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'l'l~~ flunntltatlve r.lrte of t atl'a,t~gic !:rol"lam are, at course, 

not. the iihole of the proJ:le, nor do thl!Y ~iv('f the \.001 .. of t.he I:Uiswer. 

'>dded to t.l WI must come tho .i0l1t.1cfll :md other nonqu:lntit'l.tlve aSF'<:Icts, 

.thich :u-e altfll18 rreSitnt. in Sllch large nU8atione. .tll t.h!!.t I 'iIll i,oint.ing 

out. is that. the aJ.t.erndt.iYes to Cr.o088 from are very much wore nUJJ:;urous 

now t.!".an the1 used to be !Uld that the quantitat.ive as}:act involved in our 

,jecisions is more :iapcrt!\nt t..!"6n it. uaed. to be. 

The need. for tecmical. :md quantit.ative analyses as aida in 

arrivinr at collll18l1d deciBions has been appl'8eiaWd by the services, both 

in thi8 cwntrJ and in England, :md. gro\lp8 ot scient.itic mea with experience 

in Blillttl17 proble.IIIJ!J haft been .t up now in aU ot the services. The 

activity is called by v3rioua naDl88-oper8.t.ions resuarch, o~erat.1on8 evalu-

activit1 haw como' 0 plq i\n important role in ;"roTiding t.he bnckground 

IlfjCds.ar,y to l'tJ ach ta.ctica.l or strategical dec l81ons. 

During the last. war oparations research 1!l"OUpS ~orked n:ainlt at 

tho tactical letvel. r. group in the U. S. Na.vy, for inst.':lnce, .'tnalyzdd 

ant.isubmarine oper:\t.iona and was ot help to the loth Fleet in rtlaching 

decision. ~ t.he ccnduct ot the batt.le ot the IttlAntic. Opertttiona 

analyab groups, aea1.gn;;d ~,o wlrloulJ air cOil'llunde, 1nal1zed v:'lrioua parts 

of the air Wal' 'tnd hrtlpeci these eollff,~d8 l"tJ3.ch 1; roper deci.s1ons as to the 

ccnduct ot str:\tegic bomhing and air dett:mse. The result, ot th", stlldies 

of th~se groups Wire embodied, in r;:tM., in revised doctrine and 1r. c!:'"mges 

in xO;tjfOn and l3qul.!.ment Ij..,s:i.JI;n. 'ath t.he ~nd ot the 'lfFi.r, the attal,;s1e of 

:s.ctual opo:'atiDna, of courss, cea.B!;.!d and these groupe turned to thti 

e.aluiltloa ot lUture t.ctic. and weapon.. Baaed on their wartime ltx,r:criance, 
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qaml ccrJtOrtd;.:1.OI1, Il,\ ~;.~nt.. Vad,ca. "lllcb ~&la Idth bro~d<tr {!.'Ud\'icn., 

r",rtt,~:r in thE) l~ut.Uft. lhu ~.VY l:a. ttl. '-:,l.orl.liu,na :;YlkaU.on r,;t'Wp, 

!C.tt.·.c!.tt<l to tf·>1 et:.:rt of t.ho Chiet ot !:a,val :-r",r~t.1C:(1I.1. ':-}.<.;.9 e:rc.Ui8, \;1 

t.L~lr t. .. ettlio.u. ~l t)U&.r.t ~t ,t i". :ac.1.l;r1<ct:1, UII.!ot t.h. V:;:-1,(',"8 ttt..J.tf ft to 

t..rttJn1r11 1A oj.er .. U,o,uJ .,. tlud.1ol'l, lOt 1.p1rl tote Ctlloe of t.h~ Sd..-otar:r 

of J~r.t.... Ita &1todoft 18 te> ,t\ody t.h. t.ctHrilC<;il an4 rr'U¥1Ulat1v. 
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OJ.up'it,lonlf, ~.t.isubr~ri.mJ w4.rfilN, .t.ratagie l'.(.H!:M.r.~, (%'.:,rt ... r urllJritttor.a, 

all" .!e;!'I.tt'lae, t.1nk. 1'Ift.ri' ttre "nd t~. like. A l:~ or tollo ;:rou~ 1. l.a.1.i9Htd 

with oth(;J' ;'.(l~"a1Ll.. -18 of do1rtg t.t,. ,.. 1.1d.t}:.;. 

All t.he dl-.nta of s\.:eh iii. s"uciy Ir.lUt ~ ~n~t.I'er.:11 :iutl111lJU in 
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Ilr. tll4l f0int., ifhich MV. ~.n uM~U· st.udt. l'n~u ... ) of ewr:"',:It'1l) basics fof' 

th<l brOl.der:u .. t.tona ot ueoooAi. CCR t.o ua and tlcor:oraie Ij~. to t.h~ 

of Il Llrge H\.liJ\!;lJr ot ot.!:wt' :;roull'J in .lui ~wnn",ct .... d 'Rit.h th.: ""i.e;;:., in 

'ldd tt. h·n to th'll »t" 1'r of ' .. Cl !. tau 11. 'fr.... tirst. ::".ljor r'tl ~ 0 rt. of t.nt. 

fl'<'it.umt AtMi 1n t.tI. near c\:tut'tl. I'i. lnv.at. 1&atA<i t.he n .... tll r"J or f.hc tore .. 

we .ic haft-t.ho Idnd or plsr.e., \t.o IlI.lr1io!!.l8, QUI' .at"cks vi i'tU#1lba, of 
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lOlli, dthcugr. it carnell those to targets which otherwise could. not be 

reached. Thia moan. that the ruaJorltJ of bombs BlUst be ta.lcen oft froll 

OV.l"s~a8 bu,... ;:e had to look into the duestion as to whether the 

ot war. 

Next \ve had to stooy the ability ot these plan~s ,mel their cre •• 

to fly t" ~quisit. distal.ces, from ban. in t.his continent and over_as, 

to entW,J targets. Not every plane can fly CUI far as the b<::lat (llan. :md 

not every crew can make a plane perform at its top capability. Plane. 

varr in weigbt, engin.. vary in ef!icitmcy and crew engineer. vary in 

effectiven.s. with which they CH,rT':! out cruise control. ..11 ava,llable 

data on the three t,pt. of plan •• and on the ability of orerational crew. 

was ealloctad. 

The op1tt'atiM of the Stratugic ,\1r COIIU.and VIas Very grellt.lJ' 

apIJreciated in this l,art of the work. They made their fUea completel.T 

open to the group ~ order to studt this Iart of the job. It 'Ha. not 

sufticiont Juat t.o obtain an average fi&ure for operational range. .le 

needed to know the distribution ill range. what 1-"tIl"Cdl'lt'lg8 of plane. could. 

go tarther thaD a certain amount and what percwntage could not go a. tal" 

as this. 

Atter all t.he data was '.n 118 were able to draw curv~a thing t'1e 

~rc~l'ltl!l8. ot planes and of ere .. which could exeeed certain I"''lnge per-

formance ami could draw bri1ckdt.i.n~ contours on the mar of 'uraaia. The •• 

cootonrs tndicats, for tn8~nce, thllt only 1(; j.-dr cent of our :b-29' s with 

crf::twa could fly bt;.;rorHl some given lino, uMer thd test of conditiona, <md 

at least 90 per o~nt of our a-~9Is with crews could fly farther thftn some 
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.1\ top of this, of cwrl.J\l, ""'t'c til", ! l;.:\U"C'. en J.bort.e-t.;at. i" 

r:,"::i\;!8 l"hieh had ,:!(l1i::£.tihing l,"IJf1lJn to U.eln ~rot"\t tt;~J ·~t t.(; U., t,1J"IOt. 

il!'1fOrt..'4t\t :u1d usoful. In ",dJditia'l, 'Ia\& tl'tia ,'"role;! 'i'a,r II .38 oleo \lIM ... 
~ 

"tool •• wre .ad. ot o;:,tirat1on.al dat.a, tet.h t'I:Oc. tf,e last war .\fIG trOll 

t"ifting uxuI'ct •• at .... "O~t.l1 eoaduc'W4, utd.eh lI,:tVe u t\lason",blJl 

~!.r (..,t~luHt eOJt\f.'l·",u' .u~J. t.he a-cQC".d 3S\ .-u .. ,t,.o .. to ",hat. t.hll1 urullj.&111nt. 

,U\<i 8~Nng\;.h could do a:a1nst. OU. h~t"n. 

Mllt,u.rallJ', t.h. f1 rat. .!U"\ of tn:& 1uIoI8Uon ,,~1c1 not. bt an_$~d 
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arul cltar1.CtMrtet1c. of their night tighter., and sttC<li.d the number and 

til qos:1tion of pC>a.ibl. higti wloc1t.¥ ant.laiJ'OJ"aft t"OCket.. In tct.h of 

th ... s.naitt .. case. we a.~ a ~" low vtt.etiv.n~88 tor the lCW8r 

rool"11 equippeci nip' rtshwre are oxil"VlAtll' lMttactlve and ncU'lRal Ul'l­

airerat' aniUer1 1& likdt .. 1rwlfe.tift I.t the bo.mber altitude • 
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dth the vulnerat,il1ty of aircraft to gunfire ani to .'lntiaircratt Ja.mage. 

lroeps e.t th6 University of Chicago, ann a {,art of the Cper::-ttiona wSi,l'lrch 

rtfice of the Ar~ ~re Rollo involved. '!.'he data from 'tl)e:rd~vn Oll vulner-

!'lbility of planes was canbin -d with data on Accuracy of tira for various 

assumed tactics of the fi~htel" and bomber J to obtain tlle probability that. 

the hant;"r \\ould be ~hot dom on a sincl.e rUt! of the rLl,ht~r against it. 

Calculations were made fol" a variety 01 altitude. stu,t I3p~ds, tot' dUI.rent 

angles of approach of the fighter, and tor different ama.ment. In 80lI1l 

case., tor ElXUtpll!l, when the bQrAber tiNa b~k at the tighter, there 18 It. 

chanc~ that the tighter is destroyad before ita own shots t~ke "tfect. 

The effect of thie en the outeo.118 of the duel 'Was included in the stU':iea. 

!.Iuch figures, ot coarse, canr:.ot yet be obta1n~d by al'iy' set of tests. 

'feats will ~ive 'part. of the figures, but at ll,jAst in p.:HI,cet1Jne the onlT 

Di ot actually deturmining probabilities of kill 18 by taking these 

ruce. from tdsts and putting thvm together OIl paper. 

A.S this part ot the studT.ent forward, cQrtain opUnum tactic. 

tor both f1ghteJl ano bomber became apparent. 'rhuse.re then ohecked 

aaainst actual tact1c. lrJ.llpl01eci a. a continuing check on the real1_ 01 

the calcula.tiona. In addi ticn, the probJ.\ble result. of bornber-fl{1)\ter 

dusb for·Varld .~ar II conditions were alao ,,:orktold out 'lnd WEJl"O ct;eeked 

a.~e.in ,t , orld. ',~ '\1" II data. \. now hwe -data from both sides on G",rman-

t .s. 'tOllbar-fighter duels 1n .!orld ,~ar II. The compflrison of our calcu­

lations with th6Stl data St.OW8 how important it is to take all <.uspects of 

the ! robl~m into 3.ccount befoN the final result is ·trrived at. 
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i;(Jf;.v~rt t.t:i. :.6,. (}o!'Mft data sho¥fl:d. that- ol'tJratiQl'lal ~lJulta 1n actual 

ccaba.t. &aw a Mfkodl, aUts ... nt. ",tOt.UN cr<lIl l;rod,,,, gJ"oun4 ",uit.. la 

t,h&\ grot. _I'f'O.I'I .en 1'"IIIiU'-\' 1J1 tfI8'1q t-..... b7 t.he fi~ht,,,,, t.he aia 

flgU .... pUot ot' to other intluunc~., ru.n1 rlone OCOfU"',Ntl in actual comt'" 

tfhere th. tlghttir gun. nu".r actuult ilCt J:ointe<l at. the boInber, Vld. ttUt 

.tead1 on the bOliber tar~t. In. the •• CUti't t.he ~ 1"(.¥ing ~otmd re.sult.l, 

predict."" by the calculat.ion., tl.\m~ out. to hold tor actU!il <eo_t wl.th 

&.c .. \ the prodlat..4 aGour • ., lft4 abwt. tho pftd.1eie<i losse. pv va". 
In t.h. ot-b ... \9fO-t.hlt'd. ot tho ean., pract.lo-..u, no hit. WON obt.ain •• 

l;on~~uentl1 in ttl$ ease ot ;:"orld :'\ar II tl,'9.t.er-boJl'lbctr dad., the 

ot:'I)r3tional t15Ul'e' on the ;rol"1 hiltt)'" (It shooting doYG t.he bOBd:i.r hI a 

fighter in a lingle Pal. t.\lmtlld oo.t t.o h, 1/3 of Uw r-ro'fing i$round 

~uult •• 



• , 

•• 

E-17 on a single pass 11 a G,ml1an ti~ht\3r, which cheek~d t'dNI.rka.bLl well 

with ·~ot.Ull.l data on the air battle over Gt3rmanl. Such!. d!i:ltailud check 

with oplii.r.J3.tional .{'l:sults ;Cor :-.orld ',;ar II give. us confidence in our 

p'edictions on future " !ltt198 a8 long as we t..ake into a.ccount the 0i-'vr-

lltional grosa orror ['actor which must be added to theoretioal P-oy1ng 

~ound reaul t.s • 

Losses dUe to antiaircraft!1re were,vorkdd O'l.l.t in the same 

infl_ ... the l'88ult.. It s. found, tor instance, t.hat 108"8 rectu.ced 

8'.ark\:dl.r when bombers WilN concentrated. oYer the target in a JdM.$l" to 

s;:.turatu the antiairoratt deten.a. It theN were one bomber present OYeI" 

the antiaircrtt.tt defense. at ooe tUM, naturall1 all the guns would con-

would be apre.4 and any individual bOlll.oor \,ould h'we one-thiN tho shot. 

fiNd at him. 'rhis tumad out to be true in practice in.orld 11&1" II 

data, as a lP&tt..r of fact. So this brwght out thl:l tact ot the n. tor 

the coocentratlon ot OtUbombera oYer the target. The result. &1. abow 

trn. great !llpon.ance ot evuive maneUYera taken durirlg the bomber run •. 

11 Yef'l oonsiderable diminution in 108ses occurs when the bomber detini te~ 

t£k:ee violent evasive maneuver, against 11 straight.run. It out' bOJl\bel"S 

are ,,-quipped. with boabeightl which will allow tfvaaive ncaneuwre to be 

tAken during the banb run, our 10sae8 will be consi.tkr.'wl, t'educsd, par­

tioularly in the case ot the assurtlj.;tlon ot hi.:;her ihwsian ca.pability. 

This result 1a 01' consi.derable uea in detel'fllining possible imjlrove.mtmta 

in ou.r bombsights and in our tactics. gy going into thla a.'T.ount of dot;:lil, 

-14-
tnl 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Declass DiY, WHS 
Date: APR 0 8 2014 

.< 



, 

. , 

I' .atwoon & dr'oJ.t Ir.&de v.t.en th -:: (\:-$. J.t.,.ka S 11 run on R gi von 't.!U"g.t fer \t.e 

v\;r, flrst tiC1'l ;'nd ~b.!l:u" .("'.',1;8 IT.'lli$ 1.; cr-~1J8 wl'tch ~ ,\vo !,.~., St;v",ral 

and. most. b",rtb<.ll'lilf1,., could curl out tolle task in tir!tJ to : ake & fdr11' 

accurate drop. ·~\l.eh taf'l~t8 hay. e.,tSill l .. cognizable ro1nts OIl th_, 

.. l~­
sOLic'r .. ~ 
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o! r .. hl) ll',; S~:lit; :,-t'tltt.b, "J.O t.h'.\t. a number ot our boJtzba "ou1<.l to mi38<ld. tn 

other "6rde, tho crit.ical feint. in the boo:b1ng 0J,W,.,Unll 18 th,,,, f"!ueaM.on· 

ut recognit.ion of ta.r;tot.. '.nl i.mpro.,,.r~tnt In our a'lfta 1n fl'latt dinet.to • 

-lt~ 
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1Jt.r ... t~&:l.c colllLing, plus an ~nt.l.allrJru.t.1on of tlkl tactoN which oOtltrol. ~ot 

criticall,r then Nsult, both our Uluapt.10fl8 cCIlc,;;rm.ng .r •• tq tlttect1V1ne •• 

aOO OW" 0"", t.actic8 I:Uld "'1ulj:.i.1:.fdlt.. Ht. t.h. critioal itttl'!l8 an concerMli 

with Q\,Ir la.ck of knowlvc!g. or uIt~ c.arabilltillo8 tliC f1ncU.n&8 point. out. 

OW" a.t.omic bo.mba'i" To arutftr thu8~ IItrategic qU"lat.ionlJ _ muet go on to 

etudy t.h. o.t'tucte of the r-hyad.cal dUl&lw on the ca}:a.city of the al'1llmy "­

wag. war and to COIa..,'''ll"tt th. ~.ct!i:lct.hlluH'Js. ot th Ls 'nay of us lrig atc:G.ic bOabt 

and ttictmlcal studies of the sort. which has been ct\rrb4 out m lIt-rategic 
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