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OPERATIONAL REQUIREMENTS FOR AN oNFANITRY HAND WEAPON

bly
Moo moo A. Pitchman

bly

Scoff E. Forbus~h
George J. Bilkemore, Jr.

Of what eouli . rifle be capable in Lut I. today? Since there isoa
limit asi to hw tuxratitly the infwury ri firest, can one increaso hits
by giving hima riflle with now operational ckomtr~.istics? ORO's
Praise 3AL.ANCE studied this by taking data on how often, and by
how much, riflomna misted targets (04 well vs the distribution of
hits) at diffvesoi ranges, by taking data bn the ranges of engogement
In battle, and by taking Jato on the physiological wound ef'ects of
shos with differing ballistic characteristic.& The recommaefidation
is 'nwd. thot Wrdnance proceed to determine the technological
feasibility of a weapon with operating ehuroctorkstirs analyzed in
this memorandum. This follows (from conclusions which are listed
only slatchily below:

Kit effectiveness using the Moll is satisfactory only
vpto 100 yorda end declines very "*pidly ;q low

werd at AO ywert, the general limit for bettiefeld
rifle intgevemews.
A paereo, lipersn princilpe in the hard weaspon

4p swed twnw to cewe wete for h~ simn ing arrias
end incw~s hits It reages top to 300 rare,
Missiles, lsnaller co~ber thee new standard, could
be weed witheut lows In weedig- @Heffets end with
legeistlel wodvewes~, few a great lncrense Ill hit
kethlity awid be effoctool by using toslic missile&.
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PUR POSE

The ottidy reported uposi in thii. memnorandumn was unciettaken
fur the purpose of dre'rmining the ciesirable operational char.
acterilist i- f a licneral purpose infantry hand weapon.

ASSIIMPTIONS

It has been assumed that it is desirable to increase in hoth
fugi~kbj#!and rakte the hitit which mnay be inflicted on the enemy by
aimed small armi; in the hands of the inifantry.

It has been i~rther assumed that it is desirable also to
incrtease the mortality of wounds causei by these hits.

DISCUSSION

In thisa examination of the basic infantry weapon.. the riflc.
two commonly accepted consideiations or premises were care
silly scrkitiniaed, and their bearing upon infantry operalions

evaluated 1) the tinte taken to hit enemy man targets is vital
in that hitts should be inflicted as early and at an great a* ange
as pasiuible, and 2) the&- hits should inflict significant injury -
should be at least immediately incapacitating (in some cirrum-
stances. lethal). The findings are generally 0ff:'mative with
respec~t to huth prcopoestionti

Study cif combat rtt ords of .Jperations. as well as field
;eioestagaftions of the man-rifle combination, shows that much is
to be ilamed by incrteasing !he hit capability rA' a~med rifec fire
at the . timmoyt battle rankes. and that ins. reasing the severity of
the hits %is &let to be sosght. How met, act.,ally use tyte rifle ini

Dornbist. the raoges Af engagemntn most trequently rez~irrarig
inl ?att, how ter rair.in, 'nt s .imterrvi sailtyt of ipp~isinR fi rin

(R .T-led)
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- ~e. wni.rt a.!),, u..n rmar Irczrrd i? i o:)ttruclio'eg

trt.rCTii.at Tanhes ?re in era'ity tirimnp:-r*an! os.es

eR~~.~~-) me.,ri .ark %rman-hip sttu 'h.at nt rfc'rmarlce in "

rTiissle r.i my he irl profit~ably at %,. h. rý! s. without loss

The r-nu..a'.y t r.lr m.atory nature of the severai findir-Rgi
goes far c. e~~npresent r-ie operation%. and to saggest the

r~rr~b .h~r.t..teriastic % !,)- a gene ral lprpose r!iantry hand
16r p9n Pm he on, wuit, hit, h ioilow have em: rgee'.

(t rat -.P3 .&It.i h the riit> % -.%d mo-st frrj...rntlt in

.4 'enr expert rilltemen kitssa t'.rv in meeitrin a-rral battle
re 4 sremernto n~v up it' 1...A yd. 10'nl.]O) yi't m.~rksmanshap * Wm

't. sai s~ harp"Y. rea. rmng a .,sw .irder A. 00O yd
*T,, iumpr-. r hit rife. tivarneas V *P.e rangce. no't f-%r

0'.i ir tfwi% %en-' I Me me . .. i1.g 11 V M_ I 1j,' j

4'r vtf!. the md.-pti.-m *.f a pstirrr, -dtu,&..r %i.n pr*.r. sple i. the
~.'t*eap..t- -, t'.i ;d ar! I.,.mpen% Aff f-,- K.uvnan airr.tirll ci r,-r%

a~ ~r rP'v 11intt,* &a.Iy In. r Aec J.V hoo at rat.scei Sp tn O.,j Y'i

4 ( .rrent nm...1v:* ,I *.f ::v ~t r t! . 1.a.! *eap. r., e* ',r

e i~r t~q~ ~ P,>. Paracterist.i- % . rC tet-pasive %'trrd-

vs S.e Nj A %-a;% sr asra - i ipe> , fr fn I#1. star.'posa.. -.

-a .$I d f e f. If % 'I targ~ets 1it 1 'stir.. far. ýVr~rairl

All . *'
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I. till. titt.. s y t-ar ý ;rc! I~ a . j & y~ .ob e r- ell.

*,' .t :& t : .* ret.t I .L. v % , 4.. ýk..

*'t. tr 1I wit, -, .1 19n ic a.t lo%..e4 tn ier -a.. hit ttfe, tivtrne,..s
* To meiet tho ac .ial p .tma re 4,Art niewt of a getvi'ral

r~tt-vir-i mncreasies in hit prubabilliy, at the rantlea of interest
(1 the pottotl~e tbii or vulleV atiutoatic irsignls,' the small

ý ilber ,pht1r,sht %.....pon with controlleK' dispersion char-
s. ~ *risi 4p t~r , be a promising approach, (Low reco~lt
A *.. "I'all .tlitier weapon I&&. ilitates dispersion control.

I,. reate milhita-11 acreno-le wtound damage at common
r e ~tifie*%, miA liit . i -m railer ( aiibrr thv' irii thep vr&&t stti.d-

ard 110 a) At an be -ised without loss in ou~.idang efiet- arnd with
d~tir~tial loaistir at and over -all military gains.

% A -t ry great anc.rease an hit lethality can tie effec ted by
the Additionn of toxi a a:rnt s to bal let ma i~ila

HEL (0M M E ND A T IION S

I It to recommiended that the Ordnance Corps proceed to
determine the dirsign or '.rchnoAugical feasibility. of develuping
a hand weapon which has the choracterastit 9 ited an this
analysis. namely

a Maximujm hit effectiveness agairst man targets
within 100 v I range (Th~til does not mean that the weapon wilt
tie ineite, ta..e beyiind this ratnge)

b Small r alvier (less than t0).
6.W',undir~g capability qp to 300 yd at least equivalent

to the piroirrit ritie
d 4.sera~ .141 round* fromn saltos or buy at t ontrnllrd

s-1 as U) form a pattern out h that aiming errors Lill to tM0 yd

W0%W 404". A'i~ to Ii .~ 0.011 .411" eatm. 0 .10V .0 -. I.. Hitiio Mv l' $11

0 -N * 'P to...m ~e -ap 'j a itupbo "I &a mo Slim J~m k"ei .U.l-l.pB th
* . Mi ir IM. oPW %V 0.. .. frpew 'I jlm-q'a 4 atIh, a %Itaid* * .. wi ftl% @bitw

It 04 . - 'pl, taoes Le l aorii -i IC .i OA Ithe NowhiA" *h 10 Men

0- &.0b. '! ho eq.O. e* SA e lb a p Wllbefpw~rs 4.'- I~j. hF 0-el 1.. Ili.

.' 4 m.%t 0*4ito e, beawbiaf *I, & v c* eeW F 00100 the ti Ie *oi o. , *f s. .
P m et 0 *i #** 1. wori 0 ** *dID .0 -~~ 1t **tv o #-~* I *h. t4 a 0*a-dl-'S

W-.~. 160 61.#a #,v Slice 4M.1 St*itt - %W 'ý 1 All 1., 110 .iI .l l a "~.-P

44.6010f. 9j A * ~ *~SY. O.W'I**eAw

* 5* mto.
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-, Jnflrer.v t d.r.d tilt efiectiv cress thereby

re~%i %" '#t ¶?sear.RC$
.~As one. pojstlje. a'.1erfat.ve 1'1 the c irrent 'valurne of

f ir e If-illy .4 -tonnatici approac.h tc the problem cf increasing
*?.e ellek tive firepo~rr of in1.antry riflemen, it is r,.:omrrended - subject
to tenrtt i. t o.nrfi rmation of de stqit tea-tiotlity -th.at a rifle incor-
Por.stirix 41 ie&%tZ n pri.ii iple the military charActeristic a heve
propti..ec be rfldtý,Jfd tured fo.r fuArther &no concl-asive test

4 OROT .&6

* * ~ SUR.
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OPERAT!ONAL REQUIREMENTS FOR AN INFANTRY
HAND WEAPON

INTRODUcTri')N
The subject of thia study is of a basic na.,.rc for it applies

to the basic weapon of the basic brianch-the rifle carried by the
infantry. Pecaiaso the h.and arm offers certain capab:ilities not
duplicdled by any other means, and because it is basic to the
whole weapc-is system, the effectiveness of that weapon in battle
is a subject of first importance in any general consideration of
the whole fire system. It follows that any study directed toward
is comprehensive examination of the aggregate of weapons for the
purpose of designing and proportioning a "balaisced" system
(the mission of Project BAL.ANCL) may logically take a beg~nning
with this basic Ircund weapon.

Su.:h an approach is. moreover. timely at the moment in the
sense that the NATO is confronted now by an urgent requirement
for standa rdi zat ion of a general purpose hand weapon for the
infantry. Thus, any information which may be rogetatly pertinent
to such weapoins will have a bearing on an immediate problem of
some moment.

The study here presented has been carried out not on'y in
full recognition of the importance t.( improving the effectiveness
uf infantry, but also in growing awareness that the task-even
though so basic in nature -is ao% exceedingly complex non. The
effort has thus far been only preliminary. Limited time. and
inatiequate knowledge of basic unit operations in combat, have
restricded the degree to which the whole problem might be
examined Consequently, no comwpl. *v solution is offered by this
mem-randujm, rather, some anslytic.,4 findings are presented,
whit IN su~ggest the p-*inciples governing certain mneasures which
c ould be Qn'tervbken to smpro.4o infantry elfectiveness with

rrsvge t tc, wrnetl rifle fire.
This memorandum bears oitret tly upon the impu. -%ncr and

the isr bw infantry -it &imed small arms fit# in the front '%no

SECRET
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n r -pr r . .r., 'po r.

M.: s, r.i' : r t.. *. r re t tKe' I ,"ly

-, .. ir .4.111V t`ýr- I r~at trne vmmon~n .arryi, i t~E infi~aittV.

r 4, * :c ,' . e :r n~ri%.&riv t r t he t.i&Yn ine f ir v r l e t h kt % ,

'' r .n ire e~ t~ &tei' f fi r~a t( e pie~i -11 1 flt I-h Ip c rr 1'.it g

1i,4.V l' t ,n tn e I., bi ! tal k A! ly *.eful, bit *uieitritteesi, a. ointt'dit

*.1 se, *,nrdry r,lv- ftur Ahi, de%iarw hasb pr..%i''-! o.nly int iden.
.11 he ;full-*rldrit q *e%tit'i ait handl. therettire, is no~t so much

-rn4-cted with the varvinu Act .-a Asc A the presient f.reirm as
a it?. the neei 4)f iP.e infantry !o engaige the ,lose enemy effei.-
tt-.ýey by the kusr of aiimr't ritle fire, and with, the feasibility of
min -rrmorAting ine the rifle ,f general its.~e the t ~ipability of
.sinsaer ~nij this real requirement.

R~ecent CoR0 in-iestigations in Korea have shed some light
-n thiis suhje~ t by inuitating quantitatively the comr-drative

impiartar,% e of aim. d 4"pd ut,3imed fire as related it) offensive
And derfvnsivr oi.e rat',)ns. Generally, Aimed fire plays a more
tinpeirtdr't part in defense than unainied or volume fire, whereas
in the *,tfensi-.r. the TCeit*Cs is true Almost irrespective of
the part played by the sut porting weilpons before or during the
final phase of close combat, the decisioin in eac~h small tactical
battle rests jltimately in large measure *ith the infantryman
&not his ability it) use his hand weapon effectively. If hand-to-hand
bpghting develops at @:I, d'lciaviun thus rests almost entirely with
thle infantry mi this !&t tirne .phabe I)f the ta4 it, &I situation. Tu
Attat h impo~rtant e it) this aspect of bittle is therefore logic al,
and the attempt to maximaze the tapability .f infantry in this
rer anniet be misdirected effort.

Nier study has yielded suggestiorls fur inc reasing infantry
effe, ti,, env*s by irnprc''.-ng the effects of aimed rifie fire. It
appears almost 4 ertain tha~t iu! ire large.-scale ground operat~uns
*i~l rv'iiiiie a n-ame tia at. y sj;%irior enemy and neceswaate. at
first, a deese trategy ,r o it part. Merlf Ct frequent
at enripllts it) 4e. er in infantry positioin%, wi h attend~int loseV

retaare to tit arti c pate i T hus, teo int re C e ca% l, infAritry.
mnarl's a-lA; w-City *tit, reospe, t t1,, trensi. e rif e fire hertir.me o

.m tme ;illht ,I s .. li ksns I ratio#n% As tice it appe4r% , -re,

I 5.t~ it t is !r*.ira1j~v t- in, rese i fea. 'i,ith rie namb r *n,,

O)RO .1 -It f)
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f 14 * I tr s, %t udi , f t e rr tI n % i it Irn it % b it IIv f i t,'.Ii .~ b I It v
',..'rrnmat~un cf the rn.irk~mrnsnhip of meri, %t'ano b.t.%~%ti.
r* .'.irernrtft%, at~ I ;ai .ase u.t the ritle In~ cumba, atnd other
i un%ide rdtioflt bearing on mili.ary operm-tinal tequirrment:%

fr the jivner.A , pt.rpowte hand Fweapon. The deternaiitiatnM
airrý. .ed at fl, th~e stt.ly (if prir tett ri.le fire An~d It! rfefekt
Are pr etiriterl in the f..lluwing sections.

CUMBAT CASUALTY STUDIES

Former Studies
Lar lie, work done by ORO on the dr...nse of the individual in

combat,' rind a preliminary study of the offensive capabilitie-s
of the rifle.- yielded definite indications that rifle fire anid its
effects were deficient -.n some important military reipet-CS. and
that further study of the problem would be necessary fully to
establish the facts. In these former studies it was found that,
In Combat, hits from bullets are incurred by the body at random:
regi~nol distribution of bullet hits was the same as for tragment
miti'iles which, unlike the butlet, are not "aimed. Further,
it was found that exposure was the thief factor reimporhible for
the distribution of hits from buliets and that zorned or directed
fire does not Influence the manner in which hitt, are sustained.'
Stated briefly, the comparison -of hits from -bull 'etas with those
from fragments showed that the rifle bullet is not ac~tuaiybie
directed towards vuln~e~r'able parts of the body.

The discovery of these fac ts, along with evidetice of prodi-
gious rifle ammunition expenditure per hit, strongly suggested
the need lti extend the study of the rifle problem, The facts

ritnwn at this point also prompted one to regard with some*
dubiety the employment of Ott~ ;rcisent, hi~hly accurate, pre-
cision-enadsr rifle as a general purpose %nfAntry weaponk It
sthould be r .ited. howev'er, that L ompiete iterification would not
sliggest ehminati'nn cif a precision long-range rifle to be used

. 4 so AV 0 t'w- 0 V* lo *4 -*~U 5 061..W .. % I It I.S 5 4' .4Va ,)

Itiwd I W AI atp " wi4~ o Ito 1 .IIhb 4c t-t"

.1 '.



by soin v men )'.jhly sp .i C.v* .a;.,' ~.t' i.'r tapt %,.~t 'p. I-.

Lethz.'ity of the Rifle
As fur the comba~t irnportan c If hits frorn . ifle bulliitds as

(orn'pared to other wpapons in the ground system, historical
studies show that bullets have al~c~saamted for 10 to 20 perc :,
of all hits from all ground wedpuns in most battles. campaigns. and
w irs of this c~ ntury.' Althou~h these figures qualitittively provide
& measure Qf the relative capability at hitting the oppos.ed infantry-
ro.an, they do not disclose capabilities with reepect to severity of
inju~ry. Of these two factors (simple wounding and extent of injury)
wh~ich .hitracteri.-e weaptrns effects, not much ib Iri~oi :L,,,At cither
in the sense of .ust versus effect because ammunition expenaditures.
and corresponding casualty-producing effects are not -isually known
with precision On the other hand, aside from the closely relatcA
machine gum, the rifle is the most lethal of ..11I tu.raoe~itional ground
arm~s its lethal index (ratio of kills to hits) exceeds 30 percent,
putting it above other weapons in capability of inflicting severe
injury.' The lethal index of the machine gun, of cout se. exceeds
that of the rifle because multiple hits increase over-all lethality.
For bullet lethalily. th~e 30 p'rcent figure given for the rifle would
b~s the closest approximation to single round lethality for all ranges
1'. blAttlit.

Rifle Bullet Hats as a Function of R~n1V in C -ombat
.(nowledge of the ranges at which hito have been incurred iA

past ware is sharply limited. Since this parameter is almost indis-
pensable to the miliatry specialist or operations analyst in deter-
mining weapons effe-:ts. it as astctaashing that greater efforts in the
part have not bezen Crected toward Mathering information of this
kind in com'bat operlations.

0i hto Ib mi. ~p~sia ibe lGW. .11) Ie..toool Paette. .e4l) 6. e, .RO)evatiw -4t 111-4A Now 11
SVVe kloot soft' * e ON eyttle* 4A. Isoil 41delfine AI Ue 4 -l e f ,%*. ,.g , tho 101bal owlps Value
all-slitt .9qwmnloob (WbC .th Wb 1. ?trip. Attwe-fly, lethal ropetee hlop. it. the biallot. 04,1b..o
thosi Use #4%.f~ will. Is tot. lb a~mo Wt. Whiak lo meati a abetil a USi-t os t it4,a,.'le ol .the L41
i.all,10 %,tol pestilto in ieash ot~an Ifp.. h-10 Fo.ror mis. .. lhpf %041. it 0". -IlIaieA41li-t I A
IN* 100 .0 OW WAS& 18 20h11 6 I'ite t'VIOlle W * 160-11 te, all 1.* 0 '0,14" IV that bUlletil
b.tA* -* the b ta..ty &A taiM.-o1t a'p' 4.. stite t ern tmpge~ntins it ertl.e- sew# tis-te.
C40 Ue lto relam...ol, bhil letal~ls M 'N I - 40. W4d oills any t.i64 in sbeow 11.louto~ula.
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Only tv., Ojit " 4,li h hzi r refereritn r* to h4I I et hits as~

it furwtio-i of rar-.2r iT. tb.ile. an.d thcy &re bas~e(, on indirect and
poss-.bly inac,:"rate measuremrs.is 0-.ighte r so ' a~i4yzet expt-
rv,?nce or%~'~ii.~ in~ Wiurld War 11 ýirri f'o'and tIbi, of those-"
cases stu.died, alrno~t all rifle btillet hits wo-re receiveld at ranges
less thant 7#; yd. tite burgeon General recently ex amined the
aoijnded in Korea, and from a sample of 10O3 rifle bullet hits
suffered! amnn"I memnbers of mer Tirkish Hrigade, the mean rang~e
for these hit - was found to be jujit over NO0 yd.* It'was noted.
hnwe\-er, that mnst of the hits oc.urred at ranges.%within J00 yd
and in a later section of this report these datai &lung with data on
battlefield visibility will be given m.'a e extensive treatment.

Mani-Rifl e Operatioans Studies
TheBriihA-OHkG d-urin-g World War 11, and ORO in FEC.OM,

have both attempted to study part of the man-rifle complex by
interviewing experienced riflemen on their use of the %weapon in
offensive and defensive tombatt ACtions1. The Britiqh examined
officers and NCOs who had experience in the ETO' and ORLO
examined men with exporience in Korea.' The agreenient of the
two independent studies is striking. For attack and defense in
European iltiuns. it was fo ind that about 80 percent of effective
rifle and LMG fire takes place at less than ZOO yd and 90 percent
at less than 100 yd. accordingt to the estimates made by the men
interviewed. About QO percent of the LMG fire was at less than
1O0 yd

Of 602 men questioned about use of the M- I ri~fl in Korea.
87 per-ont said that at least Q5 percent" of all their firing was
done at targets within 300 yd range (day timie offensive fightingl)."
For day time di.fensive fighting. 80 percent of the men said that
rifle& were used at 500 yd or loes. Figure I shows the frequency
in %which rifles are used as a function of range, batted on responses
of interrrogated infantrymen. The approximate correspion dence of
the curves in the Figure indicates that the use of the i.ile is to at
least some extent depender' upon battlefield terrain features as
they affect vtsibility." Although it is freely acknowledged that
the use ul dasta derived frosin judgmentsi of the men about the use
of their basic arm may bet subject tn jutsiton. the~vslidity of the

'tb&4 I~dW* is POPOPNS. OP,g ftiI4~.at eif 10 %0 it ?VIte. t" POW!- 1141kilmg nu0 . h1-
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F,,r ,n.Iantr.',. the basic dire ! fire Nsi..•apn is hth rifae -it is
!.6 , . j,., ii.o: r..it,, tor. w hi h tk.e enwnti re fire systera is
:r ighnrd, both F,,hVy isd;. y and ttc tically. Yet all direct-fire
weapons • .sfer ,a m,-tor *catKness in that .ssential observation
ftir their ettective ernpioyment may be ob.-cxrrd by weather
conditions. prevented hy darkness or-mo-e importantly and
q.4itr Linavoidably--interrupted by terrain features. This initer-
rkiptan of the line of sight is one of the principal military effecti
of terrain, for the ranges at which points on the ground are inter-
visibie are relateo to the emFioyment and general eff.ectiveness
Ojf these direct-fire weapons. Accordingly, terrain limitations to
cun,in.Aous visibility on the battlefield should dictate to a consid-
crable degree the actial design aknd einployment nf diret-fire or
observed-fire wespons. A study of this subject which was under-
taken by Proje t BALANCE and which is covered in detail in a

separate reports has yielded formulary expressions for the
relationship between the opening range of engagement for riflemen
and the range at which man-targets can be seen. Particularly with

respect to the rifle, the study is basic in its concept and possibly.
for the first time, d.ta have been obtained which constatuti, a
reasonable quantitative basis for determining the actual range
requirements and tactical employment of a general-purpose
hand arm.

Because of the importAnce of these findings to the infantry
weapons problem, they should be studied carefully in conjunction
ssith the work presented here on operational requirements for an

•.-fantry hand weapon.

Map Analysis

Topographical map studies of a number of large scale (I:ZS,OCO)
maps of various countries in the world have showr that it Is pos-
sible to predict. with reasonable accuracy. the probability of beinlg
able to @ee continuously for a given distance from a random point
within the area."

For the infantry study, the procedure used in the map analyscs
was to measure the continuous ranges of vs~blWty between infarstry-
men. with the p)sitifln of one man (the defender) being at grouwid
level (loxhole or prone) and the approaching enemy being an ere, t
human tarver five feet hsgh Ihis factor was chosen to set realistic
lnito on the range (it intervisibility between opposinga forces TIse

0100.J T It I
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I.rr,.b~it ditis fri)m tht- Korean exper,.ence and ETO vxper1.once dur -
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lr;itet by the three cu.r% e; -n k g~ 2 Thre freqcl;nty diztrtbutiun

f.r Type. A terrai:, is tyr,- i1allur i1Olt v like the Sa,.rO.- I-0 ar t1

.r. Normaindy, %,.-here -.isibility is sharply limited by the masieq of
he~gerrows. %rnail culitvatedr fields, orchards, and the nature of
the terrtin itself. Type A also describes rtigp,- , mountainous
torrain lik~e Korea. The distriblition curve for Type C ciescribes
relatively open couintry where th- topogr-Aphy is gently rolling and
large. open, culti.ýated areas exist. Type B is intermediate between
the two extremes cited anti describes an average type of cultivated
4otmntryside.

The importance of these data to the infantry study is related
to the range reoquirements, fok infantry weapons ;,nd, as ihown in
F-4 Z. "% percent of al! nbserv'attons includc rarnges which, art isac It
less than the range capabilities of many of the in~fantry direct. fire
weaptons The implication that such weapons may be cver-debi1 4ned
is appreciated when it is considered thalt~ he rifle &lone has
maxim-Am range capability of 3.500 yd.

The following desc ription uf the pro, edure used in the map study
is presented so that the practical application of the data may be
re~ogni..ed

Figure $ shows diagrammatically a corner section of a 1:21),000
map. The method of measurement was adopted from a suggestion
by Peterson of Ballistics Researc h Laboratory who used map grid
lines as guides for sampling any given terrain.

The analysis of each map is begun at Point A (northwebt corner).
Prot ceding along the east-west grid line, the distance is measured
from the edge of the ma.p to the point where an erect (five feet)
infant rymani would just be oboccured from the sight of a defending
proine infantryman at Point A. In this case, the crest of a hill
(contour) is the factor whit h obstructs visibility, After recordingf
the distance A to B. the next point of obscuration is measured by
prnt ceding along the grid line from Point B to Point C where a
railroad embankment interrupts the line of vision. Distance SC
is then rataorded and so oni along the grid line to the far edge of
the map. It will be noted that a house or building limits visibility
at Poinit D and woods limit vision at Point C.

Aftet- all horirorntal grid lines are measured in this way, the
same method is used on all vertical grid lines. Then all the obacu.
ration@ fr'lm one inap are -ised to plot a frequency distr~bution.
Emarripcs of su~h f requent y distributien have been given already
in IVig 2.

vito I ltO I
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~ a* n ;j r #
4
. r'., tit ;;-- gritrind fratures ti Ir~rtmv. *,I r~ino :rr.

~I- ek li-ii in a tii i-, ot A 'Wtt~tfr,'nt in any Ris.*r. tt rrait. %h .. it! pre*
!tIthe it ~I l itroind . %nditir of the battletield. !r, .1, neraI. :ti

'P:t I t At me rro . e i n .)iat :. , i a min ,re it - eIr'. r ane-.m ni air,,.r, r .

*ir dia., obtairg-d in the vill.dility sl~dy iare r eas .n,,tr y va iv' I to
p l~ttr.R !ýe :r' I.,hilitv 4, sceital t.xrget s nvi-r ar.y Area, pAr tic ii-

:trvtint i- t~l.v mr'th..di o-o-t me,,t ired the type cat mo.-m-nt utjed
t!w lin halt.'t, t hat in, ft.: m cover to c over.

Emr,14-vinq thit, me :hion, map studies (if C atada%, F-ance . Ge'rman~y,
Karr;%, N-i,¶h Africai, -anti the US, to atotal oi licme 18.O00U rradiinUj,,
tlhtwri thiat 70 p-tcetit oIf *he ranges a t: whi h 'in erect humnan targe't
.an be qeen by a 'teft-nrirg prone rifleman arm es. tSl Mn W0O yd (andt
tt~at (4 porý'rrt are tons than 700 yd).

Sink e range requirements exert a c (n -ide rable if not d~i..t?%
influeni, upon such characteristics a% weight. (aliber. aoid mi~sile
rl.., ity. the data fromn the map analyses have a very important

!.earitift upon the design (if An infantry hand weapon ComparinI4 the
ratige an.sly%i% dptai with the maxlimumn range. of the pre sen- M- I
rifle I `1,100 yd), &and its deltign ftrt incapacitating clothed perlionnite
ip tt. !.200 yti. it may be concluded that the effective rangest o-f ti.e-

grreiter part, of infantry hand weapons could be retducer materially
to ~an order suglgelated by the terrain analyisil t1% redu'tiie_-n of the
r,,trge (if the rifle for m-iximum effertiveness up t( W00 yd drics tiot
mean that the veapon woult! not be effective at rangmes bryond this.

THE RIFI.ENIAN AND) 41S WEAPON

Msrittmaoiihip 'restq and Analys%r-
The Preceding arctinn% hA%e diescribed, t-1 %orme e~xtent. ,Priaim

ma or faictor. dii tuing thr A t-iA1 Aiperational req~sirements for tvie

goner ,41 ptrposie hann arm o'f tofarit ry Sit.. . niarlismanithip obviou%ly
p:lavia i1 fnma or role i. Ole *. er , 4.t efr wf.terne s (iof hain.I weaptins em-
plovment in the military %ituati-o. the meiasire -of !he varying r.pa i
')I.viuie of , i.mhatans% t is- heitr aar~spn -&, at tacti. at effectivenettk
:)r. tme%. k.i~.ng witisrg irgt -Iibtty i .:gnifi.tnt parameter ir, the~

' ..r irifanlry %turty

vl,'''ii.'v fteari! agf j' !sA ,r this % field triats were r.r

* rt A,* 1, rt H~e~i, ir. ragir.ia *a:.rre.?, P,t eugit rolienei (itv
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ae r) i n ,t k eIn g tf ir u~ f - tI g f ,hý 4 ma , g fir I-s % d % ~ rI A rn r I .u-I t dI th

%arri titrgrts lt ith shght poyii.ulogita 1-Ii.3c if, the form of
limrited target expos~ire timne and random order iot prescit.ation
41 % &rvifg ranges. a f-irthe r de line in effe ttienes- *44a ricted
Hit pr',tiabuiity as .; Uarirlin of rangr for both Arce 'I iftemin
is %h,.wn in Fig A4 $Apper-dix).

Sig~nifto art rem*s .:q rc n t ~e me analyseiI are ai) hit pin u~abktiiI
i- figh bir bo~th 1va let -if riflemen at ra'.ge-i ip to 100 vd, (bin.i

get(C tvy nd( U1 .' y~i. 4 '-.drp' diclnail- iii hit proi shii l)i~' Itcc its

I~ t toni de( ;ii,r it, effe..*ivenfesi is moit mrartive i! the 'onri-nf
Ia ~ ~ ~O- V,",~ . i ., *. .J~ . ý. P i &I ' oolh.'tI esp-rt%

aq,'t riarhsmrr pe rt t in n-Oniif4th tI-rt~y, A Tperf.Irmabr.( r Iwite

--'risittert with tn.e 'lesaii ~ aplebility 11 ti0 '&0c4pfif andr -kith
yr-,. itAty ape( ifit alo~nt

thiese findirgs pr. i, de part A th~e esp',aniaun t~n-lt Ire

1~ riit tiattle .&or A rifles ait rar~gem lea.% 11,&1, 100 yrl .5Th for the
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.a''cmpt At the ie~e~ elprmcr ~ iif % 1til throtiqh t rqtmin %~~rii.h %notcd

f'Al selection andt intonstive trairnir.R nf per sonnel in the use of thie
rifle m~y accomplish mu~ch in irmpruving marksmanship in peace
tirmit the problems of 4 lipid A-my expan-tion -rcl accelerated tu-%n-
ingR ;n time !)f itatiuala mobihliation preclude the oppartunity ti,
dr'.r..ap highly iskilled riflernen in large numbers by selection or
thrut'.gh pronp..-,,d trainit'.g. This Fuint is ofteni u%'erlQCoked bit those
*he) av1~e for better training as the only solution. for the rifle prij
h I -m Act ua~ly, to reach truly proficient standards in marksman.
ship. the time reqtired in training would greatly exceed the prac.-
tical limits imposed on Arivil training schedulest by the needs of

In the itearch for alternatives to an extensive (3ind impracticasble)
training program. consi.deration was given to the possibility of
comiensating for man-aiming errors through at weapon-design
print ipie The results of the marksmanship study indicate that a
cyclic or salvo-typo autonmatic firc ar'm offers promise of increasing
hit effectiveness if the missiles in a birst or salvo were projected
so as to be dispersed randomly at uniformly around the point of
asm. Obviously, a unsfoem type of dispersion would be mare
desirable than randomn dispersion if hit effectiveness were to be
maxtimized. In considering such a weapon. twn points required
dete rmination (a) a practical limit on the number of rounds per
busrst or valley, and (b) the pattern design of the rounds to be
'eil, vered.

In Mte Apperndix. the consideration of four. and five-rouna
eabsl~ was riot arbitrary. Wound ballistics data show that small
caliber missiles of high velocity could be used in the new weapon
(ore section on Wound B~allistics). which suggeitted the possibility
lof obtaining tlogistic equivalence (that is. equivalence in weight of
wveapn aid ammunition carried) between a four-round salvo and
present single-shot rille fire". also. not loes than fr.,a' rounds
would be required to form a symmetrical pattern (diamund. shaped)

fvw 9610#4 ta-l..,q IM i V-04 ii~i 804. ut wd IMwI It tie"qved fli.t yos W
* inlow.es We*. .4I.* two 406 t 40901u. ah..seaos lp (As the Psafob' lievo *46-- hw
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th. me w e* ft law i O f et..vu1 oeveawl - O,."'l$i.B lm..r to lw Ism th' l evel J.. oa l sto w

I . m V n . go** 4 1 No *isi.094 0.. 40460 dslo i".4
'%a- 10 .40 coloolw .0.01te l I 1.0 6 bids .61'a A)p 21 emiel b -e.1 J .40 fro-Mo, %o.

a U. Ilt atl. .6 1



SECRET

eari..4v the point o! a~m which wo"aId tend to maximizae hit p cub-
sab.lit? uri the. h.mian target shape

As sh.'iwr, in the Appendix. it cyclic or salvo-type hand weapon
wo.ild materti^11y increAse the effectioscress of aimed fire among
the infafntry Although not all possibilities in pAttern dispersions
and nurrbers of 'nunds were analyLed. at appears that the best
designi (for the gratest practical Ma-.ns) is one using the four-
rourd salvo with 20 in, spacing among rounds at 300 yd range.
The develupirnent of & salisc weapon having these characteristics
represents an idral toward which etfort might be directed; it is
not stigjested that this is the only solution.

By conolide ring the need sti. maintain minimal logistic require-
menits (number of ro-.ands) and minimum weitht, a weaposn which
orcnformri to the principle of this design -would tend to Fytimize
the military effects of1 a fire arm, per se. To add to these gains
materit y, an, Imipractical numaber of rounds per salvo or
burst, or an entirelyi different weapon would be required""

From the analysis of the dispersion of shuts, fired at various
ranges, it was possible to calculate the relative effectiveness of
a hypothietical new type, salvo automatic 11eapon. which was
assumed to differ from the Me- I rifle only in the manner in which
the missiles were projected. Examples of 'he effectiveness of
four - and five -round salvos with 20 in. spacing among rounds at
varying rsnges are given in Fils. A41 and A4Z It will be noted
that a four-round salvo of 10 in. spacing at 300 yd would more
than doub'se hat effectiveness at this distance. Coincidentally.
this increase, threlugh a design change alone, would raise the
performance of common markarren using the salvo we~apon to th
level of expert riflemen using the M-1I.

From this analysis of marksmanship and its relation to a
Vivorn weapon, at is concluded that. (it) The markedj dacrease in
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-i.Rn.h( en~t impro.emernt ir. eifeý ti~eness at these rAangrs cannr.,t
he -i. hir~r'i oy mrcreasmrg the- bali~htic accuracv uf the 'acapon
&.mnirkX error,# are tou great to be enmpensated by any impro~e-
ment in the accuracy of the rifie Alone. (b) A cyclic ur salve,
a Atomnatt %caepon could icompensate larbtelv for these aimning
errors if the missiles were projected with & dispersion pattern
drsigrerd to max-mite the prubability of a hit on iihC humian target
at ranges %hich rro.t fr,ýqoertlly recur in combat tup to 30LI. yd)

FAl1 Automatic Fire
"rhe last % onclusion prompted an examination of the opera-

!innjl prorfwmasnt o of c-urrenit models of fully automatic rifles
to determine whether these debeirabie characteristics obtained.
Two questions were salient- 1a') As the fully automaitic rifle is
ordinarily aimed arid fired, what is the nature of the shot dis-
persio)n from short burstst' (b) Does automat- fire in short
blirsts increase the probahility of a hit on a man-size target,
especially at ranges of 100 to 300 yd?

To answer these questions, tests were arranged at Fort
Donning, Georgia. in which both export riflemen and mrarksmnen
used current models of full automatic rifles. Type E silhouette
targets were mounted in front of six by six-ft target screens.
The first firing serial was at 00O yd using controlled burs-ts of
five rounds each. Never did more than one round hit the target
or screen from any of the short bursts, and consequently no
atiformation could be obtained at 100 yd on the nature of the
dispersimn pattern To obtain more than one strike on the six
tiy %ill ft %& rem,. tre r.Inge h.id t., hb dl.srd it, SO ytt At thi%
short range i% wits no-ted that the man-silhouette target in front
o~f the screen was not hit more than once from any burst. S~nce
single round firing with the M-1 rifle at *.0 yd yields a probA-
bi~ity t4 hit of near unity, the effectiveness of automatic fire
at such short ranges wsa of no interest.

The results of triese tria's falthoulgh preliminary) strongly
suggested that the emphtsois and impetus c-irrently being placed
by the US ar I i"ther NATO countries on the developm. it of fully
aAtýmatii h&ant weap-noi should be q~eta..tned on the basis of
ak tuas. military req..&rements for the aui~ttmatic feature ORO
piano :o~ mahe fa.rther test** of infantry weapon~s and %ome of
threse texts wall inc lude further work on shot dispersions of
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.i-'r han,.-illrris. H -e er arl *,irk :jgarmQi, tinl thv' 4151-to*

os~e. f rviiitary reui~irelnenta for weapo~ns, ebrks!

it aturnatic hand a~rma, shoul'd pro~id~e operatzornal dala upon
which det isioits car, be made In this cunne.. ti(n it migiht be
pointed out that %he tests on automatic rifle.% co-diicted at Flirt
Brnn.rng, Georgia, do nut constitute the type of weapun~i evalI-
.atlon from whi%:h su4ch requiremnents tan be established. In

I hir repc-r t t, of !'he.,e. it %," the weaknes f % li atomatk i %PIr om
~ar, operatcional itfectiverness standpoint was riot revealeui, and
it -. infort.nate 'hat such large- scale trials should not have
Lren designed sc irntihzi ally to produce data upon which such
I 5L a might be dewemined. Any comparison u! , zutoinatic and

* a ,ossho"Id, b* dte 64%' tv detereig milito
efftr tiibenehs by ýelating hit effec'iveness with fire power, to
Mir %Ade rate of e-ipenditure.

From the preliminary. yet informative, texts conducted by
0OR0 on automatic hand arms it may be stated that:

1. Regardless of the sicill of the rifleman. only the first
rouind m" a short. Muly automatic buirst can actually be directed
at a point targe~.

2. At normal battle ranges, all shots, after the first fall off
a man-asie target in an approximately linear pattern, the prc..
gressively greater departurese depending in magnitude upon
tle c~,aracteristics of the weapon and the manner in which it is
held.

!l At all common battle ranges, with present hand-held
Automatics, the strike dispersion is so great that moving the
kenter uf impac t for the burst to the center of the ta~rget would

nut increase the number of hits
4 Even at much reduced ranges, where more than one hit

from a short burst is scored on a man-suse target, the use of
Abirat can be justified only in a limnited sense, since at

these ranges single round* (a ~.sautomatic) have a probability
-fnear -.&rnty elf striking the target It follows that reducing the

range does not int rease the probability of hitting with automatic
fire." but only of obtaininfi multipie hits Moreuver, whien at
rangest of SO yd or less, m Aliple hits become probable. the

Ithe 11111100 b,. a. 1s -v a to" I'll, ,it . .'sietallota i tes, way .seot a lypo '.4
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*t,ri..,,~t 4 the b r!,,l rva.I--, rn.Ah mnore siý I Iriii, no-- tw*

" I ?. e f j.1. jj .turn~atj%: feiit..rc. of , 4r rtr~t itr.irt rý %%va~p.. n% 1.
.a~~e~from t!.e. staridpoint if iml. rvasiri. 'i ri,.roirtint t tairgvtt

Wwuind BAII'istic %, '4i sb C aliber, Mass, asnd VeluLcaty
Wwnurd :ait~i~ h4-. e re.' nt~y caetnpr 4 that the' W001f

i-;g roer' or damage , ap4bilit) of a niisstii is mocre. nea.rly
propo~rtio'nal to the. ube oif the. veloc ity thani the' %jiare "A
reasonable (and &i. rptablej mea%ure for wo.and scr% rity i., the'
mvaximumn voltume of taie temporary cavity produhced in the. ti%%ull
by a penetrating missile.. It has been found, fur example. thit
the. efled of increasing the velocity tit a small calibere mabstije
imare than compensate* fcor the. reduced mnass. Recent work"
has shown that. if extreme ranges are not important, a smaller
.aliber bullet than ti le present .30O cai US military standard
might well be used. Moreover, evidence shows that at common
ranges. 22Z rial buliets, can produce wounds .if measurably
greater severity than )ID cal bullets striking with the same
ve Iluciity. pro-.%idng these velocities at target Are greater than
a certain critical val-Aic.

Although more extensive work will be required in inves-
tigating the effects of nose shape. weight. and other factor,. as
they affect flight characteristics and wounding ability. at has
been established that smaller bullets can be upied to produce
battlefield physiological effects at least equivalent to thiose of
the present standard 30 cal. Substantial logistics savings wnaild
also aitcrue from the introduction of substantially lighter and
less expensive cartridges. although actual savings cannot be
expressed tl~antitstively until further research indicates the
most practical weight and shape of bullet to employ. The areas
of incomplete research should ber investigalted at the Biophysics
Laboratory, the Army Medical Center. EdIgey.ood. Maryland,
where faeilities sold shel~ed perrsonmnel offer the opportunity to
advance knoiwledge in this field in a reasonable length of timet
and in an important way
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Q.;iti. apart frnm the Mveallized con.:ept ot a salvo weap'in,
sff~cien: e'.. ence is at hand to I~e guite cerrtain that a light,

hiqh.'.elocity. small caliber rifle could be designect for rriihtar',
'tsr and roulld fulfill effectively the role o~f a general purpose.
ltghtwe.ght hand irm

In a reent study" conduL ted by r) 1. Hall of the Termiinal
Ballistics Laboratory, Aberdeen Proving Ground, a theoretical
romparillon of the effects andl military us,!fultiess of various
calibers of rifles shows that, when the combined weight of wea-
pan and ammunition is rie~d cot start to IS lb. the over-all
expected number o: kills for the .21 cal rifle is approximately
Z.S times that of the present standard .30 cal rifle. When
, impared to M- I ammunition, A .21 cal missile of high velocity

i Iabout 3500 feet per secovid muzzle velocity) creates equal or
grý-ater damage than the standard .30 cal missiles at ranges
up to 800 yd. This evidence, combined with the work of Proj-
ect B3ALANCE (ORO) on ranges of visibility. "mlrktmanshxp,
and actual iperaticonal needs, lends considerable support .0
the major conclusion that lighter hprid weapons of smaller
caliber may well be provided without losing military effec-
tivenesp, while offering both impressive logistical gains and
improved operations.

In addition to these gains, the advantages of law-recoil
effects offered by the smaller caliber weapons would be reflected
in improved stkill in the use of the weapon by allowing a higher
rate of singtle-round aimed fire. Suoh weapons would also be
much less fatiguing to handle. Since recoil of a smnIll caliber
weapon would be less than that of pre sent weapons, the disper -
sion of rounds in a short, fully automatic, burst could be
considerably less than the dispersion of cjr rent models, Thisa
Important characteristic, yet to be determined by actual trial
of small caliber automatics, might possibly be the most prac.
ti.:al solution to the problem of developing an autiomatic fire
arm which will projed missiles in a burst such iha, the dis.
persion af ruund,, At ranges up to 100 yd, wojlel Approstch the
idleal dispersion for maximum effects as indicated in the
Appendix

The studies and experimental development work' carrently
being undertaken by the Ordnance Corps it Aberdeen Proving
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Gr~,An-i sho 2!d be ericouiraged to proceed toward a rifle develop-
:rncnt %hich will fjalfill these important military charade!-.stiC s.

Although such a light wea-on would not compeniýute for human
aiming errors when fired semiautomnatically. it is quite possible
that automatic fire in short bursts at common battle ranges
wo-ulrl produce dispersion patterns commensurate with the
requirements of the idealized salvo weapon. In particular. the
low reco,, of a small caliber rifle offers the chance to employ
a mnuzlie compensator with significant effects, lending added
piromise to a satisfactory development. If the develc'pment of
this light, high velo3city weapon could proceed to include the
ideal salvo principle, obviously a truly effective hand arm
(')old be provided.

LETHALITY

Weapons in General
The history of the development of weapons and tactics ihows

an interesting proceses nf self -adjustment. It has been found,
from an examination of many campaigns from Marathon to
Korea. that battles are no more bloody now, despite vastly
"improved" weapons, than they were in the days of the short
a**crd: the casualties inciurred per number of men
enitaled per unit of time remains about constant.' In fact.
it may well be that the sword is much more lethal than con-
ventional weapons because it can be directed with more
(ontr,.l at the vulneratle areas-It remains tobe seen whether the
tactical use of atomic and new CBR weaporns will alter this
trend.

The explanation for this apparent constancy in the intensity
of battle effects seems to be related to the compensating
changes in tactics which each new weapon introduces. Most
advances in weapons either increase the distance over which
a blow can be delivered (improved launcher) or increase the
lethal radius or radius of effect (improved missile). or both.
The ratio of the lethal Arta to the concentration (or density)
of enemy targets Appears to have remained constant. Since
logistics costs have markedly increased since the early wars.
war itself has become vastly more costly in terms of the
effect -cost ratin. yet little if any move effective in terms of
per sonnel casualitirs per unit time o'r per unit effort.

to,tR .T - 1#tO
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ac on 4 ta nt 1Cc,' h e r it su.d e f fi c ,e no V and elfrvt mightK
.' 1 h i rnpr'ved rn~ite ri~illv, anrd nu% cornptnsat tig ta-. tic.al

Adi -itment wo.1d ýe pr~ii tio:6'oe 'it is belie't ed that tileIF
rt.,',,?.5 for doin~g tn-.! are iit hand. arii, aith specia! refet ence

-11 Weaspon (the int.ir try h~anci srmnj, .an etimate t~ Hae
11) Ai f l1OWirg Set ion of expected rei~ults if bullet ethality
we roe inc reatsed, As Seems &~Iei be

rhe lethal intirx uf A weapcn corresponds. roughly with
ta t ii k 11 effct%,.rnr%S oiiflc e it refers to those wound: which

by fikediea ne eiin Since, by this~ defin.tiun, lta
effor. to result in de.-ith very quickly (or death iiisoa~urrcl).
the lethal index is a measure of tactical effect. Thereforc.
in the ft~rv~ard areais of the combat zone, where bitetr hand-
t .hwond fightinR occvrs, there is no sound basis for arguivig
aganarit the mnerit of dispositng of the ernemy in the shortest
pos~sible time by inflictingR maximlusac physical! trn~tim.4 'o r
the infantry h.,n: t~rmi, the infliction of severe wound%. that
4ye immediately incaparitating, is *.mportalit

As sitaterd earlier. the lethal index of the rifle ex,:eeds
sv pervient whren hits at all ranges are considered, ard,
witl. the ext. eption )f the machine gun, it is the mnost lethal
,voiapon of all .on~en~tionAl irnissile pro02ec tirig ground a in%

C mirarisoin of Lethality of art
Ideal Dispiersion Automatic with M '- I Single -Shot Fi-e

Fromn Isable AQ oand F111 A40 in the Appiendix. it is po%.
otiblor to estin o.'e the lethality of an ideal disipersion weapon
at tneo var~nus battle ra-iges and compare these effects witl.
those (if the rifle, because no t-xak~t information exists

t1no rrning the vita, area i omplex, of the bodiy oir the effect-i
tmn tlehaloor nf mui4iple hitts, it wasi nereotiary to asosume that
a'i .oeots frotis a sulvo, or burst, are independently lethal

arid that multiple hits are irnt trred at rand',ir relativer to the
jlnV.r#bie &_e4% Ch~rviousj;Y this assumrptin ignorts the

!4 t that * 's.oi aý rife, to of multip.or w-- ir.lis are
4,..e sh ,1i tsr.ina- r,in.v'! 1e '..Pei. AA. that ht1%
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fr',m the ideal disprrs-.-n weapon f~,)ow a pattern design m1-d
d~o no' therefore. strike at randomn Strnce cumulative effets.
of multiple wounds ad~d to lethality, and since anv lack of
rarndornriesM in the h.,.i may or may not favor the porbahility
of .triking mortally vulnerable areas, the estimates given may~
be strengthened perhaps by the c~ompensating .Afects of these
two indeterminate !actors. For each weapon. it is assumed
that the lethal probability of a bullet hit is 0.3. 1#

From Table A1 (Appendix).t'ie letn,,ity for the dispe-sion
weapon Ifive-rouna salva, patterii, can be estimated for each
category of single amnd multiple hit% for each range. An
example of the method used is given for a range ZOO yd,

Probability ti kill per bullet hit, P! 0. 1;
Probability of not killing per nit. Ps -0.7.

rhus, fur e,~ch category ot pos-'ible hits from a five -round saivo'

10.700 0.300
I 0.490 03510

C. 0343 0.6S7
4 0.240 0.760

S0.168 0.812

For range Z00 yd (Table A9). the probAbilitirs oi obtaimnin
exat tly 1. 2. 3, 4, and S hits with the five.,hot patterns are:

Hits I Z 3 4 S

ph, 0.188 0.1.12 0 .ýR4 0.0580 0.000

therefore.
Pht X P1 - 0,110% 0 nleZZ 0. IS" 0.0441 0.000

At range 200 yd. the probabislity of killina an enemy per
rjar*t in the sum of the lethal probabilities s 0.409.

For single roiunds from the M - rifl at 200 yd. the kill
probabiltty to 0. 13 JSPh zz0 44 and PL s o.0.3 ria. A40). In

flip loittkil iias MEb 11 ). t ~ iit I06 es, eitt V fieftefl It &S 6a..ill%6 t h e awmelt..
*shbhe 10ui064 I it ta se wee,-A 11-mlillk be 94M61-0 1etha *S .i~i 0 tmill 11AVI 16 StuANP.111
41mb osiv *qiwlt i 0 WP* A %11,4111 IL' M- I IM 160 INI~dIP 111-v'.w i

l%& 9im.ai.wa oais e4 theb iS..44h,1imt-e fit .4t4prai .m t. e %ha Am it "~ hAu W, the
ob"M .4 taw b,&~ e dq Igiso *if*. %4 a .t,.h. 'IO au' moo ,1 h o. %hit, lb taimiin i.,ft
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t? js *&y. tht, isthAjity of the two we~p ns r~il unt~~..mpared
ds showan in Yig S.

The curves gi ving the lobwest lethAl limit an,,' ;e pr..,b-
able upper limit fnr the disprrs.nr Aeaponi*h that a
conuiderable relative inc rease in 'ethalioy over the rifle may
be expected through the use of the dispersion w.apon for
rangirs beyond 100 yd The 0tireretical uppier limit would

o eLSolve Ao... .,e

.~06

o 0 1 giheliy for Salvo

p..

ev IV To Wi hieslo0j
0 0 3t

Fig. S-C- pa mmoflehait pat iinted s6,to burhst for 16o tW1 Rifle .end
teSalvo Aaalowetsc.

oetceed the m.-i rifle by about a factor nf three. if the basic
assumptioans uised to the estimates can be acrepted as rea-
sonably valid. Obviously. at ranges less than 100 yd~the
dispiarsion of the round& in the salvo pattern becomes greatly
diminished as range to decreased. Consequently. the lethal
effecte will not differ grelatly from the single-round rifle
especially when zero range is approaches~ This variation
in pattern stiac with range points up tlhe difficulty of attempt-
fill to Assess comparative lethal effects at the shorter rantges
and also reveals the weakniess 'if the estimates Pt the greater
di stanm vs

C&CW& O om bo fi l, .4 *A 10#0i vis hsill 'D111 5.

of ORO.T. 160i
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