.n oa .... ftl oooa­
•t.OM, ueo1'41as • ottla1al. repona, •• 2'1,000 ten. ffitblll till .. 
~ pel'lo4 ., .... tor u, a. 'bo111111D8 ali'PlUN haW lMI'MMd t1w 
~M17 100 aU• per boV to oftr 880 .U. pu bDalr. Ot!ull" 

,. 
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tl)"PP• ot airoratt have lUld d1f1'1culty 1n t~Utch1nt~ apeod filth bolllbol'll. 
11'1"0Dl proaa 1'8porta and 1ntol\:al oonTeroatlons w1 th <\1r Cor-;11 oft'loara 
1 t 11 tmderotood tll.ut tho ord.ur for 416 lir.ht; bo~!t.l'l!l roaently placed 
in ~. United Jtutes by the ?renol1 Oon:mnent waa oont1neont upon a 
pol'f'ol'I!Bnce teat whoroin the plune was requirod to denlop a speed 
ot d luut 300 uU.lue por hour wUh nomal. Jlotad. Thi• typu or bomber 
wu undon\ood to ourry u loud ot elght;r ~pound bo..U, or :si!OO po'IIDda. 
rtith worlc:t 11ttuntion toouee<l on I.lili\llry airoftltt dewlo:)llMitlt, another 
10 yoam pi'Obab~ will see bomb1D£ plane• aap!lblo or opcmiiJlG t'l'om 
aUltudos ot 40,000 root at spoo411 1n exce•o ot 300 r.1.1 lu per hc.ur. 
~bit r. ahon the trend 1n •peed rmd ooUinfz: tor u. n. bonm1118 
tirorntt einac 1928. 

( 2) Ao!Sbi!Jfi aOOUDlOZ• n properly r.a;r bo l'I'JilSOned thn t 1noroanaa 
in opard1ng epoed nnd ttl t1 tudo dooruue bollbine acoul'll.oy w a h1r.h 
desrae and that thu d1tr1oult1•• or looatine: bor.ab1ng objuotlvoo al'f' 
alao :lU!Uplled. It •houlcl be Noognized, howenr. thllt lal'R8 area 
tnrgota tor the 4et'onae ot which a ftUil 18 be ill{; aoleot~, do not re­
quire 11 h1gb degree or bcmbitlB aooUl'llcy nnd thn1. such tlll'geta are ndt 
d1tt1oult to tind. 
!• fl,h!,ll ~! !!,J.!.t!.DA .!.0!.\1!!!1!.• Hi tUne wl\.D:IOs ore aaaU~D~td herein 

to nrt in n pertloular miUUler wl th the nunber of uaoM tragmnnta pi'Oduoed 
~ the abolls. !. woighted h1Ui.Dg YOl\110 waa UOJ:2PUtlat\ tor each oal1ber 
oou1do1"8d, baaed on thti a.a8WI,Ptlon that n fl'afP!IIIDt cteneUy ot one fJ'Qgl!»!nt 
por aq\al'll yard is rectu11'8d to cause a deatruotiYo hit. 

(1) How OOJIU>~tocl. lt 1s easily aeen 11hnt the ohnncv ot dlllllllins 
Q tugot Wi ihiUif gun 18 direaUy related W the VOl\lllt of 1 ta lhell 
bUl'll'• 'l'Mt tlJe 'fOlUIIU or bUl'llts ftry w1 th tho siu ot \be pi'Oj•o­
tilea fU1d am ot the 11at1e senornl aluapo 1a p;oneralll" aooeptocl, thoush 
the exaot relation between burata ot' ditroront ~11ben pi'Obablf 1a 
no' Jcnown. From a. oonetderaUon ot bumt wluaoe alone • the large•t 
;raot1cablo cnliber undoubtedly would be so~t aa a raeana ot ill• 
oreulll8 hltUD£ probability. The datn on aholl i'.l."llgm8ntat1on tor 
o.Ube~ Ul) to aA4 1ncalu41ng t1 ve inohos v1ore obtained tJ!IOr:l Ol'fnanco 
'l'eolm!oal Start •twUe• da\ed IDnUtlry P.l.l, ljj38, and were tht~ MJDe u 
'1&884 1Jl c~ilins Exhlbi t .i:: ot Rot3reuce 1. Tl1o numbor or u.etul 
tftpln.u uod ue w.n 1Jl the t~UOI'Iing tubloa• 

W N1'iir ot ette~U- mJl'l 
aJ!OU~· ...!!~- Ho£i= ! ~ s- AA aball 

~- ~ m 
lOIJ- • '102 

"':) D-iAoh D2.82 . 908 
' - 115D• iD UOO 

ror p1D'p08M ot thia ... th• 21-po\an.4, 90- pJ.OOjMUl• anA tu M­
pcneA, 1-!Jllh PNJ•oUlo iiG::O ul\aed - stw • .. D.1111ber ot et• 
tHtl.ft faplllu u thoeo talNl.aW allow. Ano~, tbe lu' 
_U..., wllbta ••a ue4 ~. b IUiber of~- tor 
the li5D llbeU WU olttelucl by -'I'QOlatlOD baH4 OIL etfeftift tlwspnt 
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4s.ttennooa between oalibttr. up to t1Ye inoba8. ~ pneral tom ot 
bunt po\\em 1n rraa-mtauon teoia, upon whioh 1• bue<l the preaent 
\Ql'p\ praa\ioe hittilli; '10lume, wu aooep"cl u oorroot. ~lootio.w of 
the YOliime then wul'Q welgh\ud aooording ~ the n\lllber or t'ractlen\a por 
8Cl'llah ya:N ot croas aeotiODAl ll1'8U in \l.ut ool\11111 and uoolding to 
n\llber ot ~nta IJor aquaro )'Ql'd ot aurtaao on o:yl1n4om ot dittor-
1111 l'll411 outtln6 'he pl1n~, l\UUI21ng -- ewta ot ouch oylindoro to 
be oo1no14on' w1 ~ the \rajeotol"J, ol' oolUIID axia. iJiou\ 12 peroon\ 
ot \he welab' or hlah exploa1ve ahel.la 1a loat 1.n lt\rco t'rl\smen\8 ot 
tho ~se whioh are projooted NfU"tftU'd ~&t 101111 Yoloo1 t)'. rtU• taot in­
nuenoea ~e welsb\ed YOlU1118a very l1 ttlt• booauer. tho IUilber ot l.llrge 
bd8 1"~ta ~1oh aro no\ st'toctivo 111 low, ;probe.bly loaa ihln aix. 
31UOO the noi-ghtod YOlUNOII llrQ OOillp\'.ted !:rom the toto.l numbor or ef­
feoti To ~nto l"'lnging tl"GGI 400 to 1100, a reduC't1C'D ot thooe 
nuaboru by only t1vo or six is negliaible. TI~e r~n~ation testa 
\ll81UH!lves havo not been as extens1Te ae dedruble to oanbllsh fUl 

aoOUl'llta relation bttboen ~oua caliben u to n\1111!1er ot eft'noU 'f8 

i"Npenta, hut en-or 1n ~nteUon eat1matoo herein ahould not 41a .. 
tort :Jartoualt tho size relnt1on or mriouiJ ·t~o1gbted hitting YOlUIIIOa • 
. \ seotlo11\ll viO\II ot blilf the uaumod hi tt1ne volwoo 1s sh01'fD by gxh1b1 t 
n. 

(2) 11'1":1§!2!Ht cleu1\7 reg~~1l"G4 ror deo~1-ouct1ve efi'oot. Tha aanump­
Uon thnt n tl'ftement dell81ty or one ettootivo !l'Qg!:lOnt ptJ:..• aquaru yard 
will reauU in tho deeiruotion of an alrplfUla ~as borrot1od tram u con­
fidential NnTy Bollrd i1oporl No , 16 - .. M Gunnery, JAI.tqe ::!feat ae 
uetom1nod by Teata .:~aiJult Xl"'D-l i.irpluno (Na-,y) , " ~ato4 2'1 October 
1!13'1 - which coTered aotual teats wherein 5-1noh nntinlrcro.tt pro­
jectilea wro a1inUcml.l7 detoru1tod noa.r n l'lOdem all•1:10t11l ClirpliUle. 
h'ol4 thdo teats U ., .. found thd tutal dat¥\GfJ which will bring down 
an a1rplnno e1 ther 1tlnftd1at•ly or later roquirea on the nvar.ge an 
aoo\lllllation of 1.0 ~nt hits per aqwu"G yul'd, a tigUN which ia 
1n agraesaed w1~ :reaultll ot teats llonductod by 'he ' 'ZAY \1iih 3-inoh 
anUdNratt projtte1:1lea About 10 yoAn eurl1er. In ~he l~e.v teata 
fatal dimas& etteot• wew alauitied aa e1 tl&or ewe il. or B. Olau A 
fatal dua(Ce 'WU ~:en U ~t ty"~ lfhioh \Vill bring dotm I& plllDO 
baad1atel7 u4 .a tound to roquil'O on ~e avent~;e an uoiJWll&lclUon 
of allout n.a fmgp~~nt h1 ta por aquare ;vU'U. Clua n t'll~ 4.-p wu 
taka u thAt t;vp• whioh \fill br ing 40T41 ~ plcmu e1 thtlr 1.1l'.aaedia\el.J 
or later and wu tCNILd to r.qulro onl¥ ~e aco\dllu.~ion ot 1.0 h1 v 
Pfll" IQUUI 7&114. '!'be Clua B tne or fa"-1. dcago liU aclopMI u V. 
bula ot Ulp81"!11011 usa4 thmusbout tb1a •t\147. 
!.• !!11 ~.L H11i ex;peotuoy eu~W• tor 'IU"iou aallber. ww 
~ to ooit'Oa i~llJ to ihe llbape ot tba1i tor tbe 3-iDOh gun w 
to beU' a Z'ClaUoll ~reto basecl w tt. ot tllght auoa ana ahell h1 Ui.q 
wl- ,..,s.oa. tuutnelat 4a'a "" aftlldle oa tutap of gwaa other 
tba J-inoh em wJdoh to -.. h1 1i ·~ nnu, Mae. ._ -. of _, 
s-laeh tuJW u a , .. 18 ..._ • uoeu1.,. !110 'fU'la~ attedha tM 
owftll aeoual)' ot tbe ••11'1 •••• Ulu. ot flllh• _. hlttlal we~, 

--SI!!C~ET 
-a-



----··---

.: ; ''" 

DECLASSIFIED IN FULL 
Authority: EO 13526, 
Chief, Records & Declass Div, WHS 
Date: 

NOV 2 3 2016 

118~ buliovud to ndmit 01' rllirly tiO~Ul"lltG dotcrm1nat1on fUlAl l!.onae were 
wted ao a mllna or c!eri Vint; ox;peotuno:y ourvoa tor the vnriows caliber& 
t1"0m tho 3-inch oU1'Ytt. 

G. JJeatruo~Jlit ~ootnncy. 
!!,• _2&!_1!!,h1.2,D~ i, t.JOtl~ O'! COqlflring Cl\lil.)Ol'H han b1mn dOTi81td, bflle4 

on a standhrd or i!ltUUJ\ll'tl '~hioh \•111 bo callod dostr-o.~ot1 Ve hit s.xpectanay • 
Thin ox;,eotancy, also r..ontionod. aboTe in purugraalla ti ~ 1a eX})l"88fled in 
p8l'Ctmt. ~nc !1und.red !>~raent hit oxpoctnncy ia tukon to l:10f.il1 thtlt tba 
M:V,nt hnr. bnon subj octad to ~ 1'1ra. the Olll'lllllnt1 vo orroct or which hull 
equallud " frne:ll.,r.t donal ty of one pAr oqunro yurd and tlmt destruction 
ot thfl tt;:oent 111 c~;1 octod t0 l:nvo benn aocoM,Pl1ohttd. 

7. ~d or obtn1n1_'YL!~t.c.x2.o.ct~n..!!Z.• 
a. ':'La i'iA'St atop doeilled neceetlftry in obtn1n1ng doatruotive hit ox­

pootnncy :m:1 t! •o oonotruotior. of hit oxpootuncy curvoa for ainl).e :oun4s 
in oonfor.:l! ty lli th th~ proper basic nsRUI!lptions, ':'he sa assunpt1o1111 ;Yill 
bo rooallcx1 ~~: ~'red1 otion errors va.Jzy dirootly t!O t:..o tir'ltl or tl1gh t, 
and othor flro oontrol eirrorn are assumod to be tho Aono us tor tho J•inoh 
ant1n1 rcr::~rt ~ :-m. 

(1) j ouroQ or buoio dn~. 
(~l !1Pia..:o£. !,~t.!. Tho alfmt r• mp;o l ·.::11 tL: of th£: ;JQ-saoond 

t1::vl tlf tlif~ht i'•1r variouo oul1bero aro aholll1 on u chart •rked 
•.xh1b1 t ;J. 1'lle d.'lta tor the :J-1noh ~:ul 105 r.mt curvou on . .:XW.bi \ 

1) nre obtu1ned frol:l avuilnblu t'1r1nr, tublos und trajectory oluarts. 
Tt;ae of tl1gbt tor calibers tor lfhich no 1'ir1n6 tubleu woro aTn1l• 
able tons obtnlnod fl"(Jm CUl'Vos sho'!VIl on · ;xl11b1 t !·' nnpplonaated b;y 
datil oxtrnotod rrom b:tll1otio t !tbles, '~'ho r:roph1clll chart ;;arl;ed 
' ;:d,tbtt Y wao Coxlatruo\ed by 1nttJrpolnt1on on ('hart l, 1noloood 
::1:; ··:..:hlb1 t .::.-2. j,t let\st ono point on cuoh intorpolntod ourvt~ 
t•lt\8 nhae~:ed by l<I6Ul\S or boll1ot1c t!thlfliJ, Uflll lll·Un~ t'om taotol'O 
ror nll J..l"'jeot1lea to be tllfl Bl\.'l\0 nn for tho 105 rn :.A Shell 
M38. 'l'heae ourT&s tlutroto:N are belieTed to oo out't1o1anUy ao• 
cul'l\te tor pu.rpoaea or thia nucly. Tho curvo for tho 105 m 
projectile ·with a ~zlo TGloo1ty ot 3200 t.s. in ~Xhibit 1 wa8 
oople4 1'1'W>IIl 3Xhiblt A-6. --

01) ~,!;'",!p~-"A'!"!J1l',!f! P- !n!rutt_p~:_t,!.O!_ !,O,!UU!,e 
ninoG •utt1o1en~ 4a~ ~ on aotual t1ringa wo~e ava1lnb1le oDl7 
tor the 3-iuoh an\1a1rorat\ sun, hlt oxpeo'-noy OUl'ftl tor ill 
o11her oal.ibGra neoeaaarily w:re buo4 on tile 3•1noh OUJ'n. 'l'he 
hit 1Jlt»f!Ottm07 otU"n ftlwvn on ~~ wu bn8ed on l'11"inK 
table pJ."'bable errozw an4 ~ ~' panioe hit\111£ 
volwa tor tho 3-inch 8\Ul• Polntl OOJ'l"MPPD41D« to ttw Uftl'IIP 
slftJlt l"'Ul8t' were plotted on the Sftllh t~PlD•t pel'OIIl'-8• or llit. 
obtained tor elloh 1930 tarsot prattloe oouzu, c.l tUDs tbl l'on 
BNss f11"1Dp. Data '"'" thWI aftllable, laaM4 Clll 16f OOUl"IIN 
NP:NMntbs a to~'!\~ f1N4, Whioh appl"'da'-tlJ 
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cont1mo4 tlw t'iri~ tnblo hit er.;:ect'.\l".oy cUl"\l'e betlle::on 0000 aD4 
0000 yarda slru1t rnr.gl!. S1noe thocP ~nttt con1'1med the s-pe ot 
ti;.o OUl'V'ft o.nd tllO mcrtitude of tho CU.l"Ve ord1natoa Wi~ln tho 
lU ts ::armtion('d, the l"eml1in111G seotionf! or t ~:tl t 1.1rf:et praot1oo 
curve WtJre m'\oa tn conto1"111 in nh~pe to tho firing tu'blc probable 
o1•ru.r curve. 
(~) ~~o.r.tpu.tnt12!!...2[ h!t o~ooti\Jloy cmncn. ;,a not forth in 

. :oru::.-onoe 2 (:1noret lt!tt()!', C\'illoard 4'11,11, Jnnurt~r 5, l93'J, tt1 Chief 
01' Coas ~ fU"tillo:cy, gubject: Hitting volllr¥! ~inoh u.nticdl"Cl'lltt ltholl) 0 

thlll r.ouat .. rtillflry '3osr<l beliowo tho tnrr,ct iJ1"'1et1nt~ 111"\ting volur!O 
:.wod ut prcacnt is too lli\rcc, and oona~uontll• a1 W:t c. h! 11 erpootanq 
uonsido.rub).y hir,her thnn r&nllonnbly onn bo nxpootod. :·,ccopUng the 
nuu !littiug volune na bctnr, oultable !or co~Jnrut1Yt1 p\.l~oa, ordi• 
nntus or the ~-inch cul.,(• B!1own on Ealt1b1t I wnra l.letornlnc4 by re­
duoi.ntt the ordir.u tcs of the> 3-inah \nr~tlt prneticc h.i t c:r.:pocta.noy 
curve on ::;xHbit G b:,• an ru~unt p:mportjoMto to the ilif:!"o::"Anou bn .. 
tuettn tho ;.Jl"UIItmt tRr~et prnctioo hittiM voluroo nne! tl~a uoightocl 
hi Uil~.c; YolmtW tUJsumad in :leferenoe 2 und nhor.n on · ;yJU bit U. l!'rom 
the wuiu.hted 3-inch hlttill{; vol\138 abmm 1n the Jnnt na:."Wld uxh.lbit, 
1 t :~aa found i;UT.lt tbo jJl'OOObJ.::..ity ur Olttl Shot 001n(; (\ dostruCtiVO hit 
\T-18 about lO _porcont of tltA !ll"''bttbility thnt it 'JfOult t11ll in the 
_presont :i-!noh t~rr;f!t rrt,ctico hi tt1n.~ vol\Dl. '\.'he 3-inoh tnli-Vt! 
&bonn 011 ~;xlubit I 1u bnsed on thb roduoed probnb111 t;. ~!1e ol'\Unateo 
o1' other Ull.M'ua <'n . :Y.h1b1 t ! l·Jel'f.l bnllftd on the 5-!noh ourTO 1iboruon, 
J-'•lr inatanae tl..v \'tduo or. tho o~1ne.to for thn 105 ru r-urYo COl'l'UOfOnd• 
1ng to thtt X aDseifton tor 7000 y-arda t~lMt rnnett l'IUII obtained by th6 
followi~~ ~\hemR~ioal operation: 

o:axkx_!, 
a e 

wi•ora G : 'l ord1nuto ror tho 105 !'.i'l ou.rvo corros;1ordinc to 
tho nbaclslla tor 7000 ~rardo slm:t rmlt!e• 

a • Y ord1noto tor tho 3-inoh ourve at 7000 ;ynrdc llliUlt 
- rnnr.a. t~on tl'Oill ;.;xhibi t I. 

b a Ttmo ot flight for tho 3-inah projectile tor 7000 
yarcl11 slant l'W180 nt 800 milfl angulnr hei(;ht. 

o : TlnD ot tl1ght ror lOC ~ prnj•otile tor 7oOO yards 
Glani :runga a' 800 mila angular heif')lt. 

d a /.t18Uid8d lOG n& we1(thW hitting WlUtaee 

a a r.D~ :l-1noh weightod hittlag wlumo. 
To llwaJ.ria, it Ghould bo nuto<1 tt.nt -;ho tiJIBlo shot dutruotivo 
hU upootMCJ cunea OOYar all rnngea wl~ ~rt1 eaoonda t1mc ot 
tllght tl'r tho cmlibora in qut~etion and 1nool'p0rnto p1oobabilltiea ona 

W l~1ot1on ttrroN, wlllolt we:N ••aUIIOCl to VIU")' dlreotlt 
with t~ ot flight. 

(.1!) HlitlJig mlw.•, approprt.a\e to •ob oallher, which 
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ww OCIIIIPUttcl on the bUll of number ot ettMtln tftslwmta. 
(!) Other tire oontrol e:noon lnhoNat Ia thll 3-1Doh ~ 

sy~ b•le4 on aa\ual '•rset p~otloe reiUlt•• 
'l'he aill«l.e shot dostruotl'fO hit expeotGoy, or probabill'Y that a 
parUoulu shot will reaul\ 1A 4altl'UOUOil or ~ ta1'88t u taken 
fftlm ~bit I, horcattor, will be roterrecl ~ u t1el4 probab1111i7• 
A\ an aftl'tago ranc;e of \iOOO ;yal'de for the a-inah gun it will be noW 
hom i~bit I thflt the probability ot a deai:NoU'fe hit 1a 3/10 of 
one pe:roent • or that 33Z rounde 1t0uld. be :requil"84 to 4Nt1"07 Uut 
tarpt. Suoh tlguraa ea811184 to be w1 ~dn reuon IUI4 thor.to:r. tile 
3" ourvo on :~1'b1t I waa acoeptocl u a oonael"ft,ln ba811 upon which 
to build a 001t,P&1"1aon of al-ger oallbew. 
'b. Dt\e~UOD of nWIIber ot ~UDila tiftd. l-"roo!l the 1~ ot the 

trajeotcnoje1iY'.Yoie-ii' Ta-appi'mii 'ibit-a-tUP'i' J1a1 bo tann Ull4er flN 
tor p~aa1 nq lho"e. • ti.lle 1ntel'ftla u the &l U tude 1noi"8Ual. 'l'he 
l•nsih ot tliiiiD 4\U'ln£ wh1oh a 3-lnoh 1\nUalnrattl gun DM tire at a ~.oo­
m1le-po:-hour 1noolll1Dg tU'I;e.t, betor. U 1"8a~" \ale ovemead deacl ar., 
wa1 ocqNMcl tor 'fllrioua olt1tuc1e11 u4 11 shown gl'llpbioallr b7 Elhtblt L. 
UsiDg n rate ot tire ot 28 l'O\Ul4a per g~m per miDuH IUld horizontal dill• 
'-'tOH o'btabled tl'Om the bftakdoWD ohari Jarked Exhibit :r • the nUI:Iber ot 
rounda wbioh ce bo tired b7 • ~ 'bdtoq •• oom,pubd. 'l'ho Hme data 
tor other oallben wen OOIIIPUted utDc appl1oalllo 1"1l11oa ot tin ud oharil 
aimllar \o l':.chimJ, and hoD. tbeae 4&ia were 4rnn \bo O\ln'88 on bhi'b111 
X lhowlrlg max~- aWiber of 1'0\&DU wbloh • ~battery ot glwn oallber 
ou flN em a bOOidDa 11upt. It wlll be noted that tor a1 t1 11111181 up 
to 10,000 ~the lOG • ga .....-.the other oalibel'l in maber ot 
;roa48 ftM but ~t abaft 10,000 JV48 alUWde 1ihe GUM IOOD larftll£8 _al..,.. •oooi"41Ds to -.ai"* ot oali'ber. It a min'•• ot 10,000 
,u4a altitude 1• oou1den4 .U lOG • 1e obT1ouaJ.7 1n41oatocl u tba 
opu .. aaliber from the a~lnt ot poa1lble rotiiLU t1n4. Bowewr, 
the ettenift 'f'Ol,., ot burn ~ 11118' ~ . .Uen into oonalclezoaUon 1D 
ol\'ler 11o detel'lllne a •a ~ ool'JI'eOt ....ure of h11i expeotoq • At­
tatlon 11 iDYUed to t1ut f•ot t.bat tho lCigth ot tina dUring whioh a 
battery IIUl tiN on a 41reot]¥ 1n.,..hac tarp- ( Ua • 0) beton 111 reaohea 
b 4•114 U'M •lMmt tbG bdte17 11 fovad u tollowaa 

z. so~.- b, 

11be:t z eq.W. w. U%111 1D aMODtl duri.DR whioh ba"-11 1• tll'lllaa 
a equalll ~ tt. 1D uoo1141 tor -. tupt to trawl 0. 

tuu nap ~ to the lawJ~Metioa ot ita path with the 
taJM\o17 tor a q,.U.t a141ftU• ot • 4ep'Ha. 

b equa18 • tiD ot tl.ish' of .- JIIO~..Ule to taw lDtez­
HitlcmaallU...S tor "a"..- .-w. 
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ti'Gl ~bit 1 ~ :Unci W1tOn 1;•Hl o·~l· •t1 V'll II;<])OCJtocl •tff.oot or l'011ndft 
firad would N!IOUnt to onr! r],D~l'UOt1 Tf1 hi 1; fo~ II 3--lnnh four- r~lll b11t• 
tul"7• In euoh cm:m t hn bur~tn f) r ttl .-, r.'1l"nt nnl-vn rtttra U!lll\l1YH1 to 
ooour ut t ~1a in:~tru~t ·.1lum the tnrr,ot anr.m 111,.lt1n !50 soanndu 1"•LZ·. 
~· lt will bt • ntlt •:>•l t~mt ~hi' h" rt:>.ontl\l 11nos eorrespondirl!t to 
alUt•.ulos nt 1000-~•::u~l 1ntnl"f'!\l.B h.aYo been tl1Y14ec'\ in'o zonttfl bot'lloen 
ulant l'lm:~, int.c:Nrtla of 1000 ynr<ls. lJy 1J!IU uf a l'!ltA of 1'1r"' Tul .. \UI 

1a.'llVt:l "caln the uul!lber of '\'\:J1ln thl 1'or tlooh 101.10-ynrd slnnt l'fll'f~tt :'.otte 
wua round nnd to t hin w•• e rtddod tho nlltl't>er nf l"'lt."ldll gail~t•cl f1nr1 n :~ 

u t.i.tw 1ntorrnl ,. .. ~ uul t· · t h t1mv of t'l1 ·~ht d11'1'<n•tmee tor the ) 11"J.t­
ll~g 11 .l.unt rnn~Ioa. 

l!,i !,o£,R!i!:!.n _of. lll!f'~t-wh_tl!l_ ~e!.t~!t!,un, :!!'X. ,2.e _ OS'!,.O,!.oE.• 
ullinu tho avttr.,;n olont rn:r.eo ror oaoh 1000-ym'll e l unt l'tlngu 1.0no, 
~u probability or ('- 'htllinillf: u •lo:tt:.mot!vo ll1t 111 ~moll zone flf11 

COIIC'Uted by :nul tiplying thtl number or l"Ulllli!U i'ul.Litll( \hel"'1n by 
the appropriutn !~!clc! jl:"Uaa'b111 t.i.uo tnktm i"l"uu oUl"Yoll on Xxhibi' 
1. lJoginnine "1 th the clontructi Vtt 't:1 t pl."'bnb11i t~" rnr tho 1000. 
~rd alunt l"r:Ulf\e zono uxt 1no1tlo tho :lCJ-oooond 1"uzn 1"1U1Re cuNe, 
t i.tl ~robab111 tiea for ouch zonoo HurtJ ftilded ou<sO.,I'IISi 'fttly alone 
tJaoll lQOO-yurd nltit11do lf,Vul W1til tho ow Ct!fUtilfKl unity. I-. 
CurTO drGYII'l thro~ t he pointA nt whioh tho~tu !':IUI118 uqualnc1 UJ11 ty 
WWJ tal:an no tho l!ni t or t¥1Xin.un olunt l'lUlguH nt \fhiah 1t could 
bo o~cctod to dootroy an drornrt El.Jl})l'Oaahir.g in ruotllinfffl::r 
flip;b.t ct 300 nilov ;x:r hour, tluoh 111i1 Ung ourveH, both tor 
:}/ 10 of ono dont-1"\lCti VO 1;1 t una aloo for OJIEI full UOrJtruat1.Vc 
•li t, ~10::."'0 oor.putod !'ron r.lca.l"tc Llhli!nr to ~ibi t 'J' ror four-
gun oatier1eo or eaoh ott.U.bor under etudy and· are aho1m on 
jCxhlblt I'• From ~hiblt U it tlill bo notucl that the IJ" gun 
1Ht.tt.o1'y ~ r.1ve11 the o;1tlrltml h1t ~~tlotnnoy ., although it shm111 
ouly a al11Jht adTantllgft ove r o1ther t htl 105 nu or ilKS lllr.l guJUJ. 
The chart 1nd1outes thn', under tho U&Uf1Pt10l'l8 or thla atut!7, 
lWJW of th,J bntteriea consirlerucl 1£ C~j10ble t.hooro,icolly Of at• 
taining an enUre deotntct1 v~ 111 t on rsn incoain!~ ti'U'got, at 
altUudea ot 7200 :rtJ'I'Is "r aho·te, betor.l it l'tlUOhofl a point oYer 
the baU~1'1· l~llXblm dU tudes nt 'ifh10h a tar{(6t !lillY be brought 
Ullder tire toge,her with tho nw®er or rounds whloh oan be ti!'eCt 
on a 300-lld.le-per-hour inc.tng tcu·~at ure nnt aho'Nn on i':Xlll b1 t 
M bu\ •1 be l'afl4 dlrootly t~ 1-~hibit •·: . 

(b) Fire ettoat at ftr!oua a.ltit.wlea. J1noe t::Xh1b1t 1: 
1nYM.l61ltoe-oiiiy a'lt-ituiieiieTOiiio-;ooo-yarda altitude U 1• 
\bo~ aeairaole to 1nYeet1gate tho .rreota vr tire •• hisber 
altiitu4... In order to iJl'Hent a £1'W1Ph1olll oo!IZpiU'iaon, chana 
~~J&U"lced l!:Zhibita tT-l !ind t.'•E wan l>ropared 1'rotl c1a'- aftilable 
on ~- ltl"Oil1alorm ohlln• •Ud.lnr w llhibU 1. J"'lom •hole ourne 
•1 be Na4 \ho OWilUlaUft tire ottect at U)' altitude trGm 3000 
y.ll'ICla w the ;;wxi•• w1th111 l'allftee Mlhiltl'\ tJ-1 4eela with alt1• 
t'WiN &Me abou• 7000 yal'4• u4 axhibtt !l•l oa a ..U.er IDle, 
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wlth all al~Uucltl aboft 3000 yal'da, At eaoh aU1tu4e tbl1"8 11 
1nolu4ec1 tho entire owml.aUw ett.ot ot f1ft ot a tour-awa 
bat •1'1 e!l8Dsbs a 300-cdl .. p~tl"-hov t.noOJiins tiU"(Cet ( ~ • o) 
wl~ t.nitlal bunt• a' tuu I'IID&e ~ IUI4 tlrl~~~o~ at tbe u--.1 
ra~• unUl q~ elnaUon J"'aohM 8D0 • Y1"CCII th•• RftPba 
1 t app1·are tuat at altitude• betWMn alx ClJld nine ~otUiad pl'd1 
-the lOD ~a, 5•1noh an4 li5G s oallbtN l&aYe abou' ~. -. hit 
axpeot~no;y, 11Uh the IS-lnah lnadlns. J1'rol& 111 altitude ot 6000 
yard a down to ~ ya1"411 the D-lnoh hJ. t nxpeotQJloj 1Ao:rwue1 
ooul4arably oYer the ot:~ei- oallben oon~14e1'8d. Abcrro VOOO 
)'tU"dl altitude tho oxpeotanoy OUl"YYa 10011 nl'l'nJlge tber.tlolftl 
1n ol'd.er ot oal1bor eize, tho lrsts llll lt.-cutlas. Baaed on dak 
taken tl'OIS Rx'.fblt H•2 there !141 been prupl11'84 tho ohart rarko4 
~xh1bU 0 ti"'m whloh • 14M mq be ga11184 qulokl.J as to the 
rolatlft ett1oao;y ot 'flll"1oua oall~eN at alUtudel ot 101000 
yardl Cdl4 aboYt, It ls rna41l)t appaMnt that no ltUJl OODildered 
g1.,.. hit expeotanal• u ttroat u ~tro neod~ nt tho m:N.!DDl;y 
hJ.gJ! &\ l Utudel and that IUl bareue of oallber 1a oaaontlal •• 
the altitude ot tuset lnoi"'Uea. On the other hand lt ap,PMl'8 
thot p!'uo*thl llal tatlona 1ft the wolght and nlzo or n portable 
fiUD Dakt 1 t ueot•BGI'7 to OCIIIIPI'Wid.lt b7 aooept1ng a maller oal1-
ber w1 'h a soamrha11 lower hit expeotano;y at the De0 .. 8U'1 high 
al 11111\ldea, but wh1oll oan deftlop OOIII,pafttl 'f8l;y hi~ hlt ux­
peotano1ee \hl'Ougbou' tbe zoeza1Dder ot 1 t1 WJetul ~. 

(.!,) l,.Jl!l'!,a!.e! !!Jg!•-".!1!!.'!"- !.t!..eE.t.t.. notamne llf:Aln to 
tho QuosUcm ot l!!UDle nloo1117 • 'd\loh wu preYiowtly •ntloned 
1n paragraph 5.! (2) (.2), lt 1• poalble ~t an 1noroaeed l!lUZ­
al.o nlooU7 •1 be tOUDIJ tealllblt tor eal1beN up to a oerta1n 
alze but pelbapl illpftni•ble tor larpr oal1bon. Higher 
sale nlooU7 ia upecnect to 81ft lno1"88184 1'IUlge and reduced 
tt. ot tl.isht • two moat d01irable illpro'hlaenu in the oluu'aotal"­
iaUol ot UJ weapon. In ol'de ~ OOI!Ipal'll the otteou ot hipr 
zaaule ftlooUr on hU a;pea taDeiu dowloped at 2800 t ••• Ull4er 
the ooD41tlcu of Wa n• a szoaph lla:dct4 ~lblt P laaa bHa 
pftpaft4, on thla than ue ldw'IJl tour hit npeotanoJ OU'IH, tba 
100 - IUI4 '!a 8-1Mb 8800 t ele 0\ll'NI \alc8n t~ Iabibl t ff-1 u4 
11t. 1100 t ••• 01ll'ftl folo tba laile oallbeft. 'l'he wo lattu' aftH 
Wft eoaa\JIUIIM4 ill tJ1e - ..UI' U ,Weft the 8800 f ••• O\U'WM1 
utWsiq uta filM .,..1111 ohUU 11J11lar to tboH pftHDW '-7 
lll:blblt• ~ t % ul 1e It 11 ot epetlal 1DMftft M DOte tft* ~beN 
~ .. ' •• our of ....__, ta~ the bit ..,.naDI7 OUftN 
4eft1opet OD a bull of 1!800 t ele .aale ftlOOitJ fol' the Oe.libeft 
... un.c, 11 ~t 41fttllbe4 'b7 a Obuee la -.1e ftlool\7. A 
-- ot ••• :1000 J'U"44 1ft ..,_ 'Nftllll -- a1lo 1• b41• 
•W fol' * .00 t.a. 1M .... iD •'Nl• nloel\J, ftla ebllft 
alao , .... tD ._ tllat Hft u 1Do:N ..... _,_. wlollV lltlllM4 
Ia a oallbR of Oout 101 • aD4 an tu • .- of ~tolJ 
5-tllllb oaUHI', the to-r JdBbt poMl- '*"-the IDft etteftlft 
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llllle both u to -x••• :range aDd hit oxpeotanq, At th8 
PNHDt tille 1 t ._. d1tt1oul t to to~ee what 1rtpl'Oft4 nus­
Ill• ftlooU1•• laY dewlop 111 the near tuwn, o:r wbethe:r l\llh 
im,pi'Dftd Yeloo1Uel wlll be attail\able tor all oallben wl~ 
tl~e 11 .. bl'Qoke\ UDde:r 1\\MlJ, J'or thl1 J.'eUOD tt 11 bel1tml4 
that • p~per lolenion ot Dal.11Ntr, .,,l ... ble tor u.y holl'f7 M 
sun oou14e:N4 MOURI"11 lllll1 be oonUnpnt on the outooa~ ot 
OJ/dnuae •'u41• on 1n01'Mie4 DUSslo nloo1 tr r.wnt1oM4 aboft 
tn par, D a (2) (b). 'l'he JaXlnan oallbe:r tor whloh an llloroaee 
ot DlWI&le Yeloonjta teuible ray VISIT OOnlldenl'bly, l"uJ't}lOI'"o 

..,re \he ..,unt by whioh JaUS&lo ftloo1 ty 1801' be lnol"'HAd tor ·! 
a g1 wn oall ber a lao 'l!a1 Ynl')', thu ln tl'Oduolllf, 1\lah a prqt 
nWIIber ot poeaible oo!llbim Uona ao to !lake impruottoable aD)' 

oonolualou betore ~1• YOloo1117 lW t• uo known, It t• 
therefore oona14aft4 neo••a1"1 in thia •tu4y ~ dftw oorqparleona 
on a baall ot equal ausale Yeloolty tor all oaliberw. 
(2} 'F!l'q!• at eeleo'-4 altUudel, on 'ftll"loua coun••• In order 

to oxiend tbe lnftlltipUOil ot OCIIIplll"'lUft oapab111Uel ot M. bat• 
tlll"iN ot 'l'llrioUII oallben, hit o2'J)e011uoy ourYOe a\ three leleoted 
altUudea W1"8 ooutruoted •• 1bowll ln RXhlbU1 1-1, '1•2, and '.-3. 
Hontoto:re only direoUy inoOIIlng •ourau han been dealt w1 th and 
It la bel1eft4 profitable ~ nuq other~ or CO\U"HB ~ inau:re 
that o tiler po11lble 11ND41 ot hl' tiX!...Otuoy OUl"fttl nUl not be 
1t:DDn4• Thtt ~tift tire ettaot tor ttaoh ot ••ml'lll reo11111near 
l*lllng 00\U'IIM &11 'ftl'loUI mtnh•a bortsontal l'llngtl wu OO!._puted 
tor tbe !intire time tu tuset •• withla range. 'l'ho 'ftllue ot tho 
oualaU 'f8 hlt expeetane7 wu ~ ploUecl u an ol'dinate with an 
at.obaa oon"8apoll41J11 ~ ~ fliP'•• hortaonal l'8DP ot tl10 oour.., 
The lool ot auoh po1nu toz.d the ourna u aho1m tor the Jl~loular 
oal1ben. hall~ r.adbo4 ot IOUtl'UoUon 1' 11 ld!l that oldlJiat• 
ot eaob ourn lbow the ~ o\11Qla111w etteo'l ot tire by a 1Ma11'tei'J 
ot glftll oallber on OOUNel wh1ob oc.. 11ltbin Z'ldt4llt •' 11be part1oular 
lll.Utwle tor whloh the pap)l waa prep&NA. 1\l.Utn.ld•• ot 7000, 10,000 
and 12,000 JUd,l were ohoee to rako acq>al'laou polalble at hish•r 
a1U11\14He r.. theM obarU 111 llho•ll4 be noted that the :reiUlta 
ot tbe ....,ui10111 bul4 oa 1nooa1Jlii 11U'ptl u lhOWD. ln Kltllbl ta 
N•l ancl N-8 aa ooaft_. bJ . -eou14ent1on ot all o11her reetlllnear 
oo_...., llh1lt111 Q•l allo oontl- tbe 11141e•Uoa by pNYl~ a­
blbl'l tbat tln ettMt tor 'lbe 1800 t ••• lCia • SUD wtU be nesllgl• 
bll •' altStJaA• ot 111000 JUd• 11114 abo.,.. 

:: una• s_t_a.!,--., 1J utUI•h'l a.ta Hlam t1'1a 
~ p .... w ln lu l~l ua4"'1f="'a 1' ... fWit tbat CNl'WII of equal 
411\NIUW b111 e:rpeftueJ 00\114 be oauuutet .. lbGwa ln B:lhibi11 R. 
ro• G~~~Ple, 1tr 'UiJII r.. IXhlltl'l N-1 tu altl-.. at wble ftl'lou 
oaJ.lbeN 1how a dutl'QO\iw hU ea»eotaur ot 100 pei'Milt 1 Nplottllll 
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oallbezt apiu\ altitude, cd oonneo1i1Dg ,he .. pointa, 11ho:re oan be 
to~ • cmo\b OUJ'ft boaa wh1oh eu be re.A the ~a~~x1•114 al U twl• ot 
attuk a1i whleh Cl pGZ'\loular oal.iber ray ex,peo1i a tull 4eat:ruotift 
hit. In other wurda, 'Ilia ourn ahowa \hu 1~1Jaaala R1Utu4e at whioh 
a pal'\loula&r caliber tour-sun ba1itd'7 ta:f eX,peot to d.,tl"O;y a dii'Oe\­
ly 1noa.ias ta~t by the tina it reaobea a quadrant olevation ot 
85 4•SNM• !'zoom an iupeotion ot ;~h1b1t Jt 1 t will 'be noted that 
tor al'ltudee up to about 101000 ,.rda the our9De ot equal hit ex­
poottulcr;y abow a point ot rex"- aUi'tnade · value, or hwa,:1, nttar a 
caliber ot appi"'X11llutoly D 1noh••• Above about 10,000 ;yards altl• 
tude U will be 1uon that the 0\ll'ftl contain no hunlpe and that it .uoh 
.x!Jua polnta ocour they would be or-r the uha1'1i towal'd a higber oali• 
ber than liSD mille It tho volnM ot •xh11111 ord1JW1ie vnlu• tor thole 
OUl'ftl be oonnected by " -.,o\11 oti1"Y• 1t 1o obvlo\ll that auoh ll ourn 
w111 1n41oa.te '\he optiaaaa callber tor any ;•rUoulnr altltuc!e. 'l'hi• 
oune 11 oondclerod So 1Dd1odo that 1 

( 1) '11le optinull caliber 111~1Dat attaoks between 3000 n!ld 
10,000 ;yards altitude 'ftlrl .. betwoen approx1lllltely '·~ and n.:s 
1nol&el. . 

(2) l"or attaou aboft 10,000 ynrda the op'icum caliber 
1noreaaoa rapldl.;y ~m about D.D 1nchea to an undetol'!ll1necl 
l1m1t. 
l!.• !e!,G,11g_D_o! p;!l,!UJ! .2_&!,1Ae£jo_ o.!!'!.r-~1.11>!.1'!.• An opt1.Jula 

cal1Jezt ha"fiDg been aooe1>Md •• appi'OZlllllWly that 1Ddl•:ato4 by the 
opt!Jul cal1be1" o~ ooutnotecl on bblbit R, it 1• now pou1ble 
to IIOIII>IU.'e ~ ett1oaq ot J*l'llaulnr oallbeN with that ot -be 
opUIUie S1noe the opUIUil oaliber baa been aholm to Yary wUh the 
aUUude ot attaok ~ o011pa1'110Jl will neoHIU'ily be Qade thl'ouput 
the alt11iwle soaea wh1oh tall wlUWl I'IUlP ot a pertioulal' s-. 'l'hia 
10111Pal"110Jl hd 'bHn ottaoMcl paphlcall7 on the ohar\ tal'bcl Exhibit 
s. On th1•~ hu bea clftllll a cum oorreapoD41q 1io oaoh ot the 
oaliberll treate4 apeoit1eall7 ill tiWI nu4;y. !'1"'aal WLe graph :utecl 
llh1b11i R waa taken the trao\iODil part ot nne 4ea\ruot1,. hit by whloh 
the oa11ber 1D qUIIatlOil ftl CIXOH4e4 b7 tho optilaaa oalibu a\ a par­
Uhlu aUltwte ot a\taat. !hb tao\io.oal 1>ari ot a 4•truo\1 w 
hJ\ _. NplotW a1oDg \he ahHl•• in peraen\ 1 ttltb an oi'UDiate 
eq\111 • a1Utu4• ot attaat, u • point on a oallber ouw ot l&hlbU 
s. fbi Cl1lftWt OOD8trunect oa thU ablbl~ 1:\N \he loo1 ~ alallar 
polJlu for Wblu data wre taka r- llbiblt R. !he op\laa caliber 
ea lshillllt 8 1a1 of OOUI'Ht Np,.._ted 'bJ \be 'W'Iftloal 11M at tbe 
sao abMU.. Ali llllpeetl• ot Uae ldt -__. abibit tunher •••tau 
b tM illtd»Rkttoa ot '\be .. ._ pr•..-& _. llllblbl\a tt•l 11114 R-8, 
the - .... Mills p,...atel P'IIPbloa117 1a a -hat 4ttrerent -.uer. 
llahlllllt 8 .- b41eaHa that •· ' 
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(1) The 5-inoh oalloor 1o JUJtli'Ql' to tho opUlUil than the uther 
ctllibera ahcnm. when ~n GYerage loas 1n utr1oaq is ocui4eN4 thro\lldl­
ou\ \he nltitudo rRngo. 

(2) C.U.ibora larcer thwl tive inches are neartJr the optilua 
on1.1 tor attacks abovo 101000 ~ alU Wcte. 

(3) Delow 6000 ~rds al.UWAo the 5-1noh ou.libor 1a n•n•t ~ 
• optlJu:a by a wide rw.rs1n, oomt14<~r1ne only tho oaliban tor whloh 

OUI'YOI aN draw • 
.!• lD!l~c.!. !!,.t_tstu~ !.1Z:O~t_d!,Y!!,l2J!!'D.1i.s. !t 1e vary obl'ioua 

t:rom fl oouTdenUon ot tho data ~us tv presOft~d, thtat tuturc 1mpront-
118Jlta tn airoratt porfol'm!lnoo tQU7 tol"'Oe the adoption ot apeobl weapona 
••leoted to ~1'0 rnngea long enouah to roach tho tHrr.et atftD at tho 
nol'itloe ot ettioiont pertomtUlco at medl= l'Oft6ua. 'nle TlJ&xS•n nlU• 
tude whtah ocm bo reaohod b7 the 6-lnoh gun, neD with inoreaaed JIIIDla 
nlool-1 and u t\lze l"'..lD«o oxtenc1o4 be)'Ond 30 aeeoncta, M7 not be eDOugh 
to '\llk:o UDclor fi:re boalbero ot tho 1'utUl'U. Until '\hat time OOMII it s~ 
logical to consider t:1o loncest rnngo woQ;pon a1Y1na aooeptabla pertol"JJImoe 
thl'OUgboui 1 ta ottflotivtt range • .,l"Dv14e4 tlld 1"'LM8 l'Mohos a'bol'e present 
oe111~ ot boub1ng &droratt br a 1"8&801Utble Jlllll8111. In tho opWon ot 
the r.oaat Artillol")' Boal'\'11 t1vo lnohea 11 approximatt'Jly tl1a oeU.lbor ot the 
antiftiroratt sun wh1oh tultilla tbsse oond1t1ona. 

i. Heed tor~J.le h•a ant1a1rol"fltt mf!• From atandpoinb ot 
eOOD• 1 _,. ot oW!e .:t1 taaUot.l oreantzaUon and control ot anti-
aii'Ol'llft a:rt1llery 1 1 t would be highly advan~eo\18 to eD.Pl07 onl7 one 
odiber ot uUall"Ozraft gun. Sinn now wu are to haft ~ guna 1 the :5-inoh 
at 90 m, it 11 'h• more tmvortet to fi1'014 a thll'\\ Galtber it praatloable. 
RGweft1'1 a IWdf ot ~· a~i1YB data proaented ia ooDYinolnS u to the 
nee4 ft)r a napon liON pootertul than tho 00 ~a it dtnck1nc airoran are 
~ bo taka UDIIer tiN •' lhe al.Utu4ea naual11UK'l. /t11 1napenton ot 
J:zhiblt 0 an4 Jl•8 HfmiO ~ly to 1D41oatu ~18 neaoaaUy tor an ant1Aironti 
18 ot lupr o&l.i'ber ~ 90 DDe lr. these ahlu'V it ta aeen iba' the 
90 • u4 lOIS ta QUDII n.ah •zS•n a1Utu4ea ot U 1000 amd 1!1000 )'alU, 
~peetlwlJ. It ai:r.ratt 1'l¥1ns at alUtudaa ot a,aoo JU41-aN • be 
UkeJI \lllllhl' tift, a SUil ot 1 ... .._ G-lnoh aallber w1th 8800 t.a. -.1e 
ftlod tr OIUUIOt Ntill tbe Nctul,.....i liDl••• !l U111 ot tllgbt loapr 
ta.a ao •••• 1• ~. All poinu OOD814e:N4, u t. alf.eft4 
pftftiiUle to •••Qt tM 1Diz.aoa UW11114 by a lupr oaU.MI' .._,.. 
,.._ ..._ to tiiiiJl.OI' ,_ laasu ti.- of tJJ.aht NqUJ.Nd ._ a ..Uar 
..UMI". Uh11• 1\ 18 VUe._, l.u8e 111a~ J.n py1 ...... ~ 

q,..tlut eleft''lOU an aot attUMA bJ u l~~anue ot aa1l'- tiNa 
abed 101 • to tlw 1DU.1, a ..u miiUiloa at llaDP at tM 
altl.._ Sa ctWNitlan .-... poat 1Jiipo1'Wlee 1lba all'laft oetltllp 
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are eou14el"e4. It 11 known thut 81'817 1000 teet added ~ ~he oeiliq 
ot a loa4•cl boa,.r lntzooduOH nd41Uon.l tuolmiolll dlt't1oult1u 111 
oll'OI'Ilft dellp IUld O[lBl'llUon, It the Clotenae con deftlop an M 8W1 
wl\h a l'llllr,e long t•nough to oxtend lnt.o the futUft auoh dU"ttoulUel 
tor the aerial o.~~oker, 11i 111 bol1eftd wortllwh1lo to aco3pt IOJII8 of 
~bit oiiJ•o•1ozuable t'eaturtta ut a heavier AA gun. For tho clotenae ot 
lup area targote tb.e c~at :~1UeJ11 Board beli!Jftll that u houY)• M 
sun hllrtng a lon«er ranr,o tlllll tho lOIS 1¥1, 2000 t .u. weapon 11 dor1-
n1 \elf 1nd1oatttd. 

10. J!!t.!i!t• !.• !Uno• high wb111 tr 1o not e&ullmtlal tor a gun 
wl \h thia taoUoel role, tho onl'llll weight ot the gun und oal"li.age 
11 not bol1el'e4 to p~h1b1t a caliber al RrOnt ns 166 MMe Component 
loadlllft could be l."Horted to it the weight of a e1nr,l.u ~.;nit !i10unt 
beo.- prohibitift tor roBd nnvwoontll. Although an 1ncrea1e tn muzsl.e 
l'lloo1t1..,1 abow 2800 r.e. dll neoo1111tate ao.wbnt heal'ier oon­
stiiUatlon or· gUM Qlld aaollntl in order ~ O'Jpe with reeultnnt 1noreue• 
1n JIUSIIltt enel'81, 11i 1e bel1eftd ':ihat euoh odclod wo1gllt in 1t1elt will 
DO'\ -.lce iupr.tcUoable a caliber a1 Sftd all 1515 Dille No data aro 
aYa!lable Ill to wha1i maximum muzzle ~loo1t1ea ~ bo expected tor 
val'loua oaliber AJ~ guna nltbin J!l'llOUcable woicht l1trdt1, but 11i is 
undentoocl tba1i eboulcl hlgllor rau:sl.e 'f'Olooltbn be ntta1ne4 tor a 
1::lftn oal iber, eqUfll ""lno1t1ee nay bv pt"llotioable tor lArser 01111 "era 
lf1thou1i :reduo\lon or llOOUl'llC:y Ute beyond an nooeptable ninlllllD. The 
oYerall wolght ot the gun and IIID\Ult thoreto1'8 has not b(.•en oonaidered 
to i.Ja,po• a N11ir1cn1on on the she ot oallber tor ;..:, 8\.lllO up ~ nnd 
tncludlng liSIS *• 

_!. A!'!!'Po.1i1.!!1.!. aerrioe ot the plooo and n.cmun1 iion !SUpply sbould 
l:Ht oonn1cleN4. M the o.Ulbor inoreneon above a ourto1n roint it be­
oo•• neonH1'1 1io NIOn to aepnrate loodini': ~UDUtt1\lon beonWie or the 
gl'e!a1i tldpt ot a •1J16lo round. HownTor, tho 088\Witd rates aro expono4 
to be met 1ihZ'Oup improwd 11e0han1oal l."'lming features, "hether ti.Xed 
or ••para\e 101141ne; a •:manltton 1• used. All the Oiil!bC'Ir 1nOl"eell.lol, 
t••r llhelll an apencted as a reault ot n :reducod roto of t1ro1 h.noe 
\1» -tal welpt of GaUn1t1on u .. li 11 not axtJOned to ohdr.e sredlr, 
DOl" 11 ~~ Uoa manufacture an4 aupply expaoted to be ltllde DJN 
diffloult. 

11. ~!JIZ· A dlllsD whloh .cbd•• ot !)Onaltlll't& that 1•, 
.,nn•t o IUD bone or ere lMIJa Oft~ soocli'M48 aD4 at low 
.,._, 11 .,..lteftd aooep\able tor 'ftQODII of tbl• tlPe• 'l'bo uplo,­
- at tb.18 aa a• DDif 'filnalille4 paba~ wUl not Wqul" ftp14 l"'ad 
., .. 111t. u4 IUtftolent tS. wlU be ~1• tor -.la-t. ape. 
elal PI'QU'atloD of ~--t pottlta.o. pi'Ollalllr wouJA be aoeeptalale 
lt DOt C\eaalft. Lal'p u. tarpt• ot nell lltpoltuM u ~aka 
AA. 4ehue S~r.Peatlw wlll 110• be IQjeat to tftct'*lt oM~a~e ot ltdul, 
heDOI the 4eha41llc sa-. lwfiftl oan 'Me .. lpl to u llfta1 will 
be Nqulre4 to _.,. lllfftquaUJ" • 
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12. 9\Pff; 
a. CtTn t problllll ot dotemini~ t he ndeqWJ.oy o~ exlaUng and 

proJe'Oie4 anUa1roren artUlery and or dec14tns on the 1'18ture ot denlop. 
menta tn tho ~tate future to m~Htt s •Joh 1nadeqllllciea na 1111ght be toiUld 
to exist • the Ooeu~t ,'\rtllle1'7 Board derlsed. a technique tor predict 111£ the 
dostruot1.,. etteot ot allf antia1roratt cannon under aey ginn set ot con­
ditions. This toobnique is ''lo.sud an the tollawiDR :rac·to nnd nuwapUonsz 

(1) Rate Or tire and weight ot projectile. -

Cnll'ber .ie~ht ot 2roJoot He 

3-inoh 12.5 lbs. 

~- 22 " " 
lOG a 33 
&-inch 64 " 
1!51) liD if! .. . 

( 2) lleatruot1'" a. Conai~rine one frog• 
ment per aqu.re JBrd nti'N to o destruct1n 1 nvu1luble trag-
ll0ntat1on data were extrapolated to include thd shollo under oonaidor­
atlon, tho areas COftX'Eid by onch lrl.th "YnrioiUs t'l'fte;tlant d•iths worG 
lntegrated 1 and the result~ weighted danger a,aoes compared with 
that ot the ~inoh shell l!urk IX (asSU~~ed to be unity) na follC7Rs: 

Caliber 
3-inoh 
iOJIIII 
ltm­
~inch 
lGt'S-

Hntio to 3-inoh shell 
1.00 
1.~ 
1.79 
2.150 
3.21 

(3) The ~!l'l"'• This wt~a aa&UIIIDd to be 1:1 'bor.1b1lrdl:IDnt t.irplane 
tl7bs at 300 111111• per hour on Tnrious coursns and at n.r1ous nlt1· 
tu4• up to to,ooo teet. 

(4) 't!w probab111ty ot hitUl!l• T~rget practice results with 
3-lueb .. t-.riel were aa.pa~d wlth ti~1ag tnble probabilities and with 
the c!HtruoUn etteot of one projeotUe (aub),lU"Bgl'nph (2) • abon) and 
the pZ'Obable IM!Iber ot rOWI48 required to a81ure one deltruot1.,. hit 
b7 a 61ua baUei'J wu eatabllallecl tor nriou.e slaftt r&DC••· '1'1118 ot 
tlJP' data tctr tt. YVlou PI'OJeoUlu IU1481" oou14.,.UOD ware c!e­
ttii'IWlecl ti'OII ballu'Uo table1. Then, tor aDJ p:o Jeotile UDder ooD-
114eraUon, the pi'Oba'bUltJ ot au. 4eatruot1w hit at UT 1'11D88 wu 
eaaal-Mnd \o '-• \M probabWtr tw a ba"e17 ot S.!Mia IWl8 .altlplied 
b7 ne atio ot tu tiM of tl.Saht tor the :5-lDU proJ .. tile to the 
Uae ot flJaht trw tbe ~bel' pzoJeoUle \UI4er oouldenUoa aD4 tunbe:r 
b7 the 1'8\10 ot \be 4us•:r I.PaOU u llatecl ill al~Quqraph (I), aboft. 
01a mt~ &l~ oO\II'H, the maber ot I'OUJI4a 'INntlas 1D the Ylo1A1t7 of 
tbe tQift tl'Ca the batteq UDder oou14eraUCID wu l"'ta4U7 eatabllahed 
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t~ the ttme or tlight, rnta ot tire, and tarset epeed data aTeilable. 
Frca the probability at hitt1D8 data, the maabor ot do.truotin hita 
to be expected ~t all repreaentatiTe altitude• on all repreaentatiTe 
ooureee was determined tor eaoh tT.Pe ot weapon under ooneideration. 
'l'hue data are ahown graphically in the exhibits attached. 
l• flle ideal &llUalroraft cannon, or tho.t one which will assure the 

max1m1Ul nu1lber ot deatruot1Te hits, 1s round to be elastic, TIU"fiDg in 
caliber as altitude incroasea. Abare 7200 ynrda altitude no battery ot 
tour guns oan tire enough roun~ to assure pos1UTely one destruct1Te hit 
in th8 t1Ju an1lable before an 1noolll1ng :500-mile-per-hour tal'Eet reaches 
a quadrWR el.enUon ot fl5 degrees. AboTe about 10,800 yards, no 4-gun 
battery can tire enough rounda 1n this aya1lable time to aBBure the destruc­
tion ot more than one in t1Te ot tbe tal'Eeh taken under tire. This de­
atruoUn power decreases rap1417 abOTe 10,000 :yards altitude, becoming zero · 
at the Wlxilllua tuze range ot the L'Wl UD4er consideration. This was takon 
in eyeey case to be 30 aeoonl\a, 

.!• ~1-!,i,!O,!fi_!t_o,!DAO!, !OE. .£u!.~_d.!,Y.!,l!,l!!e,at.!. The Board thon oon­
aidered the foregoing data and decided that the probability ot ultra-high 
altitude bombing 1n the near future up to ~.ooo teet was auoh oa to Mice 
neceaaaey ~he dnelopmont ot a cannon capable or telcing under tire t tirgets 
up to approximately that altitude. halainatton ot the capab11itiea ot 
Te.rious weapons 1n41cnted ~h~ a 5-inch oaliber tiring at 2800 t.s. l'llUzzle 
Telooity is the minimum capable ot reachiDS about to that altitude with a 
30-aeooDd fuze ra.~e. At 8800 yards altitude, the tnohes rel'l"esenh the 
ideal caliber. Below 8800 ;yards, the difference in destruot1Te power between 
a ~-inCh and the ideal caliber is negligible. The Board therefore believes 
that dnelopment or a 5-inch 8Wl ehould be initiated. In erriTing at this 
belief tba Board took into consideration the probability that tire control 
dnelopments under way will make :preoUcable the utilization or the rall£e and 
:power of such a 8\Ul• The Board considered also the importance in the accuracy 
ot antiairoratt tire attributed to a a hart tille ot flight to anr ginn reuge 
end belieTes that tho muzzle Telooity or the proposed gun should be increased 
abOYe 2800 t.s. to as near 3200 f.s. as practicable. The conclusions and 
reo01111118ndat1one ot the Board are presentel\ in detail in the succeedill8 pera­
grapha. 

If • OOICLUSI<BS 

lS. The Ooa•t ArUllU7 Board ooncludea that 1 
•• ID the Mar tuture etteoUn boab!U'Uent of large area tu:rgeta 

trca '&ltttud• •• h1ch aa 40,000 teet 1187 well be teuible. '· he••' anUa1l'oran guu titber built or projeohd are not etteo­
Un '8satut targne at aoh alti hde• • 

.1• A :ue4 will eziat 1n tbe Dear future tor aD anUairoratt 8\111 
oapallle ot tat!Ds UDder tire targets at alt1tudu •aUou4 ill AI alK»n. 

4. It 1• bcWh 4u1rable and eooncaioal ill the lOllS I'Wl to denlop a 
•apai with aple ruse to aeet upeoh4 a4w.uea 1Ja h1gh altitude pertora­
anee · ·boa)hg a1roftft tor • ..,eral 7eara to 00118. 

.. 
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•· 'l'be lm,portant ol,al'!loteristiol or ouch a hea"f')' MUalrcratt gun 
aN as tollow1: 

(1) The gun 1boulcl bo roaaonably orteoti ve against targets at 
extrttmal7 hlch al t1 tude•. -

(2) A aomparaUwly hll'A hl t nxpactiUlOY is dasirnbla throughout 
tho ettucUYo rongo ot tlte wea.pan without aacr1t1clnl?: ettla1enoy at 
1hort and l!led1 um rangoe. 

(3) Ltaited aob111ty; l.o., portability, is noaeptablo. 
(') The highoat-praotloablo tllUZ.-:lo nloal ty cor.tpat1ble w1 th an 

aoouraoy lite ot at louat 1000 rounds la deoirable. 
(15) l~chnnioal l'WIIlling IUld oeplll'8te loading 1u-:rrrun1 tion my bft 

nctcaoeer,y and a.re oonaidered aoooptnble. 
!• Whon ovir-ell h1 t e:q;ootaney is oons1doroc1, botll u.bovu nnd below 

9000 :rarda aliUuda, a 5•1noh sun 1a noareot tho optii'IWil caliber, mms 
being ucmparOd on thfl SIWIO 1:JUZZle volool ty basis. -

i.• Slnoc the 5-inoh caliber 1s nel!4reat tltu optli!I.Uil, nll calibers tor 
whloh data han beon preaentocl bolng COIIIPIU'Od on tho basis ot the oamo 
muule Yelooi V 1 1 t follon that eo1• other caliber •Y provo to bo nMrur 
to ~e optimula 1t that other cnliber ann bo made to utllizo a hlF.her 
muzzle valoolt,y ~ is prnctlo•ble with tho 5-inch. 

h. It tho roaearoh now being conducted by the Cl•lof ot Ordnanou 1n­
d10fttea the poallbllity sot t'orth 1n subpn1'11gl'Q.ph a• next abon, then the 
etu4y uonteinad in thll!l report is 1nndeq,unto to detemine the caliber 
neurest the opt~ and additional otudioa ohould be uuthorlzod bno~d on 
'be taota tilen apparent. 

lt. 'l'he Coaat Artillery Board rooowoonds that: 
.l• Pendins the outcome ot 1n1'0ot1gat1ona montioned in tho next auo• 

oee41D£ aubparagraph, rive 1nchea be ooncidored tho moRt desirable caliber 
tor a hea1)' anUa1roran gun, 

b. 'l'be Chief ot Ordrumoe be requested to oxpedi to the 1nYelt1gat1ona 
oullli'ed b)' hila 1D _paragraph 8 ot Ids lot tor ot 1an\lllry 19, 1939, included 
•• lzbibU .A.•l, with e Y1•: to 1noroa111ns the l'JUZzlo velooUy ot tlut anU• 
ainraft oumon trc. 8800 t ·•· to a1 near 3200 t .a. aa --r be pftoUoaue. • 

!.• Ill the -.....at that &DY tea1ible inoreue in 1111Sal.e nlool v tor 
the l& • p 11 a1lto tOUD4 pl"'lotloable tor C.lnoh guna, the Chiat ot 
01'dftallee be Ntuettte4 to W Uete 4e'felo~nt of n h•~ antialrar.n BUD 
wUb tiM fol.l.otlt-. aaeftl obai'QOter1111iOII 

(1) Oa111Mtra Appl"OXim\olJ tin iuohea. 
(I) uaala nlooUya Uot lo .. than 8800 t .... (9H aubpa1'8gl"'aph 

b, abcml.) 
- (S) *'lllva Ur41te4. (See pal"'aaftPb u. a'bow.) 

(4) Rate of ftrez .... , lou' lD l"'UD4a pttl" ld.D"'e u4 blgber tt 
p:r.oUoable. 
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(uj !.U,oTat1ont UUil ~Q , bu OUptt~l9 of i'1l"1llg 1"1"0111 0 t!l)gl'e .. 
to B6 degreea and to bo 11table nt ull ~tleTaUona nboTe aOO 11\lla. 
4. In tne enn' thai suon 1.DO:re&a• 1n rmzzlo veloc1t;r ubon 

2800 1... all ;ray be tmmd practicable wi ill the 105 Ili'l1 gun cannot bo 
applied to \btt propoHd 5-1uch g.m '111thout greatly 1ncrcn.s1ng its 
ov.rall weigbt ur decreasing ita noou.rnoj' life to 1.oss than 1000 
l'O~tnds, tlle quel:IUOn Ill! to til~ Otlliber or tlttl pro_poood 'tian}JOJl be 
reopened nnd n11,n1n re1"ur.rmi to l;l\6 C:onst k.l"t 111ary 3c'mrd ror atud;.r • 

l£%111b1 ta ,. t.o ;;; , incluai ve, 
ucoonp!UlYing, 

. t. ~:. oc .. .-..: :, 
Co~one~, coast . .J.•t11lel"!f " ' ):';JB, 

·:nHJident. 
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r.oast .,rtillar,r Bourd .'Tojoot 1153 
J!euTy Ant1aircrart Oun 

-----------------------------------------------

. •fi'ico or tho r.hiuf of drdnunco 
. nt•llington 

::}liar ot :·o:w t .. rtillucy. 

1. '.L'i10 delli t;n ol' t ;.o ~0 r.:tt :.nt1n1rcraft .~oh1l6 (;Ull :1nd •:arriac:o ~ll1B 

ndvnnood to auch u point 1 t in nm1 posalblo to at11rt t ius duuign ot u 
larg•1r c~liber untiulrcruft ,:w, und oobiltt t 'IOII!lto 

2. •::oT.~pnrativa lltudi£•5 li!.;Ve baon oode t>1' a ;·:tini rcrnft !~U of CttlibOI'8 
above 90 r:J.l, un folloun: 

105 11111 G\Ul 

5-Inch !·'nvy .-·tUt 

155 Mm {:tm 

In these studies, the !'ollo'N1nc: rnctol'f1 huvo boon tillcon into COllPidol'tl.tion: 
a. Tir.~e or !light of' !)••, lOu I:r'l and 155 m pro_loctil<la - Churt 11. 
'b. :~toa ot tire. 
Ce ·!·!umber of otfeoti Vfl f;r~jt14$llt8 pttr nJ.nute for tlboVU oo.libttra • 

Chllr't-}2. 
cl. i':tUmuted we1p)lt 1u truvoling poaition tmd cost!J ot the aboTa 

un1u7 
.!• ProbGbilitl' ot hitting TB. tioo or t'light • r.hsn , r~. 
t. Tl'IITel at plano botwean shots Til. olllliber • Chart •14. 
i• T1• ot tllght - 1~ lZl A.A. r.un opec1fll pl'OjootUe • :,ruzzle 

Velool'Y ~ t/• - Chart :.:o. 
~. Referring to r.ban !,!1, showing the Umo ot tllsbt u a runotion 'If 

alant range, it will be noted that thfl Nll"f7 ~inch 30 oalibor gun giTes 
loDge!' ~· of flight tor WriOWI slant rugo than the J\ftlt 10~ 1!111 A.A. 
oun. The l!nTy 5-1noh gun wu thoreto.re dropped troa f'\u'ther ocmaldeatlon. 

-'• .i. study ot th«l tino or fl11~ht datn (:>oe C:ban ll) tor .U lOD • 
and 1M gun.e, 1nd1oste thnt there ia little or no oholo• between the bo 

- l ·~ 
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weapou up ~ a slant renge of aomo e,ooo )'Ul"da. Tle)'on4 th1a range, the 
11m -gun g1Ye8 , 1noroaa1ngly ohortor \ilM)s ot tl1gbt \U11l1l at a J."Qnp ot 
say 14,000 yards, tho cUrterenoe bo~• 5 aooonda ln tn-,or ot tho 155 m&n 

gua. 

5. 'l'he rates ot tire u estlnBW for the ho caUbttN aro - 20 
rounda tor tiw 10&5 rn antidrol'llrt GUll, ud 10 rounds tor the 155 J:3lll 1Ul'l­
a.11"01"att C'm• In botil ouea, it 1a 1l8a1JIIIed thnt .cbluUOQl loading de'Y1oes 
would be Ullecl. tihib the l"tlte ot r1ro of the pl"M8nt 105 ta antlairoran 
ti:aad B\Ul hu 'been ooaowhat lesa tllllD tbe abo-.e fiSUre (1:.! to 1&5 r.p.m.), 
U ia bel1eftd that wUb 1~ro'Y01!18nta l'lhloh CQD bo r4\4o 1D the l"'lllWftl" 

ayat• and tile aohOIQII of loading a rate ot t'lro ut 20 r.p.m. 1B toaelble, 
In the oaaa ot tha 155 11111 (tUD, it will be necet1ery to uutt 1:1orl11-fixed am-
1111Dl1 tion, aa ot!'>e:rw1H the lttngth of thtt round would bo- too g.l"eat. dhilo 
un4oubtecll.7 dU'tlcul tJ r~ould ba experienced in lumdl1J'If. tho httaYy 15!5 Jllll 

round, it ia eati~ted that u rnto of tiro or 10 r.p.m. could be obtained 
thl"ough ~e uao of mochanice.1 denooo. 

6. CbArt '.12 1nd1catos tho numbor of 8t't'eatlve fl'nf~l'ta per fllinuto 
ao 11 function or tho csUber ot' the ~· 

7. "n1o wei1~t:J nnd coats of thooe guns rx>untod on mbile onrria.ces 
would be ao ahcnm bolow: 

1~ en r,.;,. ~un 
lDIS IIIII Gun 

Toto.l ··teigbt in 
Tranl1Jl8 F"Oai­

tlon 

8&,000 l'ba. 
~.ooo lba. 

:otU.1atod 
Coat 

n 1• eai1J:aGted l.'lat the OOIIPtlr'lltift t7e18hte ginn 1n the abow table cnn 
lte .. ,. The weish\ ot the liZ nu gUll na obtained by o cona1deft~Uon or 
tt. olaDpa whloh liOul.d bllft io be Jade 1a the preuant 100 rJIII Field r.un 
14 whloh .,111lU a 1M za g\1.4 w1th a aule 'YolocUy ~t ?.800 t/a f.lJU1 weiglw 
30,DOO po\UIIla, 

s. A awq 18 alJio being za4o ot tho poea1b1l1ty ot lnoreuing the 
..ale ftlool\7 ot a. lOD- 8Uil to appza%1ateq 3200 f/a. '!'be pl"Uent 
1015 -IUD .. duliUCl tor a -.l.e ftloo1~ ot 3000 t/a, lna' bu be• 
\IHCl 1D •moe at a --.18 "fel.ooi '7 ot 1800 t/e, n 1• pl__, ~ ocm-
4uot ~tal t11'111p with tbe 1015 • £UD at '~~• PJNn1.aa Ol'ound to .. .__._ita U.te a. t1rec1 a\ :saoo t/• BD4 .-ate or cleo~ ill the 
..ale ftl.ooS\7. 'l'hon 1a aleo • poaaltlili\7 of~ tM J)ft8en' 
pl'OjeaUle tor the 101 Ull anUaiJtoratt gaa. If \hue illpl'o'1'8111K1U ou. bo 
.cte .._ U. of filsb' fol' ftrloua 1'Up8 will be ftDied u ehaa Oil 
Cban ~. 'ftlu, at a 1lant 1"BBlP or 14,000 JUdi, the U. of flight tor 
\bit b1gb w1oo1t7 lOB - p.\V:l 1fDulc1 be :M MGOil4a, OCIIIIIIPioM to the tiDe of 

;:..s .. . , .. f=· 
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tllP' ot 86 MOOnda tor the l:lD =a g\Bl with ft wloaU::r ot 2900 t/a. 

9. Oil c~ t/3 t. ..._. 'tlw probab111 ty or hi "inl~ aa a tunaUon ot 
tiDe ot fllf.,ht for tho 106m emd 15D w RUIUI• Th .. o probab111Uoa are 
-.ect uposa r.= aD4 uaun.lt1on probab111tl9a and uaUQD portoot tire oontrol. 
The probab111 ty ot hito per mm por r'llnuto npJlOIU"II to bo in taYDl" ot the 
smnller •11 ber. 

10. n 18 roquelltecl that n otudy be rtndo or tho cal1bor de&i1'84 for 
the haaY)' antla1nratt cun o.nd that 10ur reooromdlltioruJ bo tol"¥18~ed nt 
~o enrlloat pl"'\oUaablo dllte aa 1 t is deairad to p.rooood w1 th the design 
or n lnrge~ caliber gun. 

!:. !~ •.. om!lon, 
1!1\jor •ioner.nl, l:h1n1' or (.•ronanoo. 

5 Incloauruu ( r:hul"\n) 

4?2.311/.00 lot Ind. 

,,ar Pe]lQI"t:oJBllt, Ott1Cfl, f:h1et' ot "!miSt ·,rt1llt,I"'J, Junu!lry ,7, 19~9 - To: 
7'reei4eut, r.oa~tt ,.,1"\illeey &>nrd. 

n. Aa now rtsulll.1:aed the largor culibftr t:un proposed h~re1n would be 
utilized 1D the detoue ot lul"f~o ftreo tar~ots ouscept1blo of' attack f'rol:1 
extre.el7 high altitudes. 

3. High H10b1lU7 tor such a woopon llould be unneco11so.ry thoUgh tho 
.. pcm should be or 1:he 111Db1lo 'Y'Pe· 

87 ol"&'ler ot the Clliet' of t:oaet i.rtillerya 

1. A. cmmm, 
r~lnD•l, c. A. c. 

lDo\lUft, 
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166mm 

10000 YAROS 

II 000 YAROS 

12 000 YAROS 

13000 YAROS 

14 000 YAROS ~ 

CHART SHOWING PERCENTAGE OF TARGETS 
ENGAGED, AT ALTITUDES OF 10 000 YAROS AND 
ABOVE, WHICH WOULD THEORETICALLY BE DE­
STROYED BY ONE 4- GUN BATTERY BEFORE 
EACH TARGET REACHES DEAD AREA ABOVE 
BATTERY. 
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