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WORKING PAPER 

This is a working paper of members of the technical 
staff of the Tactics Di.ision concerned with ORO Study 11.3. 

The objective of the study is to develop and exploit cri- 
teria for improving the infantry weapons system in a man- 
ner consistent with trends in infantry weapons development, 
organization,tactics, and doctrine. This paper,ORO-T-37«, 
deals with one aspect of the study. The findings and analysis 
of this paper are subject to revision as may be required bv 
new facts or by modification of basic assumptions. Com- 
ments and criticism of the contents are invited. Remarks 
should be addressed to: 

The Director 
Operations Research Office 
The Johns Hopkins University 
6935 Arlington Road 
Bethesda, Maryland 
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FOREWORD 

The members 01 the field team that conducted the experiment, 
ncluding authors, were George Blaktmore, Ralph Disney, Carl 

Henslev, Duncan Love.Paul kHcheisen William Pettijohn, Robert 
Redlck, Kenneth Simpson, William Wat*on, John Young, and Kenneth 
JCudowttch, ORO, Thorn.-»© C»'~at). Lloyd Corbett, Paui #choltx,and 
JHTI äümaou, Sprmgiielti Ar xiory; Arthur Burns, Olir. Mütiiieson 
C.&enuicai Corporation; Cipt #. C. Sclanick, 1st Lts James CooV 
and «Jridy Dowtin, 2d Lt OÜV** H'-dges, 3d Div, US Array; I-avid 
Fcrrin, Aberdeen Proving G-c »id, and Charles Dickey. Frank- 
ford Arsenal. 

The data reduction from target faces and electrical recorder 
tapes were made bv 0*K> research aides Sheldon Cfctoia, Betty 

/ Foster  Casi Hi iaiey, and Kenr.f -h Simpson. 
tars. Foster in particular devoted much time to painstaking 

d?.ta examination and computations. 
In addition to these participants the authors are Indebted to 

numerous others within and without ORO for aid of diverse sorts. 
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PROBLEM 

To determine  the relative  effectiveness of multiple-bullet and sLigle- 
bullet rifle ammunitions. 

FACTS 

Earlier ORO study indicated that combat rif's fire would be more effec- 
tive if hits were increased by causing each trigger pull to fire several bullets 
(salvo pri «K<ple). Ammunition designed to fire in this fashion had been fat ricated. 

DISCUSSION 

An experiment designed to compare the salvo cartridges with conventional 
ammunition in combat-jimulating aimed rifle fire, was conducted by ORO in 
June and July 1956 at Fort Banning, Ga., under the^ auspices of the SALVO 
Steering Committee set up by the Chief of Orcnance. 

The ammunitions tested include .30-cal duplex and triplex rounds (two 
and three tandem bullets), compared in hits scored against standard single- 
bullet AP M2 ammunition. Two "minimum-climb" fully automatic .22-cal 
(single-bullet) types of fire were also tested: the Gustafson carbine and a 
modified T48 rifle. Automatic burst fire from these weapons was compared 
with semiautomatic fire Irom the same weapons. A 32-flechette 'oad was also 
iired from a 12-gage semiautomatic shotgun. 

These eight types of fire were tested on a combat-simulating range of 22 
pop-up (Cocky Ken) targets. Several 10-man groups of firers were used in 
fitting and standing position, in day and night fire. The experimental data in- 
clude the number of rounds fired by each man and the number of hits scored on 
each target. In idditlon, electrical recording provided chronological firing and 
hit record* by man and target, identifying multiple hitc from the salvo ammu- 
nitions. The data were subjected to statistical analysis to determine average 
values of hit probabilities and statistical reliabilities. The analysis, incorpo- 
rating factors of lethality and weight, leads to conclusions expre**«4 in casual- 
ties per salvo, per time unit, and per weight unit for both aimed and unaimed 
rifle fire. The hit measures were converted to casualty measures, including 
account of penetration failure and multiple-hit overkilling. Differences are 
noted in Ixrth hits and rate of fire as functions of other experimental variables: 
firing position, Illumination, marksmanship qualification, learning, and target 
characteristics (size, range, concealment, exposure time, firing activity, and 

it). 

ORO-T-171 
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SUMMARY 

Findings 

The major findings are summarized In Table 1, which shows the percent- 
ages of gain or loss in casualties per salvo (per trigger pull), casualties per 
time unit, and casualties per weight unit. The six major ammunition compar- 
isons are summarized in this table. The first three lines compare true salvos 
with single bullets, the fourth line com »ares automatic bursts with semiauto- 
matic bursts, and tne last two lines compare te3t weapons. "Single" refers to 
regular Ml fire.   The comparison of automatic and semiautomatic fire com- 

TABLE i 

OVöI.ALL PERCENTAGE CASUALTY GAINS« 

Ananaaitioa or (trine Caeaaltie*  time Caaaa1» tea/weight •Average' 

compared Caaualtiee aalvo unit «ait «a in 2a 

Dap lex to aiagie +  60 +  60 + 60 +  60 +  « 
—   i 

Triplex to eing!»° • 110 •   70 + 110 • 100 ±11 
Flechettee to aiagie b + 290 + 100 • 200 »an ±25 
Aatotaatic to aemiaatomaticc •  60 +   10 -  30 4   10 1  5 
.22-cal carbibe to  30-cal Ml •   10 •   30 + 120 +  SO 2 8 
• 22-cal T48 to .30-cal Ml •   10 +   20 +  30 +   *> t 6 

•Over thoae fron .30-cal aingle balle to or eeaiiaetomatic lira. 

bRaaed on limited dato. 
cIacl«dea both Geatafaon carbine «ad modified T48 rifle. 

bines both carbine and T48 results, since they are nearly identical. The car- 
bine and T48 are compared with the Ml in semiautomatic fire only. The 
"Casualties/time unit" Incorporate experimental data on rate of fire. The 
"Casualties/weight unit" are baaed on the weight of the weapon plus normal 
ammunition load (224 rounds). 

Table 1 Is deduced by weighting the (I jree firing conditions hi the approxi- 
mate ratio of the amount of experimental firing— 2 (day sitting): 1 (day standing): 
1 (night sitting). This ratio la extremely i onservatlve in heavily weighting the 
moat accurate firing condition. Secondly, -alues are derived for unalmed-flre 
casualties. It la noted that the experiment measured only almid fire. However, 
the arbitrary over-all estimate shown is thought l be the better general effec- 
tlveasee measure. The oaa**^etf "CaauaJV«/salvo" la simply the product of 
the number of bullets par salvo and the lathality per bullet, adjusted for pene- 
tration failure and multiple-hit overkill. The table combiaee the Averages for 
aimed and unalmed fire on a fifty-fifty basis. The value of thie »mitmed fire 
la it» neutralising or haraaaaag effect le a^um^tohemeaeurtdbyiw casualty - 

Tat fifth 
single effect! 

r roluaam 

"Average gala/ la a crude method of 
a ratio,  ft la simply aa average of the 

ig a rough 
riteriaof the 
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FifEtfB i >»ws the average values, together with the 95 percent <:o»Jl- 
derwx 'za-li 

TSal confidence limits (2 a) estimate (with a 95 percent certainty) the 
range within which the true gain lies. For example, with a 95 percent certainty 
it is known that the average duplex over single-bullet effectiveness gain (as 
defined) is between 53 percent and 67 percent. These limits are deduced from 
sampling errors only. Systematic errors are found to be up to two to three 
time« larger. 

DUPLEX 

TRIPLEX 

FLECHETTE 

AUTOMATIC 

CARBINE 

T48 

100 ISO 
CAIN, % 

Fig.  1 —Av»rag« Salvo Gains 

L*w*r . »»«ro««        UpfMf 
cftnf id*nc* c*nli4«nc« 

limit HmH 

95 p«rc*nt cami<i«nc« be tdt 

MAJOR CONCLUSIONS 

if. All salvo ammunitions examined show effectiveness increases. The 
60 percent duplex cam is unequivocal; the automatic fire gain is smaller, de- 
pending on the criterion selected; and the triplex and flechette gains of 100 and 
200 percent require further verification. 

jr. The smaller weapons examined show effectiveness increases of 20 to 
50 percent over the Ml in conventional semiautomatic fire. 

$/ Typical fire is at a rate of 16 rounds/min after lV« sec to acquire at 
target. Average test accuracy Is 14 percent hit probability, or an error (linear 
standard deviation) of 3.8 mils. 

OR0-T-J7B 
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RECOMMENDATIONS 

From these conclusions and the discussion accompanying the 22 conclu- 
sive in the body of this memorandum, the following recommendations are 
deduced: 

1. The duplex and triplex ammunitions should be considered for adoption. 
2. Additional  tests   of  triplex  and flechette   ammunitions  should  be 

conducted. 
3. Flechette development should be accelerated. 
4. A flechette side-arm load should be developed for test. 
5. Doctrine for aimed - ctomatic shoulder fire should be reviewed. 
8.  An investigation o! smaller weapons should be initiated to identify ob- 

served .22-cal gains. 
7. A .22-cal duplex ammunition should be fabricated and tested. 
8. The peep-sight requirement should be reconsidered. 
9. Actual combat accuracy of rifle fire should be determined. 

10.  This experimental context should be considered for training use. 

• 
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PURPOSE 

To determine the relative effectiveness of multiple «bullet and single - 
billet rifle ammunitions. 

An experiment was performed to determine hit probabilities with salvo 
ammunitions in combat-simulating aimed rifle fire.  The analysis, incorporating 
factors of lethality and weight, leads to conclusions expressed in casualties per 
salve, per time unit, and per weight unit for aimed and unaimed rifle 'ire. 

HISTORY 

The salvo concept is by no means new.  Probably some clever caveman 
put several atones in his sling at one time.   Stories exist describing the prac- 
tice of some tribes in early modern warfare who used knives to split their lead 
bullets.  The shotgun is an example of extreme salvo, where lethality and range 
capabilities have been compromised for the hit increase in the projection of 
multiple pellets.   The massing of artille: > fire is a further example of salvo, 
using separated launchers.  The machine gun and the automatic rifle approximate 
the fundamental characteristic of salvo, which if the projection of more than 1 
round with a single aiming and firing effort. 

The type of salvo development with which this paper is concerned appears 
in the 1856 US Army Ordnance Report.1  This report describes fire of two and 
three round b*'l9 at one time from a "rifle musket."  An 1862 US Patent* de- 
scribes "Improvement in Compound Bullets for Small-Arms" (Fig. 2).  Official 
concern appears in the 1879 Ordnance Report to the Secretary of War.1  That 
report includes the disclosure and subsequent correspondence of Captain of 
Ordnance E. M. Wright, who proposed the use of a U?ndem salvo round—three 
bullets nose-to-tail in a single cartridge (Fig. 3).  Captain Wright's efforts 
were defeated by Captain of Ordnance J. E. Greer, whose negative report was 
indorsed by the Chief of Ordnance.  An overshadowing development, the intro- 
duction of the magazine rifle, squelched further efforts at that time. 

In early 1945 the Naiie reported on "Die Infanterie Doppelgeschosz."4 

Their report describes in detail the development and testing of a tandem duplex 
rifle round and several modifications (Fig. 4).   The German reports indicate 
considerable success (Fty. 5) and plans for special issue in 1945 as is indicated 
by the following: 

PROGRESS REPORT NO. «4 17 March 1945 

On the Presentation of the D-Ammunition ard Discussion at Friedenthr' on 
17 March 1945 

OTO-T-J7I 
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Suhlest*   Hue of D-Ammunition for Special Issue 

(SS-Assault groups) 

The purpose of (fee ?resentatlcu In Finow wan to issue the D-Ammunition to the 
battle front.  S3 Sta^j U»*»us»«r r>r  Heesa propos**«» ü Si *hl» new type of Infantry ammu- 
cU'on be f* 2t Icsaed to the Paratreep assault groups b9c*?«*>e i- -JS nnasible to obtain an 
tarly u»,*ic#i rr" •*    >o !. *«i be Uept 100% secret    S3 ri ;•«••   «,     „±rdt suggested that 
?2 UrfiJi  «iohurmann take part la the tests at VSaoar. 

The development of D-Ammunition for the Pistol 08 and the Infintry S*urm 
rifle Is also as urgent as for this caliber. 

ORO analysts, examining the operational concept of small-a rms aimed 
fire, recomme ^tv. La 1952* the development of a weapon designed to fire sim ' 
taneously up to ii:\-     ojte. tiles: 

1. It is recomu-: r* '" that iüo Ordnance Corps proceed to determin > '.ne .ic«i«rn or 
technological feasibility ot developing a hand weapon which has the characteristics cited 
in this analysis, namely: 

a. Maximum hit effectiveness againt.t man targets within 300-yd range fFig. 6]. 
(This does not mean that the weapon will be ineffective beyond Ulis range.) 

b. Small caliber (less than .30). 
c. Wounding capability up to 300 yd at least equivalent to the present rifls. 
d. Dispersion of rounds from salvos or bursts controlled so as to form a pattern 

such that aiming errors up to 300 yd will be partly compensated, and hit effectiveness 
thereby increased for these ranges. 

2. As one possible alternative to the current volume of fire (fully automatic) 
approach to the problem of Increasing the effective firepower of infantry riflemen, it is 
recommended—subject to tractive confirmation of design feasibility—that a rifle incor- 
porating at least in principle the military characteristics here proposed be manufactured 
for further and conclusive test. 

This concept was presented by ORO to the US Array Chief of Staff, Gen 
Lawton A. Collins, who directed Ordnance to develop materiel to evaluate the 
proposed concept.  In response to this order, the SALVO Steering Committee 
was formed,   in 1953, ORO published a memorandum* describing the theoretical 
performance of duplex and triplex tandem rounds (Fig. 7).   Subsequent industrial 
development and testing of these tandem rounds proceeded under the direction 
of the SALVO Steering Committee. 

In 1954, ORO, in response to a request from the SALVO Steering Com- 
mittee, designed a field experiment to determine the hit probability of the ta idem 
salvo round in aimed combat rifle lire. By 1956. coordination efforts with ballistic 
Research Laboratories (BRL) (teeAppL) and other interested agencies per- 
mitted acceptance of the ORO test plan and assignment of facilities at Fort 
Benning.* In June 1956 the experiment wa& conducted by ORO. 

The recommendations of this memorandum are essentially the same as the 
preliminary recomir. ?ndatlons presented in an earlier report." These conclu- 
sions and recommendations have already been disseminated, and in some part 
carried out. At this writing, duplex ammunition is being procured for official 
user test with both Ml and T14 rifles. A program is under way (with apparently 
inadequate priority, however) to examine the shotgun flechette Improvement witli 
reduced dispersion.   A recommended development of a flechette side-arm or 
pistol load Is currently In the doldrums, but several agencies are interested m 
supporting the development. 

OHO-T-I7I 
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Interest in the aaivu rilie program has resulted in the publication of other 
studies.  It is appropriate here to discuss the interpretation of apparent incon- 
sistencies that have been noted.  The most pertinent study that has come to the 
writers' attention has been published by BRL.* A major difference between 
this BRL report and the present study arises from the effectiveness criterion. 
The BRL study is based on the criterion of "one or more hits."  This criterion 
discriminates against a salvo load in failing to credit multiple hits with more 
lethality ti an a single hit.   A second assumption is an un realistically low aiming 
error of only 1 mil (this experiment showed 3.3 mils average daylight error). 

The BRL coiiciuaiuii thai  *     ier no consideration is the duplex bullet 
superior to two independently aimed projectiles* is misleading, since it is true 
only when based on a quite inequitable criterion:   one duplex firing vs two single- 
bullet firings.   Two independently aimed projectiles require two weapons and 
two men for the same opportunity, or a repetition of the opportunity.   The sum- 
mary tables in the BRL report suggest that the calculations are based on the 
unrealistic assumption of no holdoff (elevation) for gravitational drop.  The 
need that the BRL report recognizes for theoretical estimates of the effective- 
ies> of the controlled duplex round was recognized, and a publication was under 
way simultaneously with the BRL report.19 The BRL criticism that ÖRÖ-SP-2* 
fails to emphasize the superiority of the .22-cal carbine is accepted. 

The totality of these criticisms negates the primary BRL conclusion that 
"the advantages of the duplex round SALVO rifle are marginal."  The authors 
of this memorandum are in agreement with the final statement of the BRL 
report:   "Any promising small arms should be finally evaluated on their mass 
effectivei ess against anticipated number of men in likely patterns, i.e., under 
service condition*.*   Furthermore the authors believe that this (ORO) memoran- 
dum has made a substantial effort to satisfy this condition of evaluation. 

A second study of direct concern has been made by the Armour Research 
Foundation (ARF) for the Springfield Armory."   This study correctly concludes 
that the exact form of an optimum salvo has not been determined and is not de- 
termLiable without an ambitious program of basic studies.  The Armour repoit 
implies that experimental materiel development on items such as the duplex 
might best be curtailed, as they do not represent theoretical optimum ammuni- 
tions.   !.n the light of practical considerations of such matters as lead time, 
such ar. implication is unwarranted.   The practitioner of military art is gener- 
ally aware that the materiel he accepts in order to maintain a status of prepared- 
ness rarely represents the theoretical optimum, and the satisfactory item is 
accepted instead of waiting for the perfect item. 

The Armour conclusion that an optimum salvo number exists is in itself 
very tenuous.   Clearly, radically different forms of salvo will yield different 
optimum numbers, and the criterion for selection among these types will surely 
transcend the theoretical criteria on which the proposed studies would be based. 
Dollar and logistical cost and development time are significant items that musi 
modify any conclusions from a theoretical technical itudy.  The specific proposal 
of Armour for an automatic weapon is of course worthy of separate considera- 
tion, provided that the weapon could overcome the obvious disadvantages of 
automatic fire that are demonstrated in this (ORO) study. 

Another salvo study has been conducted by the Midwest Research Institute 
(MRI)."  The MRI report conclusion that "the best system uses a M Flechette 
cartridge" is based on examination of cartridges of 64 or less flechettes. It 

i:i ORO-T-378 
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appears that the criterion on which this conclusion is based would yield tue 
more general conclusion thai üie üesi uaf ü>*r of salvo projectiles» i» U*t s 
mum number possible.   The determinat on of an optimum number requires the 
application of additional constraints.   MRI's conclusion11 concerning the desir- 
able dispersion of flechettes Is in reasonable agreement with a recent study 
conducted by ORO.1* 

SALVO EFFECTIVENESS 

The objective of wiiiiary fire is ettstt to aeutraüäc or to inflict casualties 
on an enemy.  Casualty infliction in turn may be separated by target character- 
istics into categories designated as aimed fire and unaiiueu fire.   The applica- 
tion of the salvo principle to unaimeo area fire is so elementary as not to re- 
quire specixic field tests at this time.  Because area fire targets are charac- 
terized by a dispersion in considerable excess of the dispersion of any reason- 
able salvo, it is clear that the hits are merely proportional to the number of 
bullets per saivu, ignoring variatious in hit probability or lethality with varia- 
tions in range or other characteristics of the targets,   in the case of automatic 
fire, the definition of a salvo and the deterioration of aim with succeeding rounds 
are subjects of separate consideration.   The experiment made no attempt to in- 
clude area fire. 

The concept of measurable effectiveness of 7*med fire has throe parts. 
The stated objective of aimed fire, "infliction of casualties on targets," provides 
identification of the three essential and commensurate elements.   To "inflict," 
the target must be hit with the bullets, implying a measure of hit probability. 
"Casualties" implies a measure of the casualty-producing effect or lethality 
of the bullets.   Thirdly, "targets" implies that both of the above measures must 
be applied to the enemy target system that is anticipated.  The first two parts 
of the concept are well recognized.   In general, how«v~«r, earlier efforts at rel- 
ative evaluation of firepower have failed to provide an integrated measure 
reflecting the anticipated target system.   As  an operational analysis it would 
appear to be an incomplete study that provides only a table of potential effective- 
ness against a list of target types.   The authors have attempted herein to 
make a realistic integration  of anticipated target types in order to derive a 
simply expressed measure of relative effectiveness.   Withall, the design retains 
the capability of correction of these measures with modification of our model of 
the target system. 

The potential hit increase of salvo rifle fire depends on the existence of a 
fairly large error in combat rifle capability.   "Combat expenditure of small 
arms ammunition per hit is prodigious-some 8000 to 12,000 rounds."14 Meas- 
ures of rifle aiming erro** indicate that under target-range conditions, riflemen 
achieve errors of less than 1 mil.  It is evident, ho\7ever. that typical comoat 
error is larger.   From a preliminary experiment,1* it was estimated that typical 
combat rifle fire occurs with an error of 3 to 4 mils.   This figure is the linear 
standard deviation (o) of a radially normal distribution, and may be interpreted 
as an average value.   Examination of weapons used in this test indicates the 
typical dispersion inherent in the weapon—a few tenths of a mil (App B).   Ex- 
terior ballistic errors for most combat ranges (< 300 yd) are likewise generally 
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Fig. 8—Duplex and Triplex Cartridges 
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much less than 3 cr 4 mils.  It is apparent that the human aiming error repre- 
sents the preponderant Influence among these Independent error sources, des- 
spite contention to the contrary.1' The increase of hit probability then becomes 
a problem of overcoming the predominant human aiming error.  This may be 
accomplished either by reduction of error, or design of a mode of fire com- 
patible with such an error.  No recommendations are made here regarding 
continuation of efforts to reduce the aiming error by training or by any other 
method.  The approach of this study is restricted to the evaluation of materiel 
designed to increase the hit capability o? present rifier«*" 

AMMUNITIONS TESTED 

The salvo system deemed operational at the time of investigation was the 
tandem round; which is actually not a salvo weapon, but a salvo ammunition 
ior Incorporation in conventional small arms, "the primary test item is the 
duplex, second the triplex (Fig. 3) with single-bullet ammunition for comparison. 
The f rent duplex bullet maintains dispersion comparable with an ordinary 
single bullet; the rear bullet of a pair falls in a narrow ring concentric about 

TABLE 2 

WEAPONS AND AMMUNITIONS TESTED IN THE SALVO 1 EXPERIMENT 

Ammunition Muzzle Round Bullet 
or velocity,       weight,        weight, 

Weapoa firing ft/tec greine grains 

Ml rifle (reamed chamber) 30-cal single-ballet M2 2760 414 163 

Gustafs on carbine (M2) 

T48 rifle 

12-gage autoloading shotgun 

the front bullet. The angular spread between the two bullets is the radius of 
the ring, approximately 3 mils, which is about optimum, being the width of a 
man-target at combat range.1* Th? .32-cal carbine and the T48 afford two ex- 
amples of burst (automatic) fire—with semiautomatic fire for comparative con- 
trols.  These  22-cal weapons were selected as tltose available offering the 
least climb—the best hold on target for a salvo burst. 

The 32-flechette load was tested as the moil promising of several flechette 
developments.1*  Figure 9 shows the test ammunitions and nominal character- 
istics.  The measured characteristics are given in Table Bl, App B. 

Four types of weapon were used, and a total of eight different combinations 
of weapon and ammunition or types of fire were tested.   Tfceee tight combina- 
tions are shown in Table 2. 
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.30-cal duplex 2630 449 96 

.30-cal triplex 2630 439 61 

.22-cal semiautomatic 3125 135 41 

.22-cal barst fire 3125 135 41 

.22-cal semiaatosMtic 3400 280 68 

.22-cal burst firs 3400 290 68 
32 flechettee 1400 720 13 
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TABU: J 

lAHUKT Oi AH ACT KRIS I1CS 

Characteristic Amount or type 

Sis« E (knee Hng) and F 'proae) 
Haag« 50-350 yd 
Kxpoaure time 3 to 34 'i aac 
Visibility Day, night, day-hidden 
Movement 3 of 22 target« 
\. ti.ii» Blanks being fired --'  " targnti 
Confusion 20 demolition positions plus a 

phonograph 

TABLE 4 

SALVO 1 TARGET SYSTEM LAYOUT 

Target Haag«,        Tarnet (on- Move- Rlaak Illami- Expos are 
number yd              aiia* cealment ment firiag nation time, aec 

1 52 F C F N 28.5 
2 63 F — — N 3.0 
3 65 I _ — N 7.5 
4 67 F C F N 12.0 
!> 74 F — F D 4.5 
6 76 E — F N 4.5 
7 77 F c F D 15.0 
8 78 F c F N 19.5 
9 86 F — — D 4.5 

10 89 F c F D 15.0 
11 90 F c F N 4.5 
12 91 F — _ N 9.0 
IS Hi F c F D-N 19.5 
14 127 r c F D-N 9.0 
15 !19 F — _ D-N 4.5 
16 159 E _ M _ D-N 10.5 
17 161 E — F N 3.0 
18 162 F — • _ D-N 6.0 
19 164 E — M — D-N 18.0 
20 165 E c _ D-N 34.5 
21 169 1 — — D-N 4.5 
22 176 r c F D-N 9.0 
23 209 F — _. 3.0 
24 216 F c _ D 4.5 
25 218 F c mm D-N 15.0 
2ft Ml F — F s 7.5 
27 m F c F N 21.0 
21 m E — F D 6.0 
20 m — F D 10.5 
10 w — — D 3.0 
11 %%\ F c D 2S.5 
12 »4 F — F D 7.5 
M M6 F — — D M 
14 sat F c F 0 

10D-N 
210 

231 00 
Taul 14C 

20» 
MC IM 19F 120 

12* 
253.5* 

•«fFipnMlaaV 
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To describe coinba*. targets in terms of seven characteristics that criti- 
cally affect aiming erro :• as shown in Table 3, a questionnaire-interview was 
administered to veteran riflemen (App C). 

A study of the infoination obtained led to the adoption of two target 
systems—one for daytime fire and one for nighttime fire.  Each ri these sys- 
tems was composed of 7.2 pop-up (Cocky Ken)1* targets, 10 of which were com- 
mon to both systems, muting a total of 34.  The target* *mr* exposed by coring- 
loaded mechanisms for time durations of 3 to 34% sec.  None of the targets was 

C*ur*Mr mt OHm At—fcfa—n Ofmicmt Cmp. 

Fig.   10—3lonk-Fire RifU ond Torge! 

scheduled for exposure simultaneously with another, and the intervals between 
successive target exposures were varied. The sum of the scheduled exposure 
times for the 22 targets during a day run was 220 sec, and the total time for 
the run was 7% min. This means that during a run some target was scheduled 
for exposure during about half the total time for the run. Tnree of the targets 
moved laterally during exposure. Target activity was indicated by blank fire 
at half the target positions (Fig. 10). 

The 10 firing position» were on a SO-yd firing line.  The ranges from the 
firing line to each of the 34 target positions and other characteristics of these 
targets are shown in Table 4.  Target sines were limited to two:  E (kneeling) 
and F (prone) silhouettes (F shown in Fig. 11).  The minimum target lange 
was limited for safety to 50 yd.  The maximum range of 350 yd reflects the 
occurrence of 95 percent of combat targets within that range (App C).  Varia- 
tions in visibility were limited to three:  day, exposed; day, partly concealed; 
and night, expr.sed. 
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Fig.  11—F (Pront) Torgot in Up Position 

CM^MT •» 01* iildmiii Ommt—I Cwp. 

Fig.  12—Firing Lin« Showing Sitting Position with Elbow Root 
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The aiming error also depends OS the rifleman (Table 5).   TO make the 
experiment applicable to typical US riflemen, four average 10-man squads were 
constituted of riflemen of Qualifications in the same proportion that occurred 
in the 3d Dlv:  one expert, four sharpshooters, four marksmen, and one unqual- 
ified.   In aldition, one better and one worse squad were tested.   The firing po- 
sitions were limited to two: a stable aiming position, raised enough for all men 
to see all targets, sitting with elbow rest (Fig. 12); and a poor aiming position, 
standing. Detonation charges in the target area and recorded battle noises added 
confusion lor the riflemen. In addition, the riflemen vere subjected to electrical 
shocks at irregular Intervals during the runs by means of wires attached inside 
the boot. 

TABLE 5 

TROOP CHARACTERISTICS 

Qualification Batter, average, worse 
Poeition Sitting, sundin« 
Streee Shock and noiae 

To recapitulate, each target system was then composed of 22 Cocky Ken 
targets, 3 of whic<> were capable of lateral movement, and 11 of which returned 
blank fire iFigs. 13 and 14).   There were 20 demolition positions, including 
nltrostarch charges to simulate artillery, and blasting caps, readily confused 
with rifle fire.  So iads were deployed on a 50-yd line.  For uniform visibility, 
night firings were conducted with limited floodlighting. 

The entire program of target appearances, target movements, demolitions, 
blank firing* EüU aUr»«* shocks had to oe precisely reproducible for a controlled 
experiment.  To accomplish this, electrical controls were plugged into a specially 
built programmer before each run.  To start a run, it was necessary only to push 
the starting button; operation was then automatic for T/% min. 

The entire schedule was composed of 68 runs.  Only two runs were allotted 
to the flechette test, owing to limitation on available ammunition.  Each of the 
other types of fire was scheduled to fire from the sitting position both day and 
night, and from the standing position in the day (Table 6). 

Deletion of most of the planned triplex runs was necessitated by a mal- 
function. 

The Cocky Ken targets drop on schedule, not widen hit.  There were no 
simultaneous target appearances, and the order of target appearances was 
varied between runs. Ammunition expenditure was unlimited. 

Physical details of the test system may be seen from motion pictures taken 
during the experiment. ORO has prepared a 6-min film showing the installation 
and operation of the test system.  Included are pictures of installation of the 
electrically operated targets, installation of track for the moving targets, zero- 
ing and familiarization fire of the test *veapons, and a view of the several special 
devices (stress shockers, shot recorders, and target hit recorders).  The films 
also show fire on targets during runs, revealing the general patterns of fire, and 
giving a clear picture of the environment of the test. 
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The test plan, including a summary of requirements drawn up in December 
1955, appears as Annex LI to App L.   This annex describes the elements behind 
the questionnaire of App C for determination of the target system, and outlines 
that system.  It also outlines a schedule of firings and a list of the various re- 
quirements.   In addition, App L discusses the adequacy of this test plan, and 
points up the considerations favoring it over others.   Considerably more detail 
on the statistical validity of the test plan is given in App M.  A master schedule 
of the actual experimental runs is riven in Table L2. 

TAW I 6 

ONE HAY'S RUNS 

Run no. ammunition Visibility Position Squad 

1 Control Day Sitting K 
2 Tent Pay Sittina \ 
i Control Dsv Sitting B 
\ TON Oav Sittina H 
5 Control Dav Stand ins. \ 
6 Te»t i).v Standina * 
: Control N'iaht Sittiaa R 
8 Tent Ni*ht Sittiaa R 

INSTRUMENTATION 

The operation of all targets was controlled by a programmer, which was 
set before each run by means of a patch board of 300 sockets.   Eight different 
programs for daytime runs and four different programs for nighttime runs 
were used.   The different programs presented the targets in different sequences, 
but the times of exposure, and the intervals prior to urget exposure after the 
preceding target dropped, were held constant for a given target.   The intervals 
between target appearances varied from 6 'o 13% **c. 

For recording shots fired, each test rifle was equipped wiu a specially 
constructed switch within the trigger mechanism.  The switch was closed with 
eacn trigger pull, which fed impulses to an Esterllne-Angus recorder.   Separate 
channels were used for recording the shots from each of the 10 firing positions. 

For recording the number of hits, each target silhouette was covered with 
two sheets of electrically conductive rubber with an insulating rubber sheet 
sandwiched between them.   The passace of a bull »t through the sandwich caused 
a momentary electrical connection between the conductive rubber sheets.   The 
completion of the electrical circuit between the tw conducting sheets activated 
a mechanical counter, and also recorded on a continuously advancing roll of 
paper.   The circuitry permitted the separation of hit impulses to about 1 msec, 
which permitted recognition of multiple hits.   It was also possible to Identify 
shots fired with hits scored. 

The demolition charges in the target area, and the blank-firing rifles were 
controlled by the programmer to permit precise pre scheduling 
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At each firing position, a i*mcry and hign-voiiage coil were connected to 
electrodes that could be slipped into the riileman's boot.    Under control of the 
programmer, shocks were delivered to the rifleman to simulate battle stress. 
The shocks could not exceed lOYi ma in current, but produced jolts of up to 
5300 volts. 

In view of the complexity of the instrumentation for the SALVO I experi- 
ment, it is not surprising that many malfunctions occurred.  It seems clear 
that the electrical data should be appropriately adjusted to eliminate the effect 
of malfunctions as far as possible. 

Fortunately, many questions of interest can be studied ?jid conclusions 
reached on the basis of manual counts of ammunition used and holes in target 
faces.   The major portion of the analysis in this paper is on this basis.   Inves- 
tiga' on of hits by Individual riflemen on individual targets require» the use of 
the electrical data, since no manual count of this kind is available; likewise 
identification of multiple salvo hits requires the electrically recorded chrono- 
logical hit record. 

PREDICTIONS 

Before it is determined that there is some reason for conducting an ex- 
periment, there is generally some knowledge on which imperfect predictions 
of the experimental results can be made.  The reason for conducting the ex- 
periment is to verify the uncertain assumptions on which such predictions may 
be basei, and to demonstrate with greater accuracy and greater reliability the 
differences being discussed.  In the instance of the salvo assumptions tested 
in this experiment, a good deal of specific detailed information was available. 
The theory of the controlled duplex pattern was already understood.10 The 
patterns of both the random triplex and the flechette loads w»*** •1-/" —rTii IMIMT 
well predicted.19  In addition, basic information on rifle aiming errors was also 
on hand.15  These earlier examinations of the salvo patterns were readily applied 
to the salvo target system to yield quantitative predictions on the number of 
rounds to be fired and the number of hits of each kind expected. 

Appendix M discusses these predictions in detail.  Table M3 presents the 
predicted hits and rounds fired for day and night runs, and compares the pre- 
dictions with the experimental results, showing reasonable agreement.   The 
ri'iplex hit prediction in App M is devoted to a generalised theoretical prediction 
IJT controlled duplex hits.   The triplex and flechette hit predictions are also 
presented in App M.   Finally Tables Ml2 ind 1113 compare in summary form 
the prediction and experimentally achle ed data.   The agreement is such as to 
justify the experiment—i.e., it is close enough to demonstrate that the order 
of magnitude of differences «as anticipated, and it is poor enough to warrant 
the experiment rather than rely on the theoretical predict .'ins aionu. 

Finally tie experimental design itself is   oughiy Jus .if led by UM predicted 
deviations shown in Table MM    This table compares the predicted hit proba- 
bilities of duplex, triplex, and flechette ammunition witr the single-bullet con- 
trol.   Approximate standard deviations art then deduced.   The significant con- 
clusion is that each predicted salvo value differs from the single-bullet value 
by at leant three predicted standard deviations    Thin my be Interpreted an a 
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prediction that the experiment il design is adequate to determine these desired 
ratios with acceptable reliability 

A companion theoretical conside r utiun made in conjunction with these pre - 
dictions is the determination of the idle zero setting for the experiment. This 
is discussed in App M under the section "Combat Zero.**   The desired zero 
setting for the test weapons is defined as that setting which results in the min- 
imum value of total mio» distance for all target hits due to gravitational drop. 
An interesting result of the computations is that this zero setting lb insensitive 
to variations among the test ammunitions.   The result is apparently character- 
istic of the target system.   The daytime target system yields an optimum zero 
setting of 165 yd.  All test weapons were accordingly zeroed sit 165 yd for both 
day and night firings. 

DATA 

The basic data are the manual count ol rounds of ammunition expended 
and the manual count of target holes for each run.   in addition, electrical re- 
cordings were made of shots fired by each rifleman during the time each target 
was exposed, and of hits made on that particular target.   Malfunctions were ex- 
perienced in the instrumentation, so that serious dlsagieement exists between 
the manual count of rounds and holes and the electrical recordings for corres- 
ponding shots and hits.  A method for adjusting these electrical data has been 
developed to minimize the effect of malfunctions.   The adjusted data tables 
support the conclusions reached with tne unadjusted or raw data tables. 

Preliminary reports have been prepared by ORO on the SALVO I experi- 
ment.1^13 The Systems Analysis Corporation undertook statistical analysis of 
the SALVO I data under subcontract to ORO." 

In analysis of the data, variance-analysis techniques and selected statistical 
significance tests have been used in weighing the possible effects of the heavy 
random error that was evident in some of the preliminary analyses.   The ana- 
lysis scheme generally has been based on the assumption that the SALVO I 
data are samples from parent populations whose parameters have been esti- 
mated.   The significance levels of differences that may represent real effects 
of known changes in controlled variables have been calculated.   In this way the 
possibility that these differences may in fact stem from random error (or 
sampling variations) has been considered. 

The totals of rounds fired and hi is scored for each of the 68 runs were 
tabulated as the basis for analysis.   The largest categories of differences are 
(a) differences among the several types of test ammunition; (b) differences 
among the three conditions of firing (day sitting, day standing, and night sitting); 
and (c) differences among the six squads. 

Table 7 is a summary of the comparisons that can be made from the re- 
sults of the SALVO I experiment.   It is seen that standard single-bullet ammu- 
nition was used on a total of 18 runs; 10 day sitting, 4 day standing, and 4 night 
sitting.   Duplex ammunition was used on a total of 14 runs; 8 day sitting. 3 day 
standing, and 3 night sitting.   The results of each of these 14 duplex runs can 
be compared with the results of a corresponding single-bullet run 
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Ta.ble 7 shows that only two runs using triplex ammunition were completed. 
Additional triplex ammunition run» were originally scheduled, but were can- 
celed end largely replaced by duplex runs. 

The last four lines of runs tabulated in Table 7 show that balanced com- 
parisons can be made among the following four types of rifle fire:  carbine 
a tomatir. carbine semiautomatic, T48 automatic and T48 semiautomatic. The 
results of one run for each of the four average squads (A, B. C. and D) are 
available lor comparisons of these type« of fire for the day-sitting firing con- 
dition.   Squads B and D ir&de each of these (our tjrpef •A run for day standing, 
and Squads A and C made similar runs for night sitting.  The balance, with re- 
spect to squad and illumination-position condition, among 'he 32 runs discussed 
in this paragraph (and listed on last four lines of the table), enables one to use 
standard variance-analysis techniques to weigh the possibilities of chance 
accounting for the observed differences in results. 

TABLE 7 
TABULATION OF RUNS n-«a) WITH SQIUPMA-F) AND CONDITIONS SHOWN 

<WHIM «r linn D...HUM fW»  aUKl.a« Niufct IIHiI, 
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It is seen that 12 pairs of runs using single-bullet and duplex ammunition 
are available from which possible learning by the squads during the experiment 
can be assessed.   This balance in experience gained between pairs of runs by 
the same squad enables the authors to evaluate the learning effect with greater 
confidence than would be possible in a less systematic arrangement of runs. 

The last four runs (65-68) were made by the expert (E) and unqualified 
"bolo" (F  squads. 

All the data described above are recorded in App E.   The detailed infor- 
mation on roundn fired and hits scored Is listed in Table E4.   Most of the sig- 
nificant conclusions arc tfraam ffwn Hw *~*»ls by run, which are summarised 
in Table Ed.  In addition a detailed list of weapon coaii auctions is included in 
the 19 parta of Table E5.  Deductions of multiple hits from the chronological 
records are presented in App O    Target-system malfunctions and observed 
conditions of weather and lighting are included in Table E4. 

The adjustment of data to correct for malfunctions and other observed 
variations are described in detail in App F.  Tables Fl to F19 show the ad- 
justments made on hit records, target by target, and run by run.  Tables F20 
to F38 show the same information for rounds fired.  The method o. discarding 
incomplete portions of data is not used in this analysis.   The reae wi for reject- 
ing this technique becomes quite evident ween it is attempted-toe categories 
amenable to comparison depend is euch complex fieakiM on the individual pieces 
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of data that discarding eves a »mall percentage of the total data iesuita ulti- 
mately in discarding bur too great a proportion of the summary data to yieid 
useful results.   For example, if targets with only one malfunction in all the 
68 runs are discarded from all of the runs, few if any of the targets yield total 
figures.   However, where an obvious malfunction has affected a piece of data, 
the erroneous data nave h.en eliminated, and replaced with a prorated value. 
For example, if In Run 4 target 10 was known to remain erected beyond Us 
proper exposure time, the recording of too large a number of round? fired is 
anticipated.   It would be a statistical luxury tnat could not be afforded to dis- 
card all the other 50 daytime values for target 10 because of this single recog- 
nized error. Instead, the excessive value is replaced by a predicted valu~ ütAt 
is an average for that target ar. d that type of run.   it turns out that 13 percent 
of the hit and round data is adjusted in this fashion.   Many of the later analyses 
illustrate that the adjustment d >es not significantly affect major conclusions. 
That is, dual analyses with both raw and adjusted data yield similar results. 

The adjusted hit and rounds-fired data are summarized by run in Table 
F41 (corresponding to the raw-data Table EÖ).  The flechette results, being 
quite incomplete are handled differently.   Instead of adjusting these grossly 
incomplete flechette results to perfect runs, Lht comparable single-bullet data 
are adjusted to match the incomplete flechette data.  This adjustment is ex- 
plained in detail in App F. 

Aonendix N summarises both the weapon and target system malfunctions. 
Table N2 shows four categories of weapon malfunction lor eacn oi nine types 
of fire, with a grand total of two malfunctions per 100 rounds fired.   Table N3 
shows a trivial 0.1 percent trigger-switch failure in recording rounds fired, 
and a very substantial 21 percent error in hit recording; i.e., one of the five 
categories of electrical-hit-recording failure occurred 21 times for each 100 
hits.  Corresponding target-operation malfunction ie noted in Table N5 to be 
11 percent. 

STATISTICAL ANALY8IS 

The experimental data were subjected to detailed statistical analysis with 
the assistance of the Systems Analysis Corporation.u  These discussions are 
presented primarily in App J.   In App J the basic data examined are the number 
of hits per run and number of hits divided by the number of rounds fired per 
run.   The experiment provides eight types of ammunition and three conditions 
of fire, with three omissions.   These 21 am munition- illumination -position 
combinations (AIP combinations) then provid? four data each:  hits and hit 
probabilities, both raw and adjusted.   These 84 numbers as presented in 
Table J2 form the basis for comparisons. 

Appendix J is then devoted to deduction of differences and ratios among 
the various ammunitions and conditions, and the establiphment by analysis of 
variance, by test, and by deduction of standard deviations of the reliabilities 
or significance of these differences and ratios.   The major differences a**e 
summarized as ratios of hits and hit probabilities in Table Jl.   Figures J2 
and J3 are striking graphical presentations of «he consistent differences among 
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the umjui Ursi items-single-bullet, duplex, and triplex ammunitions. Although 
it is difficult to make a simple summary oi the many detailed reliability or sig- 
nificance tests in App J, it is generally clear that the major differences for run 
totals as listed in Table Jl are quite real. 

SEPARATION OF EFFECTS 

Appendix K presents the major results of the experiment.   In this analysis 
the number of hits and the number of rounds fired per run are selected as the 
basic data for analysis.   Hits per round or hit probabilities are discussed only 
after these basic data are appropriately reduced.  Appendix K is further arbi- 
trarily based exclusively on the adjusted data of App F rather than on the raw 
da+a of App E. 

The method of isolating effects of ammunitions and other effective param- 
eters is to sequentially reduce the data by eliminating mean differences. 
Thus the entire experimental data are used in examining for each effect.   For 
example, if the difference between duplex and single bullets is eliminated, then 
all sitting runs with both ammunitions may be compared against all standing 
runs with both ammunitions.   It is quite clear that such comparisons ignore 
interrelations among these effect«    Nonetheless rough measures ul the «ena- 
rated BAU»» ellecis are aesired.   This sequential reduction procedure is made 
necessary owing to the imbalance of the experimental data.   The reductions 
are made in two stages.   The first stage yields results for each ammunition 
under each condition of illumination and firing position.  The second stage fur- 
ther combines stili grosser means, so that ammunitions may be compared with- 
out reference to illumination and position, and also provides a measure of the 
effects of illumination and position themselves. 

Borrowing from the tables of App K, the following tables (8 to 12) com- 
pare the results in two measures:  hits H and hit probabilities or hits per round 
fired P//.   All the data following may be deduced directly from Table K5 and 
Table K15. 

The learning effect is quite evident in terms of absolute hits H.   For each 
successive run by any squad, the number of hits increased by about 2.0 percent 
per run.  As the regular squads fired as many as 18 runs each, this resulted 
in a total increase of about 40 percent more hits on the last run than on the 
first run fired by the same squad.   From Table K5 it is clear also that the 
number of rounds fired increases at almost precisely the same ratio; hence 
the hit probability is practically constar.t.   The computed average shows a total 
reduction of 2 percent in hit probability over the 18 runs, or an average relative 
decrease of only 0.1 percent per run—a quite insignificant charge. 

The squad differences are also deducible from Table K5.   if we set the 
average of the so-called "regular" squads (A, B, C, and O) at 1.00, the relative 
hits and hit probabilities by squad are as shown in Table 8. 

The effectiveness of salvo ammunitions is compared to single-bullet am- 
munition for each of the illumination -position conditions in Table 9. 

Table 10 compares automatic to semiautomatic fire, combining the two 
comparable weapons (carbine and T48). 
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TABLE 8 

RATIOS OF INDIVIDUAL SQUADS 
TO \BC.D 4VERAC.F 

Squan H *M 

A 1.08 0.94 
n 1.08 1.18 
c 0.95 Ö.99 
n 0.88 0.93 
M 1.80 1.14 
Fb 1.01 0.80 

•Finert eqaad 
DRolo »quad. 

TABLE ° 

RATIOS OF EFFEC.IVENESS OF DUPLEX, TRIPLEX, AND 
FLECHETTE AMMUNITIONS TO SINGLE-BULLET AMMUNITION 

Ammsnitf-MS 

compared if»« H PH 

Duplex to »ingl? Day eitting 1.89 1.64 

Day «tandinti 1.86 1.64 

Night aittiaa 1.67 1.86 

Triple» to aiugie Day sitting 1.77 2.25 

t- lachetta to aingle Day standing 1.84 320 

Nip;! i standing 3.43 7.70 

'Illumination and poaition firing condition. 

TABLE 10 

RATIOS OF EFFECTIVENESS OF 
\UTOMATIC TO SEMIAUTOMATIC FLRF. 

IP H 

Dav sitting 
Day standing 
Night aittiag 

0.66 
0.62 
0.87 

f>H 

0.44 
0.42 
0.58 

TAB« ' I 

RATIOS OF EFFECTIVENESS OF f 48 AND CARBINE TO Ml 

Weapons 

compared IP H fh 

T48 to Ml Day aittiag 1.19 1.17 

Day standing 1 23 0.89 

Night aitting 1 93 2 10 

Carbine to Ml Day sitting 1.48 I JO 

Day standing 1.S9 1.12 

Night nitting 0.62 0.64 

TARIF 12 

H GROUPED RATIOS 

Itam at roaditioa >nmpcr*d H 

0.89 

>H 

StiiJlid to aittiag (day) 0.79 

Night taaa* l.ittiag) 0 38 0.32 

AatoNMtir to eemieatomatic fire 0.71 047 

(arhtaa f Ml 1.30 111 

T48taMl 1 39 1 31 
Daplei la Shagfe 170 
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Table 11 compare« the 148 and the carbine to the Ml. 
Following £ more complete separation of effect» «o presented in T«i>icK15 

(App K), it is possible to combine some of the separate conditions of Tables 8 
to 11 in Table 12. 

MISCELLANEOUS EFFECTS 

in addition to the reduction and isolation of difference» In App» J and K, 
separate analyses were made of several effects.  Appendix G examines squad 
and qualification differences; App H examines learning; App I examines the 
rate of fire; and App P isolates effects of target characteristics. 

The squad analysis of App G agrees quite well with App K.  Tables G6 
and G12 show good agreement with Table 8 (from App K).   More interesting 
is the deduction of the relative ratings of the several qualifications from the 
squad ratings and the known squad compositions, which is stated in App G. 
From App G, for expert rated at 100 in hit probability, sharpshooter scores 
88, marksman scores 75, and unqualified scores 43. 

The separated learning effect from App K was already shown to be 2 per- 
cent increase per run for both hits and rounds fired.  The corresponding anal- 
ysis of App H yields about a 2 percent increase for rounds fired and a 3 per- 
cent increase for hits.  It is concluded that the 2 percent per run increase in 
thp rat» of fir*» la r*»\r m^A tfeai the additions! ir.dics.tcd 1 percent increase in 
hits is questionable. 

Appendix I examines the chronological firing record. First the steady rate 
of fire is computed.  A figure of 17 rounds/min is deduced for single-bullet day - 
sitting fire, 15 rounds/min for all Ml rifle runs, including day standing, and 
night sitting as well as day sitting.   A rough average is 16 rounds/min. 

The computed average lag time to achievement of this steady rate is 1.77 
sec.  This is the extra time to acquire and pwing onto a new target.  Average 
time from target appearance to first round is 1.77 sec plus something less than 
the steady rate interval of 3.56 sec, or 5.4 sec.   This observed practice is con- 
sistent with the recommended optimum of 3.5 sec (1.8<3.5<5.4). ' 

The record also provided evidence of fire continuing after target disappear- 
ance.  About 12 percent of all fire comprised this late fire, which continued for 
an average of l1/« sec after each target dropped.  It is thought that typical values 
might be smaller,, because the dusty condition of the experiment occasionally 
obscured target disappearance, and hence encouraged late fire. 

The effects of individual target characteristics on hits and rounds are 
examined in App P.  The major effects on rounds fired are quite naturally 
found to be exposure time and concealment.   The number of rounds fired is 
proportional to target exposure time (less 177 sec lag time), and is about 25 
percent less for concealed targets.  The smaller targets receive about 10 per- 
cent less fire than the larger targets.   Target size, movement, and blank fire 
have small effect on rounds fired. 

Hits are also proportional to exposure time (minus 1.77 sec). Hits also de- 
crease with range (<* 1/R*).  Also, for targets of approximately half sire, hits 

* drop to about SO percent, or 64 percent of the hits per target area.   In addition 
i the targets exposed shortest (3 and 4% sec) are hit some 50 percent less than 

• 
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expccieti iium the abuve fctriMiai piüpüfiiGii*iity Willi time Finally b*«ik i'ifi«. 
»t target positions increases hits seme 50 percent. Target movement reduces 
hits about 10 percent. The light concealment has little observed effect on hits 
in this experiment. 

These effects, beyond their inherent interest, are of potential value for 
extending the experimental results to target systems composed differently 
than the ones used.   It is possible with these factors to adjust the balance of 
target characteristics in any suitable fashion, and recompute the integrated 
experimental results. 

INTERPRETATION 

The major effects for interpretation are isolated in App K.   Table K5 is 
first modified by the lethality considerations of App O.   If the trivial penetra- 
tion differences arising from the different day and night target-range distri- 
butions are ignored, the net lethality figures for each test ammunition listed 
in Table 13 are obtained.  These figures are based on lethalities of 70 percent 

TABLE 13 

CASUALTIES BY AMMUNITION AN DCONMTION 

Lethality, 
% 

C tndition 

Ammunition or firing Day sitting Day standing Night sitting 

C/t C/R C/t CM C t C   | 

Single 70 83 13.4 69 11.3 29 3.5 
Dapln 63 118 19.8 116 16 8 44 5.9 
Triple« n 119 24.5 Ü06)« (19.4)« (45)« (7.8)« 
Carbine, semiautomatic 70 123 17.4 117 12.7 18 2.2 
Carbine, automatii 68 75 7.1 69 5.0 19 1.6 
T4.M, neminatomatic 70 99 15.7 85 10.2 57 7.4 
T4B, automatic 68 68 7.1 52 4.4 44 3.8 
Flechettsa 28 (57)« (18.4)« 51 14.5 40° ltf.8b 

•Theee sxperim«ntelly miasiag data are artificially developed from the reel data for theee ammu- 
nition« Kv nat«f •*•? p» taeat ration from Table 12:   Standing to Sitting (./t - 0.89; Standing to Sit- 
tiag, C/R - 0.79, Night to Day, C/t - 0.38; Night to Day, C/R - 0.32. 

Kght Stnadiag. 

for all conventional bullets and 35 percent for single flechettes (App B).   Con- 
sideration of salvo overkilling and penetration failure modifies these two values 
to yield Lie lethality figures of Table IS.   Appendix O describes the detailed 
considerations.  Applying these lethalities to the data of Table K5, the casual- 
ties per run (C/t) and casualties per 100 rounds fired (C/R) of Table 13 are 
deduced.   C/t is really a measure of casualties per time   nit, as runs were 
fixed in time (except that day and night times differed).  C/R is sometimes 
referred to as "percentage casualties." 

Proper operational salvo consideration for automatic fire requires casual- 
ties per trigger pull or per salvo (C/8), rather than casualties per 100 rounds 
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(C/ft).   L»ivi l*bie» wili use C/9, whicn is loenticai witn casualties per single 
round for all other (ire.  The average number of rounds per trigger pull is de- 
duced in App E.    The values from Table E7 are 2.07 rounds/salvo for the T48, 
and 2.63 rounds/salvo for the carbine (2.33 rounds/salvo over-all). Illumination- 
position differences are not significant.   The automatic-fire total rounds per 
run was carefully measured, and proved to be 1.50 times the semiautomatic 
rounds per run. 

These two figures then provide the rate of fire in trigger pulls per run 
(automatic to semiautomatic):   1.50 to 2.33 « 0.64.  This one-third reduction 
in automatic compared with semiautomatic rate of trigger pull also agrees 
with the observed estimate. 

TABLE 14 

AMMUNITION, SYSTEM, COMBAT LOAD, AND MAN-AND-IAAD WEIGHTS 
(hpoaada) 

Weapon Combat Ma. and 
Ammunition Roaad ayatem load •     i 

IIMU 

Siegle .0591 26.4 40.8 195 
Dapiex .0635 27.4 41.8 196 
Triplex .0620 27.1 41.5 i* 
Carbine .0186 13.1 27.5 182 
T48 .0410 22.6 37.0 109 
Flechette .1024 34.6 49.0 204 

Having translated hits to casualties, further refinement of effectiveness 
measure becomes difficult.   For example, how many casualties per dollar, per 
pound, per minute, or per trigger squeeze?   If dollars, spent for what, if pounds, 
of what?   The answers are not clear; one can only look at several of the seem- 
ingly most reasonable criteria. 

Costs are not simply accounted for.  The prototype flechette» were ex- 
tremely expensive, and no good estimate is on hand for production cost.  The 
duplex and triplex ammunitions are more in line with conventional single-bullet 
production cost.  The duplex ammunition particularly is loaded in a s ingle- 
machine operation, a/d production cost is roughly estimated at about 15 percent 
over single-bullet co» t. Casualties per dollar cost of ammunition is not com- 
puted, as It is thought to be a poor criterion.  If any effectiveness-cost ratio Is 
sought, better cost data are first required.  Secondly, the system must be de- 
fined: the pertinent cost is almost certainly not for ammunition alone, but in- 
clude» weapon and other costs. 

Logistical costs are similarly difficult to take into account.  Here, how- 
ever, adequate measures are available.  The pertinent weights are listed in 
Table 14. All weights are given in pounds.  The round weight is taken from 
Table B3. The weapon system includes a Korean average of 224 rounds, the 
packaging (1 belt, 1.6 lb; 3 bandoleers, 0.4 lb: and 28 clips, 1.7 lb) and the 
weapon.  Weapon weights are taken from Table BS. 

The 3.7-lb ammunition packaging is taken as constant for all the test 
ammunition.   The average total issue in Korean use (clothing and equipment) 
was 40.8 lb.   Subtracting the weapon system weight leaves 14.4 lb.  This 14.4 
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lb is taken as constant for all test-weapon systems and added to produce the 
"Combat load" column.  Finally, the average 154.5-lb man weight Is added lor 
the last column. 

For normalisation to time of firing, It Is noted that "up1, target time was 
231 sec for day runs, 253% sec for night mis.  From these quantities It Is 
possible to compute casualties per minute from casualties per run.  Dividing 
by 10 yields average casualty production nit? per man. At this time a list of 
casualties per unit firing time and casualties per unit weight for any of the 
four categories of weight of Table 14 can be made. As it would be tiresome 
to Inspect a needlessly complex table using all the A« weights  Tahi»> 15 is com- 
puted for only the weapon-system weight (rifle plus 224 rounds plus packaging) 

TABLE 15 
CASUALTIES PEH SALVO, PER MINUTE, AND PER POUND 

Anissaittoe or firing 
Ray «ittia« 

C/S    C/T     C/W 

Day etaading 

C/S C/T 

Niffkt aittin* 

C/1 I C/S C/T C/W 

•Average" 

C/S C/T C/W 

9hs> 13.4 2.16 1.14 11.3 1.79 0.96 3.5    0.69 0.30 10.4 1.70 0.89 
Duplex 19.8 3.06 1.62 16.8 3.01 1.37 5.9    1.04 0.48 15.6 2.54 1.27 
Triplex 24.5 3.09 2.02 (19.4) (2.75) (1.60) (7.8) (1.07) (0.64) 19.1 2.50 1.57 
Caxbiae, aemiautomatic 17.4 3.19 2.98 12.7 3.04 2.17 2.2    0.43 0.38 12.4 2.46 2.13 
(Jarbiae, automatic 18.7 1.95 1.21 13.2 1.79 2.17 4.2    0.45 0.27 13.7 1.54 0.89 
T48, seta iaatome tic 15.7 2.57 1 56 10.1 2.21 1.01 7.4    1.35 0.73 12.3 218 1.22 
T48, automatic 14.7 1.77 0.70 9.1 1.35 0.44 7.9    1.04 0.38 11.6 1.48 0.56 
Flecaette (18.4) (1.4«) (1.19) 14.1 1.32 0.94 10.8   0.95 0,70 15.5 1.31 1.01 

C/S columns are taken directly from Table 13 (times 2.63 and 2.07 rounds 
per salvo (or carbine and T4$ bursts, respectively).  C/T columns list casual- 
ties per minute per man, using C/t data from Table 13. C/W columns list cas- 
ualties per pound of weapon system, using C/R data from Table 13 and weights 
from Table 14.  "Average" casualty values are deduced by arbitrarily lumping 
the three separate conditions of firing In the approximate ratio of the experi- 
ment: 2 (day sitting):   1 (day standing): 1 (night sitting). This ratio is conser- 
vative in heavily weighting the most accurate flrr. 

It is now appropriate to   ompare salvo with the single-bullet ammunitions: 
duplex to single bullet, triplex to single bullet, flecaette to single builet; and 
also carbine automatic to carbine semiautomatic, and T48 automatic to semi- 
automatic.  Because these last two ratios a/*e consistently approximately equal, 
they are combined in Table 16.  It is also of interest to note weapon comparisons: 
carbine semiautomatic to Ml, T48 semiautomatic to all. 

To further generalise the effectiveness measure beyond aimed-fire cas- 
ualty production, unaimed or area rifle fire must be considered.  This unaimed 
fire is generally directed at specific suspected target areas, and has the pri- 
mary effect of neutralising or harassing enemy troops, and hence protecting 
and encouraging friendly troops. 

Neutralisation effectiveness has been alternatively meatured by (1) number 
of bangs, (2) number of bullets, (3) number of tuts, and (4) a jnber of casualties. 
Criterion 1 offers no discrimination among the test ammunitions 

32 ORO-J'-S*» 

C0HFIMNTIAI 



CONFIDENTIAL 

loudness of bang is included.   Criterion 2 equates ainil« bullets, scores duplex 
double, triplex triple, and flechettos x 32.  Automatic bursts (from the Table K15 
rate of fire) score 50 percent over single bullets on a per time basis.  The slower 
shotgun rate (about half) and ineffective tumbling fraction of üechettes reduce 
the flechette factor to about 10 times single bullets on a per time basis. 

Brief reflection indicates that so long as the target area is larger than the 
greatest dispersion (a reasonable assumption), the number of hits (criterion 3) 

TABU: 16 

AIMED-HRE CASUALTY RATIOS 

Ammeaition or firia«, 
compared 

Coaditioo 

Day eittine. 

C/S   C/T   C/W 

Day etaadiag 

C/S C/T C/W 

Night anting 

C/S C/T C/W 

average 

C/S C/T C/W 

Daplax to aiaffie 
Triples to single 
Flechette to aisgle 

1.48 1.42 1.41 1.49 1.68 1.43 1.69 1.51 1.57 1.48 1.50 1.43 
1.83 1.43 1.77 1.72 1.54 1.67 2.23 1.54 2.13 1.81 1.47 1.76 
1.37  0.69   1.04  1.28 0.74  0.98  3.09  1.38 2.30  1.48 0.77  1.12 

Automatic to Mmiautomatic   1.01   0.65   0.42   0.97  0.60  0.41   1.26  0.84  0.59   1.02  0.65  0.43 
fsrbiae to Ml 
T48 to Ml 

1.30   1.48  2.61   1.12  1.70  2.26  0.63 0.62  J.23  1.19 1.45 2.39 
1.17   1.19  1.37  0.90  1.23   1.05  2.11   1.96  2.43  1.16  1.28  1.36 

TABLE 17 

UNAJMED-FIRE CASUALTY RATIOS 

Nxmber 
Ammanitioa or fine« of Relative Rate of 

co» pared bellet« lethality fire C/S C/T C/W 

Deplex to siagle 2 0.90 0.98 1.80 1.76 1.73 
Triplex to eiagle 1 0.41 0.78 2.43 1.90 2.36 
Flechette to oiagle 16 0.40 0.49 6.40 3.14 4.89 
i  "toeaatic to eemieeioatatic (2.33) 0.97 (0.64) 2.26 1.45 0.97 
Carbiae to Ml 1 1 1.17 1.00 1.17 2.00 
T48 to Ml 1 1 1.06 1.00 1.05 1.16 

is just proportional to the number of bullets (criterion 2).  The relative number 
of casualties (criterion 4) is then deduced from the number of bullets and the 
bullet lethality, degrades for penetration failure and overkill.  The corrected 
lethality figure« from Table 11, together with the numbers of bullets per salvo, 
yield the relative values of C/8 of Table 17.  The average value for rounds per 
burst (both weapons) is taken from Table E7 an 1.33.  The averse» rate-of-fire 
values for computing C/T are taken from Table K15 for single-bullet, dnplsi, 
carbine, and T4I ammunition.  The missing triplex and flechette rates of fire 
are deduced from the Isrnmnlote data of Table EB using Ins method stated ia 
footnote of Tabls IS (corrected lor Increased night *up- Urne).  These then 
are averaged in the weighted ratio:  I (da; sitting :   1 (omy Mandiaf)    1 (i 
bitting).  The C/W values use Table M system w*ig*s as before 
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The number of flechette» in Table 17 is halved to account for the observed 
effect with the prototype loads tested:   many of the flechettes fail to fly properly. 
These erratic flechettes presumably fail to reach the target area, or at least 
fail to reach it in an effective orientation.  A most conservative estimate is that 
at least half of the 32 do fly properly.  It should be noted that success in cor- 
recting this erratic flight will double the flechette effectiveness of Table 17. 

Note that only th* relative numbers of usaiiscd-iire casualties have been 
deduced.  If actual casualties were available, experience indicates 'hat the 
figures might be so much smaller thrji aimed-fire casualties as to be insig- 
nificant.   Yet the neutralizing effect of potentially casualty-producing rJle fire 
is not insignificant.   Clearly then, the absolute casualty values are not .ceded, 
and the relative values of Table 17 are still valid as measures of potential 
casualties (casualties suffered by the enemy if he should fail to seek co/er 
and be neutralized). 

TABLE 1« 

OVFU-ALL CASUALTY RATIOS 

Ammaniiioa or firing 
compared CM C/T c/w er« 

1.04 1.03  "•»— 1.58 0.03-0.11 
Triplex to «iaptle 2.12 1.69 ?,06 0.06-0.14 
Flechette to single 3.94 2.96 3.01 0.16  
Automatic to eeifliaatomatic 1.64 1.05 0.70 0.04-0.23 
Carbine to Ml 1.10 1.31 2.20 0.03-0.12 
T48 to Ml 108 1.17 Lat- 0.03-0.11 

«Standard deviatioa of C  S colwaa only. 

It is desirable now to deduce over-all ammunition comparisons for all 
rifle fire.  The question is:  What relative value to allot to aimed fire (Table 
10) and to unaimed fire (Table 17)?  Appendix C shows that unaimed fire con- 
stitutes 39 percent of all rifle fire.  This agrees with informal accepted mili- 
tary opinion that two-thirds to three-fourths of rifle fire is noi, aimed.  Pre- 
sumably the conditions of battle are such that aimed rifle fire at visible in- 
dividual targets is generally more critical, and hence an appropriate average 
weights unaimed fire at something less than 3d percent.   For lack of a better 
basis for value judgment, the ratios of Tables 16 and 17 are weighted equally 
in deducing the over-all casualty ratios of Table 10.   It must be borne in mind 
that Table 1ft, although our best over-all effectiveness esiiuiate, iavolte* a 
crude lumping of aimed and unaimed fire. The firmer experimental results 
appear in Table 16. 

The range of standard deviations is from the minimum purely random or 
sampling errors, taken from Table J35 and the maximum gross experimental 
aggregate value from Table J33.   The percentage figures from these two tables 
(divided by VJ) are applied to the C/8 column to yield the absolute values listed 
The standard deviations for aimed fire (Table 16) are larsjer by aa average of 
/?.  Individual aimed-fire standard devlatae» nay bo cosnputed from Tables 
J33 and J3S. 
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CONCLUSIONS 

Major Conclusions* 
The major conclusions of this paper may be drawn irora Tables 16,17, and 

18. Since the casualty ratios of Table 18 are often not too different for the var- 
ious criteria (C/S,C/T, C/W), it is sensible in these cases to express average 
effectiveness ratios. Table 19 shows these averaged-criterlon casualty ratios. 

1.  Duplex ammunition achieves 90 percent more casualties than single 
bullets over-all.   This gain increases with decreasing accuracy (40 percent 
sitting, 50 percent standing, 60 percent night, and 80 percent unaimed; also 
57 percent expert squad, 64 percent average squad, 72 percent unqualified 
squad).  System weight and rate of fire do not differ significantly from those 
for single bullets. 

TABLE 19 

MEAN* CRiTCRKjN CASUALTY RATIOS 

Ammunition or firiig Day Day NijBt 
compared •i««M situs* sittia* Uaaiated Over-ail 

Daplex to single 1.44 1 S3 1   CO *.«u l.Ol 

triplex to single 1.66 1.64 1.97 2.23 1.96 
Flechette to «ingle 1.08 1.00 2.26 4.81 3.30 
Automatic to semi- 

automatic 0.69 0.66 0.90 1.S6 1.13 
Cxfciae to *1 1.80 1.69 0.83 1.39 1.54 
T48toMl 1.24 1.06 2.17 107 117 

2. Triplex ammunition appears to achieve double the casualties jf single 
bullets over-all.  This gain increases with decreasing accuracy (70 percent 
day, 120 percent unaimed).  System weight does not differ significantly from 
that for single bullets.   Rate of fire appears to be decreased about 20 percent. 

3. Flee nettes appear to achieve two to four times the casualties of single 
bullets over-all 000 to 290 percent gain).  This gain increases radically with 
decreasing accuracy (0 percent day, 130 percent night, and 380 percent un- 
aimed). System weight is about 30 percent more than that of the Ml.  Rate of 
fire appears to be decreased about 50 percent. 

4. Automatic fire without bipod is compared with semiautomatic Lre. 
Its casualty score varies from a loss to a gain as accuracy decreases (-30 
percent day, -10 percent night, +60 percent unaimed). Rate of fire in rounds per 
minute for short bursts Is 50 percent greater than that for semiautomatic fire. 

5. The .22-cal carbine achieves 50 percent more casualties than the Ml 
over-all.  This gain decreases with decreasing accuracy (80 percent sitting, 
70 percent standing, and 40 percent unaimed).  Night fire shows a 20 percent 
loss, system weight is 50 percent less than the Ml, and the rate of fire ia in- 
creased 20 percent. 

6. The .22-cal T48 achieves 20 percent more casualties than tfc< Ml over- 
all. This sain does not vary appreciably with decreasing accur. /*y (20 perreat 

•Coaelaaiaee 2 aa 1 are aawaal aa limit»«' «ate. 
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sitting, 10 percent standing, and 10 percent unaimed).   Night fire shows a 120 
percent gain, system weight is 10 percent less man the Mi, ami the rate ui lire 
U increased 10 percent. 

Discussion of Major Conclusions 

It is concluded that duplex ammunition offers an unambiguous gain of 60 
percent effectiveness over single-bullet fire.   This figure is statistically 
sound, and holds roughly for considerable modification in the arbitrary weight- 
ing of different types of fire. 

The average gain öi 100 percent effectiveness for triplex ammunition is 
based on meager aimed-fire data (two runs) but seems quite reasonable. This 
value, however, fluctuates with the criterion used, particularly to give a lower 
value (70 percent) on a per time basis because of the observed and unexplained 
reduction in rate of fire.   It is suspected that this observed rate effect is not 
generally real, as no satisfactory systematic explanation has occurred. Addi- 
tional testing is required to verify the 100 percent over-all figure. 

The flechette gain depends markedly on the criterion selected.   Table 18 
shows roughly that casualties per minute double, casualties per pound triple, 
and casualties per salvo quadruple the single -bullet score.   Further the gain 
depends markedly on the type of fire.   Aimed fire shows an average gain of 10 
pe cent, unaimed fire a gain of 380 percent.   Further the gain varies consid- 
erably with accuracy condition in aimed fire:   no gain in day fire, 130 percent 
gain at nisht.  This suggests that the flechette type of highly multiple salvo is 
particularly valuable in pooi accuracy conditions.   Very probably the limita- 
tions on combat simulation in the experiment produce greater accuracy than 
true combat, making this study's results conservative.   The realization that 
pistol aiming error is generally about five times rifle error** strongly suggests 
the application of a flechette-type load to a side arm. Furthermore, the 50 per- 
cent rate-of-fire decrease and 30 percent weapon-system-weight increase to- 
gether with estimated 50 percent erratic-flight observation combine to indicate 
that the considerable additional gains may be achieved with successful further 
development. 

The automatic tire results show 60 percent increased effectiveness com- 
pared with semiautomatic fire on a salvo or trigger-pull basis, 30 percent de- 
creased effectiveness on a weight basis, no appreciable difference on a time 
basis.   Further the average loss is 30 percent in aimed fire.  The only condi- 
tions appreciably favoring automatic fire are night aimed fire on a per salvo 
basis (+30 percent), unaimed fire on a per salvo basis (+130 percent), and un- 
aimed firs on a psr time basis <>50 percent).   Other conditions and criteria 
favor semiautomatic firs.  These automatic fire gains are based on the assump- 
tion that automatic unaimed fire is confined to the target ares.   This assump- 
tion warrants critical scrutiny,  it is noted, however, that the aimed-fire data 
ars restricted to firing without bipod (from the shoulder).  On the other hand, 
all automatic-fire comparisons were made with light .22-cal weapons, which 
probably hold on target better than heavier weapons such as the BAR and Ml6. 

The   22-cal carbine and T48 both achieve about 20 percent more casual- 
ties per round in aimed semiautomatic fire than the Ml with single-bullet am- 
munition.   This accuracy gain may be attributed to the smaller caliber, the 
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light weapon weight, or the -educed recoil effect.  A further gain i« noted in 
the increased rate o( ftre (about 10 percent), resulting in a 20 to 30 percent 
over-all gain fOi  iiie«»e vtv*i>uiu» wfl * Üfk&imJiy -pCr-fflj&iä» j mmml&i   Au €£pcri 
ment to identify the source of this accuracy anr* rate-of-fire gain is indicated. 
The lighter system weights make the advantage of these weapons still more 
pronounced on a casualty-per-pound basis (30 percent for the T48, 120 percent 
for the carbine).  Here it becomes essential to select the criterion that wil be 
used to evaluate ultimate effectiveness.  Casualties per pound favor the smaii- 
carbine single-bullet over .30-cal duplex ammunition; casualties per round or 
per minute favor duplex.  In all cases (except carbine night fire), the   22-cal 
weapons tested are superior to the .30-cal Ml.   This result naturally suggests 
that .22-cal duplex and triplex ammunition be examined to achieve both gains. 
(Triplex ammunition may not be practicable in .22 cal, considering available 
muzzle energy and velocity losses). 

Of special note are the night aimed-fire comparisons with the three weap- 
ons listed In Table 16.   Without considering weight differences, it is seen that 
the carbine drops from a 40 percent average day gain over Ml to a 40 percent 
night loss.  The T48 increases from a 10 percent average day gain over Ml to 
a 100 percent night gain.  To get a better notion öf this nigk-t effect, the day re- 
sults for the three weapons (C/R and C/T) are normalized and compared with 
the resultant night values.  This yields a relative carbine night degradation of 
60 percent and a relative T48 improvement of 80 percent.  These large differ- 
ences were apparent during conduct of the experiment. 

Tue 743 Mp**i»*2j io ittritutitlc to the sta are! position of •&• r*?»- 
peep sight.  The T48 was noted in the field to have a sight picture about three 
times the linear dimension afforded by the Ml.  This is borne out by the si^ht 
dimensions.   The angle defined by a pupillary diameter of % in. (night) and the 
aperture diameters and distances (from Table B2) are: Ml, 6 mils; T48, 14 mils; 
and carbine, 7 mils.   The poor carbine night performance is apparently not due 
to sight dimensions.   Possibly aperture reflectivity, depth, and taper are in- 
volved.   Debriefing revealed that troops generally used the T48 sight in night 
firing but completely avoided use of the Ml and carbine sights at .light. 

It should be noted that these experimental firings were all with augmented 
bright moonlight.   Variations in illumination might lead to different results. 
The lack of explanation for the carbine night degradation and the possible un- 
certainty in the explanation of the T48 night improvement suggest further field 
tests on peep sights under conditions of limited Illumination. 

It is instructive to examine the salvo to single-bullet ratio in casualties 
per salvo as a function of accuracy.   In unaimed fire the accuracy is such that 
the basic single-bullet hit probability is negligible    The associated casualty 
ratios are given in Tables 16 and 17. 

Furthermore it is possible to deduce the casualty production for each 
ammunition under the condition of perfect accuracy, or 100 percent hit „lobn- 
bility.   For this computation only one hit per salvo is first assumed.  1 mn, 
App O the penetration degradations are none for single-bullet ammunition and 
automatic fire, 0.2 percent for duplex, 7.1 percent tor triplex, and 7.2 percent 
for flechette ammunition.  Applying these degracV*ons to the App B basic bul- 
let lethalities (35 percent for Qechettet. 70 percent for all bullets), the C/8 
for the one-hit case are deduced. 
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TABLE 20 

F^PFE^T-AccüiACY CASUALTY RATIOS 

Aiemenitioa or firing Nenbes of 
ballata 

c/s C/T C/W 

compared i)oe bit 1  in- | AH him Una bit   1 All bita Oa« hit 411 kite 

Duplex tu «i««le 
Triplex to eiagie 
r iacäeiiea to eiaaje 
Automatic to a*ntiaatomatic 

2 
3 

to» 
2.5 

1.00 
0.93 
0.46 
1.00 

1.30 
1.37 
1.43 
1.33 

0.9A           1.27 
0.73            1.07 
0.23            0.70 
0.60            0.80 

0.96          1.2S 
0.90          1.33 
0.35          1.09 
0.40          G.53 

•Effective n ember for prototype. 

•-Unoimed fire 
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The C/S for thm a§j'jn»p!icr. of ail bullets iuttlug are computed by the usual 
overkill calculation.  For example, duplex ammunition scores 0.7 casualties 
witn the first hit, plus 0.7 x (1-0.7) With the second hit. The total (0.31) is 
greater than the single bullet (0.7) in the ratio 1.30, shown in Table 20.  The 
C/T and C/W columns are computed from the 'Vs column as in the earlier 
tables. 

The one-hit values of Table 20 apply to very distant targets, and the all- 
hits values apply to very close targets.  The integrated average for the target 
system lies between, but would be most tedious to compute,  emitting the arti- 
ficially generated triplex and flechette data, the C/S are shown in Fig. 15 as a 
function of accuracy.  Intermediate values from Table 20 are ui  J for the 
perfect-accuracy points.  The figure shows clearly the trend of decreasing 
salvo gain with increasing accuracy.  Furthermore the curves demonstrate 
that this effect is most pronounced for the largest salvos (flechette slope > 
triplex slope > duplex slope). 

As accuracy charac » ized by hit probabilities of over 20 percent is of 
little practical military & yiificance, the same data are plotted in Fig. 16 on 
a larger scale.  This is clearly the accuracy range of interest. Similar plots 
are shown in Figs. 17 and 18 of C/T and C/W.   From ail three figures, it is 
clear that in unaimed or very inaccurate fire the effectiveness order is (1) 
flechette», (2) triplex ammunition, (3) duplex ammunition, (4) automatic fire, 
and (5) single bullets.  The most accurate fire shows generally (1) triplex 
ammunition, (2) duplex ammunition, (3) single bullets, (4) flechettes, and (5) 
"*""7H" fire.  Duple* «uwi iripiex ammunitions are never shown to be inferior 
to single bullets. 

From the crossover points on these figures it is evident that further data 
are needed on actual combat rifle accuracy or hit probabilities.   Firm decisions 
on relative combat effectiveness require knowledge of where to make valid com- 
parisons along the abscissa of Figs. 16 to 18.  Combat experience must be can- 
vassed to provide an estimate of rifle accuracy in actual combat. 

Additional Conclusions 

In addition to the six major conclusions on ammunition and weapons differ- 
ences from Tables 16 to lft, there are 16 other conclusions from the experiment. 

7. Most day targets range from 75 to 350 yd; night targets from 50 to 
22b yd. 

8. Mean ranges of firing are 177 yd for day targets and 121 yd for night 
targets. 

The target system, based on the questionnaire of App C, gives day targets 
with rani J of 75 to 340 yd with a mean range of 190 yd.   Table PI of App P 
gives the hits by target and permits the calculation of a mean range of hits. 
This value is 133 yd.  Appendix F gives single-bulls* rounds fired by target, 
and permits calculation of a mean ranee by rounds fired.   This weighted mean 
range is 177 yd.  The mean day-target expoeui* time is 10% sec. 

Similarly the night targets range from 50 to 226 yd, with a mean rang» of 
135 yd.   The computed mean hit rang» (from Table P2) is 85 yd.   The mean 
range by rounds fired (Table F40) is 1H yd. The ssssa night exposure time is 
liViSSJS, 
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9.   Me*ii elatfi fintttt mi pftitabfttttsf* are 19 percent for day »iiüug, 15 
percent for day standing, and 6 percent for night sitting; 14 percent average. 

10.   Mean aiming errors (linear standard deviations) are 3.0 mils for day 
sitting; 3.4 mils for day standing; and 7.8 mils for night sitting; &J mils average. 

The equivalent target sizes (F and E) arc circles of radii 9.9 in. and 24.0 
in. (shown in App M).   As the questionnaire leads to 12 F and 10 E targets for 
both day and night, the weighted average target radius is 11.8 to.   Thus it is 
concluded that typical rifle targets are representabie by a 1-ft-radius circle 
at about 170 yd for day or 120 yd for night. 

It is possible to use these typical targets together with the YL\ probabilities 
from Table K15 (19, 15, and 6 percent) to compute representative aiming errors. 

From expression M3 of App II the aiming error as a linear standard de- 
viation a is a function of target size f , range R, and hit probability  Pu . 

<T»T/R V-2 In (1 - P^) 

Using the mean ranges (by rounds fired) 170 and 120 yd yields errors of 3.0 
mils for day sitting, 3.4 mils for day standing, and 7.8 mils for night sitting. 
In graphic terms the circle diameter» thai include naif was rounds fired (2 X 
CEP) at 100 yd are about 25 in. for day sitting, 29 in. for day standing, and 66 
in. or 5Va ft for night sitting. 

TKa   nmvAMi    W.J*   .LliJlf-nt   *"1>t        * -"    *' '' ' —     .   .        ---.. -    . .   • ISC -..v..^0v •*•« r* ^MMUU) »u»  AU icoi ^utiuAi-iiiiia iiuiu  AMJJXV rwu \a i*» 
percent.   This corresponds to an average aiming error of 3.8 mils (based on 
a mean target range of 160 yd).   If it is desired to deduce accuracy values for 
all fire including unaimed, the 14 percent, hit probability is reduced to about 
4.4 percent by considering that the 69 percent unaimed fire (App C) score 
negligible hits.   This 4.4 percent hit probabi'ity corresponds to a 7.0-mil aim- 
ing error. 

11. Average rate of rifle fire is 3 sec/round. 
12. Average time to acquire a target is l*/< see. 
13. Average extent of late fire (after target disappearance) is l1/« »ec. 

The time pattern of fire is deduced in App I.   These averages hold for 
this experiment.   This late fire constitutes about 12 percent of all fire. 

14. Average rate of fire drops to 3.2 sec/round for sitting and increases 
to 2.8 sec/round for standing or night. 

Rates of fire can also be compared for the several firing conditions. The 
average numbers of rounds fired per run from Table K14, divided by the target 
up times (231, 253Vi sec) yield average firing times of 3.2 sec for day sitting; 
2.7 sec for day standing; and 2.8 sec for night sitting.   This agrees with t ie 
App I over-all average of 3 sec/round but shows a slight increase la time Tor 
careful aiming and a slight decrease for less careful aiming. 

15. The relative hit probabilities by qualification are 100 for expert, M 
for sharpshooter, 75 for marksman, and 43 for unqualified. 

Appendix G compares squad performance against squad composition by 
Army marksmanship qualification, and dedaoee relative scores by qualification 
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16. During the experiment, the hits per round was constant, the hits per 
unit time increased about 2 percent per run (rate of fire increased about 2 per- 
cent per run). 

The trends of score with experience in the test firing is examined in App H 
rnd App K.   This shows a 19 to 29 percent increase in rounds fired, and a neg- 
ligible increase in hit probability over the learning span.   This increase in hits 
per unit time is large enough to warrant examination of its implications for 
training. 

17. Hits follow inverse-square law with range. 
18. Hits and amount of fire are proportional to target appearance time 

(less 1s/4 sec initial lag) for targets exposed 6 sec or longer. 
19. The smaller (F) targets received 10 percent less fire than the large 

(E) targets, and only about two-thirds as many hits per area. 
20. Target movement reduced fire and hits by about 10 percent. 
21. Concealment reduced the amount of fire by about 30 percent, the hits 

by about 10 percent. 
22. Blank fire at targets increased hits about 50 percent. 

Appendix P on target characteristics leads to conclusions 17 to 22 (from 
Table P8). 

RECOMMENDATIONS 

1. The duplex and triplex ammunitions should be considered for adoption 

The Increased casualty production of both duplex and triplex ammunitions 
is considered well enough demonstrated to warrant their official consideration 
by Department of the Army and CONARC for adoption.   This consideration 
should presumably be based on independent Army tests and appropriate eco- 
nomic and standardization aspects not evaluated in this study.   The demon- 
strated gains warrant more effort on duplex and triplex ammunitions than on 
conventional single-bullet ammunitions and weapons. 

2. Additional tests of triplex and flechette ammunitions should be 
conducted. 

Further tests are needed of the casualty-production capability of triplex 
and flechette ammunitions.   The principles are now clearly shown; these tests 
should be performed by CONARC or Ordnance Corps. 

2.  Flechette development should be accelerated. 

The flechette potential is so high as to warrant development of a much 
superior prototype.   Fabrication of a system of tighter dispersion and more 
convenient physical characteristics is an Ordnance Corps responsibility. 

4.   A flechette side-arm load should be developed for test. 

The clear by-product recommendation of this study requires initiation of 
a project by Ordnance Corn« to * roduce a suitable side-arm flechette load for 
testing. 
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5. Doctrine for aimed automatic shoulder fire should be reviewed. 

Since automatic fire from the shoulder scored poorly in the SALVO I 
experiment, the training for such fire should be reviewed (perhaps by HumRRO), 
and modified if necessary. 

6. An investigation of smaller weapons should be initiated to identify ob- 
served .22-cal gains. 

The improved performance of the two smaller caliber weapons may be due 
to weight, recoil, or caliber difference.  An experimental investigation by 
CON ARC or Ordnance Corps is needed to identify the specific cause. 

7. A .22-cal duplex ammunition should be fabricated and tested. 
A .22-cal duplex ammunition appears to afford dual advantages of duplex 

hit increase, and .22-cal, improved operational accuracy.   This might well offer 
the best bet for interim adoption. 

8. The peep-sight requirement should be reconsidered. 

The night differences observed suggest that the present peep sight is too 
restrictive, and that a large peep or an open sight is superior. This could be 
demonstrated by experiment, perhaps by HumRRO. 

Q    A<*ftiai /»«->rr»K<»» tt^/»MT»o^»<y /\# rifl- fir* should i^c determitKM. 

The lack of knowledge of how to extend the results of this study to real 
combat emphaszies the need for data dh combat rifle accuracy.  ORO is attempt- 
ing to extract data from experience; other efforts are needed. 

10.   This experimental context should be considered for training use. 

The learning observed and demonstrated in this experiment suggests the 
utility of the same sort of context for use in training.   HumRRO might examine 
ORO's test system for useful training features. 
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SUMMARY 

Test-subject selection was based on the marksmanship scores found in 
the eight battalions of the 3d Inf Dlv In May 1950.   In accordance with these 
scores ORO requested four "average" 10-man squads, each composed of 1 ex- 
pert, 4 sharpshootei», A marks men, and 1 unqualified firer.   Two additional 
squads were requested—one of 10 experts and one of lOunquallfled firers. The 
3d Dlv furnished 3 expert**, 24 sharpshooters, 13 marksmen, and no unquali- 
fied firers, unevenly distributrd among the four average 10-man squads; 8 
experts and 2 sharpshooters for the expert squad; and 2 experts, 2 sharpshoat- 
ers, 2 marksmen, and 4 unqualified firers for the unqualified squad. 

The test subjects were asked a series of questions after each pair of runs, 
and another after the completion of each week of firing. They reported an over- 
"hclsing prf!*r*!»r*» f«** th» T48 with semiautomatic- and automatic-fire op- 
tion.   The reason most commonly given for this preference was the "added fire- 
power" that the automatic fire provided. The test subjects also expressed a 
dislike !or the carbine, which had the same automatic- and semiautomatic-fire 
option.   The reason here was lack of "killing power."   Answers to other ques- 
tions are presented in the section "Debriefing." 

TE8T SUBJECTS 

The major criterion used in the selection of the test subjects was their 
rifle marksmanship qualifications.   In addition each subject was given a com- 
plete physical examination, and his medical records were checked to ensure 
that he had no record of heart disease or epilepsy.   This precaution was taken 
because of the use of electric shock during the test. 

The results of a survey19 of the rifle marksmanship of eight battalions of 
the 3d Div are shown in Table Al. 

To the nearest 10 percent this distribution may be approximated by 10 
percent experts, 40 percent sharpshooters, 50 percent marksmen, and no un- 
qualified.   It was Judged, however, that at least a few of the minimum-score 
marksmen were "pencil-qualified."   Hence it was decided that the test sub- 
jects should include 10 percent experts, 40 percent sharpshooters, 40 percent 
marksmen, and 10 percent unqualified.   The 40 test subjects requested frees 
the 3d Dlv were to be 10-man groups or squads, each group including 1 expert, 
4 sharpshooters, 4 marksmen, and 1 unqualified rifleman. 

The 2d Bn of the 3d Dlv sent four 10-man lots to the esst site ostensibly 
having the given qualifications. During the conduct of the experiment, particu- 
larly as a result of the debriefing Interviews, suspicion arose concei 
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marksmanship qualifications of the test subjects. Since it was then too late to 
change test subjects the test continued with the troops furnished. A subsequent 
check of the service records'0 of the test subjects indicated deviation from the 
original criterion as shown in Table A2. Imbalance occurred both in totals and 
in each 10-man squad. For example, squads E and F w?re supposed to be com- 
posed exclusively of experts and unqualifieds, respectively.   Although this was 

3D DJV MARKSMANSHIP 'AJALIHCAIIONS 

l.fbo fcxpert Sharpshooter Uarkeeuui I »qualified Total 

lat 15 95 147 0 257 
2d 28 167 150 13 358 
3d 20 99 209 5 333 
4tk 29 n3 94 6 242 
5th 29 123 164 14 330 
6th 46 127 99 4 276 
7th 39 HI 107 0 257 
8th 41 116 100 S MIO 

Total 247 951 1070 50 2318 

Percent 
of total 11 41 46 2 100 

Squad 

TABLE A2 

(,* M incATiOMs FURNISHLD AND KLQULSIXD* 

K xpert Sfiarpahooter MarkaaMin i'nqa* lifted 

i< 1) K  4) 6( 4) 0(  1) 
l( 1) 7(  4) 2( 4) 0(  1) 
0(   1) 6( 4) 4( 4) 0(  1) 
1( 1) 8( 4) K 4) 0( 1) 
8(10) 2( 0) 0( 0) 0( 0) 
2( 0) 2( 0) 2( 0) 4(10) 

Toul        13(14) 28(16) 15(16) 4(14) 

•Pareathetical r a tries are dl« requested oswbera; the itnWn pre- 
cedtss, iadicate the auntber* furnished. 

not the case It can be seen that there was in fact a large difference between 
the qualifications of the two lota, and hence the experimental objective of 
measuring qualification effects on salvo gain was largely fulfilled. 

Table A) shows the results of the postexperiment study of personnel rec- 
ords of personnel tested in the SALVO I experiment. The subject's 
qualification listed in the table is the one that had the latest data on 
ords. Some of the records were not available because of discharges or trans- 
fers . and these instances are noted. 

seventy-five percent of these test subjects were enlistees, and 7S percent 
had over 2 years of service.   They had completed an average of 91/. years of 
schooling, the range being from the third grade to the third year of college. 
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UbLk. 43 

INDIVIDUAL QUALIFICATIONS 

^ualificatioee Qualifications 

froai froai 

paraoaae! 3d D.v per» on»el 3d Uiv 

Squad and teat «abject record» deaigaatioa fuad aad teat »abject record» designation 

Squad A S^iad i) 

Stf lloearge a K Pfc Mall E E 
Sgt Lopes ss SS Sfc «Whoa SS SS 

Pvt Perei ss SS Sp 3 Swafford SS 

Pfc (taagee ss SS Sp 3 Chspmae ss SS 
Pvt I .adson Hi SS Sp 3 Orait »on ss SS 
Sgt Ihm MM MM Sfc Piaa ss MM 

Sgt Oenaett b MM Sp 3 Naffer ss MM 

Sp 3 Chitwood MM MM Pvt Perry ss MM 

Sp 3 Drake MM MM Re Rrown MM MM 

Pvt Whelchei MM UNQ Pvt Boaldia SS UNQ 

Squad H Expert »quad 

Sfc Kankle E E PL Oliver 1 1 
S;* Frawley c SS Sgt ftilaoa SS F 
Sp 3 Harri» c SS Pfc Hugh E 
I'vt  Warna b SS Pvt Holder b E 
Pvt knowlea SS SS Pfc Dial SS E 
%m 1   I  arnnf» <;*; \«t Pfc Y.zzzzi- t* 

• • 

Pvt Maasie SS MM Pvt Fowlar E E 

Sfc Perry MM MM Pvt Baiia E E 

Pvt ROOD MM y\y\ Sp 3 Saacbaz E E 

Pvt /erbe SS UNQ Sfc Paiater 

Squad C 1 nqualified aquad 

Sfc Zdina SS E Sfc !>ahl SS UNQ 

5a | Mork ss SS Pfc Caaper d UNQ 
Sp 3 Frjemaa ss SS Sp 3 Edward» E UNQ 

Sgt O'Reilly ss SS Sp 3 Millar E UNQ 

5j> 3 ChamLliaa ss ss Sp 3 Keaaely SS UNQ 

Pvt Miller MM MM Sp 3 Saaa MM UNQ 

Sp 3 Wright MM MM Pfc McNabb UNQ 
Pvt Roaa MM MM Pfc Little UNO UNQ 

Pfc Orti» MM MM Pvt Coaaw UNQ UNQ 

Pvt Boaaer ss UNQ Pvt Coloa \* »i 

L Discharged. bTrana (erred. cNo qualificatioa record. ^Record miaaiag. 

DEBRIEFING 

After each set of two runs and at the end of each week of firing the test 
subjects were asked two series of questions about the experiment itself and 
about the test and control item.*.   The object of these questions was to obtain 
subjective information concerning the effect of the experiment on the test 
subjects, and also to uncover any factors affecting the experiment that were 
not obvious on the firing line.   These questions were asked in individual inter- 
views.  Some difficulty was experienced In questioning the Puerto Rlcan sol- 
diers owing to their imperfect understanding of English    The questions, a nu- 
merical tabulation of the answers, and in interpretation of these answers follows. 
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Questions Asked after Each Set of Two Runs 
l.'Dtd your weapon malfunction?   Which ru- and how many times?" 
The answers to these questions were so vague and inaccurate that asking them was 

discontinued.   This Information was instead collected on the firing line by the Ordnance 
representatives and is reported in App N. 

2.  "Do you feel that the target«, that is, the way they appeared, the time they 
were up, and the distances at which they appeared, were like what you would expect com- 
bat to b« like?* 

. 

Answer Response, % 

Just like combat ) 8 
Very much like combat 21 
Something like combat 57 
Not much like combat 3 
Not at all like combat 1 

3.   "Did the wires attach 3d to your rifle interfere with your getting hits?" 

Answer Response, % 

Did not interfere 100 

4.   "How mu"h was your firing affected by concern over getting an electric shock 
on your leg?* 

Answer Response,% 

A lot 0 
Some 2 
Very little 5 
Not at all 93 

5.   rH'jw much was firing affected by the wires attached to your leg?" 

Answer Responee,% 

A lot 0 
Some 0 
Very little 2 
Not at all 98 

i.   "OB this run did dust on the target system interfere with your getting hits ? 

Response, % 
Answer of runs 

Dust did not interfere It 
Dust did interfere II* 

Oae or more men reported interference. 
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On the 81 percent of the runa on which there WM *om« report of duet ini*rf?r*5c? 
an average of 58 percent of the flrers reported thin interference.   Thia dust waa from 
low rounds and demolitions in the Urget system. 

7. "What effect did heat have on your getting hits?" 
Heat waa not reported as affecting hits. 

8. "Waa there anything elae that affected your getting hits?   If so, what?" 
This was a catch-ail question, vfcloa sometimes turned up »meresting results. One 

man reported that he had received five inoculations In the upper part of hia right arm be- 
fore coming to the field for the day's firing.   By the end of the day the man reported a 
very painful shoulder. ORO requested that the teat subjects be given no more inocula- 
tiona during the balance of the teat. 

During one run five men reported receiving light shocks from the trigger housings 
of their rifles.   This situation waa investigated and corrected 

9. "Were you able to get a eight picture?"   (Thia question waa asked after the 
night runs.) 

Weapon used Yes. % No, % 

Ml 
T48 
Carbine 

0 
82 

0 

100 
38 

100 

10.   'Have you fired the regular carbine in automatic fire?   If so, do you think tb it 
the recoil compensator on the carbine cauaed it to jump leas than an ordinary carbine 7 " 

Answer Yea, % No, % 

Have fired carbine in automatic fire 36 85 

Of those who had fired the carbine in automatic fire, all thought the modified car- 
bine used in the test jumped less. 

Questions Asked at the End of Each Week of Firing 

i.   "If you had your choice, which of the weapon-ammunition combinations you 
have fired in the teat would you prefer to have In combat?" 

Answer Response, % 

T48 automatic and semiautomatic 
Ml with duplex ammunition 
No opinion 
T48 semiautomatic 
T48 automatic 

72 
12 
8 
5 
3 

More than 90 percent of thoae who preferred the T48 with automatic and semi- 
automatic option gave aa the moat Important reason the automatic-fire capability. Eva« 
though the teat subject* knew that Ike 10-ntao group* aa a whole were ffettlnf fewer hat* 
with automatic fire the belief peraleted la maay ladlvldeeJa that they personally 
ajattla« atere hite.  Other faotora that uüJtrfcs— ad to UM paealartt) of taw T48 
larger aperture poepalght and the belief that the T48 waa ligtu 
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2.   "Wüich weapon and ammunition would you loaat like tu have in combat?1 

Answer Response, % 

Carbine 62 
No opinion 27 
Ml with AP 5 
Ml with duplex or triplex 3 
T48 automatic and semiautomatic 3 

In listing their reason«* for their dislike of tha carbine, 90 percent mentioned a 
lack of 'killing power.*  The second mottt common complaint was its high rate of mal 
function.   Those who disliked the Ml complainec about its weight. 

3.   "How much experience have you had in firing the BAR?" 

Answer Response, % 

None 23 
Some (s few rounds in baaic training) 32 
A lot (qualified) 45 

4.   "How much experience have you had in automatic carbine firing? 

Answer Response, % 

Never fired 35 
Some (a few rounds in basic training) 18 
A lot (qualified) 47 

5.   "Do you feel that your concern over getting shocked would be like your con- 
cern over getting wounded in combat?" 

Answer Response, % 

Very much the same 19 
Somewhat the same 43 
Not at all the same 47 

6.   "Have you fired on a range similar to this one before?* 

Answer Response, % 

Yes 48 
No 52 

Of those who said they had fired on a rang» similar to the teat range before, all 
but two said that they were referring to tha Armv transition range.   Two of tha teat 
subjects had flrad the HumKRO TRAIN FIRE I range11 and thought this and the >at raaga 
quite aimilar. 
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SUMMARY 

The weapons used in the SALVO I test were four kinds of rifles and one 
shotgun.  The rifles were (a) the standard Army .30-cal Ml rifle, (b) a modi- 
fied .30-cal Ml rifle with a reamed chamber to accept long-necked duplex and 
triplex cartridges, (c) a .22-cai (Gustafson) carbine developed at Aberdeen 
Proving Ground from the standard Army .30-cal M2 carbine, and (d) a .22-cal 
T48 rifle modified at Springfield Armory from a .30-cal T48 (Fabrique Nationale 
d'Armes de Guerre).   The shotgun was a Remington model 11-48A 12-gage auto- 
loading shotgun with four stiffening ribs welded on the barrel. 

TABUE Q] 
REST 1*1AI'OVAMMUNITION COMBINATIONS 

Weapon \  i Munition '«uns 

10-cnl Ml« .  Nl» 1 
•WaJ HI ,1   1>  IP to 

JS-MJ Ml« il iluplr« 11 

•»-c«l Ml" .'W-c*l  triple« 

..! rm d Sierr« 16 

• 1   t?c«rbi»*" '-»•*l (afhiM I'. 

12-cage «hotrun'1 V2-flr( Krttr load • 

Total 

•Modified. 

Special ammunitions were developed for this test and compared with stand- 
ard Army-issue .30-cal M2 single-bullet ammunition.  The experimental rifle 
ammunitions were (a) .30-cal duplex ycontrolled-dispersion type), (b) .30-cal 
triplex (random-dispersion type), (c) .22-cal Sierra ammunition, all produced 
by Olin Mathieson Chemical Corp., and (d) .22-calcarbine ammunition developed 
at Aberdeen Proving Ground. The 12-gage shotgun shell contained 32 flerhettes 
that were 1 25 in. long, developed and produced by Aircraft Armaments Corp 

The experimental single-bullet rifles and ammunition were checked for 
dispersion  and all proved fenerally comparable to the standard Ml rifle with 
•ingle-bullet ammunition.   Velocity and lethality were also compa« • d. Bad 
•Bowed that the experimental rifle loads were as effective as tue standard 
immualtu« against personnel tarfets out to 350 yd.   The weapon-amaaaUtfton 
coihtaatioae used la the test are listed in Table Bl. 
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WfcAPONS 

Figure Bl shows the test weapons, and Table B2 compares the rifles and 
shotgun with respect to some of their differences in specifications. A comparison 
of the accuracy of these weapons using the test ammunition is given in the next 
section in Table B4. 

>/-*••• °l««i)»w I 1  «M •»(•loaom« tr.otf«R (*mAl*t*i) 

Court««? mi Fronkfmrd Aramnml 

Fig.   tt'l—Iitst Weapons 

•30-Cal Ml Rifle 

The original plan of the experiment was to use modified Ml rifles to fire 
not only the duplex and triplex rounds but also the single-bullet rounds.   The 
suggestion was made during the experiment that single-bullet performance 
might be thought to be degraded with the modified Ml     \_.   Acto.-dingiy 
Board 3 of The Infantry Center supplied 12 unmodified Ml rifles for naif the 
single-bullet runs.   These rifles proved no more accurate or iimsusjs from 
malfunctions than the modified Mi's they supplanted.   Ten-shot groups were 
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taken alter the experiment, using an expert iirer from a bench rest.23  Ten of 
these unmodified Mi's had a linear standard deviation of less than 0.4 mil, but 
two were quite inaccurate:   1.1 and 1.7 mils.   However, even these large errors 
are generally smaller than the experimental aiming errors and do not there- 
fore notably affect the experimental results. 

TABU. 

CHARACTERISTICS OF TEST WEAI 

• 22-cal 12-gaicr 
Characteristic JO-MJ Mi .22-1 al T48 carbine sh'ilauii 

Weight 'empty magazine, DO sliag). lb 9.5 9.7 5.2 8 
Weight (fail magaziee, with «lug), lb 10.0 10.7 6.3 8.5 
Rifle leagth, in. 43.6 43.0 35.6 *.S 
Barrel length, in. 24 21 18 M 
Barrel rifling (right-hand twist), in. 10 9.7 16 None 
Number of groovea 2 or 4 6 6 
Sight radian, in. 28 22 22 -— 
Sight-aperture diameter, in. 0.069 0.099 0.079 — 
Avers g« eye-to-epertare distance, in. 5 2.5 4.5 — 
Trigger pall, ib 6-7 6-7 >-« — 
Capacity, roande 8 20« 15 5b 

Rate of fire, automatic, rounds min Noae 700 750 None 

"In practice the 20th round ia the T4B magaiiae (designed for .30 cat) caused the 
weapon to jam.   Heaca only 19 rounda were loaded in the  F48 magazine. 

bf'our in magazine plea one ia chamber. 

.30-Cal Ml Rifle (Modified) 

The standard Army rifle was modified by Springfield Armory by elongating 
the chamber to accept th~ long-necked experimental rounds.  The chamber was 
lengthened 0.46 in., using reamers supplied by Olin M?thieson Chemical Corp." 
These reamers are easy to use, even by relatively inexpert technicians.  An 
illustration of this operation is given in Fig. B2. 

The rifles were fired from a cradle to check their accuracy before and 
after chamber elongation.   The linear standard deviation (using M2 ball ammu- 
nition) before rechambering was 0.31  mil, and after rechambering 0.38 mil.*4 

After the test 11 modified rifles were sent to Development and Proof Services, 
Aberdeen Proving Ground, where their ballistic dispersion was again measured 
in bench-rest firings at 0.33 to 0.44 mil."  This accuracy is just about the same 
as the 0.38 mil established mean accuracy of standard Ml rifles tested with the 
same lot of ammunition.   The ammunition used was   30-cal M2 single-bullet 
the range was 100 yd, and the firings were bench rest by two outstanding experts. 

.32-Cal T48 Rifle 

Twelve .30-cal T48 rifles were modified by Springfield Armory*4 to firs 
the .22-cal Sierra cartridge    These rifles were first manufactured by Fsbrtque 
National» d'Armes de Guerre, Liefet, Belgium.   General characteristics are 
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given in Table B2.   The T48 Is a light-weight, air-cooled, gas-operated, 
magazine-fed shoulder weapon designed to deliver selectively either semi- 
automatic or automatic fire. 

The 12 rules were tested at Springfield Armory before the experiment 
for function and accuracy.   The average linear standard deviation when fired 
from a bench rest was U.35 mil.*4 

Fiq.   B2—Ml Chamber Rtarring 

• 22-Cal Carbine (Modified ,30-Cal M2 Carbine) 

The standard Army  3ü-cal M2 carbine was modified at Aberdeen Proving 
Ground.*9  A commercial  22-cai barrel blank was machined so that its outside 
contour was the same as that of a standard  30-cal carbine barrel.   Internal 
modifications were required to accommodate the different cartridge.  The 
muzzle was threaded to accept a compensator designed to minimise vertical 
and horizontal muzzle movement, and to function as a "muzzle brake." reducing 
recoil by changing the direction of the expanding powder gases.   The average 
linear standard deviation was about 0.13 mil. 

12-Gage Autoloading Shotgun 

The shotgun used in SALVO I was a modified version of the Remington 
model 11-48A sporting arm.utilizing the recoillng-barrel principle to achieve 
its autoloading action.   The tapered shoulder at the forward edge of the chamber 
was reamed square to accommodate the special flechette ••aw It km.   Four 

..ttudmal ribs were welded to the barrel to minimise whip.  Thee* added 
approximately 1 lb to the weight of the weapon sad shifted the balance point 
1.75 in  to warn UM muaale    The barrel bore is a simple ua sweated cylinder 
The aim is accomplished with a bead from sight aad aa opes rear sight. 
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AMMUNITION 

Five different kinds of rifle ammunition were fired: three were .30 cal 
and two were .22 cal.  One type of shotgun load was also fired.  The ammuni- 
tions are compared for selected characteristics in Table B3 and pictured In 
Fig. B3.  Comparisons of the rifle ammunitions with respect to precision are 
given in Table B4.  These dispersion values were obtained from several sources. 
The ranges indicate variations in these reported values.  Some of the larger de- 
viations arise from differences in measurement technique. 

TAIILE H3 

CHARACTLKISTICS OF TEST AMMUNITIONS 

32-f!-rhette 
.30-cal .30-cal .30-cal .22-cal .2?-cal 12-gnge 

Characteristic M2 AP dap lex triplex Sierra carbine •Hotgnn 

Total roand weight, graina 414 445 434 287 132 717 
Cane length, in. 2.49 2.94 2.94 2.04 1.10 — 
Projectile weight, grain» 163 96 * 2 60x3 68 41 12x32 
Prof 'U     weight, grain» 

Main k     rge 53 49 50 44 16 30 
Between bnllete — 2 1 — — — 

Cane volume, ca in. 0.23 0.23 0.24 0.19 0.04 — 
Charge-co-niaea ratio 0.33 0.27 0.28 0.65 0.40 — 
Total length, in. 3.34 3.34 3.34 2.62 1.68 2.66 
Chamber prenonr«, pet 50,000 52,000 55,000 54,000 37,000 — 
Velocity, ft nee* 2760 2510, 

2350 
2680, 

2560, 
2500 

3300 2980 1260 

a0«plei and triplex valnen (or firat, eecoad, a ad third bullet«, reopect'vely. 

rABLK 1*4 

F80WT-' ^ION 

l.iaear atandard 
Cartridge deviation, mile 

.30*al M2 \P 0.33-0.44 

.30-cal air-let O.i 9-0.42 
• 30-cal triplex 0.37-3.6O 
.22-cal carbine 0.12-0.14 
• 22-cnl Sierra 0.16-0.44 

Most of the precision data on SALVO ammunitions was supplied as mean 
radius and extreme radius.  It is assumed that the patterns art Gaussian and 
radially symmetrical, permitting computaik*» of the corresponding linear 

folio«« from tne definition of tat distribute 
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where dP is the probability of a hit at distance r from the center of the pattern. 
The mean radius r is defined as: 

r -  f   t dV 
0 

With appropriate substitution this yields the useful conversion factor 

a - v"27» 7 •  0.80 7 

(B2) 

(B3) 

Fig.  B3—Test Ammunitions 

•30-Cal M2 Single-Bullet Cartridge 

The experimental control ammunition used in the Ism *AJ  30-cal single 
bullet.   This was selected in preference to ball ammunition because the elonga- 
tion of the Ml rifle chamber was expected to produce a slight decrease in bal- 
listic accuracy of ball ammunition, which it did, from 0 31 mil before reaming 
to 0.38 mil after.   Not so great an effect was expected on the accuracy of single 
bullet ammunition.  As it turned out the modified Ml rifles were used after the 
first week of the test only for long-necked duplex and triplex cartridges.   Ball 
ammunition is usually slightly more precise than single-bullet, but proved to 
be the same in the modified Ml; the average linear standard deviation of both 
was 0.38 mil n 

30-Cal Duplex Cartrlds» 

The duplex round was developed and produced by Oltn Mat hi* eon Chemical 
Corp. and was of the "controlled-dispersion" type."  This nomenclature is con- 
trasted with "random dispersion."   The second or rear bullet of the controlled 
dispersion deviates from the path of the first bullet by approxJmaUlv a 2 4-mil 
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12 
SCALE, IN. 

18 
1 

24 

Cm*fMy at Oil* Mefhwso/i Chmmieml Cmrp. 

Fig.  B4—Pottern of  30-Col Duplex Controlled Dispersion 
F, front bullot, R, roor bullet, rang«, 100 yd, position, mocnin« r««t. 

IT average."  Tilting the heel of the rear bullet causes that bullet to deviate from 
the aiming point.   The direction of the deviation depends on the original orienta- 
tion of the bullet »n the chamber and, since this orientation was random, the 
points of Impact of the second bullets were randomly oriented around the aim- 
ing point.   The pattern is described further in App M, indicating an optimum 
bullet separation (for 70 percent lethality) of 2.8 mils.   For practical purposes, 
Fig. M8 P'KJWS that the achieved separation of 2.4 mils is adequate. 

The description of the behavior of the duplex ammunition just given is 
somewhat idealized.   An example of this pattern resulting from the duplex 
ammunition used on the SALVO I test is given in Fig. B4.   There U a central 
group of holes made by the front bullet, and dispersed around this group are 
the second or rear bullet holes. 
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For PH  » 0.67 and R * 11.3/3.6 mils, a * 2.14 mils.   Thus the standard devia- 
tion o of the experimental triplex ammunition is 2.1 mils.   Figure M16 in App 
M shows an optimum triplex o of 1.7 mils.   From that figure the achieved o 
of 2.1 mils is quite adequate. 

,22-Cal Carbine Cartridge 

The carbine ammunition was developed and produced at Aberdeen Proving 
Ground.**  The cartridge case is a rimless bottle-necked type with the same 
head dimensions as the commercial  222-cal Remington.   The bullet is a new 
design not previously tested, a full-jacketed lead-core ball approximately 0.57 
in. long.  This ammunition showed the least dispersion of all the types tested."'*" 

,22-Cal Sierra Cartridge 

The  22-cal Sierra round was produced as a high-velocity round by the 
Western Division of Olin Mathleson Chemical Corp.     It was made from stand- 
ard components to fit the modified T48 rifle.   Its performance was examined 
with the other ammunitions."*** 

12-Gag 32-FlechetU Shell 

This round was developed iy Aircraft Armaments, Inc., Cockeysviile, lid.** 
At the time of Its use tn th« SAl.vo I experiment it was in early prototype form. 
and limited data on its performance art available. 

The standard high-velocity paper sho'gun shell manufactured by Reming- 
ton Arms Co  was used    rhirty-two fin-stabilised l'«-in   steel darts replaced 
the usual shot load   These were seated on « 40-grain aluminum-base plug 
0.156 in. thick to develop deaired pressure and to prevent tumbling of the flec- 

Since duplex ammunition is being considered as a substitute for the single 
bullet a comparison of the relative precision of the two ammunitions becomes 
of interest.  Table B4 gives the front-KUet dispersions for standard and ex- 
perimental ammunitions.  These linear standard deviations were obtained from 
both bench-rest and Mann barrel machine-rest firings at 100 yd.   It is clear 
from these firings that duplex front-bullet and single-bullet precisions are 
essentially the same.*7'2*  Henco the duplex rear bullet may be regarded as a 
bonus or gratuitous increase in hit probability. 

•30-Cal Triplex Cartridge 

The triplex ammunition was manufactured by Olin Mathieson Chemical 
Corp. using the same long-necked case as the duplex ammunition.** 

The markedly high error for triplex ammunition in Table B4 is not sur- 
prising."'**  The higher value comes from bench-rest rather than machine- 
rest firings.**  The pattern from the test ammunition is of the so-called "random" 
type; i.e., all three bullets fit roughly a symmetrical Gaussian pattern about the 
center, and the front bullet is not notably more accurate than the trailing bullets. 
Unlike the * controlled" duplex pattern all three bullets had the possibility of 
central hits.  Test firings*7 report that two- alrds of all bullets fired fall within 
a circle of 11.3-in. average radius at 100 yd.   From the Gaussian distribution 
the hit probability is given by 

PH  - 1 _,-AJ/2o* (B4) 

UltU-1 -J7S 

t 
» 

' 

CONFIDENTIAL 



C0NHBEK7SAL 

hettes from the passage of propellant powder gases between them.   Two paper- 
base wads separated the flechettes and base plug from the propellant charge of 
smokeless shotgun powder.   The flechettes were nested in a cruciform pattern 
within four fiber sabots of about 14 grains each.   Limited dispersion tests in- 
dicated that 52 percent of the projectiles hit within a 30-in. circle at 40 yd. An 
average linear standard deviation has been given as 9.4 mils** 

BULLET LETHALITY 

Analysis of SALVO I test ammunitions at Edge wood Arsenal91 gives the 
probabilities of incapacitation shown in Table B5. 

TABLE B5 

HTLLETLETHALITY PROBABILITIES 

Ballet Aaaault, % Defenae, % Average, % 

.30-cal »in*!« 44 43 44 

.30-cal duplex 44 43 44 

.30-cal triplex 44 43 44 

.22-cal Sierra 45 41 41 

.Tl-cml carbine 42 41 42 

.087-cal flechette 17 18 18 

All data in this table are expressed in percentages of incapacitations for 
hits at 140-yd real range.   The average range of hitting for the SALVO I target 
system is shown in App P to be 133 yd for day fire and 85 yd for night fire. 
Data for 500-yd range show a lethality drop of less than 7 percent average. 
These lethality figures are based on hits on the so-called "100 percent vulner- 
able body area" (vital organs) and neglect hits on nonvital areas, which have 
vulnerability of less than 100 percent.  It seems reasonable to require that 
small-arms hits incapacitate attacking troops in % min and defending troops 
in 10 or 15 min.   Hence the figures in the "Assault" column are the percentages 
of incapacitations within % nun.   The "Defense" column is composed of simple 
means between the computed values for 5- and 30-min incapacitation proba- 
bilities.11  The figures of Table B5 reflect the fact that the assaulting man can 
sustain less damage than the defending man before becoming ineffective in his 
mission.  The .30-cal single-bullet data were actually obtained with the NATO 
round but are assumed to be applicable for the .30-cal ball or single-bullet 
round without change.   It is quite clear from Table B5 that one may use an 
average incapacitation figure of 43 percent for all conventional bullets and 
18 percent for the individual flechettes.   Further, the difference between the 
assault and defense figures is so trivial that a simple average is easily justi- 
fiable for general use.   It can also be concluded that the trivial differences 
among the conventional ammunitions may be neglected. 

A refinement of the use of these total incapacitation figures is the extra- 
polation to over-all operational Incapacitation.   This is best explained as follows 
The total figures of Table B5 for 43 percent probability of total incapacitation 
represent the actual physical incapacitation or physical impossibility for the 
victim to perform in combat.  Actually it is expected that most victims under 
typical combat circumstances would fail to function with a level of wounding 
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Cartridg«1 Hange, yd Penetration 

.30-cai M2 AP 500 Yea 

.30-Cal du 400. Some 
300 Some 

30-cal triplex 200. No 
100 Yes 

.22-cal carbine •00, No 
300 Yea 

.22-cal Sierra ",00 Yea 

.067-cai Heche"» 500 Some (at low 
obliquity oalv) 

Use of this same 1.65 ratio for the flechettes results in an extrapolated 
estimate of 30 percent operational incapacitation for that projectile.   Examina- 
tion of the effects of the flechettes, however, reveals that a larger proportion 
of their total effect accrues in the non-total vulnerable area.   This means that 
the proper correction from absolute to operational incapacitation for the flec- 
hettes is somewhat larger than the bullet factor oi 1.85.  It is difficult with 
presently available lethality data to deduce an accurate operational lethality 
figure for the flechette.   A reasonable estimate is a ratio of 1.95, or a flechette 
operational lethality of 35 percent.   Hence it is concluded for purposes of cal- 
culation in the other sections of thin memorandum that all the conventional 
bullets have an operational lethality of 70 percent, and the individual flechettes 
an operational lethality of 35 percent.   For special use in an extremely desperate 
and brief combat situation it may be desirable to use corresponding absolute- 
in capacitation figures of 43 and 18 percent. 

HELMET  PENETRATION 

Helmet penetration tests of SALVO I ammunitions have also been reported.1 

The results are summarized in Table B6.   From these results it is concluded 
that the helmet protects the head (effectively 18 percent of operationally vulner- 
able target area") for triplex, duplex, and the carbine beyond ranges of 150, 
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short of total physical incapacitation.   Even allowing for high motivation and 
lack of secondary or psychological effect it is clear that the combat function of 
most victims would be at least reduced in effectiveness.   In other words it seems 
reasonable to assume that the values of Table B5 represent minimum operational 
lethality, which is sure to be grossly exceeded in practice.   For example, 
the Edgewood figures (43 percent) completely ignore a wound such SEI one caus- 
ing loss of fine muscular coordination in the leg.   Such a would obviously affects 
a soldier's performance and might reduce his effectiveness in assault by 50 per- 
cent or so.   BRL personnel have included such "partial" incapacitations to esti- 
mate the operational incapacitation expected from a .30-cal single bullet. They 
deduce 71 percent or 1.65 times the 43 percent for the absolute incapacitation. 

TABLE R6 

Hn.MFT'Y.NFTRATrON RESULTS 
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3ööf and 35ö yu, i-eopectively.   Rccäusc of its ease of deflection and con»eouent 
failure to penetrate at high obliquity the flechettes are somewhat degraded by 
helmets at all ranges.   Roughly some two-thirds of the flechettes can be ex- 
pected to penetrate at 100 yd, reducing to one-third at 400 yd. 

Edgewood Arsenal personnel have reported that all the SALVO ! test 
ammunitions penetrate the standard US body armor beyond the maximum ex- 
perimental range (350 yd).   Although there is some evidence of reduced lethality 
for rounds that have penetrated helmets, this lethality loss is ignored.   Certainly 
no gross differences exist in lethality losses by the test ammunitions.   Further 
reduced by the 18 percent effectively vulnerable area such differences must 
indeed be negligible.   This 18 percent figure is deduced from the product of 
two reported data:"  29 percent of wounds received are head wounds, 62 per- 
cent of the head is covered by the US helmet. 
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SUMMARY 

The target characteristics that critically affect the aiming error are size, 
range, exposure time, visibility, movement, disclosing activity, and confusing 
context.   To determine the values of these factors in a model target system, a 
questionnaire'interview was conducted with 26 company-grade officer recipients 
of the Combat Infantryman Badge. 

On the basis of responses, two target systems were developed, one for day 
firing and on«» for night firing.   These simulated, as closely as feasible, ele- 
ments of both offensive and defensive combat situations.  The questionnaire 
revealed that under conditions of good visibility 96 percent of the aimed fire 
was delivered at less than 400 yd.   Under bad visibility all aimed fire was in- 
cluded in this range.   It also indicated that aimed fire accounts for about one- 
third of all combat rifle fire. 

Battlefield formations of enemy assaulting and defending forces were de- 
veloped from sketches prepared by the questionnaire subjects.   The centers 
of the formations were located, and the depths and widths calculated from data 
on the sketches.  Durations of target exposure anddirections of movement were 
likewise developed from questionnaire responses and were computed separately 
for all targets in each formation. 

Thirty-four positions, some partly concealed, were prepared for the 31 
stationary Cocky Ken targets and 3 moving targets.  Seven stationary and the 
three moving targets were common to both day and night systems (i.e., 22 tar- 
gets in each system).   Twelve programs were devised, which incorporated ran- 
dom order of appearance for the target groups and for individual targets within 
each group.  The programs allowed target appearances from 3 to 34Vi sec. 
There were no simultaneous exposures, and each appearance was preceded by 
an interval ranging from 6 to 13% sec. 

All events in these programs-target appearances, simulated artillery, 
disclosing fire, and "wounding" by electric shock—were programed through 
the electronic control system described in App D. 

RATIONALE 

It is apparent that the test depends critically on the model of target system 
that is selected.  Thf «even primary target characteristics thai critically affect 
the aiming errors are site, range, exposure time, visibility, movement, dis- 
closing activity, and confusing context 

A good model should include a number of targets that art characteriaed 
by appropriate distributions in each of these seven characteristics. 

T*#1V 
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mtetüepenaenciets exist among these characteristics should also be reproduced 
in the targets of the model. 

In order to describe the anticipated target systems in terms of the given 
characteristics a questionnaire-interview was used.   The assumption was made 
that the anticipated target system would not differ significantly from the target 
systems experienced by US riflemen in Korea and WWII.   The questionnaire - 
interview was an effort then to describe the targets at which riflemen had actu- 
ally aimed and fired. 

Twenty-six officers provided by The Infantry School filled out the ques- 
tionnaire at Fort Benning, Ga., on 5 April 1U56.   All these officers were quali- 
fied to wear the Combat Infantryman Badge and had served in combat with an 
infantry battalion OF lower-echelon rifle unit in Europe (5), the Pacific (3), 
Korea (11), Korea and Europe (5), and Korea and the Pacific (2).  Their corn- 
but experience ranged from 3 to 32 months with a median of 8 months and a 
mean of It months.   Prior to these interviews a preliminary questioning of 
several dozen experienced officers was conducted at Fort McNair and Fort 
Myer.   From this questioning it was determined that best results could be ob« 
tained f"om intensive interviews with a small number of carefully selected 
subjects. 

The questionnaire was designed to provide the frc^ufcüc) distributions 
necessary to guide the establishment of a target complex with consideration 
of the following factors and their interrelations: 

(a) Visibility (good or bad) 
(b) Enemy attitude (offense or defense) 
(c) Mean distance of formation from friendly forces (nearest 100 yd) 
(d) Side-to-side intervals between positions within a formation (nearest 

yard) 
(e) Front-to-rear intervals between positions within a formation (near- 

est yard) 
(f) Number of targets in a position 
(g) Side-to-side intervals between targets in a position (nearest yard) 
(h)   Front-to-rear intervals between targets in a position (nearest yard) 
(i)   Exposure out of cover (none, head only, head and shoulders, fun uudy. 

full body kneeling, or full body upright) 
(j)   Movement (still or running) 
(k)  Direction of movement (eight directions) 
(1)   Concealment (none, half-hidden, or entirely hidden) 

(m)   Firing (not firing or firing hand or shoulder weapon) 
(n)   Duration in this particular attitude (seconds) 
Many of these factors were subdivided to account for the effects of other 

factors in the list.   For example, duration was handled separately for offensive 
and defensive targets.   The responses were reduced to yield distributions of 
each of the seven target characteristics, including relations among dependent 
characteristics.   The distributions were then used to define the characteristics 
of an integral number of targets for the experiment. 

Two target systems were required for the experiment-one for day firing 
and one for night firing.   Each of the two systems was to represent as closely 
as possible the more common combat rifle targets.  In short the problem was 
to construct target systems to give the closest approximation to those found 
typically in combat in both defensive and offensive situations. 
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QUESTIONNAIRE 

Following is a copy of the questionnaire   The percentages given illustrate 
answers for which there was maximum agreement among the respondent*. The 

* numbers in parentheses are approximate ranges indicating accuracy of estimate 
(see Part I of the questionnaire, "Percentage Estimates").   The sketches of the 
defensive and offensive formations are actual examples received. 

AIMED RIFLE  FIRE QUESTIONNAIRE 

Part I—Percentage Estimates 

Make *he be*t estimate you can of the percentages requested in the following 
i questions.   Be guided by your knowledge and combat experience; but estimate for the 

over-all conditions of modern warfare, not for any particular type of terrain or situation. 
Do not record your name, but do put in the upper right corner of this sheet the 

number of months of combat experience you have had with rifle units of battalion size 
or smaller. 

For each percentage that you estimate, put beside it in parentheses the lowest and 
highest percentage that would be just as acceptable to you.   This gives an indication of 
how approximate you believe your actual estimate to be.   For example, U you estimate 
20 percent, write 20 (5-35) or 20 (15-40).  Vour estimate may or may not be halfway 
between the ends of the range in the parentheses.   The parenthetical numbers do not 
have to add up to 100 percent but your basic estimates do. 

Questions 2-4 all refer only to the aimed fire mentioned in question la.   This in- 
i    * eludes not only fire at visible targets but fire aimed at a particular point of a hidden 

area because it is thought more likely to conceal an enemy than other nearby points. 
Visibility is good if there is either daylight or very bright flares.   Visibility is 

4 bad if there is darkness, moonlight, or dim flares. 
1.   For rifle fire in combat, what percentage of all ammunition la expended in 

I    • each of th-^se three categories: 

Ammunition 
C atego r y expended, % 

a.  Aimed tire at visible or suspected targets 31 (15-40) 
b. Neutralizing and harassing area lire 53 (40-60) 
c. Panic fire 16 (5-30) 

Total 100 

2.  Substantially all combat actions involving aimed rifle fire at visible or sus- 
pected targets (la above) are fought under conditions of good or bad visibility with 
forces on the offensive or defensive.   Estimate the percentage of all friendly aimed 
combat rifle fire (other than neutralizing, harassing, and panic fire) in each of the 

* categories below.   For example, if 100 million rounds of rifle em muni, ssj represented 
total ammunition expenditure in aimed fire for a war, what percentage is expended in 
each ot the four categories below.  Total of the four percentages should equal 100 percent. 

Enemy attitude a.   Good visibility, % b.   Bad visibility. % 

| (1)   Defensive 22  (15-30) 11   (5-25) 
(2)   Offensive 45   (35-50) 22   (10-35) 

 Total 67 33  
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3.   Averaging all situations when the enemy la on the defensive [your answers to 
2(2) above], what percentage of rifie ammunition (for aimed fire at visible or suspected 
targets) Is directed at targets whose distance from friendly troops la: 

Distance, yd a.  Good visibility, % b.   Bad visibility, % 

(1) 0-60 
(2) 50-100 
(3) 100-200 
(4) 200-300 
(5) 300-400 
(8) 400-500 
(7) 500+ 

Total 

i2 (5-25) 
17 (10-35) 
35 (10-50) 
17 (5-30) 
12 (3-20) 

6 (0-15) 
1 (0-5) 

100 

35 (10-70) 
24 (10-55) 
29 (20-40) 
12 (5-20) 

0 (0-10) 
0 (0-5) 
0 (0-1) 

100 

4.   Averaging all situations when the enemy force is on the offensive (your answers 
2(2) above], what percentage of rifle ammunition (for aimed fire at visible or suspected 
targets) is directed st targets whose distance from friendly troops is: 

Distance, yd a.  Good visibility, % b.   Bad visibility, % 

(1) 0-50 
(2) 50-100 
(3) 100-200 
(4) 200-300 
(5) 300-400 
(6) 400-500 
(7) 500* 

Total 

6 (5-15) 
13 (5-25) 
37 (20-50) 
25 (20-30) 
13 (5-20) 
6 (0-15) 
0 (0-5) 

100 

30   (15-40) 
25   (15-30) 
30   (20-50) 
10   (5-20) 
5   (0-10) 
0   (0-5) 
0   (0-2) 

100 

Part II-Battlefield Formations 

Draw two sketches, one on each of the two graph sheets attached.  One will be 
"Enemy Defending" and the other "Enemy Assaulting." 

Each sketch Is to be an abstract representation of 10 enemy infantry troops (s 
"squad*) engaged In a fire fight with friendly forcea at some distance between 100 and 
300 yd.   Each picture is to represent a typical moment in a typical engagement with 
average terrain and visibility.   Friendly troops are in the direction of the bottom of 
the sheet. 

The small squarea on the graph sheets are 5 by 5 yd.   The 10 enemy troopa are to 
be drawn la probable locations with the symbols shown on the accompanying key.   The 
different symbols on thie sheet are grouped Into five sets.   Do oee set st a time in order. 
(1) First loeets the 10 men by drawing the symbol for how each man ia out of cover 
(merely put a dot if no part of him is out of cover).  (2) Beside any man who la running 
(not walking, crawling, or still) put an arrow showing his direction of movement.   (3) In- 
dicate how much ooaosahsiset (If any) is la front of each mam.  (4) Put an F beside those 
likely to be firing their weapons at this typical moment.  (S) Beside each man put the 
•umber of seconds he la ltkelv to remain In the position in which you hsve drawn I 
Par aaaasjais, for a running man tills would he the number of seconds he will run before 
stopplag to take cover or fire his weapon; for s man whose head ia out of cover. It would 
be the number of seconds that be exposes hurt this much of himself.  Da not omit any of 
the key syaahole If they are 
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In drawing these two pictures consider youruelf to be an enemy commander and 
place your 10 men as you think tr *jy would probably be located.   Then oonaider yourself 
to be a friendly rifleman looking out across the battlefield and modify your picture If 
necessary to achieve maximum realism with regard to concealment, proportion of the 
10 enemy troops visible, etc. 

Erase And redraw each picture until you are satisfied that it is your best estimate 
of the typical situation [Figs. Cl and C2J. 
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CHARACTERISTICS OF COMBAT TARGETS 
FROM QUESTIONNAIRE 

This section utilizes the data from the questionnaire to provide a method 
for establishing a target complex.  The data refer only to aimed rifle fire at 
visible or suspected targets, which, according to the respondents, accounts 
for about a third of all combat rifle fire. 

Except for Tables Cl and C2, which are based on Part I of the question- 
naire, the data were all taken from the sketches and reduced in the following 
manner: A smooth curve was hand drawn through a plot of the raw data.  This 
curve was then normalized by multiplying its plotted values by an appropriate 
factor so that ths sum of the ordinates would be unity. 

The curves shown in Figs. Cl to C14 are these smoothed and normalized 
plots, with the original data points superimposed after having been multiplied 
by the same factor used to normalize the smoothed curves. 

Location of Formations 

Table Cl shows the percentages of ammunition expended in categories 
representing combinations of visibility, enemy attitude, and distance.   The 
breakdown of the first 100-yd interval was obtained on the questionnaire be- 
cause safety factors prevented use of targets closer than 50 yd in the SALVO I 
experiment. 

The percentages shown are based on the estimates showing greatest agree- 
ment on the questionnaire after multiplying by appropriate lactors to correct 
for rounding errors and to bring the sums back to 100 percent.  This estimate 
is somewhat like the mode in that it was agreed to by more respondents than 
was any other estimate; i.e., it fell within more of the parenthetical ranges 
indicated on the questionnaires.  Each percentage shown was agreed to by about 
three-quarters of the respondents. 

Table C2 contains the same information as Table Cl, rearranged under 
major categories of visibility rather than enemy attitude for later use to form 
separate target complexes for good and bad visibility.  It is assumed that the 
percentage of targets taken under fire is proportional to the amount of ammu- 
nition expended at various ranges. The data for each visibility condition are 
brought up to 100 percent.  Note that the range interval of 0-50 yd is omitted 
in Table C2 since it could not be used in the experiment for safety reasons. 
Table C2 is thus computed directly from the dita listed in Taole Cl. 

Figures C3 and C4 present graphically the information in Tables Cl and 
C2 except that the percentages for enemy defending and enemy assaulting are 
each adjusted to total 100 percent. 

The number of targets in each visibility complex at each range interval 
is selected to be proportional to the percentages in Table C2. An arbitrary 
total of 22 targets was used for each complex.   This small number of targets 
permitted so few to appear for any range category of Table C2 that each cate- 
gory comprised a single formation.   For a large number of targets it might be 
desirable to have several formations for some categories, but present data 
provide no guide to the appropriate size for formations.  The center of each 
formation is located at random la the proper range interval, which is consid- 
ered to be 200 yd wide. 
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A 'previous «tudy49 also supports the conclusion that by far the greater 
part of all semiautomatic rifle fire in combat occurs in firing on targets at 
ranges of 300 yd or less.  Of 600 men questioned in this study about the use 
ol the Ml rifla in Korea, 85 percent said that all their firing was done at tar- 
gets within a 300-yd range (daytime offensive fighting).   For daytime defensive 
fighting, 80 percent of the men said that rifles were used at 300 yd or leas.** 

TABLE Cl 

AMMUNITION EXPENDED IN AWED RIFLE FIRE AT VARIOUS RANCES IN COMBAT 

Distance from 
friendly forces. 

KB «my defending Enemy assnnltma. 

Good visibility Bod visibility Good visibility Bsd visibility 
yd 

Ammonition expended, % 

0-50 3                            4 s 
50-100 4                            3 4 

100-200 8                          S 17 
200-300 4                          1 U 
300-400 3                          0 6 
400-500 1                          0 2 

500* 0                          0 0 

Toul 22                         11 45 23 

TABLE C2 

TARGETS AT VARIOUS RANCES IN COMBAT 

Good visibility Bsd visibility 

Diotssce from 
friendly forces, 

yi 

Enemy 
defending 

Enemy 
nssoeltins, 

Enemy 
defending 

Enemy 
nsssaltinc. 

Textete. % 

50-100 7 10 13 23 
100-200 13 28 13 32 
200-300 7 17 5 
300-400 3 10 0 
400-500 2 3 0 

5004 0 0 0 

Toul 32 68 31 69 

Figure C5 shows (a) the data for daytime offensive and defensive rifle employ- 
ment taken from Fig. 1 of ORO-T-18(FEC),M and (b) the total fire from Table 
Cl. 

For the purposes of the SALVO I experiment, 400 yd is used as the range 
within which all aimed-rifle-fire targets in combat are to be found. 

From the Korean data," it was found that 93 percent of all daytime rifle 
fire in combat is directed at targets 400 yd or less from the flrer.  It must be 
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, noted here, however, that the conclusions shown in Fig. C5 represent rifle 
fire (aimed and unaimed) under conditions of good visibility only. 

The responses to the SALVO I questionnaires indicated that 96 percent 
• of aimed lire under conditions of good visibility occurs on targets 400 yd or 

* less from the firer, and the corresponding figure for bad visibility is 100 per« 
cent. Of all aimed fire, 97 percent Is delivered at targets at ranges of 400 yd 
or less.  The conclusions regarding the range distribution of targets under 
aimed rifle fire are then substantially in agreement. 

The data of Table Cl were combined for all four conditions.  The resulting 
frequency distribution is shown in the block diagram of Fig. C6a.  A* the sug- 
gestion of Dr. J. Bruner of ORO the curve for the expression 

/«*) . uj?/**) •-»*'* (Cl) 

was adjusted to the mean range R of 170 yd computed from Table Cl.   This 
analytical expression34 for the frequency distribution of range R had been found 
to fit data on ranges of fire received by US tanks (with a different mean range 
of course).   Figure C6b presents the cumulative frequency and shows the phe- 
nomenal agreement of the data of Table Cl with this analytically expressed 
distribution.   It should be remarked that this comparison was made and agree- 
ment noted only many months after the data of Table Cl were gathered. 

• 

• 

Location of Positions 

i A formation contains several positions (e.g., foxholes), and each position 
may contain one or several targets.  Positions (containing one or several tar- 
gets) are located with respect to the previously found center of each formation, 
fobles C3 and C4 show the distribution of positions in a defense formation, and 
Figs. C7 and C8 are plots of these data.   The intervals are taken from scale 
sketches as shown in Figs. Cl and C2. 

Location of Targets 

Table C5 is used to provide the number of targets to fill each position. 
The data for this table are derived from the sketches on the questionnaire 
using the assumption that men drawn within 5 yd of each other were by defin- 
ition in the same position. 

For enemy defending, targets are located within a position in the same man- 
ner as positions were located within a formation.  Tables C6 and C7 (illus- 
trated by Figs. C9 and C10) are used for this purpose. 

For enemy assaulting, each position was assumed to contain only one 
target.   Tables C8 and C9 (illustrated by Figs. Cll and CIS) are used tc locate 
these targets. 

Direction of Movement and Duration of Target Exposure 

Table C10 shows the frequency distribution of target type.  Omitted com- 
binations of Symbol« represent types that did not appear at all in the sample, 
and hence are ••sumed to occur with a negligibly small frequency for purposes 
of this study. 
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Fig.  C6—FfomfKf D»»tribvt»on« of Rono* of Ainoo* Firo in Coffcot 
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TABLE C3 

SIDE-TO-SIDE POSITION INTERVALS IN COMBAT FOR 
ENEMY DEFENDING 

latrval, yd OcrorrvacM, % burr.l, yd 0«tmrr—em: % 

0 1.1 17 2.4 
1 1.4 10 2.1 
2 u 10 1.0 
s 1.7 20 1.S 
* M 21 11 
5 4.4 22 11 
6 14 21 1.0 
7 7.0 24 09 
8 0.1 28 0.0 
9 •.7 16 07 

10 M 27 0.6 
11 M 20 OS 
12 7.0 29 0.4 
11 S.1 SO OS 
14 4.1 11 0.3 
IS 0.4 32 0.1 
16 2.0 81 0.1 

TABLE C4 

FRONT-TO-REAR POSITION INTERVALS IN COMBAT 
FOR ENEMY DEFENDING 

htorval. rd OccarraacM, * bMnrtl, yd Occwraac*«, % 

•W 0.1 -1 04 
29 0.1 2 04 
20 0.1 1 04 
27 0.1 4 64 
36 0.1 S 44 
2S 0.1 6 24 
24 0.1 7 2.0 
23 0.2 0 17 
22 0.2 9 1.4 
21 0.1 10 1 1 
20 0.2 11 0.0 
!• 0.1 12 0.7 
18 0.1 11 04 
17 0.1 14 04 
16 0.4 11 0.4 
15 0-4 16 0.4 
U 0.1 17 0.1 
13 04 10 04 
12 0.7 19 0.0 
11 04 20 0.3 
10 1.0 21 0.1 

1.1 21 0.3 
14 21 0.8 
14 24 0.1 
1.0 SO 0,1 
24 10 0.1 
14 17 0.1 
11 20 0 1 
0.0 to 0.1 

•1 04 
04 

41 0 1 
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TABLE C5 

NUMBER OF TARCETS WITHIN A POSITION 
IN COMBAT FOR ENEMY DEFENDING 

Tarnet» 
in position Occurrence«, % 

1 83.C 
2 11.8 
3 3.7 
4 0.5 
5 OS 

TAPLE C6 

SLDE-TO-SLDE TARCET INTERVALS WITHIN A POSITION 
IN COMBAT FOR ENEMY DEFENDINC 

Iattrval. vd Oc currence», % 

c U 
1 33 
2 27 
* 18 
4 8 

t 

TABLE C7 

FRONT-TO-HEAR TARGET INTERVALS WITHIN A POSITION 
IN COMBAT TOR ENEMY DEFENDING 

Interval, vd Orcarreacea. % 

0 47 
• 
IS 
8 
4 
1 
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TABLE CM 

SIDE ro&Ds IAACCT INTERVALS IM COMBAI 
FOR ENEMY ASSAULTING 

WMr~l. r4 OtCMTMM««.  % kwrval. y4 OCCHIMCM. % 

2.7 20 •2 
«3 21 1.0 
«2 22 01 
7.9 22 0 7 
• a 24 06 
to 25 05 
• 6 2« M 
74 27 04 
S.9 aa OS 
5.0 2» 03 

10 4.1 10 03 
11 s.a 11 0 ••! 
II 1.4 22 0 2 
ii M n 0 2 

1* 1.7 N 0 2 
IS 1.« 2« 0 1 
1* 2.1 a» 0 1 
IT It •7 0 1 
It 1.6 at 0.1 
1» 14 at 0 1 

TABLE CQ 

FRONT-TO-HEAR TARCET INTERVALS IN COMBAT 
FOR ENEMY ASSAULTING 

liuntl, H OccamcM, * latorv.1. H Occarr«ar«a, % 

*W • 1 0 65 
M 0.1 - 1 6.5 
37 •.1 2 6 3 
36 0 1 a 6 0 

34 • 1 4 50 
34 •.1 s 36 
33 0 1 6 3.1 
32 • 1 7 2a 
31 «.1 a 2 5 
SO 0 1 9 2 2 

2* 02 10 19 
28 02 11 17 
27 • 2 12 16 
26 02 11 1 4 
25 • 2 '« 12 
24 02 IS 11 
23 • 2 16 1 0 
22 02 17 09 
21 •.2 ia 08 
10 • 3 19 0 7 
It M 2« 06 
It OS 21 0 5 
17 • s 22 0 4 
1* • 4 a 0 3 
IS 04 24 0 | 
14 M 24 0 J 
IS M 26 0 2 

• 7 27 02 
• a 21 0 2 
69 la 02 
1.1 at 0 2 
18 ii 0 1 
16 12 0 1 
2-0 aa 0 1 
2a H 0 1 
6« -H 0 1 
M 
61 

•   1 • a 

Ö* 
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TABU 

FREQUENCY OF TARGET TYPES IN COMBAT 

Earajy Eaaary Eaaary Hae»v 

IWpt« •tfeaaia« «•»•Hinan Tmß* 
Jafaadiaa. aaaaulliaa. 

Occarraacaa, % Occarreaci a, % 

• 444 12.8 FA u 41 

• S.S 12 r 1 00 35 

s. M 0.8 1 08 35 
• 38 04 i C.4 M 

F« 2.? 04 1 0 4 0 0 

FJ. 6 1 2.0 t| 08 04 
Fl 42 2.0 F t| »0 35 

* 'M 23 i 1R 0 0 1 2 

I 1.! 0.8 r I 04 20 

! 1.1 0.0 F I 12 1H 

II 1.1 00 F I 0.0 0 4 

FtR no 0.8 ? 00 38 
Ft u 3 1 j 0 0 2.0 
FJ. 8 1 23 n 08 17.7 
F! 3 1 0.8 JU 00 5.0 

i on 0.8 t «R 00 60 

A 08 2.0 Fll 0.0 0 8 

i 08 12 F 1 00 4.7 

FA 0.1 2.0 

•Kay (or Taklaa ClO. C16. aad C19 

1.   Covw Um—t tapoaad) 3 CoacaaWat (protacta agaiaai 

•   aaac oaaarvaiiua oaM 

•   haaa — eatiraly aiadaa 

*   aaad aa« aaoaiaWa — aalf kiaaa. 

a   (all body   ji3M or cm win« 1 Firia». 

t  fall body, croacaiaa. or Itaecliaa. F    firia« kaad or aaoaldor waaaoa 

t   Ml body, aprtffht 5 Daratioa 

2.   Roaaiac Naarbar of aacoada each maa ia la 

R   rai.aia« •• aay «iractio« •itaalioo aaowa 

TABLE Cll 

• RRECTION OF MOVEMENT8 OF ML NNINC TARGETS 
IN COMBAT 

Eaaary aafaadiaa. Eaaary aaaaalna« 

Dirocliaa •a« 
Occarr« «caa. % 

0 15 1 
iS 5 0 

U 4 0 

I« 5 0 

180 15 1 
225, » IS 
m 16 oi- 

315 U ls 

•Oaracttaa of awaaa»«: 

m\]/m 
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10 20 30 40 SO 
DURATION,  SEC 

Fig.  C13—Target Duration in Combat for Enemy DeUnding 

10 20 30 40 SO 60 
DURATION.   SEC 

Fig.  C14—Target Duration in Combat for Enemy Assaulting 
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The directions of movement of running targets are given in Table Cll. 
The length of time a target is visible is i^ven in Tables C12 and C13 and plotted 
in Figs. C13 and CM. 

These characteristics are assigned to specific targets in the target sys- 
tems on an equal-probability hs*«H9 The time durations are coaiputed separ- 
ately for all the targets in each formation. 

• 

COMPOSITION or TWO TARGET SYSTEMS 
SIMULATING COMBAT CONDITIONS 

The results of applying the methods described in the preceding section 
are summarized here.   Table C14 shows the number of targets in each range 
category as based on the percentages in Table C2. In three instances where a 
single target would have represented a formation it was combined arbitrarily with 
another formation so that every formation would have from two to seven targets. 

Table C15 gives the location of the center of each formation, and Fig. C15 
is a scale plot of this information.   The centers for the good-visibility complex 
were selected first.   Those for the bad-visibility complex were placed in the 
same locations for the convenience of using many of the same targets for both 
complexes.   The one exception to using the same locations was in the close-in 
zone of 50-100 yd where the firct formation to be chosen (formation C) for the 
bad-visibility complex was selected at random from tie two already selected « 
for the good-visibility complex, and the other (formation A) was picked at a 
new location. 

Table C16 shows the kind and number of targets selected as based on the »       * 
percentages of Table CIO.   Targets completely concealed and not firing were 
omitted since they would be unknown to the firing troops. Running targets were 
limited by availability of equipment to three, and these were chosen only from 
among those moving in directions other than directly forward 0/ rearward.  It 
was supposed that a target moving in either of these t\ >o directions for a short 
time would not show the firing troops more than a slight difference 'n appear- 
ance from a target that remained stationary.  The three moving targets do not 
fire as they run, the movement itself being sufficient to attract attention   They 
are located (as are seven other targets) in the same position for both the good- 
vibibility and the bad-visibility complexes. 

Table C17 shows target durations selected from Tables C12 and C13. 
Increments of \% sec were used to accommodate the programmer. 

The time intervals between (or preceding) targets are listed in Table C18. 
Only one target was permitted to be up at any given time, thus assuring that 
each target would not compete for receiving fire. Intervals of 6 to 13 Vt sec 
between targets were used. The lower limit of 6 sec was made this large to 
reduce carryover effects between targets appearing in sequence. The upper 
limit of rVa nee reasonably sets a range of intervals such that, when 22 of 
them were drawn at random, the total time of these intervals plus the target 
duration times would fit the maximum time capacity of the programmer. 

Table C19 is a summary of all the information concerning the target sys- 
tem compiled up to this point.   The tabulation Includes completely concealed 
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TAU C14 

DlSTHIHI TION  OF TARGETS  FOR T»<>   IARGET COMPLI I 
StttUl ITWC COMBAT CONDITIONS 

so -100 
100-200 
200-300 
300-400 
400-500 

Total 

Target complexes« 

Distance from 
Good viaibilitv flad VIMibi 1 itv 

friendly force*, 

yd 
1 n< 

def ending 

E.nemv 

aaaaulting 

Knemv 

defending 

Knemv 

assaulting 

Target* 

2 
ft 
i 
2 

.XT 
r. - 22 

± 
0 

15-22 

•Target* in single   formation*  are   connected  bv underlining     Figures are based 
on Table Cl 

* • 

: 

TABLL C15 

LOCATION OF CENTERS OF FORMATIONS FOR TWO TARGET COMPLEXES 
SIMULATING COMBAT CONDITIONS 

Approximate 

Target complexes Instance , yd from 

distance from 

firing line, 

vd 

Knemy 

defending 

Enemy 

assaulting hiring 
line 

Left 

edge of 

Kormation 

Tar jets 
range8 

Good Visibility Tar, let System 

50-100 2 77 118 H 

2 86 77 c 
100-200 3 127 lift 0 

6 162 K K 

200-300 2 219 102 K 

4 267 N (; 
300-400 3 336 m 1 

f lad- Visibility Tar. et System 

50-"X) I 86 c 
63 103 \ 

100-200 1 It? 146 n 
7 162 • 

200-300 1 3 219 102 f 

•Bange interval is 200 vd wiHe 
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TAB'.E C16 

TARGETS SELECTED TO SIMULATE COMBAT CONDITIONS, BY SIZE 

Eaemy defending Fnemy aaaauiting 

Target« 
Occurrence« % No. 

«aed 
Tvp« 
uaed* 

Occurrence», % 
No. 

uaed 
Type 
uaed« 

• 443 0 a 12.8 0 a 

Subtotal 6 2 

o 25.7 4 F  3. 

F   • 
O 

6.8 1 F • 

» 22.0 3 F £ 
I 

F  1 

10.1 2 F * 
t 

• 3.2 0 13.8 2 FA I 
t 4.0 0 15.6 3 Ft 

t R 

t 0.8 0 40.9 7 X   R 
2  R 
* 
* 
X 

F 1 
F t 

Total 55.7 7 87.2 15 

•See footaote a. Table C10. 
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TABLE C17 

TAUGET DURATIONS FOR SIMULATING COMBAT CONDITIONS, 

BY VISIBILITY AND RNEMY ATTITUDE 

Good visibility Rad viaib Hty 

F.nemv defending F.aemv •••aultina, Enemy defending. Enemy aeasnltinc 
(7 tarnet»). (7 tarpretn). (7 tarjreta). (15 UTRCta), 

•er •ec •ec •ec 

4K 3 4H 3 
4H 3 4* 3 
4* 3 • 3 
9 4* 9 Hi 
9 4H 15 4H 

IS 6 19* 6 
19* 6 

9 
7S 

10* 
15 
15 
21 
25* 
lift 

19* 7* 
7H 
9 

10S 
1? 
18 
21 
28* 
34* 

Total 

>&_..      - 1W- >?1 lift. 
23 1 253* 
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TABLE C18 

INTERVALS PRECEDING TARGET \PPEARANCES 
FOR SIMULATING COMBAT CONDITIONS 

•Lettern indicate target f 
iadividnal taraeia 

tion; • 

Good visi bility Had viai bilitv 

Position and Interval, Position and Interval, 
target no.« •ec target no • sec 

B7 9 A2 9 
MS 7% M 7S 
C9 10S is 6 
CIO 9 \6 10* 
D14 6 M 7* 
D13 12 C8 9 
D15 9 Cll 12 
F.lfl U'» C12 10* 
ESO 7S DU 7* 
K21 13S BIS 6 
F. 22 10H D1S 9 
F16 9 PIP 10* 
F. 19 12 F,20 7S 
F24 7S K21 9 
F2S 10* K22 13* 
C30 9 F16 "% 
CM 13H F19 m 
G31 10* F17 9 
G29 12 F2S 12 
H33 7S ns 6 
1134 9 F27 9 
H32 MM F26 7* 

Total 219 196* 

idantify 
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targets, but the experimental system omits them, as indicated by the identifi- 
cation numbers in Table C19. 

Table C20 gives random sequences of target appearances for each com- 
plex such that all targets In a given formation will be used before any targets 
In another formation appear.  The times are in lV.-sec rather than 1-sec units 
for the programmer, which operated in lVa-sec steps. 

TABLE C_>O 

TARGET APPEARANCE PROGRAMS FOR SIMULATING COMBAT CONDITIONS 

Program» for good-visibility sequence« (day) 
Program* for bad-visibility 

sequences (night) 

1 2 1          4 5 6 7 8 9 10 11 12 

Starting point* formation, and target 

\-f.30 A-F24 A-E22 A-D14 A-C9 \-H5 A-H34 A-124 A-D14 A-D15 A-Al A-A2 
G28 F25 F19 f)13 CIO B7 H33 F25 D13 D13 A4 A4 
C.31 G28 Flo nis H32 G30 H32 G30 015 D14 A6 A3 
G29 G31 E20 F.18 H33 G28 F25 G28 C8 E22 A2 Al 
D14 C29 E21 E22 H34 G31 F24 G29 Cll E19 A3 A6 
013 G30 E18 E20 E16 G29 B5 G31 C12 E20 D13 D15 
1)15 1)15 CIO K;i6 E19 F24 H7 B5 Ell Eli D15 013 
F24 1)13 C9 E19 E22 F25 CIO B7 E20 E21 D14 D14 
F25 D14 B-F24 E21 E21 B-E19 C9 CIO F21 E16 B-E16 E18 

B-C9 B-E16 F25 B-G30 E20 E20 D14 C9 E22 E17 F22 E22 
CIO E19 B7 G29 E18 E16 D13 B-D13 FJ6 B-A3 E20 E16 
F.18 E21 B5 G31 B-G29 E21 D15 D15 E19 A6 E19 EU 
E20 F20 D13 G28 G31 E22 R-E19 014 E17 A4 E18 E17 
E21 E22 D1S B7 G30 E18 E16 E16 B-A2 A2 E21 E19 
E22 E18 D14 B5 G28 H34 E22 E21 A4 Al E17 E20 
E16 B5 G28 F25 D15 H33 E18 E19 M C12 F27 B-Cll 
E19 B7 C31 F24 D13 H32 E21 E22 A6 C.8 F26 C12 
B7 H34 G29 H32 D14 CIO E20 E20 Al Cll F2S C8 
BS H33 G30 H33 F25 C9 G29 E18 F25 F25 F23 F23 
H33 H32 H34 H34 F24 D14 G30 H34 F23 F27 Cll F27 
H34 CIO H33 CIO BS D13 G28 H32 F27 F26 C12 F26 
H32 C9 H32 C9 B7 015 G31 H33 F26 F23 C8 F2S 

•The letter A or B to the left of the hyphen is the atariiag point.   Each »eqseace was 
started st either  A or B, e.g., program 2A started with target F24 ssd ended with C.9, where- 
as program 2B started with target E16 and ended with target Dl4-   The letter A M G to the 
right of the hyphen or closed sp with ths target number is ths formation. 

DETAILS OF TARGET SYSTEMS SIMULATING 
COMBAT CONDITIONS 

Each target system was composed of 22 Cocky Ken targets, 3 of which were 
capable of lateral movement.   The daytime and nighttime range distributions 
were significantly different, requiring the preparation of additional target posi- 
tions. As 10 of the positions were common to day and night target systems, it 
was necessary to prepare a total of only 34 positions to complete two systems 
of 22 targets each. These positions are indicated schematically in Fig. C16. 
Table C21 describe« several characteristics of the targets. 
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» TABLE C21 

LAYOUT OF TARGET SYSTEMS SIMULATING COMBAT CONDITIONS 

Target R«M*. Target Blank 
no. yd •ise« Coacealmentb Movement1' firing IKumiaatioa* 

1 52 r C v N 
2 63 E N 
3 65 1 N 
4 67 F C F N 
5 74 F F D 
6 76 I F v 
7 77 F c F D 
8 78 F c F N 
9 86 E D 

10 89 F C F D 
11 90 F c F N 
12 91 F N 
IS 111 F c F D-N 
14 127 F c F D-N 
15 139 F D-N 
16 152 B M D-N 
17 161 E F N 
18 162 E M D-N 
19 164 E M D-N 
20 165 E c D-N 
21 169 E D-N 
22 176 E c r D-N 
23 209 F N 
24 216 F c D 
25 218 F c D-N 
26 221 F F N 
27 223 F c F n 
28 245 E F D 
29 259 E F D 
30 267 E 0 
31 269 F c F D 
32 334 F F D 
33 336 F D 
34 339 F c F D 

Total 14E. 
20F 

15C m 19F 10 D-N. 12D. 
i2N 

•E, kneeling (large) target; F, proae (small) tar act. 

oC, camouflage; blank, no concealment. 
cTnrea targets moved laterally- 
<*F. blank cartridge« fired aa target appeared 

«D, daytime target; N. aighttuM target, «ad D-N, common to kotn evetema 
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The actual programs allowed target appearance from 3 to 34% sec. There 
were no simultaneous target appearances, and each target appearance was pre- 
ceded by an interval of from 6 to 13*/i sec (Table C22).  The order in which the 
targets appeared was also varied to prevent learning bias.   The targets were 
grouped in eight natural operational groupings designated A to H.   The several 
targets comprising any group always appeared successively in random order. 

TABLE C22 
TIME INTERVALS PRECEDING AND DUHI.NC APPEARANCES of 

TARGETS SIMULATING COMBAT CONDITIONS 

Good visibility Rad viaibilitv 

Target 

Interval 

preceding, 

aec 

Darstion, 

aec 
Target 

Interval 

precediag, 

•ac 

Duration, 

sec 

5 7.5 4.5 1 7.5 28.5 
7 9.0 150 2 90 3.0 
9 10.5 45 3 6.0 7.5 

10 9.0 15.0 4 7.5 12.0 
13 12.0 19.5 6 10.5 4.5 
U 6.0 9.0 8 9.0 19- 
15 9.0 4.5 11 Yz.fi 4.5 
16 9.0 9.0 12 10.5 9.0 
18 13.5 6.0 13 6.0 19.5 
19 12.0 15.0 14 7.5 90 
20 7.5 31.5 15 9.0 4.5 
21 13.5 3.0 16 7.5 10.5 
22 10.5 4.5 17 9.0 3.0 
24 7.5 4.5 18 10.5 6.0 
25 10.5 9.0 19 10.5 18.0 
2« 13.5 6.0 20 7.5 34.5 
29 12.0 10.5 21 9.0 4.5 
30 9.0 3.0 22 13.5 9.0 
31 10.5 25.5 23 6.0 3.0 
32 10.5 7.5 25 12.0 15.0 
33 7.5 3.0 26 7.5 7.5 
34 9.0 21.0 27 9.0 21.0 

Twelve programs were devised that Incorporated both random order of the groups 
and random order of individual targets within each group. Table C20 li*+a ^°se 
12 programs of target appearances. The 20 demolitions were likewise independ- 
ently randomly programed as shown in Table C23. The figures indicate the dem- 
olition time in l/a-sec time increments from the start of the program. Care was 
taken to avoid any transient obscuration of targets by demolitions by careful co- 
ordination of time and position of demolitions relative to target appearances. 

The schedule for the stressing shock« is given in Table C24.   In this case 
16 schedules were used.   During each run, 5 of the 10 men on the line received 
one shock.   In each case the entire schedule selected from Tables C23 and C24 
was incorporated into a master program.   Finally a last variation was intro- 
duced in that each of the 12 programs could be started at either of two points 
as shown in Table C20. 

Programs 1 to 12 arc presented in Table C25.  This master schedule is 
presented in geometric form identical with the programmer patchboard 
ORO-T_$Tg M 
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TABLE C23 

DEMOLITION PROCRAMS FOR TARGET SYSTEMS SlMULATINC COMBAT CONDITIONS 

Program 

Demolition 1 2 3 4 1 6 7          8 9 10 11 12 

Time increment»,  iS-aec unit* 

I« 148 36 13 251 147 227 30 264 2 236 26 141 
2« 75 275 ?R9 102 14 SI 102 32 226 159 237 104 
3 23 4 291 259 176 226 29 199 292 9 115 253 
4« 92 221 3 193 278 254 104 45 135 74 181 255 

255 240 155 250 229 162 89 84 218 285 199 150 
198 3 83 103 80 40 204 13 61 HI 177 120 
290 158 185 55 12 108 172 213 161 175 40 59 
112 10 140 256 5C 4 103 173 133 73 65 178 
iu2 134 41 m 162 HI 45 '08 130 250 131 55 

10 134 63 71 00 161 29 69 223 193 53 188 157 
11 262 112 32 133 195 199 32 255 216 288 264 276 
12" 103 201 70 249 3 236 192 48 60 40 179 219 
13 272 126 202 238 120 46 155 61 224 242 198 177 
14 125 239 264 42 113 163 245 123 225 149 204 204 
15 4 97 266 131 2 2 216 283 122 207 2 256 
16« 113 202 125 181 6 169 62 153 183 121 105 106 
17 51 t>2 85 67 67 28 101 214 234 75 104 117 
18 24 152 166 139 199 87 112 186 92 55 82 32 
19 151 192 243 34 288 47 218 215 217 39 74 
20 269 74 257 145 70 25 280 85 134 11 42 176 

•Hlasting rap« aaed, »•>.( aitroatarca. 
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TABLE C24 

SHOCK PROGRAMS FOR TARGET SYSTEMS SIMULATING COMBAT CONDITIONS 

Position 

Projp-sm 

10 11 12 13       14 IS 16 

Time increments, lS-«ec units 

1 148 196 69    102    295 123     96 295 224 
2 73     70   243    188 55    223 102 52    184 44 
3 178 99 25    107 103    251 105    124    291 
4 178 47    284 260      24      13 6    200        9 
5 176 298      13 93 292     22    168 
6 228     46 61    120 62 175 
7 219   187     25 130 247    247      96 208    291     121 
8 229 221 40 200     186 90    175 60 
9 218    117 74      31 74    140 219 177 

10           106                         142                                                                                        23 
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SUMMARY 

The instrumentation employed to obtain the realism, control, repiuduci- 
bility, and accurate recording of data required for the SALVO I experiment is 
described in this appendix.   The design is based on general considerations of 
hit recording discussed elsewhere.9* 

A sequentially programed 7x/a-min firing experiment utilized 19 stationary 
E (kneeling) and F (prone) silhouette targets, and 3 moving E silhouettes, which 
were exposed at preselected times for periods ranging from 3 to 341/, sec. Ad- 
ditional realism was achieved by including in the electronically sequenced pro- 
gram disclosing fire from emplaced blank-loaded rifles, simulated artillery 
bursts, simulated wounding of test troops by electric shock delivered to the 
lower leg, and recorded battle noise played through a public address system. 

Switches attached to the trigger mechanisms indicated the time of firing, 
and hits on targets were recorded electrically when projectiles perforated the 
two conducting surfaces of specially constructed targets. 

The synchronized hit-recording and trigger-switch instrumentation was 
sufficiently sensitive to identify hits with the weapon from which they were 
fired, and to determine the instances in which multiple hits resulted from a 
single round for the salvo ammunitions.   Electrical recording was comple- 
mented by manual counts of hits on the removable paper target faces. 

Night firing utilized the same instrumentation but necessitated the instal- 
lation of tower-mounted floodlights to provide a constant level of illumination 
that 2ppr^ximated bright moonlight. 

INTRODUCTION 

Instrumentation for the SALVO I experiment was designed to provide 
(a) realism, (b) control, (c) capability lor recording, and (d) reproducibility. 

The realism of the experiment is reflected in the instrumentation by 
(a) the activation of the target system, (b) the simulated artillery bursts and 
simulated disclosing fire, and (c) the simulated hits on the firing personnel. 

The control function refers to the sequential appearance and disappear- 
ance of the targets, firing of the simulated artillery, and delivery of the sim- 
ulated wounds on the firing personnel. 

The data to be recorded are the times of the hits on targets, UM times of 
target appearances and durations of exposure, and the times of rifle trigger 
pulls. A common time base was used for all recorded data. 

Reproducible action of all these events was controlled by circuitry behind 
the firing line that permitted changing tne sequence of events to minimise the 
effects of possible learning by the test troops. 

-57S ill 
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The functional diagram presented in Fig. Dl indicates the importance of 
two essential components of the control system—the timer, which provides a 
time base for all events, and the programmer, which determines the sequence 
of those events. 

The target mechanism, known as the Cocky Ken (pop-up target) or ORO- 
JHU Target Device Type 2, was developed for the SALVO I experiment by the 
ORO Electronics Laboratory. An electrical signal activates the mechanism 
that elevates the target by rotating it from a prone position to a vertical posi- 
tion in less than V» *ec.  A second electrical signal initiates the action that 
further rotates the target to a supine position.  The mechanism is mounted on 
a 2- by 4-in. wooden stake, and positioned in a shallow depression that conceals 
the unerected target and mechanism from the firing line. 

Electrically detonated %-lb blocks of nitrostarch simulated artillery bursts. 
Disclosing fire was simulated by electrically fired blank-loaded rifles emplaced 
near 10 of the stationary target positions.   Electric -shock devices, used to sim- 
ulate hits on test personnel, applied a safe level of voltage to the firer's leg by 
means of suitable electrodes. 

Figure D2 is a functional diagram of the recording system.   Two recorders 
were used—an electric-spark 4-pen Brush unit and a 20-pen Esterline-Angus 
recorder.    The standard timing-pulse and the target-appearance times were 
recorded on both instruments simultaneously, thereby permitting correlation 
between the two records. 

The very small separation in time between hits with salvo ammunition re- 
i quired instrumentation capable of resolving hits separated in time by as little 

as 0.5 msec.  Hit recording was accomplished by electrically sensing the pas- 
sage of the bullet through a special target sandwich consisting of two sheets of 

• conductive rubber separated by a sheet of nonconductive rubber.  An outer layer 
'   t of heavy cardboard was added to minimize penetration oy ricochet fragments. 
• This target was based on a design developed by the Army Participation Group 

of the Navy Special Devices Center at Port Washington, N. Y. 
The connections between the target sandwich and the recording circuitry 

,    * utilized small-diameter coaxial leads.  These were laid in a trench 1 ft deep 
and covered with soil, to protect them from damage during firing. 

The individual target-hit sensing circuit was not energized until the target's 
appearance had been called for.   This technique eliminated the possibility of in- 
terference by other targets and their lines. 

Trigger pulls of the test weapons, except for the flechette units, were re- 
corded on separate channels of a 20-pen Esterline-Angus recorder.   Switches 
were designed by ORO's electronics group and installed in the Ml rifles, M2 
carbines, and T48 rifles.  Switch action resulted from the hammer movement 
in these weapons.   A 15-ft light flexible cable carried the signal lo an inter- 
connection block adjacent to the firing position. 

SYSTEM BLOCK DIAGRAM 

The salvo target system is shown in block form in Fig. D3.  This diagram 
shows all interconnections between the major parts of the system and the flow 
of power and control signals.  The system can be divided into two sections: 
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one contains the control instrumentation necessary for running the experiment 
(the timer, programmer, control relays, and field devices); the other comprises 
Ui" data-recording instrumentation.   This involves recording hits scored on 
the targets, trigger pulls of each rifle, and the recording of the time base and 
target exposures.   The arrows indicate the direction of fiuw of control, which 
in general is from left to right on the diagram.  Two separate 115-volt 5 kw 
generators were used to supply the necessary ac power.  Generator 1 supplied 
power for all the control circuits, targets, demolitions, etc.  Generator 2 sup- 
plied ac power only to the hit recorder.  Any heavy power surges of the control 

J~l 
125-vo!t oc 

n 
115-volt ac 

n n 
.15- 
230-1 volt« 
345- 

rLTLTLn rLTLTLTL 
6-volt 6c 

_n n 
J I L J L__J L J I I I I I I I I L 

0.3        0.6        0.9        1.2        1.5        1.0       2.1 2.4        2.7 
TIME, S€C 

Fig. 04—Pulsos from Timer 

circuits were thereby isolated from the relatively sensitive hit-recording cir- 
cuit. The control power was polarized and a common ground used throughout. 
Power was distributed to the individual control instruments via the timer unit. 
The recording-instrument power was also polarized; it was, however, individ- 
ually distriuuuni to each instrument. 

The timer, described in detail in a later section, provided all the neces- 
sary timing and operating pulses to initiate events in the associated control 
instruments. 

The heart of the control system is the 300 -position stepping-switch pro- 
grammer that determines the sequence of events (duration of target exposure 
time and the time between target appearances).  At this point events followed 
several paths.  The controller, buffer relays, demolition networks, and shock 
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units werfe plugged into the programmer patchboard to operate in the desired 
sequence and at the desired time. 

The large power and voltage for operating the blank-firing rifle solenoids 
and the Cocky Ken targets required the use of intermediate buffer relays.   r2 

pulses energized the appropriate relay and the relay contacts, and applied 115-, 
230-, and 345-volt ac to the blank-firing rifle solenoids.   Essentially the buffer 
relays within the controller performed an identical function for the target devices. 

Other contacts on the controller relays controlled marker pulses to the 
Esterline-Angus recorder and the Brush recorder that were produced at l%- 
sec intervals via the I4 pulses, and indicated the exact time at which the relays 
were called to activate the targets (Fig. D4).  A third function of the controller 
relays was to select a second buffer relay that in turn connected the hit-recorder 
preamplifier to the signal lines of the selected target. 

Pulses produced by hits on the targets were electronically conveyed through 
the preamplifier to the spark generator, and then to the pens of the Brush re- 
corder.   Pulses received from the trigger-switch mechanisms in the weapons 
activated pens of the Ester line-Angus recorder. 

TIMER 

The timer provided all the necessary timing and operating pulses to the 
control and recording equipment.   Figure D5 is a schematic diagram of the 
timer.   Four cams attached to the shaft of the synchronous motor operated 
micros witches to produce the necessary timing and control operating pulses. 
The motor output shaft rotated at one revolution every % sec.   Push-button 
switches were paralleled with each of the micros witches to provide a manual 
method of producing each of the pulses.   This feature was used extensively in 
routine maintenance and testing of equipment.  Neon lights were placed across 
each of the microswitches to provide a visual check on each pulse circuit. 
Resistance-capacitance arc-suppression circuits were installed across all 
operating contacts to reduce damaging inductive voltage surges. 

The Tt pulses were developed by microswitch MS, and were produced 
once for every revolution of the motor.   The pulse was 0.1 sec long and applied 
l"»5-volt dc to the programmer sequencing relay.   The sequencing relay in turn 
advanced the stepping switch in the programmer one position.   The T2 pulses 
(110-volt ac) were then fed through the stepping-switch contacts tooperate con- 
trol equipment. T2 pulses were delayed a short period of time behind the T] 
pulses to allow the stepping-switch contacts sufficient time to close before a 
voltage was applied to them.  Microswitch MS3 operated relay A, which in turn 
produced the three sets of Tj j ulses.   * °-to-l step-up transformer connected 
as a booster transformer cascaded   'itu ehe 115-volt ac line to provide the 23 )- 
and 345-volt power.  Relay contacts Alt A,, and A« in the transformer secondary 
provided the actual r3 power pulses.   The r3 pulses were delayed in time after 
r> pulses to allow sufficient time for the control relays to operate.   This en- 
sured that the control relays merely carried the heavy target power pulses, 
rather than making or breaking their pulses.   T4 pulses were 6-volt dc, and 
were developed by microswitch MS4 .  These pulses were used as timing pulses 
for the Brush recorder and the Esterline-Angus recorder. 

The timer panel also served as the ac power-distribution panel for the 
other control equipment.  This permitted central control of all equipment power. 
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TARGET DEVICE 

A drawing of the ORO Cocky Ken target device is presented in Fig. D6. 
^he basic parts of the device are the housing, drive spring, Urget-stake socket, 
and solenoid.  The housing, support clamp, and target socket are aluminum 
castings, heat-treated prior to machining.   The housing Is approximately 4 by 
4 by 3 in., and contains the electrical and most mechanical parts of the device. 
An earlier version has been briefly described.i6 

Sclenoid 

Clopp«f 

SoUnoid 
or mature 

_ Latch-orm 
window 

Latch 

Support 
clamp 

Target 
socktt 

Driva spring 

Latch  pin 

Latch 

Housing 

Fig. D6—Cocky Ken Target Device, ORO Type TD-2, Model 2 

Manual cocking to the prone position compresses the drive spring that, 
on signal, rotates the target to the upright and then supine attitudes.  Several 
variations of drive springs were employed depending on the target weight.  For 
the E silhouette target a cocking force of 45 lb (consisting of a heavy soring of 
20 turns of Vie-In. steel spring wire) was required.   For the F silhouette target 
a cocking force of 35 lb (consisting of a spring of 20 turns of Vi-in. steel spring 
wire) was required. 

As shown in Fig. D6 the housing end of the spring is parallel to the drive 
shaft and projects into the housing through one of four holes spaced 90 deg 
apart around the 7/t-in.-diameter drive-shaft hole.    This feature allows adjust- 
ment of the spring tension.   Reduced tension results in slower target response, 
but increases the life oi the device.   The outside end of the spring fits into one 
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of several holes in a collar that fits into a slot in the end of the drive shaft, 
allowing further adjustment of spring tension. 

The drive shaft passes through the housing and projects on the other side 
for the target socket.   Both shaft holes of the housing are bossed, or thickened, 
to minimize distortion from latching impact.  Lateral movement of the shaft 
is restricted by collars on either side of the housing.   The target socket is 
pinned to the shaft to facilitate ready replacement of damaged units. 

Fig. 07—Target Device with E Silhouette Target 

The latch and pawl system encounters heavy shocks when the target is 
operated, and these parts are therefore prehardened.  The latch and pawl sys- 
tem is very sensitive to relative positioning; however, because of the sturdiness 
required of the latch support, adjustability could not readily be incorporated in 
the design.  Accurate positioning is attained by drilling the drive shaft for the 
pawl fastening pins after the target socket is joined to the drive shaft and the 
shaft Inserted into the housing. The flats of the pawl are thus aligned with the 
proper position of the target socket. 

A 115-volt Bendlx solenoid trips the latch that releases the drive spring, 
thereby erecting the target.   The clapper, made of sheet metal with a latch- 
arm window in its center position and a weight on its lower sod, is loosely pin- 
ned to the armature in the solenoid.  The adjustment of the solenoid position is 
determined by the latch and the window engagement when the solenoid is ener- 
gised, such that the tripped latch will prevent the armature from seating by 
approximately Vi« in. 

0*0 T 370 115 

CONFIDENTlAi 



CONFIDENTIAL 

A micros witch and its operating cam are located in the housing.  The 
functio   of the microswitch is to disconnect the solenoid from the "up* line, 
from which it receives pulses, and connect it to the "down" line.  This prevents 
the solenoid from accepting further "up" pulses.   The target will thus remain » 
in an erect position until pulses are applied via the "down" line. 

The target installation was a quick and simple operation.   A 2- by 4-in. 
stake was driven in the ground and the target mechanism was clamped to the 
stake.  Wires from the control position terminated in a three-pin twist-lock 
plug, which was inserted into a receptacle on the device.   To minimize possible 
damage to the mechanism, sandbags (up to approximately 9 in. high) were placed 
between the device and the firing line.  An alternative method of installation was 
to scoop a shallow hole in the ground, so that the mechanism was half below the 
surface, with the removed soil placed in front of the device.  A device with an 
E target is shown in Fig. D7. 

PROGRAMMER 

The ORO-developed programmer proved to be a reliable means of obtain- 
ing äüiOiiiäiic presentation o* targets on a rcprov»*iciDic sc*»Ci.«u.»c c« events con- 
trolled by a preselected program of electric pulses.  A total of 300 equal time 
increments was provided such that, beginning with the start-button contact at 
time zero, event-creating pulses could be obtained from the appropriate ter- 
minals on a patch panel in any number up to 300.   For this experiment the basic 
time increment generated by the timer was 1% sec, permitting a program of 
450 sec, or 7% min. 

The basic component of the programmer wts a 12-level 25-position rotary 
stepping switch, which advanced one position for each activation of its motor 
magnets.  A second, smaller synchronised-action stepping switch selected 
each of the 12 levels ct the larger switch in sequence.   The top horizontal row 
of 25 terminals corresponded to the 25 positions of the first level of the main 
stepping switches; the next row to the next level of the main stepping switches; 
etr.   When the stepping switch had reached the end of the bottom row, other 
internal circuitry returned the switches to a "homed" position.   Pushing the 
start button set the programmer into its automatic sequencing. 

The programmer had two main sections:  (a) The control for sequencing 
the switches (Ti pulse programing), and (b) the selection of circuits by the 
contacts of the stepping switch (T2 pulse programing).   From Fig. D8, it can 
be seen that the small stepping switch selected the contact level of the large 
stepping switch.   To reduce the required number of level selection contacts, 
two adjacent levels of the large stepping switches were connected to a single 
contact of the level selector switch.   This was possible since the contacts of 
the large stepping arc were distributed on an arc of only 180 deg, and adjacent 
levels were not simultaneously engaged.   The individual contacts of the large 
stepping switch were connected to the 300 correspondingly located terminals 
on the patch panel (Fig. D9).   These terminals presented the output cf the pro- 
grammer, demolitions, blank-firing rifle relays, shockers, etc.  T| pulses were 
fed through the level selector-switch contacts and then to the large stepping- 
switch contacts, and from these to the output patchboard terminals.   The con- 
tacts of the stepping switches did not actually make or break the power to the 
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loads. T2  pulses, as explained earlier, were applied only after the stepping 
switches had advanced. 

Figure D8 shows the manner in which the control of the programmer was 
accomplished.  Since the 26th position of the large stepping switch was not use- 
ful for the progress of the programmer, it was necessary that at every 26th 
step the large stepping switches were automatically advanced to the next posi- 
tion; on every other 26th step (or every 52d step) the small level-selector 

J # * * * 
ffV W'R 
m w » w r 

'*r*'-w urn»- 

IN'     •-•>• 

ÜB   * sW. 

Fig. D9—Patch Pantl for Programmer 

switch also had to be advanced.  Both functions were accomplished by the addi- 
tion of a separate relay operated by T\ pulses, and by the separate side and in- 
terrupter contacts that are part of the stepping switches.   Referring to Fig. D8, 
this functioned as follows:  the T, pulses operated relay R each time they closed. 
The relay contacts controlled the large stepping-switch magnets, causing the 
switch to index around one position.  When the 26th, or blank, position was 
reached, the side contacts of switch A operated relay R, and hence the large 
stepping-switch magnets.  Wher these magnets operated, the interrupter con- 
tacts were opened and relay R opened the magnet circuit.  Since the switch 
stepped in approximately %© sec, it advanced to the next position before the 
associated T2 pulse was produced.   The 52d step of the switches closed the side 
contacts of the large stepping switch B, which controlled the indexing level- 
selector switch C. 

To accomplish the automatic resetting of the prugram/ner to its ready or 
"home" position, two extra levels for th» level-selector switch C were used. 
The second level controlled the operation of relay R by the timing contacts, 
and by its action ensured that the large stepping switches were stopped in the 
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right position for the next start.   The third level and the interrupter springs 
of level-selector switch C returned switch C to its start. 

Two push-button switches located on the control panel provided for man- 
ual single-step operation.  One, the start switch, also functioned as a manual 
level-indexing switch.   The other switch operated relay R in a manner similar 
to the timer contacts.   Two neon lights on the control panel showed (a) the timer 
contacts closing, and (b) when the lowest level had been reached by the sequenc- 
ing stepping switches. 

Although the programmer was generally operated from 115-volt ac lines, 
HE-volt dc lines would have senred.   For field use where 115 volts is not avail- 
able, a simple modification could readily be performed to permit operation from 
28 volts supplied by storage batteries. 

To reduce the sparking of the control circuitry contacts, spark-suppression 
resistor-capacitor networks were connected as shown in Fig. D8.   For other 
uses of the programmer, interruptor-switch connections were brought out to 
panel terminals to permit synchronized control of other appropriate exterior 
circuitry. 

BUFFER RELAY PANELS 

This paiel served as a buffer unit between the programmer and the target 
mechanisms (Fig. D10).  The programmer stepping-switch contacts were too 
small to carry the 5-amp current surges drawn by the target-device activating 
solenoid.  The control relays were operated by the programmer, and their con- 
tacts in turn switched the target power.   The relay employed was a two-position 
latching relay with four double-throw contacts.  One such relay was used for 
each target device.  A target was called up by activating the set coil of the re- 
lay by means of T2 pulses via th« programmer.  T3 pulses then passed through 
the up contacts to the target device.   The target could be triggered down by 
activating the reset coil so that I3 pulses were applied to the down line.  In- 
dividual switches on each relay provided manual operation of each relay for 
testing purposes. 

The second set of control-line contacts on these relays operated the hit- 
recorder-circuitry buffer relays.  These relays selected the correct target 
signal lines and were physically separated from the control relays in order 
to eliminate possible spurious signals being induced on the input of the hit re- 
corder.   Neon lights on the third set of contacts gave a visual indication of the 
i.tate.  The fourth set of contacts operated pens on the recorder for the desired 
ruiration of target appearance. 

MOVING TARGETS 

The moving-target carriage was developed by ORO's Electronics Labora- 
tory.  Three moving targets were included in the target complex.   Each unit 
moved approximately 60 ft while exposed, and the rates of movement were dif- 
ferent for all three. 

A trench 3 ft wide and 00 ft long was required to protect Uie moving car- 
riage and its guiding and supporting track.   The excavated material was placed 
to the front of the unit to permit a reduction of the required trench depth. 
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All three moving targets utilized the £ silhouette; the target mechanisms 
were the Cocky Ken units previously described.  On command the target was 
eieva.ed.  As tie target neared its fully upright position, the carriage started 
accelerating until the preset top speed was reached.  The internal speed- 
governing circuit then functioned to permit the carriage to coast until its speed 
decreased approximately 10 percent, at which point the power was again applied 
to accelerate the carriage to the top speed limit.   The effect produced simulated 
a running man. 

Near the end of the desired length of travel, a carriage-mounted trip switch 
was triggered by a pawl on the track.   The switch caused the drive motor to re- 
verse its direction thereby slowing, halting, and finally reversing the direction 
of the carriage travel.  As the carriage reversed its direction, the trip switch 
was again actuated, the motor power was removed, and the target device act- 
uated to drop the target. 

Between runs the carriage was returned manually to its starting position, 
and the target device was again cocked.   The unit was then ready for the next 
run. 

Two light control lines of combat wire and the coaxial lead carrying the 
hit-recording signal were connected between the carriage and the control point 
behind the firing lines. 

A 6-volt storage battery was mounted on the carriage to provide a power 
source for the driving motor.   For the 60-ft runs, a single charge of the storage 
battery was sufficient for 2 days of operation (approximately 20 to 30 runs in- 
cluding testing). 

Figure Dll shows the general construction of the moving target, and Fig. 
D12 shows a schematic drawing of the control circuitry.   Figure Dll shows the 
basic parts of the carriage and the way in which it is mounted on the tracks, 
hut <V>«q net shcT the (ZctattA »1 Luc tiuuule-iiangea wheels that support the car- 
riage from the lower track.  The wheels are loosely fitted to their axles and 
are centered by helical springs from both sides to the channel-shaped iron 
frame, thus allowing the carriage to follow the horizontal changes of the guid- 
ing track without binding.  The tracks are two hot-rolled fiat-bar iron rails, 
Vi by 2 in.,spaced vertically about 12 in., and supported by a series of metal 
posts at approximately 3-ft intervals.   The bottom rail supports the carriage. 
The top rail maintains the unit in a vertical position, and its flat side provides 
a surface against which the propulsion wheel reacts.   This track design pro- 
vided the flexibility needed to adjust to minor terrain variations. 

The supporting structure of the track system is made of "Dexion," perfo- 
rated light steel and aluminum angle.   The vertical stake used for spacing the 
tracks and supporting the upper one is bolted to a crosspiece that serves to 
provide the support for the lower track.   To achieve rigidity, a third member 
la attached between the crosspiece and the vertical member on the opposite 
side from the tracks.   Longitudinal Dexion members serve to tie these basic 
sections together. 

The motor used is a Ford starter unit equipped with an extra set of field 
windings to provide reversibility. A centrliigal-awitcw speed governor is at- 
tached to the shaft of the motor, and allows easy adjustment of the top velocity 
of the mechanism within a range from 5 ft/sec to 30 ft/sec.   Total weight of 
the target carriage is 65 lb.   The unit can accelerate to a velocity of 20 ft/sec 
in the first 15 ft of track. 
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I 
The electronic control sequence of the moving carriage is as follows: 
(a) Pulses from an external timer are first applied to line 1.  The target 

solenoid is energized; the target la raised. 
(b) The cam-operated micro jwitch, located within the target mechanism, 

switches from line 1 to line 2. 
(c) Latching relay Kl is energised by the up pulses on line 1.  Ccmiacta 

Kli, Kl*. and Kl« close. 
(d) The Klf closing of contact Kli energizes the forward solenoid, which in 

turn energizes the driving motor. 

JT-hJUT-TL 

^ Toroet aet up 

1           | 
1 Up pulset 

I (line 1) 

1             1 Toroet 
i    down 

Target 
microtwitch 

t                i R.leyD 
>               1 

1 

1_ Forward 

1                1 solenoid 

Down puls«* 
(lit» 2) 

1               1 
1 

Line switch 

1               | 
1 

«•iay D 

1               1 
•               1               • 
L   —i--    —i— 

Rovers« 
solenoid 

Fig.  DU—Wove Forms fcr Moving Torgot 

(a) The target is now moving along the track, within fractions of a aecond 
after the first op pulse. 

(f) Up pulses are removed and down pulaaa are applied to line 2.   (Note: 
Kl is still set; therefore contact Kl, is open, keeping the down pulses off the 
target solenoid.)  Relative wave forms for the operating sequence of the moving 
targeta are ahown in Fig. D13. 

(g) The target moves along UM track under control of its governor. Whan 
UM target nemi • UM sod of the track the trip switch is thrown via a mechanical 
atop. 

(h)  The trip switch deenergizea the forward solenoid and thus UM forward 
winding of the driving motor    The trip switch is its sew position awSffgJasa UM 
reverse solenoid and thus the "reverse direction travel* windings of UM motor 

(i)   Latching relay K2 is also set through UM trip switch, 
U,  O^eadKl, 
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(j) The target reverses its direction and, in coming back past the limit * 
switch, sets it to it« original position.  Tai» deenergizes the reverse solenoid. 

(k)  Relav Kl resets through contact K2lt and the forward solenoid remains 
deenergized owing to contact K2» being open. 

(1)  This has occurred before the target has had time to pick up speed; 
therefore it coasts to a halt in a very short distance (1 to 2 ft). 

(m) Contact Kla applies the down pulses to the target solenoid and the target 
pops down.  Relay B is reset through contacts Kla and K2*. 

(n) All switches and relays have been reset to their original condition, so . 
that it is only necessary to push the target back to the other end of the track, cock 
it, and the target is ready to run again. 

Loss of control of the unit, particularly at the end of its travel, was ex- 
perienced and is primarily ascribed to the type and quality of the latching re- 
lays used. 

DISCLOSING FIRE  FROM THE TARGETS 

To disclose the position of targets that were partly concealed, a blank 
round was fired at the time of the target appearance from Ml rifles aimed to- 
ward the firing line and mounted In specially constructed boxes. 

The rifles were electrically operated and controlled froiu behind the fir- 
ing line by the programmer.  The operation of the rifles was as follows: T2 
pulses from the programmer operated the correct buffer relay.   The relay 
contacts in turn applied ac power to the control lines of the blank-firing rifle 
for the duration of the relay contact closure.  This power operated a Bendix 
solenoid identical to the ore used in the Cocky Ken target device.   The solenoid 
was mechanically linked to the trigger so that the rifle would fire when the 
solenoid was energized.   Figure D14 is a photograph of the unit. • 

ARTILLERY  AND RIFLE  FIRE 

To achieve realism, 10 artillery bursts, simulated by exp'^ding Vi-lb 
blocks of nitrostarch, and 11 rifle shots, simulated by No. 6 electric detonat- 
ing caps, were detonated in the target area. 

Combat wire carried the required currents from the control point to the 
field locations.  A connection block terminated the wire in the field, and func- 
tioned as a quick connection for the wires from the detonating caps, and as a 
mount for an arc-suppression resistor-capacitor network. 

The panel used to terminate the lines from the field at the control point 
incorporated a quick-disconnect plug for the leads from the programmer. To 
provide maximum safety this connector was replaceable with a plug that shorted 
all leads from the field together and to ground. 

ELECTRIC SHOCK UNITS 

For additional realism, ORO's Electronics Lab developed a special shock- 
ing device that would simulate wounding the subject troops during the experi- 
mental firing (Tig. D15). 
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Fig.  D'14—aionk-Firing RifU Unit 

Fig. D15—Eltctric Shock Unit (Shown with THroo Flashlight 8omriH 
Instead of tht Six Pan)it« ftotttrit») 

nim.T.i7t tax 
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Examination of the literature** indicated that safe electrical currents 
through the human body should not exceed 12 ma.  Current in excess of 12 ma 
is dangerous if it exceeds about 8 msec.  These limitations are applicable to 
full-body shock on normal adults. Shock that does not traverse the heart region 
can safely be considerably higher (with the proviso that no accidental connec- 
tion across the heart region is possible).  On the other hand, the safe conditions 
for normal adults are not adequate in the event that the subject is prone to heart 
disease or epilepsy.  It was also noted that the maximum safe current is very 
close to the minimum effective current. 

Ford Model T 
ignition coil 

Control roloy 

•MMr—-p 
a 

Eloctrodo 
connecting 

points 

Fig. D16—Schematic Diagram of Electric Shock Unit 

For use in the SALVO I experiment it was first thought that violent mus- 
cular or psychological reaction to the electric shock might Incur secondary 
danger, sines the subjects were handling loaded weapons in close proximity 
to one another.  It was decided therefore to keep the shock off the upper por- 
tions of the body entirely.  It was fsit that application of the shock en the leg 
would be quite safe in this retard.  Uss of carefully constructed electrodes on 
the lower leg or ankle precluded any possibility that the high voltage could be 
applied to the upper torso. Accordingly aluminum-plate electrodes were de- 
signed to slip Into the subject's boots.  The subjects were screened for heart 
disease and epilepsy before acceptance.  To avoid even a remote possibility 
of catastrophe, the circuit was designed to limit the current to the Indicated 
12 ma. 

The device used was a Ford Model T Ignition coll, which operated with 
its own interrupter.   (Figure D16 shows the circuit used.)  The relay shown 
operated on Tt pulses from the programmer to close the primery circuit. The 
identical equipment is supplied by a novelty company 'aider the trade name 
"Auto-8hocko*  To ensure safety the unit was Isolated from the ground in a 
plastic housing, thus eliminating UM poseibi it y of the shock fist tag through 
any part of the body but the leg to which the electrodes were attached.  The 
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resistance H was added to the item as supplied by the manufacturer.  Measure- 
ments of a dismantled item indicate the following characteristics: 

(a) The capacitance C is 0.1 of. 
(b) The transformer turns ratio was measured at 1 to 75. 

• (c)   The transformer secondary inductance L2 was measured at 17*/a henries, 
(d)   The resistance R that was added is 0.5 megohms. 
From these values it is possible to compute the maximum current deliv- 

erable from the output terminals on the right side of the figure.   Using the two 
• penlite batteries, the primary current with the interrupter S closed was meas- 

ured at 0.4 amp {l>). 
The maximum delivered current (2 is then given from Ohm's law by 

l2 -(Er>R) (Dl) 

where E2 is the peak voltage included on the secondary. 

».«W/sV-iVr (D2) 

where r is the decay time, and M is the mutual inductance. 

f r - s/TiT (D3) 

-< 

for coefficient of coupling K approaching unity.  Combining: 

Ij-fli/RJvTPT (D5) 

' /2 - 10* ma 

The corresponding maximum voltage E2 is 5300 volts. 
• It is thus seen that the delivered current is limited to less than 12 ma. 

The maximum current actually achieved was probably considerably lower, 
owing to a variety of factors that increased the decay time, reduced the pri- 
mary current, decreased the coupling, increased the load resistance, etc. 

HIT RECORDING 

Figure D17 shows construction details of the hit-recording target.   Es- 
sentially the target consisted of a front and rear layer of conductive rubber 
separated by an insulating layer of rubber.   The conductive rubber was United 
States Rubber Company type M8737, and the insulating rubber was type 1W871 
The conductive layers had copper-screen electrodes stapled to their edges as 
shown in Fig. D17.  This configuration was used so that the distance from a 
hit to both electrodes and hence the pulse attenuation would be approximately 
the same regardless of the location of the hit on the target.   Several leads were 

• attached to each electrode to ensure having connections even after one or two 
had been shot away. 
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The layers of the sandwich were glued together with S. F. Goodrich Co. 
VulcaioA rubber cement.  The sandwich waa then attached to a standard Army 
pasteboard silhouette target previously mounted to an aluminum-channel sup- 
porting stake.  An additional pasteboard target was glued to the front of the 
sandwich to prevent some of the ricochet fragments from penetrating it and 
causing a permanent short. 

A previous test showed that the usual wood supporting stake could not 
withstand the heavy fire to be expected in the SALVO I experiment.  Aluminum 
channel was substituted, and functioned satisfactorily even after sustaining 50 
to 75 penetrations. 

• 

EUctrod» (copp«f-fcr««n) 

Aluminum target 
sfoU 

Fig.  Dl7—Hit-Recording Target 
Exploded diogram. 

The hit indication was obtained when a bullet penetrated the target and 
produced a transient short between the two layers of conductive rubber.   Volt- 
age applied between the two layers produced a pulse by the shorting action. 
This pulse produced by the target was of very low amplitude, and shielded 
cable was required between the target and the recording circuitry to reduce 
undesirec* pickup and ccocenuent spurious indications.   The low-amplitude 
pulses resulted from the 'resistance of the conductive rubber. Attempts 
to amplify the pulse by increasing the applied voltage above 200 volts were un- 
successful. Increased voltage produced multiple pulses from a single hit. 
These multiple pulses were probably caused by arcing across small fragments 
of conducting rubber torn loose by a bullet 

Figure D18 is a schematic diagram of the target input circuit, preampli- 
fier, and spark generator.  The input circuit of the preamplifier consisted of 
a UTC L3-12X input transformer with a step-up ratio of 10 to 1.  A low-pass 
resistor-capacitor filter was used on the input of the preamplifier to eliminate 
high-frequency noise that might be recognized as a hit.   Three 67-volt batteries 
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were used to develop the target pulse with a resulting signal level at the amoli- 
fier Input of approximately 10 to 20 mv.   The amplifier utilised was a irodi!<  i 
commercially available Scott decade amplifier.   To eliminate the possibility of 
noise or interference from the 60-cycle power supply, the preamplifier was 
modified to be completely battery operated.   Specifications on the amplifier 
are as follows: 

Gain -40 db 
Equivalent input noise—10 uv for a bandwidth of 500 kc 
Output voltage—40 volts 
Frequency response—0.2 db from 10 cps to 500 kc 
Input impedance—1 megohm 
The input of the amplifier was made adjustable by means of a 25,000-ohm 

fHTtfJtftOTBgtir   This output was then fed into a second unmodified Scott decade 
amplifier set to a gain of 20 db.   The signal thus available at the input to the 
spark generator was a pulse of approximately 10-volt amplitude.   Its widih was 
approximately 50 usec. 

The first stage of the spark generator served as an inverter and ampli- 
fier.  It was a standard audioamplifier, and a gain of 20 db was obtained from 
one half of a 12AT7.   The pulse available at the output of this stage had suffi- 
cient magnitude to drive the succeeding flip-flop stages; however, its leading 
edge was not sharp enough to trigger the flip-flop.  A squaring amplifier fol- 
lowed the first stage and shaped the pulse into an acceptable form by convert- 
ing the slow rising oulse into a square wave of a standard amplitude and of 
suitable rise and decay times.  The squaring amplifier was a self-contained 
plug-in unit that operated on a minimum input signal of 30 volts and accepted 
frequencies between 0 and 100 kc.   The magnitude of its output signal was 100 
volts.  One-usec rise time a id a 3-usec decay time were required. 

As mentioned earlier, hit i could occur as close together as 0.5 ms«?"- 
however, the electric-pen writing circuits were unable to recover in this short 
time.  To allow sufficient time for these circuits to recover, the hit pulses 
were sequenced to four pens.   Each pen was thereby used once for every four 
hits scored.   The desired separation was accomplished through frequency- 
dividing flip-flop circuitry.  Three plug-in interconnected flip-flops (Fig. D18) 
were used to obtain the desired frequency division of four to one.   The wave 
forms (Flg. D19) show how the division was accomplished and indicate typ- 
ical response from six randomly spaced hits. 

It is easily seen from these wave forms that any one output of flip-flop 
2 or 3 went in a positive direction only once for every four hit pulses at the 
input of flip-flop 1.  It was this positive pulst; that activated the thyratron 
pen-writing circuits. 

The thyratron (type 2D21) pen-writing circuits were biased with minus 
45 volts so that they were normally cut off.   The thyratron« were self- 
extinguishing through the action of the 2-uf condenser on the pistes. A posi- 
tive pulse on the control grid fired the thyratron, and it extinguished itself 
and remained cut off until the next positive pulse from the flip-flop output. 
The previously mentioned long recovery time of the thyratron« was the time 
required for the 2-uf condenser to charge through the 5000-ohm plate load 
(10 msec)   If five hits occurred within this 10-msec period, the thyratron 
beta*: pulsed to record the fifth hit would not have had time to recover.   Hie 
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probability of getting over four hits within this period of *'cie was small 
enougii to be acceptable. 

The discharge of the condenser through the thy ratron developed a pulse 
across the 6-volt winding of an ordinary filament, tr.insformer.   This pulse 
was transformed up by a factor of approximately 1 to 20.  A pulse of over 500 
volts peak was obtained fr^m the secondary of the transformer and applied to 
the pens of the recorder. 

Flip-flop 1  input 

Flip-flop 1 Pin 6 

Flip-flop 1 Pin 7 

Flip-flop 2 Pin 6 

Flip-flop 2 Pin 7 

Flip-flop 3 Pin 6 

Flip-flop 3 Pin 7 
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Fig. Dl9—Wave Forms for Flip-Flop Switch Responses to Six 
Randomly Spaced Hits 

The recorder was a standard Brush Electronics Oscillograph model BL- 
202 that had been modified by replacing the standard ink-writing pens with four 
special electric-writing pens.  The chart paper had its reverse side coated with 
a conductive graphite compound.   The electric spark developed between the pen 
and the paper burned a Hnmll spot on the paper to provide a permanent record 
of the time of each hit.   A separate inking-type pen applied timing-marker 
pulses every lV, tec by responding to T4 pulses.  The recorder-paper trans 
pnrt speed was set to 50 rom/s*c 

Electromechanical counters were incorporated as auxiliary hit indicators. 
The counters were actuated by a relay that in turn was driven by one triode of 
a type-HAT7 dual triode.   The hit pulses were coupled into the grid of the re- 
lay driver through an and/or gate of the flip-flop outputs.  One of the counters 
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Fig. D20—Ml Rifle Switch for Recording Trigger Pulls 
Old version ot bottom, modified version at top. 
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Fig.  021—Trigger-Pull-Recording Circuit 
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was allowed to operate as fast as it could, to indicate all possible hits.   The 
second counter's action was slowed down by means of a network so that it 
would only count bursts of fire- rather üuui individual hits.   Thus if iour hits 
were scored froix one automatic burst, counter 1 would indicate four, whereas 
counter 2 would indicate only one.   Multiplex hits were not resolved by either 
counter. 

TRIGGER-PULL RECORDING 

The internally mounted trigger switches used to indicate time of firing 
utilized the weapon's hammer movement to provide switching action.   Figure 
D20 is a photograph of the Ml rifle switch showing both old and modified 
versions. 

A light 15-ft three-wire cable carried the signal from the weapon to a 
terminal block at the firing line.   Two wires of the cable functioned as elec- 
trical leads, and the third served as a mechanical strain-absorbing device. 
Combat wire carried the signal from the block to the recorder.   Figure 021 
shows the recording circuit used. 

POWER CONSIDERATIONS  AND ILLUMINATION 

Two 115-volt 60-cycle 5-kw gasoline-driven generators supplied all the 
power used by the target and recording systems.  Although generators of lesser 
capacity (down to \% kw) would have been sufficient, more reliable operation 
was assured by the larger units.  One generator supplied power for the control 
devices.  The second generator supplied power for the recording system only. 
Separate generators were used to prevent the heavy power surges drawn by the 
ccn*.ru; oytaiPSat froci affartltlg ti*e *«. auppiy io the recording instruments, 
and providing spurious pulses that might record as hits. 

The night firings took place under a constant low level of artificial illu- 
mination approximating that of bright moonlight.   Floodlights were mounted 
on six 20-ft towers constructed on the site, using Oexion perforated-steel 
angle.   Three towers were spaced along both edges of the firing fan to obtain 
the required evenness of illumination.   In the four fixtures nearer the firing 
point, 500-watt incandescent lamps were used; 1000-watt units were used in 
the more distant fixtures.   These were powered by a separate generator of 
5-kw capacity.   The reflectors were pointed slightly upward and away from 
the firing line, so that illumination on the target area was fairly even. 
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SUMMARY 

Seven kinds of data were recorded in the SALVO I experiment: (1) bullet 
holes in the paper target faces, (2) count of ammunition expended per run, 
(3) continuous recording of rounds fired at each position, (4) continuous record- 
ing of bullet hits on each target, (5) malfunctions occurring in the target sys- 
tem, (6) weapon malfunctions, and (7) conditions ot weather and light. 

HOLES COUNTED 

At the beginning of each run the targets were covered with paper faces, 
each of which was clearly identified by run number and target number.   The 
faces were collected at the conclusion of each run, and the holes were counted, 
and identified as internal or edge holes, since holes at the edges might have 
failed to be counted by the electronic instrumentation.  Ricochets, identified 
by their characteristically elongated holes, were noted but omitted from the 
holes-counted totals.  Table El illustrates this type of record, and a later 
table summarizes these data for runs and targets. 

ROUNDS COUNTED 

• The second kind of data were taken by simply counting the issued ammu- 
nition at each firing position at the start of each run, and subsequently counting 
the unexpended ammunition at each position immediately following the run (see 
Table E2).   A summary for runs and men firing appears in a later table. 

For flechette runs an observer actually counted the shots fired at each 
target.   (Ammunition was issued in 8-round clips for the Ml, In 19-round mag- 
azines for the T48, and in 15-round magazines for the carbine.) 

SHOTS  RECORDED 

The continuous recording from the Ester line-Angus recorder provides 
a permanent record of trigger actions at each firing position.   Figure El shows 
an example of trigger-action records.  Unfortunately, malfunctions in the trigger 
jwttch mechanisms gave rise to quite frequent iailure to record rounds fired, 
so that this contln»"u« r«co*-d quite often yielded a lower total than the ammu- 
nition count.   HowoV#r  the record did permit »scribing all those rounds re- 
corded to individual targets of the system.  See App F for adjustment of data 
(Tables F20 to F36). 

• 
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HUN 26 
Jua* 23, 1956 

TABLE El 

SAMPLE FORM FOR QOBKTOC TAB« •-•'*« I HöU 

Day (1305) Program 7B-14 
Scaad A 

Ml (Triple*) 
Sitting 

Complete Edge Total 
Target no. hole» hole« hole« Ricochet« 

5 6 0 6 0 
7 47 4 51 2 
9 24 1 25 1 

10 46 1 47 0 
13 25 0 25 2 
14 7 0 7 1 
15 0 0 0 0 
16 0 1 0 
18 0 8 0 
19 0 17 1 
20 64 3 67 1 
21 0 4 1 
22 1 2 1 
24 Ü 1 0 
25 0 3 0 
28 0 8 0 
29 0 | 0 
30 0 0 0 
31 0 12 0 
32 0 1 0 
33 0 0 0 
34 1 8 1 

Totala 290 11 301 11 

TABLE E2 

SAMPLF FORM FOR COUNTING HOUNDS 

Date:    Jea« 23 
Time:   1:15 PM 

AMMUNITION AND WEAPON ISSUE 

Firiag raa:   26 
Weapoa type:   Ml 
Ammo type:     Triplet 

Poeitioa MM 

Weapoa 
aerial 

Ammeaitioa 

laeeed Retarded F.ipeaded 

1 % Beamte 0542 160 77 83 
2 S* Lope« 7047 160 97 68 
3 Prt Pi„, 9081 160 82 78 
4 Pfe D«.*** 6973 160 92 68 
5 Pvt ladeoe m 160 86 74 
6 %B-.y MM 160 84 76 
7 SuBamam* Mil 160 95 65 
• e*d 7949 160 109 51 
9 Sp3 Drake 3971 160 82 71 

10 P\t Coaelcael •016 160 90 70 

20 Ciipa (8) 1600 894 -n* 

D. \*v, Han rer« 
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Fig.  E1-Hitond Shot Tap«. 
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HITS RECORDED 

Brush Recorder.   The continuous Brush recorder hit record Is capable 
of resolving multiple bullet hits (from duplex, triplex, and automatic ammu- 
nitions). Thus the permanent record of the electrically recorded Uits is capable 
of distinguishing among the single and multiple hits per trigger pull, which 
comprise the total number of hits as counted from the target faces.  (Tables 

TABLE E3 

MECHANICAL COUNTER RECORD 

Date:   3 July Cumulative reaolved hita 1 (Counter 1)     145 
Tim«:   1425 Cumulative unresolved hit a (Counter 2) 126 
Run:    43  .22- cal Carbine Manual-count hita 101 

Automatic 

Individual target Individoal target 
Target resolved hits unresolved hita 

sequence (Counter 1) (Counter 2) Target no. 

1 7 5 5 
2 18 16 7 
3 23 18 SO 
4 25 20 28 
5 39 34 31 
6 41 36 29 
7 45 40 24 
4 m 43 25 
* öi 46 19 

10 71 66 20 
11 77 72 16 
12 82 76 21 
13 104 88 22 
14 110 94 18 
15 112 96 34 
16 113 97 33 
17 114 98 32 
18 122 106 10 
19 126 110 9 
10 134 1)6 14 
21 143 124 1» 
22 145 126 15 

Sgt Robt. H. Casual,   Dana recorder 

Ol to 04 in App O   Rive multiple hits from thsse electrical records.)  Hit totals 
from this source were not used as they were seriously affected by malfunctions 
of the mechanism.   The proportions of multiple hits from single trigger pulls 
are reported in App O. 

Vteder-Root Counter.   Two Veeder-Root electromechanical counters 
were incorporated into the hit-recording circuitry.  Counter 1 had a resolution 
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time of 100 msec, too slow to distinguish between multiple hits from one round. 
The resolution tim* of Counter 2. retarded by condensers to count only once 
for each 3- or 4-shot burst from the automatic weapons, was about 600 msec. 
The differences are illustrated in Table E3, which is Lie record of a  22-cal 
carbine automatic run.  Clearly the counter records include spurious counts, 
as the run total is 44 hits in excess of the more reliable manual count.  If re- 
liable, the counter record implies that 15 percent [(145 - 126)/126] of all hits 
were multiple hits.   Unfortunately this figure is probably biased, with a too- 
large fraction of spurious multiple hits. 

Noise present in the hit-recording system affected the counters also. 
Furthermore the difficulties present in manually recording the output of the 
two counters during the course of a run increased the number of inaccuracies. 
For these reasons these data were not used in adjusting the hit totals. 

MALFUNCTIONS 

A log was kept of all malfunctions that occurred in the target-operating 
mechanisms, shockers, and similar programed devices. These malfunctions 
are included in Table E4. 

Malfunctions of the individual weapons occurred with considerable fre- 
quency.   Unfortunately the recording system included no f*.hronoloflricallv Quan- 
titative record of these malfunctions.  Hence it was not possible to uiake accur- 
ate corrections to compensate for nonfunctioning weapons.  However, the test 
log revealed when weapon malfunctions occurred, and rough adjustment could 
be made for recognized failure cf a weapon to function during specific target 
appearances. 

The tabular qualitative record of weapons malfunctions appears in Table E5. 

CONDITIONS OF WEATHER  AND LIGHT 

Accidental and deiibtraie changes in concealment, differences of target 
color (some faces were darker than others), and conspicuous weather changes 
were also logged and are noted in Table E4.   These, plus the weapons and target- 
complex malfunctions, were used as a guide in adjusting the data (see App F). 

The run totals of rounds fired and hits from Table E4 are summarised in 
Table E6. 

ROUNDS  PER AUTOMATIC  BUR8T 

In order to properly consider the approximate effect achieved with auto- 
matic fire, it is necessary to determine the number of rounds fired per burst, 
or per trigger pull.  The instructions given to the test troop« were to attempt 
to fire an average of two or three rounds per burst.   Observation during the 
conduct of the experiment indicated that the discipline in response to this in- 
struction was quite good.   The manually recorded data record only the total 
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numbers of rounds expended per run.   In order to determine the number of 
rounds per burst, it is necessary to examine the record of tricvpr-switch 
impulses.   As the switches were activated by the rifle-bolt action rather than 
the trigger action Itself, these records include a count of the actual number of 
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• rounds fired on each trigger pull.  Owing to the considerable malfunctioning of 
these trigger switches, the record is not con^iete.   However, inasmuch as this 
study is c( ncerned only with the average ratio of rounds per trigger pull, the 
incomplete record is quite satisfactory.   It is reasonably assumed that the re- 
corded data are an unbiased sample, which will give a good estimate of this 
ratio. 

An analysis was therefore made of the unambiguously reported firing im- 
pulses from the 16 runs of automatic fire.   The total numbers of bui Us and 
corresponding rounds are shown in Table £7.   The rounds per burst from the 
totals for each of the six types of fire are listed in the right-hand column.  It 
is evident that the results indeed do vary between the limits of 2 and 3 rounds 
per burst.   For some purposes, it is adequate to use an average number cf 
rounds per burst for all the automatic fire.   Table E7 shows the grand average 
to be 2.33 rounds per burst.   It is observed that the carbine bursts appear to 
be consistently slightly longer than the T48 bursts.   It is instructive therefore 
to indicate separate averages for the two weapons.   These are 2.07 rounds per 
burst for the T48, and 2.63 rounds per burst for the carbine. 
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TABLE E4 

HOLES COUNTED, ROUNDS COUNTED. T4.«C ET MAIJ-'UNCTIONS, 

DESIGN CHANGES, AND WEATHER VARIATIONS 

Rang«, yd 

target characteristic»* 

Move meal Concealment Typ. 

Tita«, set, 
preceding 
exposure 

Day Night 

Eipoaure 
liate, sec 

Day Night 

Target no. 

52 X r — 7.5 — 285 1 
63 E 9.0 — 3.0 2 
66 E — 6.0 — 7.5 3 
67 X — 7.1 — 12.0 4 
74 7.5 4.5 — 
76 — 10.5 — 4.5 6 
77 X 00 — 15.0 — 7 
71 — 9.0 — 19.5 • 
Ü 10.5 — 4.5 — 9 
«V X 9.0 — 5.0 — 10 
90 X — 12.0 — 4.5 11 
91 — 10.5 — 9.0 12 

HI X 12.0 6.0 19.5 19.5 13 
127 x o.O ?.S 9.0 9.0 14 
i3v 9.0 M 4.5 4.5 H 
152 X E 9.0 7.5 9.0 10.5 16 
161 E — 9.0 — 3.0 17 
162 X E 13.5 10.5 6.0 6.0 18 
164 X E 12.0 10.5 1.5.0 18.0 19 
165 X 1 7.5 7.5 31.5 34.5 20 
169 E 13.5 9.0 3.0 4.5 21 
176 X 1 10.5 13.5 4.5 9.0 22 
209 F — 6.0 — 3.0 23 
216 X F 75 — 4 5 — 24 
218 X F 105 12 0 M 15.0 25 
221 F — 7.5 — 7.5 26 
223 X F — 9.0 — 21.0 27 
245 1 13.5 6.0 Si 
259 E 12.0 10.5 29 
247 r M 3.0 30 
269 F IM 25.5 31 
334 F 10.5 7.5 32 
33« F 7.5 so 33 
339 X F 9.0 210 34 

*U*lfaactloa. «saiga, ass weetaer ess« (s casW lettar la pareetheees laaicatss assetieaahle seta) 
Mechanical swlfaat liaaa: S     Post ras ehaar»st>ea ahaerr c< 

a    Target (sties' to rise taw heavy; oaareeistsat esrrei 
•     I er get teile« la aw«s. easat rsaa 

Target ap at wrsag liar* p    Original 00 targe« reler 
s     Another tsrgst ap etasUaassaaly aiaanatiea ahn HI OO •«rga« 

reeiaarst te ha 
•« hef ere 

to white 
m 4tff tcsh 

e Blaah failaa la fir« 
f Ceacssiav-ai hss«v 

• Caaxealaaeat light 
a Ftrara ehe. re« hy rifle 
i Targe« face c aasr sff 
i Target save early (aaaaV er ef 
• Target sea* tale (asasi raft 

~n.arl, 
eaee ef laastaa eapply ef 

la ha aw 
Oearly aright «seal«*» 
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TABU: K4 (continued) 

•*= 

1 2 3 4 S 6 7 • 9 

Weapoa, ^ta». aaaVor lain« 

Siagle »uliat Daple« Siagl« ballat Daplei [ Siagla ball« Dapia« Siagle ballat Dapl.i TOOaeau 

Viaibility 

Target D-f Day Day         [    Day     ]         bay Day Nigbt Ni«b< Day 

or a»» ac Peait 10» 

Sittiag Sittiag Sittiag Sit lag        Staatfiag Staadiag Sittiag Sittiag Sittiag 

Ipai 

A A B B A A B B B 

Pr.gr« 

1A-1 IB-2 IA-1 IB- 2 1A-3 ZB-2 9A-1 9B-2 3A-5 

Ho lea Counted by Target tad Related Coadilioaa* 

24 (t) 9 — 
0(t) 2 — 
II (t) 14 — 
0 1.) 0 — 

4. Spa Spa la. 2pa »a. 

2(t) 6 
«p- 

14 h 30 p. 21 P" 27 p. IS pa SO pa 
ll(t) 0 

»pa 

• 17 a 15 Oa 9 —   9 

M 10 22p ISp 41 p 19 p 25p — _ 17 p 
II 0(t) 0 

«2 0(t> 1 — 
11 0 IP 3p Ofp 3p Op 1(1) 4 9p 
M t • p IP 2P 5p 10 p 2(t) 1 IP 
IS o op 0p Op IP Odp l(t) 0 Ollif 

M T • s 8 3 i 0(1) 0 0 
0(t) 0 _ 

II 1 s 4 7 | lr 0(t) 0 < 
1» / 14 12 9 10 u 0(1) 1 11 
a 23. 34a 24« a IS 35 1(1) 0 sr 
21 3 4 0 7 1 1 0(i> 0 i 
a 1 2a Of« c 1 0 0(1) 0( 
a • M 0 — 
24 n • | Op op o» ÖP — — 0(a»p 
2» 1 Op Op op Ip Op 0(1) 0(g) • Ml.« 
2» 0 (II 0(g» — 
*7 0(t) 0 (g) _ 
a 04 2 0 1 I — — 1 
a 4 12 s s 20k — — 0 
a 04 0 0 • Oa — — • 
ii t •P Op Ofp »p JP — BB • • 1 2 4 • 0 — — • 
21 lr 0 0 0 0 — a« • 
M 0 2 ] 0 1 — — • 

ratal «0 MO Mft IW 

aaCaanaObr 

41 

ttea lamb— 

no M «4 a 

41 a a 44 a w a M 
Oft Tf a 41 a • 40 
a a a 44 a 04 9t 

M 01 a a 40 a M a to 
a 0ft %4 41 04 a 
a a a 44 a • m 
a a SI 44 a 44 m a B 
m a a a a a •» 01 a 

a a a a a 

ITS 
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TABU: VA (contiaucd) 

!• 

10 11 IS IS M 15 If 17 IS 19 

•«•»oa. MM, md/rr (kin« 

T«Mo TMM«U TMatfo TM Mai TMftMe TM MBU TMMKO CM aaai CM aato CM iMi 

visibility 

Day ft. •» Dar Day            Nick Ni«ki Day Day Df 

PoaUtiM 

Sittia« JftUUftf Sittia« SlaaaUaf Staatfiag Sutia« Stttiag Sittia« Siuing Sittiag 

S-jri 

V A A B B A A B 1 A 

PlOfTft» 

SB-« 3A-S 3H-6 4A-5 4A-6 10 A-7 10B-« 
1 

4C-9 4O-10 SA-11 

Halea Caaatad ky Tarpm tmi Ealatad Coaaiiioaa' 

• 

— — — — — 0 17 — —- — 
— — — — — 5 4 — — — 
— — — — — 14 5 — — — 
— — — — — S 16 — — — 
»,» • - »P- 2pa IM — — 3- Spa 4 p. 

— — — — — 4 S — — — 
22 pa »~ 20». 24 pa 17 pa — — 30pa 12 p. 18 pa 
— — — — — 12 IS — — — 

4 15 7 10 4 — — 14 7 9 
Hak 1H !*• «P 15 p 16 p — — 16 p »7 p 16 p 
— — — — — 0 0 — — — 
— — — — — 4 s — — — 
'• »t 12. 14p<a) 13 p 8,3 4 Up 13 p 3p 

o. • P 6p JP 3p 3 3 0p HP If 
opin Old?) 0(ft(p) 0p 0 0 0 op Op 0p 
s 10 5 3 2 0 2 8 5 7<a) 

— — — — — 0 0 — — — 
7« 11 9 5 20k 0 ; 2(ü 0<>) 3 
6 17 il IS 5 1 0 21 (i) • 4 
0(0.3 21 13 0.3 19 0 26 2 m 23 37 

» 4 0 2 0 1 0 0 4 2 
01 1 0 0 94 1 0 0 0 1 0.4H 

— — — — — 0 0 — — — 
0»(fa) 0(l>)p 0(fa)p 0«tf*J 0 ii'ftip — — 0 k IS 2 k IS 1 
Optfa) 0((a)p "<f.,p OpU.J 0(f«>? 0 0 1 0 4 

— — — — — 1 0 — — — 
— — — _ — 0 0 — __ — 
0 2 0 1 IM — — 7 1 7 
2 a 4 7 2 — — 11 3 H> 
o 0 0 0 0 — — 0 0 1 
• 0 2 s 3 — — 1 1 3 
o 0 0 2 0 — — 2 0 1 
0 0.5 0 0. IH oos 0 0 - — 0 0 1 
0 1 2 2 1 — — 2 1 1 k 

IM 102 127 <>l 171 114 ISS 

HS 70 106 98 111 SS IM 73 82 77 
tl 6* 112 M 74 76 2SS 73 us 42 
64 S6 90 M 94 75 114 72 116 90 

104 TS 9t 72 127 76 111 «7 US Sl 
75 4? 109 54 88 41 129 $7 105 76 
77 61 99 107 m 105 59 75 149 101 
79 SS 96 57 •9 76 199 S7 III 62 
M 75 09 67 76 102 122 34 42 96 
76 66 •1 64 69 • 192 34 M 92 

101 72 ISO 90 AS I0S 179 9» 140 91 

tu 56» 1056 7*4 •23 712 1664 640 1016 TU 
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TA9U F4 (costimed) 

Rw 

- :. 22 23               26 25 26 27 21 

Weapon. 1110. ui   or firing 

li« «Mo Cbn semi Cbn aato (In M>BU Cbn auto SingI« bulle« Triple« Single Ml« Trink» 

VMMfily 

Tmgn 
Day Dm Day Nigat     j    Nigat 1* Day Dny IV 

or maa ao. 
Poaitioa 

Sitting Standing St and tag Sitting Sitting   |      Sitting Sttting Sitting Sitting 

Sqaad 

A 1 B A 1        1           A A B I 

Program 

SB-9 6A-11 ob-»2 tiA-15 12A-16 7A-13 7B-14 7A-13 7B-14 

Ho eaCouated krT.pt «ad 8-iat mi Condition»* 

— — — 18 4 _   _ _ 
— — — 2 6 — — — — 
— — — 6 5 — — — — 
— - — 0 3 — — — — 
11 par 4p« Up- — — 9 pal«) • pa »r- 10 p. 
— — — 6 0 — — — — 
21 par 31 p. 32 p. 

1 0 
2flpa(n> 51« 34 pa 99 an 

16 r 15 7 14 25 6 13 
15 pr 20. • p. — — 18 pie) 47 p *• 24p 
— — — 1 4 — — — ~ 
— — — 0 0 — — —   

13 12 pr 26, Up 103 003 13 p 25p 1»P Op 

M ftp, In 3D. 1 0 IpW 7P In sp 
ft ~r "  , Op 1 0 Op Op Op Op 

H UM)» 4 7 1 0 8 1 4 19 k 
17 — — — 0 0 —     _ 
IS 11 r 9 8 0 0 4 8 1 12 
19 38* 15 S 1 0 8 17 14 18 
» lr 42 22 3 4 32, «7 36 55(d) 

S Or 0 2 0 0 2 4 1 0 
»•V 0 1 0 0,3 4 2 0 0 

tt — _ __ 0 0 __ 

; 
If 1 1 — — 0 1 0 0 
• r 4 4 0 0 s S 0 0 

2* — — — 0 0 — _ _ _ 
27 — — — 0 0 MB _ _ _ 
» Sr 3 5 — — 2 8 4 2 
19 • r «03 203 — — 5 8 li 1 • • r 1 0 — — 0 0 0 0 
31 9r 5 4 — — 3 (a) 12 6 1 
at H 0 0 — ft* '. * 1 n 

8r 0 0   _ 0 0« 0 0 
M Oh» 1 4 — — 4 8 1 0 

Total       179 202 142 •2 157 301 144 201 

1             197 188 218 86 118 70 82 80 7» 
2            221 143 15» III 248 100 tt S7 8 
1             153 98 III 144 164 72 78 6ft 84 
4             191 80 181 41 128 5» tt ftl 80 
5             IM 71 181 88 151 61 74 tt «5 
4            18» 188 194 98 81 a» 7» 71 tt 
7             148 98 222 118 171 54 • 49 47 
•              191 84 98 121 MS "« »1 91 1» 
9              18» 8» 120 Ml 144 8» 7» 48 tt 

M             Ml 148 4ft • 71 7» 72 71 

vcaaw- a -• M 
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TABLE E4 (continued) 

•M 

0 
- - 

32 sa 94 93 H 17 aa 

«••fK.1.  MM, aaa/oc IkiM 

Siaelaaallat Trial«» Siagla kallai Trial« Daalax Siagla ballat Daplai Siaflck.!!^. B*fa. Siagla bu.let 

ViaiaUUy 

Day Day Niaki N.a» Qay Da, Day Day Day Day 

Poaitioa 

Siaadiag Suaaia« Silt lag Stotiag Silt lag Siuiag Sittiag Sittiag Staaaiaf Staaalag 

Saaa. 

A A B B c C D • « 
C 

PtapM 

SA-1S 12A-IS ISA-In 12A-15 8A-1 OB-2 •A-l 8B-2 SB-8 SA-7 

Holaa Coaataa by Targat aaa Htiata« uonditioaa* 

  11 
  s 
_ t 
— 1 

1» — 
1 

Up- — 
4 

• — 
Mff 

1 
0 _ 

I*- o. 
•• 1 
* o 

— t 
4 o 

U 1 
21 4 

1 • 
0 Ojl 

o     r 0 

4         i 0 
- 0 

= 0 
4                    I — 
• — 
003 — 
• — 
o — 

IS« III 112 •1 

1 4 2 s 0 
— — _ _ _ _ 
14. IS 1» 17 IS 
— — — —   _ 

:: 
11 at 0 
14 u IS |3 19 

— 
M 11(a) 0 a 10 

— 

t • 
! 

6 
0 0 1 

M 1 s Ik S 
— — _ — — — 
* Si 14 k Ilk» 0 
» 2 1 0 

: 
12 
0 

• 
0 

2B S7 
0 

20 

if 1 0 Of s 

0 0 0 9 
2 0 2 0 

6a 2a t 2 
«a S 7 7 
2kl lkaH 2k 0 01 0 
2« 2 2 9 
t 2 • 0 
• • • 0 
1 S • (a) t 

107 110 

TO )0a 42 01 44 SO to 01 
02 20 07 40 90 SS Tl 

90 w 70 00 41 47 00 • 
01 TO «o II 00 04 so 
« Ml IT It 94 SI so 04 
00 112 09 TO U «• 77 70 
M 104 99 • 1 (4 40 04 Tl 
TO 01 If 99 41 44 04 40 • 14 10 T4 14 OT SO 
72 124 IT 41 00 SO 00 so 

900 141 94» 490 on- 004 07« 
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IADLC    «.••   lliMiiiuiKui 

RN 

• «   j 41 42 43 «4 45 46 47 

Weapoa, MUM, aador (mag 

Duplci Stag!« »•"•« Cb» »Mo Can a«aii Cka aato Cbnaaa». Cba aato Caaaaaii Caa aato 

TIMIIHJ 

Tar gat 
Nl(T»l Nigh* Day Day Day Day *y Day Nigh« 

or maa »o Poailion 

f mil Stttiaf Sim a*. Stttiag Sutiag Sittiag Staoaiag Staaaiaf SitllBg 

Saaa* 

D D D D C C D D C 

Progra- 

11A-3 UB-4 6A-S 6B-6 ms 6B-6 SA-7 SB-« 12A-7 

Twal 41 

Holaa Coaaiaa by Targat aa4 »elate«! Coa4uioaa* 

17 k 15(b) — 
Oh 2(b) — 
9k 4(b) — 
II 1 (bi   

_ — 3 >lbi 

1 b 2(a) — 
— _ 21 a(b) 

Ob 0(b) _ 
— — Sa<b) 
— — lla(b) 
lb 0(b) — 
Ob 0(b) —. 
2b Mb) 7aU) 
2b 0(b) 1 a(b) 
Ob 0(b) 0a(b) 
Ob 0(b) 2a4k)k 
Ok i  >v\ 

Obk 1 (b) 24 a(k)kb 
Ob 0 (b) 3a(b) 
2b 1 (b) 6 .(b)« 
Ob 0(b) 0 Mb) 

w Ob 0(b) 0 aCkMa) 
23 Ob 0(b) _ 
M — — 0a(b)a 
25 lb 0(b) 0a(b) 
B Ob 0(b) — 
r Ob 0(b) r- 
» — — Oak! 
9 — — 3 a<b> 
30 — — Oa<b) 
31 — — 0 a4kMa) 
M — — laOtf 
33 — — Oa(b) 
34 — •a Oa<b) 

2b 6 2 • 

30b 30 12 26 

16 b Oj | 0 

28b 30 S 25 jj 
— — — — — 
—. — _ — 

Oba 12 1 16 
7b 1 4 7 
0b 1 0 0 
Sbk 9k 26k 3 6 

•b 6 3k 0« 
12 b 11 7 1 
»b 46 7 17 
2b 0 0 0 
2b 3 2k4H • c 

— — — — —. 
lb 0 0 0 
• b 0 1 4 

— — — — 

Sb 0 0 S 
Sb 1 1 0 
Ob 1 0 0 

12 b 2 4 36 
lb 0 0 I 
Ob 0 0 1 
Ob 1 2 

171 

»a—6a CaaMaa ay ttaa N, 

164 I4S 

4 
1 

11 
2 

0(j) 

0(j) 

1 
0 
1 
0 
0 
0(4) 
0 
Ik 
0 
2 
0 
04 
0 

0 
0 
0 

23 

1               64 a a *• 146 a 113 a 
2             SI n M 64 m a m a IM 
3             II m • a Ml la in W6 aj 
4               6 144 47 72 146 111 m 
S              • a) 14 M II M n a a 
«         a 7« 73 a in •1 Ml a IB 

•7 12* a a a a a n a 
a •T a a a a ia ta 
a a a a 71 a a a a 

a m a a a m n M a 
Tata*     116 an • 4M mi m an m • 

ORT)   T-3T1 
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TABLE FA (continued) 

s 
0(r) 
I 
1 

Ir 

1» 
Or 
001 
1 
t 
1 

: 
o 
I 
0 

Or 

0(r) 
0(r) 
• <r) 

IM 

• 1 • 1 • " 
52 SI M M 

" " 
•••aoa. MM, aaa'/ot iuim* 

Cka «Mi TMaat© T4laaau T«S MM | T49 aaai TttMo Tttaaau T4laa»o Ttt  »Mi Daalaa 

Viaiailüy 

Nia»           Day            Day Day Day Day D«y Nifkt Ni«> Day 

Poaitioa 

Sitiikg Sit t lag Siniaj Siuw« Situa« Staa4ia« SuMttaf Sittiag SMUüM Sit« lag 

t^mi 

c D D C c D D C C C 

•TCäPC^I 

12B-1 4A-9 4B-10 4A-9     |   4B-10           SA-11 SB-IS 1    »A-11 9B-1J 2A-1S 

1 

»4«) 

MO) 

SO 
1 
I 
• • 

II 
I 

0 

Balsa Commit ky Targe« aaa* lalata** Coaditioaa' 

0 

17 

10 
21 11 •> 

11 
J2 

0« 
4 

i. 
*• 
4 
0 
4 

17- 
• 
0 
0« 

I 
2b 

SI 
0 
2 

7 
01 

2Sa 
2 
1 - 

• 
6 

19 a 
1 

2 
9 
• a 
S 
0 
0 
2 

0 
4 
0(a) 

0 
0 
I • 

21 

4 
ISaa 

0(a) 
0(a) 

IS k 

• 
2a 

Ma 
1 
• • 

2 
S 
0(a) 
4 
0 
0 
t 

20 IS 
0 0 
• 10 
1 2a 

0 
1 
4 
2j4H 
0 
S 
0 
1 
4 
I 
0 
Ort 
0 

0 
0 
OklH 

29 
1 
S 
1 
1 
2 
0 
1 
2 

10 k 
1 
irt. 
0 

0 
0 
OklH 

M 

IS 
Ma 

SJ 

)1H 

IT 127 101 140 IM S9 

m 

IM 

m •9 94 91 97 Ml IM S9 
T9 19 91 94 114 71 IIS t9 H 
9« 92 119 •2 Ml M9 91 Ml 49 
91 79 IIS 9* MS 91 MS 77 11 
* • 1 91 « 119 7« 91 IS 91 
79 19 117 •t 114 74 TS 94 •7 

Ml 79 91 M M9 m 1» 94 v 
49 29 II 94 Ml 71 M III 49 • «9 IM 71 Ml M3 IIS 7« 11 
•1 

799 

•9 

9M 

1» 

lilt 

91 Ml 

1MB 

94 

•99 

144 91 
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TAPLE M (continued) 

Rua 

St 59 «0 61 62 m 

S.agle ball«t Duple« Siaale Belle« Duale« Siegle ballet Duplex 

Vieibility 

Target 
Day Day Day •>«y Day Nigat 

01 aaa eo. 
Poeiiioa 

Sit lieg Sittiag Sittiag Steading Staediag Siliiag 

•pM 

C D D C C Ü 

Progr«. 

SB-14 2A-13 SB-14 IA 1: IB-16. 10A-15 

Holaa Couated by Target aad Related Coadiiiona* 

— — — — — 45 e 

— — — — — 4 
— — — — — 5 
— _ — - IB e 

3 5 5 3 s — 

I — — — — — T 

• so 19 36 M — 

: 
  — — — — 17 

• 2. 9 2JklS 12 k IS — 
10 21 a 24 a 21a« 12 a — 
11 — — — — — 0 
12 — — — — — 1 J1S 
IS Ma 01 15- 17« If a 4,3 
14 3 15 7 7 3 S 
IS 0 0 « 1 1 c 
IA • s 4k S 6 a (kl 

17 —   — — — 0 
18 3 is Ob 14 l»l Scat 

m 3 is 5 S Ill 1 
so It a 41a 19 a Ma 17 a Oa 
21 0 0 1 0 0 Od 

H Gaa.i 1MB u ai u • i m Ö« 

23 — — — — — 0 
24 0 • 0 0 0 - 
SS 0 0 2 0 0 1 
S4 — — — — — 0 
27 —   — — — • • 
St 4UMS 1 3 4 2(4) — 
S9 1 i 0(a) IllS 3 3 — 
SO 0 0 0 Olal 0(d) — 
SI 1 JIH 7 6 2(d) 

SS • 1 0 0 0 — 
• S 0 t 0 — 

34 1 - 4a t. • • •a — 
TeaeJ MO ISn 

SO 
IM 

u 
•I 

t   J7I 

CONFIDENTIAL 



CONFIDENTIAL 

TABLE K4 (continued) 

RM 

44 65                          t* » "    1 • 70 

WWMfMNI • ammo, »mi/at firi •0 

Siagle bullet SisgL kail« Dapie» Single build ft*. Fleckette F!»*-«etle 

Visibility 

Night o«y D.y Day Day Day Night 

Poaitio« 

Sfctiag Sit nag Sitii*g •Maf Sitting Steading iMdiag 

IfMi 

D E E ' 
r c C 

Pragraa 

WB-16 1A-1 1B2 1A-1 IBS 1A-1 9A-1 

III 
70 

lit 
« 
IM 

Hol«« Coaat«d by Target and Related Coaditioaa* 

$• — — — — — 9aa»H 

— — — — — It 
3 • — — — — _ IS 

7k 7 lr l is 
— — — — — 1 
2Sk SI I0re<c) SSc 19««,7H   
— — — — — lS.a9*i 
IS 19 4r 8 16 — 
14 M Urn lira. It« 7«««7S — 
— _       0« 

OjlH — — — — — 9 
«F> ». 43M «na IS a« 0|- Se«9* 

4 t St 6 I« S 
S 0 Or 0 S - 

Ift • k S»k Mr 10 0 J 

l.a. 9k 11 7r : 0 1 
11 kk IS Sr II 7 1 

• • 47 H 49a SB ra Hi 6 ••»% » fcl7* 
04 S 0 0 t c •» t 
J« Se»g la 1 M IM * - 1 
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TABLE E7 

HOUNDS PER BURST OF AUTOMATIC FIRE 

Weapon 
Position-illumination 

combination Bursts R ousda 
No. of rounds 

per burst 

T48 Day sitting 254 
405 
321 
452 

512 
801 
618 
946 

Total 1432 2,877 2.01 

T48 Day standing 383 
455 

808 
986 

Total 838 1,794 2.14 

T48 Night sitting 392 
313 

817 
676 

Total 705 1.49.3 2.12 

Carbine Day sitting 249 
283 
219 
2*9 

641 
868 
462 
698 

Total 1020 2.669 2.62 

Carbine Day standing 550 
310 

1.365 
743 

Total 860 2.10H 

Carbine Night sitting 391 
253 

1,197 
666 

Total 644 1.863 289 

Grand total 5499 12.804 2.S3 
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SUMMARY 

In this appendix the term "holes counted" refers to the raw data of holes 
counted in the target faces, and the term "hits recorded" refers to the raw 
data of hits electrically recorded on targets. The category "hits adjusted" is 
used for the adjusted data after compensation for malfunctions, etc.  Similarly 
the category M rounds counted" refers to the raw data of rounds counted for each 
run, and the category "shots recorded" refers to the electrically recorded num- 
bers of trigger pulls.   The category "shots adjusted" is used for the adjusted 
data after compensation for malfunctions, etc. 

The holes counted are taken from Table E4.  From run and target totals, 
corresponding predicted values are computed.   The raw value is replaced by 
the predicted value if (a) the two differ by one standard deviation, and an appro- 
priate malfunction was recorded, or (b) the two differ by three standard deviations. 

The shots recorded are proportionally adjusted to agree with the rounds 
counted for run totals.  Then, only for those cases where hit adjustment was 
miete, co»*r**fi»r|orM!iMn<r *»hr»t •**J?S8t.H5CT£S *s***r** «•*—*>-^r**.c~?,ll** nüid*.   r*:r.wl.y 
predicted shot values are computed, and replace recorded values where differ- 
ing by three standard deviations. 

ADJUSTMENT OF  HOLES COUNTED,   EXCEPT  FOR  FLECHETTES 

It is desirable to adjust the data to compensate for known and suspected 
malfunctions of weapons, targets, etc., for drastic changes in weather, and for 
deliberate alterations in target characteristics such as reduction of the amount 
oi concealment. 

After the target column in Tables Fl to F19 is the raw holes-counted col- 
umn.  The next column shows a predicted value for each datum based on the 
line and column totals of the whole table for holes counted for all runs of the 
same type of fire.  This is computed as follows:  The sum of the holes counted 
for all targets in a given run is multiplied by the sum of the holes counted for 
all runs of the same type for a given target.   The product is divided by the total 
number of holes counted for the entire table (all targets and all runs of that type), 
to yield the holes predicted for that target and run.   The standard deviation o 
is computed for each line of holes counted (for each target). 
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The raw hole count for a target is rejected for either of the following 
reasons:   (a) there is a known malfunction, weather change, or deliberate de- 
sign change, and the holes-counted value is different from the holes-predicted 
value by more th«ai one standard deviation; or (b) the noies-counted value is 
different from the holes-predicted value by more than three stai.dard devia- 
tions.   (This is intended to eliminate data affected by malfunctions of which no 
record was made.) 

The final column of hits adjusted for each run is composed of the same 
values as the original raw holes counted except where rejections occurred for 
the given reasons.   Whenever the raw value was rejected the predicted value 
is substituted in forming the hits-adjusted column.  Such changes were made 
185 out of a possible 1452 times; i.e., 13 percent of the hit data was adjusted. 

ADJUSTMENT OF SHOTS RECORDED, EXCEPT   FOR FLECHETTES 

The electrically recorded shot record (trigger pulls) provides the only 
data showing the apportionment of shots to each target.  However, the total 
8hots recorded were often different from the total rounds counted for each run 
because of recording malfunctions. 

It is desirable to adjust the totals of the shots-recorded values for the 
different targets of a single run to equal the appropriate rounds-counted totals, 
retaining their relative values or ratios for each target.   Moreover, it is de- 
sirable to correct for the same malfunctions and weather and design changes 
that were used to adjust the holes counted.   (Correction for particular malfunc- 
tions of the shot-recording equipment cannot be done because there was no re- 
liabl«? means of identifying such malfunctions.)  This is accomplished in Tablep * 
W'iii xo r«3ö, where the raw shots recorded are shown after each target number. 

The first operation performed is the change of each shots-recorded value 
proportionally to bring the total to equal (within rounding errors) the actual 
rounds counted. 

The next column shows the change of each item proportional to the change 
made from holes counted to hits adjusted for the corresponding target and run 
of Tables Fl to F19.   This takes into account the adjustments made for mal- 
functions and weather and design changes.  Such changes were made in 155 of 
1452 possible cases; i.e., for 11 percent of the data.  This value is lower than 
that for Mt« adjusted bfsausg 30 of the SuOu»-iecuiue<l iiems tnat would nor- 
mally have been changed were zero, and therefoie did not change. 

Next a predicted value is computed using the line and column totals for 
the* whole table of the data as adjusted so far (all targets and all runs of the 
same type of fire).   As before, the predicted value is computed by multiplying 
the sum of the adjusted-to-total-rounds-counted values in a given column by 
the sum of those for a given line (target) and dividing by the total for the whole 
table.   This yields the shots-predicted value for the given line and column (tar- 
get and run).   The standard deviation o is computed for each row of adjusted- 
to-total-rounds-counted data (for each target). 
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To eliminate unrecorded malfunction effects, all items are rejected where 
there is a difference between the adjusted values and the predicted values of 
greater than three standard deviations.   There were 3(5 such changes, none of 
which coincided with the 155 changes corresponding to hit adjustments.   Thus 
J9i changes cut of a possible 1452 were made, or 13 percent of the shot data 
was adjusted.   By coincidence this is the same as the percentage of hit data 
adjusted. 

The final column of shots adjusted for each run is composed of the 
adjusted-to-total-rounds-counted values except where rejections occurred. 
Wherever the adjusted value was rejected the predicted value was substituted 
in forming the shots-adjusted column. 

No special treatment was given to zero values for raw shots recorded. 
Proportional adjustments, of course, left them still zero.   As with other num- 
bers, the zero was used in the final shots-adjusted column unless it differed 
by more than three standard deviations from the predicted value, in which case 
the predicted value was substituted 

In Tables Fl to F38 are all the raw and the adjusted data (except for 
flechettes) broken down by weapon, visibility, firing position, and target. 

ADJUSTMENT   FOR  FLECHETTES 

In comparing the two flechette runs (one day-standing run and one night - 
standing run) with corresponding single-bullet runs, the single-bullet informa- 
tion must be balanced with that of the ilechette.  The single-bullet runs used 
22 targets with a standard program.   Run 69, the flechette day-standing run, 
BSfid only 19 targets, a&d 4 oi thuse appeared ior only hall the normal program 
time. 

Table F30 shows the shots-fired information equated to the total adjusted 
ammunition count of 2824.   The second column shows the total shots fired per 
target for the four single -bullet day-standing runs.   The fourth column show» 
the second-column information adjusted to balance with run 69, the one flechette 
day-standing run.   Targets 7, 10, 20, and 31, which were up only half the nor- 
mal time, actually had approximately half the number of shots fired at them 
in that time.   Similarly, the last column shows the balanced target-holes 
information. 

Table F40 follows a similar pattern in balancing the four single-bullet 
night-sitting runs against run 70, the one flechette night-standing run. 

Table F41 summarizes the adjusted hits and rounds fired by run. 
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Table r\ 

AftimnilNT OF HOLES COUNTED, SIMil.E   BULLETS,  DAY SITTING 

j   Hale«       Holes Hit« 
Target]counted predicted adjuated 

RUB 

s 4 3 0 
7 14 13.9 
• » 6.2 

10 10 11.5 
13 Ü 8 3 
M •» 2.« 
IS 0 0.6 
16 7 4 4 
18 2 a.b 
It 7 5.3 
20 23 19.« 
21 3 0.7 
22 ; 0.1 
24 0 0.1 
25 l 0.8 
28 0 1.1 
29 4 2 4 
30 ii 0.1 
31 2 1.9 
32 1 0.4 
33 1 0 1 
34 0 1.8 

Hole«       Holes Hits 
counted predicted adjusted 

Holen      Holen        Hits 
counted predicted adjusted 

Total 'JO 

A.J* M 

ft 1 S.3 
7 2* 24.3 
9 '4 10.» 

Hi 18 20.0 
11 13 14.5 
14 1 4.5 
11 0 1.0 
16 8 7.S 
11 4 4 2 
19 8 1.8 
10 32 34.1 
21 2 1.3 
22 4 1.6) 
24 0 0.3 
16 2 1.4 
29 2 3.1 
29 9 4.3 
30 (i 0.1 
31 i 3 4 
32 0 0.6) 
33 (i 0.1 
34 « 3.1 

Total 157 

1   | 

0.1 

»0 9 

:. 3 

4.5 

105 

3 
34 

Holen Holen Kita 
predicted adjusted 

Run 3 

3 3.5 
21 ie.2 

8 7.3 
IS 13.4 

3 9.7 
1 3.0 
0 0 7 
1 5.1 
4 4.1 

12 1.1 
24 22.8 

0 0.0 
0 1.0 
0 0.2 
0 1.0 
1 2.1 
3 0 3 
0 0.1 
0 2 2 
0 0.4 
0 0.1 
5 2.1 

Run 27 

13.3 

41.3 

3.0 

1.0 

108 

•» ? 

Ill 

Run 34 

3.7 
17.2 
7.7 

14.2 
10.2 
3.2 
0.7 
5.4 
4 4 
« 6 

24.1 
0.9 
1.1 
0.2 
1.0 
2.2 
3.0 
0.1 
2.4 
0.5 
0.1 
2.2 

Run 58 

3.4 
IS.« 
• 9 

12.1 
93 
1.9 
0.7 
4.9 
4.0 
5.9 

81.7 
0.9 
1.0 
0.2 
0.9 
2.0 
2.7 
9.1 
2.1 
9.4 
0.1 
8.9 

0.1 

110.1 

12.8 

2.0 

*1 

Run 36 

2 2.7 
5 12.5 
4 5 6 
9 10 3 
0 7.5 
3 2.3 
1 0.5 
1 3.9 

13 3.2 
7 4.8 

25 17.« 
0 0.7 
0 0.8 
1 0.1 
2 0.7 
3 1.« 
3 2 2 
0 0.1 
0 1.7 
1 0.3 
0 0.1 
1 1.6 

Ran 60 

4 0 
18.6 

8 J 
15.3 
11.1 
3.5 
9.8 
58 
4.7 
7.1 

88.1 
1.« 
1.8 
9.2 
1.1 
2.4 
3.9 
9.1 
2.6 
9.1 
9.1 
2.4 

3.2 

71.2 

15.3 

4 .7 

3.3 

2.6 

2.3 6.8 
8.3 24.8 
3 1 9.3 
4.7 14.0 
9.7 86.0 
1.9 5.7 
1.4 4 2 
2.8 8.3 
3.7 11.2 
3.9 11.7 
9.5 • | 
1.1 3.6 
1.7 5.2 
9.6 I.S 
OS 2.9 
1.2 3.6 
1.9 5.7 
0.3 0.9 
2.5 7.4 
0.7 2.0 
0.3 0.9 
17 5.1 

154 a 144 

2.3 6 8 
8.3 84.8 
3 1 93 
4.7 14.0 
«.7 26.0 
1.« 5.7 
1.4 4.2 
2.8 8.3 
ft.1 11.2 
3.» 11.7 
9.8 88.5 
1.1 3.S 
1 7 8 2 
0« 1.9 
0.« 3.8 
1.2 3.« 
1.9 5.7 
9.3 0.9 
2.« 7.4 
9.7 8.0 
0 3 9.9 
1.7 5.1 

132.3 109 «9.8 120 9 
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Tab!« fl <continued* 

Target 
Hot«       HolM        Hit« 

counted predicted ad] us tad 
HolM       HolM Hit« 

counted predicted adjusted 
Hole*       Hole«        N1U 

counted predicted adjusted 
HOIM      HolM Hits 

counted predicted edjueted 

Run 65 Run 67 

5 7 6.8 I 3.6 3.S 
7 25 31.3 18 16.2 
t 12 14.0 4 7.3 7.3 

10 14 25.» 25.8 11 13 4 
If 29 18.0 18.6 6 ».7 
14 4 1.1 5 3.0 3.0 
11 3 1.3 0 0.7 
1« 8 1.1 10 5.1 5.1 
It I | .i 7 4.1 
1» u 12.0 3 6.2 
20 47 43.« 28 22.8 
ai 3 1.7 0 0.» 
12 3 2.0 2.0 1 1.0 
24 1 0.3 0 0 2 
28 2 1.8 2 1.0 1.0 
28 3 4.0 2 2.1 
2» 7 5 5 1 2.» 
30 0 0.2 0 0.1 
31 7 4 3 5 2.2 
32 0 0.8 0 0.4 
33 0 0 2 0 0 1 
34 5 4 0 1 2.1 

2.3 6.8 
8.3 24.8 
3.1 0.3 
4.7 14 0 
6.7 26 0 
l.t 5.7 
1.4 4.2 
2.6 0.3 
3.7 112 
30 11.7 
0.5 28.5 
1  1 3.6 
1.7 5.2 
0.6 1.9 
0.9 2.8 
I.I 3,6 
1.9 5.7 
0.3 0.9 

74 
0.7 2.0 
0.3 0.9 
1.7 5.1 

Tatel 202 200 4 i M 100 1 

Tnble F2 

ADJUSTMENT OF  HOLES  COUNTED,  SINGLE   BULLETS.  DAY  STANDING 

Hoi«, Mnl«P »«•.« VMt* HolM Hit* Hole»       Holen        Kite    i   Kuien noiej 
 1 

Hit« 
Tnrget counted predicted adjusted counted predicted adjusted counted predicted adjusted!counted predicted adjusted C Je 

Run 5 RM29 rUatSB Run 82 

5 2 2.4 2 3.2 6             3                                     2 3.1 1.7 1 2 
7 15 12.7 12.7 15 16.9 16.9            15            li.l                                IN It.1 !.3 * a 
9 1 3.2 5.2 8 7.0 6             7.1                                12 0.7 6 7 4.3 13.0 

10 19 12.9 12.9 14 17 2 17.2            19           17.5                                12 16.4 16.4 3.1 9.2 
13 3 8.3 13 11.0 1            11.2                                17 10.5 10.5 5.3 15.8 
14 5 4.6 6 6 2 S.9 2.2 0.5 
11 1 M 1 0.8 0 6 04 13 
16 3 3.2 4 4.3 4.1 12 3.7 
IS 2 1.8 4 2.4 2.3 1.1 3 3 
19 10 6.6 11 6.0 8.6 2.3 0 8 
20 13 14.3 21 19 1 .'f>            10.4                                17 16.3 3 1 0.3 
21 1 0.6 1 0.9 0.8 9.4 11 
22 0 0.6 0 Oh 0.0 0.« 0.8 26 
24 0 0.0 0 00 0.0 0 0 0 0 
25 1 12 4 1.0 1 6 1 6 4 5 
29 1 2 0 4 2.7 2.6 1.1 3 4 
29 3 2.2 0 3.0 3.0                             3.0                                  3 2.6 0.0 2.6 
20 0 0.0 0 0.0 0 0 9.9 90 
3' 2 1.2 0 1.0 1.6 9.9 2.6 
32 0 0.0 0 0.0 09 06 99 
33 0 0 0 0 0.0 90 9.9 9.0 
34 0 0 4 0 0.6 9.6              2             6.5            9.0               n 0 S 9.0 0.15 9.46 

Total HI 77 8 19* 116.6          110                           10* S           193 99.7 
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Tabta F3 

AUIUSTMENT  Of  PJOLEfl COUNTED, SINGLE   BULLETS.  NIGHT SITTING 

Hoi «a Holaa H1U Kola« Holaa Htta Holaa Ho.aa Htta Holaa Holaa Hit» 
TarajK eoMaiatJ pradictad ad)u»tad coualad p.adictad adjuatad |couatad pradlctad wfyuatad 

1 
oouatad pradlctad adjuatad a 3o 

RM : Rua 3) RUB 40 Rue 64 

1 24 20.8 11 16.1 15 10 G ia 17.fi 4.8 14.3 
2 0 22 3 1.7 2 1.1 2 1.» 1.1 3.3 
1 II IJ 9 6.9 4 4.6 4 7.fi 3.1 92 

0 1.9 1.9 1.5 1 1.0 2 1.« 1.1 3.4 
2 2.9 2.9 2.2 2 1.5 1.5 2 2.4 0.4 1.3 

11 6.7 6.7 5.2 0 3.4 6 5.7 4.0 11.» 
C 06 0.6 M 0 0.3 1 O.S 1.8 
1 00 00 0 0 0 0 0.0 00 0.0 
I 1.3 1.0 1.0 1 0.7 2 1 1 1.1 0.7 2.1 
2 1.1 1.0 0 0.7 1 i i 0.7 2.1 
1 0.6 0.5 n 0.3 1 1.5 
0 1.0 0.7 0 0.5 3 O.fl 1 3 
0 0.0 0 0.0 0 0.0 0 0.0 00 0.0 
0 06 06 0 0.5 1 0.3 0.3 1 0.5 0.5 1.5 
0 1.3 1.3 1 1.0 0 0.7 2 1.1 1.0 3 0 
1 1.2 4 1.5 1 I.C 0 l.fi 1.6 1.5 4.5 
0 U.O 1 i.l 0 0.0 0 0.0 0.0 0.0 
0 0.6 0 05 0 0.3 2 0.5 0.5 0.9 2.6 

2a 0 0.0 0 0.0 0 0.0 0 0.0 0.0 0.0 
25 0 0.3 1 0.2 0 0.2 1 0 j 0.4 13 
2« 0 0.0 0 0.0 0 0 0 0 00 0.0 0.0 
27 0 0.0 0 0.0 0 0.0 0 00 0.0 0.0 

Total 53 56.2 41 42.0 27 ÜÜ.H 45 42.0 
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Tabls F4 

AUJLSIMKNT Of  HOLM COUNTED.  DUPLEX. DAY SITTING 

HolM HolM         Kite     1   HolM HolM Hlta HolM Hole« Hits HolM HolM Hits 
Tar gat cuunuwj predicted adjusted jcouated predicted adjusted couated predicted adjusted oouol«» predicted adjusted 9      2« 

HUB g Rus4 Mas 57 •us 69 

5 i  i 1 i i 7 5.4 5 5.0 2.0    6.1 
7 27 M 1 36 33.0 30 30.8 9.9 29.8 
t 17 12 4 12.1 15.6 18 14.6 3.8  11.3 

10 22 11 30 28.6 2« 26 7 9.3 28.0 
13 1 li •• 12,2 1« 14 9 0 13.9 13.9 13.3 40 0 
14 « 7 4 2 7.6 7.6 12 9.3 IS 8.7 3 7 11.1 

15 0 0.3 2 0.4 0 0.4 0 7    2 1 

16 - l.f 10 11.0 2 10.3 6.3  19.0 
18 1 7 7.8 1 9.6 9.6 13 8.9 3.4  10.2 
19 u B : 1 10.0 9 12.3 12 11.4 3.6 10.8 
20 40 M.l 53 44.4 44.4 41 41  4 7.7 23.2 
21 1 1.7 / 1.7 4 2.1 0 20 2.6    7.7 
22 2 1 i 0 2 2 2 2.7 8 |J 2.6 24    1.7. 
24 0 <> i 0 0.2 II 03 0 0.3 0.4     1.3 
25 0 0 0.» 0 1.0 0 0.9 0.9    2.8 
28 2 3.6 0 <   t « 3.8 6 3.6 2D    «0 
2» 11' e.o 5 6.2 4 7.6 7 6 6 7.1 3.0    9.0 
SO 0 0 4 0 0.5 0 0.6 0 0.5 0.9   1.6 
31 0 •i i 0 2 .9 0 3.5 7 3.3 3 1    9.4 
32 2 0.« 0 0.8 H 1.0 1 0.9 1.4    4.1 
33 0 Ü 2 0 0.2 0 0.3 2 0 3 0.7    2.0 
34 1 3 3 1.4 0 1.7 1.7 4 1.6 1.6 1.4    42 

Total I:,., 166 170 157 9 205» 213 - IM 201  0 

RUB 33 RUB 35 Rua Wt IM68 

5 5 4.1 2 1.4 7 7.5 1 6.1 20    6 1 
7 19 25.1 19 20.8 51 46.1 22 25.2 9 9 29.6 
• 11 11.8 10 9.9 19 21.9 8 12 1 3.8  113 

10 11 21.8 13 19 1 33 40.0 27 21.9 9 3 »8 0 
12 18 11.4 13 9.4 43 20.9 20.9 15 11.4 13.3 40 (' 
16 8 7 1 8 5.9 1 13.0 6 7.1 3.7 11.1 
18 0 0.3 1 0.3 0 06 0 0.3 6.T    2.1 
16 10 8.4 6.9 25 15 4 If 4 IS 5.4 S3  i» 0 
is •"• ' 1 14 6.1 •> 1 11 13.4 7 7.» 3 4   10.2 
1» la 9.3 3 7.7 12 17.1 13 9.4 3.6  19.9 
20 36 33.« 28 28.0 49 62.0 62.0 34 40.0 7.7 21.2 
21 ii 1.6 0 1.3 0 3.0 0 1.6 2.6    7.7 
22 1 2 0 0 1.7 3 3 7 3 2.9 2.4     72 
14 (1 0 2 0 0 2 1 0.4 1 0.2 04    1.3 
25 2 0 I 2 04 2 14 1 0.8 0 9    2.8 
28 « 2 •> 1.1 3 2.4 3 5.3 5.3 2 2.9 2.0    60 
2» '» 5.8 7 4.8 11 10.6 3 5.9 30    9.0 
30 2 0 4 0 4 2 1 1 0.4 0 0.8 o 9.4 0 9    26 
31 2 i 7 2.2 7 4.9 7 2.7 2.7 3.1     94 
l: • 0 0 4 4 1.4 " 99 1.4    4.1 
33 0 0.2 0 0.4 9 92 07    2.0 
34 1 I.J 0 1.1 2 2.4 0 1.3 14    4.2 

Total 122.6 262 275 6 160 1567 
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Table F5 

TMi NT  ' <>I'NTrl)    DUPLEX,  DAY  STANDING 

Target 
Holes       Hole« MIU 

counted prediced adjusted 
Hole«      Holes HHa 

counted predicted adjusted 
Holes 

H-.O 37 

Holes Hits 
tlctsd adjusted 

«US   M 

Hots«      Holes Hits 
«ousted predicted adjusted 

Hua 

s 9 5 5.» 3 5.0 
7 • 10   1 J».."> zc 33.4 

• •' 13.S 1 13.6 22 
10 21   7 15 21.3             .'1 II 18.0 
13 0 11.7 11.7 16 11.5 17 9.7 
14 10 a i 6 |J 7 

11 0 0 4 1 0.3 0 0.3 

s 3.6 & 3.5 1 3.0 
1 7.1 6 .  i 14 «5 

If 13 9.2 a » 1 5 7.7 
20 41.9 37 41.S • M 1 
ai 1 0.4 o 0.3 0 0.3 

S 0 5 0 1.1 
a 0.0 «> 0.« 0 0.0 

SB 0 O.y 0 0.0 0 0 u 
M 1 3.1 2 3.1 • 2.7 
2» -»9 3 u a 
30 •1 0 0.0 0 0.0 
31 i.a 5 9 a &.a 
31 a 0.0 • 0* 0 0.0 
S3 0 0.0 o 0« 0 0 0 
34 1 0.1 0 0.3 0 U.J 

Total I Hi .7 187 i:>>* 

U.5 

147.5 

2.5 7.5 
9.8 29 4 
6.4 19 1 
4.1 12.3 
7.8 23.4 
1.7 5 1 
0.5 14  1 
1.2 J.7 
5.0 15 0 
3.3 9.9 

13 0 39.1 
0.5 14.1 
2.4 7.1 
0.0 0 0 
0.0 0.0 
2.2 6.5 

114 34.3 
0 0 0 0 
2.9 8.6 
0.0 0.0 
0.0 0.0 
0.5 14.1 

Table F6 

ADJUSTMENT OF  HOLfcä  COl NTCO,   DUPLEX,   NIGHT   FITTING 

Target 
Hole«       Holes Hlta 

counted  predicted  adjuated 
Holes      Holss        Kita        Holes      Holes Hits        Holes      Holes Hits 

counted predicted adjusted counted predicted  adjuated j counted predicted  adjuated 3o 

Hua H RMS 3» Hua S3 Hun 

1 i 
in 

3 14 6 3 
4 3.« 
6 3.6 
8 5.2 

11 0.2 
0 4 
1 I 

14 1.3 
15 a 0.0 
It. n 1  8 
17 0 0 
ia u.7 
n i > 4 

0 0.4 

ai a 
12 i 

n 
0  4 

• a 
27 0.0 

15.« 
1 ? 
6.1 
3.S 
3.3 
5.0 
• I 
• 4 
22 
1.3 
1.4 
l.t 
M 
0.7 
0.4 
0 4 
0.0 
no 
o.o 
0.4 
0 0 
• • 

45 19 5 

0.4 

s 154 
10 8.9 

7 8.9 
17 12.8 
0 0 6 
1 1.1 
4 54 
3 J.3 
0 0 <) 
• 4 4 
0 0.0 
3 
1 II 
0 1   I 

0 0 0 
0 0 0 
0 
1 1 1 
0 0.0 
• «t 

5.6 

1.1 

15.4 46.3 
i.a 4 * 
3.7 11.0 
4 1 12 3 
1.7 5 I 
7.0 21  1 
0.5 14.1 
0.7 2 i 
0.9 2 a 
0 8 1.4 
0.0 
3.« S3 
0 0 0 0 
14 4 2 
0.5 14   1 
0 9 2 - 
0 0 0 0 
0.0 0 0 
0 0 0 0 
0 5 14  1 
• | 0 0 

0 0 

r.rfal 44 »4 43 <f).H I0< 1117 
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u Table T1 

ADJUSTMENT < >1   HOLES COUNTED.  TRIPLEX.  DAY SITTING 

Targ*»: 
HolM       HOIM Hits 

counted predicted adjusted 
Hole«      Hole« Hit» 

counted predicted «d)u».«J 

Run i6 Run i* 

Holes      Hole* Kite     |  Hole«      Holee HIU 
counted predicted adjusted counted predicted adjuated 

RUB Hun 

J.T 

5 « 9.6 
7 51 54.0 
1 25 || - 

10 47 42.6 
13 25 15.0 
14 7 7.2 
15 0 0.0 
16 1 12.0 
ia 8 12.0 
l» 17 21.0 
20 87 73.2 
21 4 2.4 
22 2 1.2 
24 1 0.6 
25 3 1.8 
28 8 1 0 
2« • 5.4 
36 0 0.0 
»1 12 9.0 
12 1 0.6 
M 0 0.0 
34 8 4.8 

9.0 

21.0 

10 6.4 6.4 
39 36.0 
1.» 15 2 
14 28.4 

0 10.0 
5 4.8 
0 0.0 

19 8.0 
12 8 0 
18 14.0 14.0 
55 48.8 48.8 

0 1.6 
0 0.8 
0 0.4 
0 1.2 
2 4.0 
1 3.6 
0 0.0 
3 6.0 
0 0.4 
0 0.0 
I 3.2 

2.0 6.0 
6.0 18.0 
6.0 18 0 

11.. 34.5 
12.'» 37.5 

1 0 3 0 
0.0 0 0 
9.2 27.0 
2.0 6.0 
0.5 1.5 
6.0 18.0 
2.0 6.0 
1.0 3.0 
0.5 1.5 
1.5 4.5 
3.0 » 0 
3.5 10.5 
0.0 0.0 
4.5 13.5 
0.5 1.5 
0.0 0.0 
4.0 12.0 

Total 301 30" h 201 176.2 

Table F8 

ADJUSTMENT OF HOLES COUNTED,  CARBINE  AUTOMATIC,  DAY SITTING 

Holee Holee Hits gales' Hit* Holes Holee 
f 

HIU Mole* Holes HIU 
Target counted predicted adjusted 1 counted predicted adjuated counted predicted adjusted < predicted adjuated 9        tO 

Ran 18 Rue 20 Run 41 Ras 43 

1 5 u 11 10.7 3 k.l 10 6.3 3 3   10.0 
7 12 11 0 21 89 .# •>« 

ft a» es* ' 1.5 in 14   <• 5.0  15   1 
• 7 8.5 16 13.3 5 6.4 7.» 4 2 12.5 

10 17 12.5 12.5 15 19.6 19.6 11 9.4 10 11.4 2.»    8.6 
ia 13 9.2 9.2 12 14.4 7 S.S 8.5 2.6    8.3 
14 11 1.1 5.2 5 8.1 1 3.S 4.8 3.6 10 7 
IS 0 0.0 0 0.0 0 0.6 0 0 0 0    0 0 
11 5 f .6 8 8 9 2 4.3 5 2 5.2 
11 0 9.2 9.S 11 14.4 24 6 9 6.9 8.5 9 1  27.4 
1* 1 • I 28 15.5 15.5 3 7 4 9.2 10 5 31.4 
20 23 11.8 1 18.5 18.5 h 8.9 26 10» 9.2 27.7 
21 4 1.2 0 1.» 1 8 1 0.9 I.I 1.6    4 9 
u 0 5.2 19 8.1 8.1 1 J.9 4.6 7.9 23.7 
M 2 0.9 0.9 1 1.5 0 0.7 0.» 0 7 21  2 
Si 0 1.9 6 3.0 3.0 0 1.4 1.7 24     7   3 
n 1 1.9 5 3.0 30 0 1.4 17 1.9    II 
St 3 4.5 8 7.0 3 3.4 4 I 20   6  1 
30 0 0.0 0 0.0 0 0.6 6.6 6.6   6.0 
31 1 4.0 9 8.3 0 3.6 3.7 3 8   115 
31 0 0 7 3 1.1 1.1 0 OS 0 7 1.3    3 9 
M 0 0.0 0 0.0 0 0.6 0.6 60    6 6 
34 1 0 2 0 0.4 ft «» 2 6.1 0.4    13 

Total 114 1010 179 172.6 6« »9 1 166 142 2 
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TsfaMi F* 

AUllSTMKNT OF   HO LSI  COUNTED   CAH&1NL.   AUTOMATIC,  DAY   STANDING 

I   Holes       HolM Hit» 
Target | counted  predicted adjusted 

Holes       Holes Hits    I  Hols«       Holes Hit* 
counted  predicted edjustsd coasted predicted sdjasted 

Holes      Holes Hits 
coasted predicted edjustsd 

Hun 22 Run M Run 

s 11 i 4.1 

7 .\2 :io o 11 14 0 
1 7 1.1 5 

10 I ».Ö 5 4.4 

13 14 1 > •> I 7 0 
M 3 1 I 4.8 4 

15 0 0 0 1 .1 U 
1« 7 Ü h :i 3.2 

11 H 7 5 3 

11 5 • i 7 i.e 
20 22 L0.I 7 %.% 
21 2 1.4 0 0 6 
22 1 l.U I i.O 
24 1 0.7 0 0.3 

25 1 3.4 1 1 6 
28 5 3.4 1 : »i 

2» I 2.7 I i s 
20 0 0.0 1 0.0 
31 4 5.5 5.5 4 11 
32 0 0 0 0 o 0 
33 0 0.0 0 I 0 
34 4 4.1 i 1.1 

Total Hi, 

11 

:\ M 

1.0 

1.8 

58.5 

4 13.5 
10 v 30.0 

1.0 3.0 
2.0 6.0 
8.3 25 0 
0.5 1  5 
0.0 0.0 

2.0 «0 
2.5 7.4 

1.0 3 0 
7 5 22.5 

1  0 3.0 
0.5 15 

0 1 1.5 
1  i. 4 .» 
2 5 7.5 
! a 3.0 
0 0 0 0 
0 0 0 0 
1 0 0 0 
II u (1 0 
1.0 3 0 

Target 

Tabls F10 

ADJUSTMENT OF  Holts  COUNTS»), CARBINE   AUTOMATIC.  NIGHT  SITTING 

Holes      holes        KiU    I  Holes      Holes        Hits 
counted predicted adjusted! counted predicted adjusted 

Holet       Hole«        Hits    I  Holes      Holes        Hiu 
counted predicted adjusted ooueied predicted adjusted 

Run 24 Rus47 RUB 

1 4 4.2 
• fj 

3 5 8.5 
4 3 2 7 
6 0 0 0 
8 0 

U 4 1.1 

12 0 0 0 
13 0 0 5 
14 0 0 0 
* c 0 0 0 
16 0 
17 0 
18 0 
19 0 0 0 
20 4 1.1 
21 0 
22 0 1.. 
S3 it 0 0 
25 0 0 0 

1 0 0 
27 1 0 0 

ToUl M 

4.2 4 7.1 7.1 
l f. •} 

11 14.2 
2 4.4 4 4 
0 0 0 
ii ti 0 
1 4.4 

0 0 0 
1 0 9 
0 
n 0 0 
0 0 0 
0 0.0 

1 0.» 

0 0.0 

2 5.3 5.3 

0 0.0 

0 0.0 

0 0.0 

0 0.0 

1 0.0 

1 0 0 

0.0 0 I) 
2 5 7 5 
3.0 9 0 
0.5 1 5 
0 0 0 0 
0 0 0 0 
1  5 4 5 
0.0 0.0 
0 5 15 
• | 0.0 
0 0 0 0 

0 0 
0 0 0 0 
•11 15 
0 0 0.0 
10 3 0 
• 0 0 0 
0.0 0 0 
0.0 0 0 
0 0 1 0 
0 ) 0 0 
00 0   | 

2* 2 i3 
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Table ril 
rMl .,   Ol   HOI M COUNTED, CARBINR ftEHlAUTOMATIC,  DAY «ITTINt; 

Holes Holej Hits I   Holes Moles Hits Holes Holes Hits Holes Holes Hits 
Target counted predicted tdjustc-djcounted predicted adjusted counted predicted adjusted counted predicted adjusted a i<7 

HUB I» Run 42 RUB 44 

1 i 3 ii 1 n 3.8 1 4.1 4 4 
7 ^h • lh ji i ;io 276 30 2» 7 B  2 
1 l i «.» 1« If ii 0 10 7 10.7 1 I 

10 li. 1', J.I ii M 24.8 
13 14 7.7 5 9 0 7 4 M 12 SO :. | 17 7 
14 0 7 1 1 I 8 0 
15 o 0 «I I 0.3 0 4 i 1 
16 * 7 h 12.5 M 13.1 7 y 

18 0.6 .1 » J •J . t B 4 1 5.8 2 1 
1» z\ i a i 12 h 4 ».7 12 12.3 n 13 2 6 0 
20 IS in - !7 30 9 3».2 II, 42.1 1 1 25 2 
21 • i i 2 1.0 • I.I : o 3.0 
H ii i (• . 1 2 2 1  li 3 1.7 i : 3.4 
24 8.3 1 (1 1 1 0.5 0 0.« a 1 1 I 
25 I J S.I 1 0 3 6 !   1 • :i 
28 7 7 .1 4.4 1) 4.7 2.9 1.1 
2» i 1 HI ». :i 5 H 7 1.7 1 1 4 2 a 6 9 
30 ') 1 0 I 0 0.1 1 0.6 • 5 1 I 
31 1 4 8 4 >-. 4 « .    i 1 Q 4  4 13 2 
32 1  1 ! l i.ll 0 I 1 1.1 
S3 0 0 <> 0 u .'i 0 0 • 0 0 u 
M 2 11 1 '. 1   Ü • 7 I 1.1 0 7 1 I 

Total 17^ 177 0 171 178.» 1H4 182 2 

Target 

Table ri2 

ADJUSTMENT OF HOLES  COUNTED, CAHB1NE Ii vMAlTOMATlC.  DAY STANDI'Hi 

Holes      Holes Hlta 
counted predicted adjusted 

Holes      Holes Hita 
counted predictrd  adjuated 

Holes      Holes Hits 
counted predicted adjusted 

Holes       Holsa Hits 
counted predicted adjusted 

Hus 21 Run «fi Run Run 

5 
- 
» 

10 
13 
14 
It 
M 

8 
a 

24 

s 
w 
3« 
31 
^2 

IoUl 

4 
II 
11 
20 
M 
I 
2 
4 
• 

15 
«s 

0 
II 

I 
4 

•* 

•» 
I 
'» 
'I 

202 

7.0 

14.0 
26 2 

1.2 

5.2 
14.0 

4 7 
4 T 
S.I 
• • 
4 7 
0.0 
| | 

7  • 

26.2 

8.7 

4.7 

! ;> 

• 
M 

H 
M 
l< 

7 
0 
ti 
» 
% 

17 
• 
I 
0 
4 

I 
I 
I 
I) 

145 

-, ii 

U.I 
1O.0 
IHN 
17.1 
6 3 
.. * 
4.2 
31 

IO 0 
24.7 

(. (I 
31 
1.3 
3.3 

0 4 

0.0 

0 u 

3 3 

2.0 so 
25 7.5 
30 0.0 
2 5 75 
5 0 ISO 
0.5 14 
1 0 30 
Ii/ 3.0 
4 5 Is < 
3.0 to 

12 5 37.5 
0.0 0.0 
4 5 13 5 
15 4 A 
0 0 0 0 
1 0 3 I 
4 5 13 S 
0 «. IS 
i r 30 
00 0 0 
0.0 • 0 
00 • 0 

ll" • 
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MM« PI I 

ADJUSTMENT OV HOL.KS COUNTED, CAHHIN* SEMIAUTOMATIC, NIGHT SITTING 

fsrget 
Hole«       HolM Hit« 

counted predicted  ad I us led 
HOIM       Holes Hits 

counted predicted  adjusted 

Hun IS Hue 4M 

HolM        Holes Hits Hol««       Holes Hut 
counted predicted adjusted counted predicted adjusted 

Hun 

.10 

1 in LI  1 5 t.l 
2 1 4 1 

.1 to . u I 2.0 
4 2.1 3 0 9 

• 4 3 0 LI 
1 1 2 ft 1 B.I 

11 1 1.4 1  4 l a (» • 8 
12 II .i | 1 a.a 
13 1 0 7 8 3 
14 1 '   4 1   4 1 'i | I 6 

u I 0 1 0 0 3 

Iti 1 1 4 1   4 l 0 h B 1 

17 0 0 1 Ü 

IS •) 0 0 'i 0.0 
I'.i I 1 1 1 o 3 
M 1 II 4.3 3 1.7 1   7 

11 a 00 • il 0 

22 0.0 U D 0 

u 0 111 0 0.0 

0 ....1 1) 0 0 

0 (I 0 0 0 o 
27 0 I 0 B 8 u 

« B 19.5 
i a 3.0 
11 7.5 
1.5 45 
:i .1 « B 
8.1 15 
U 0 • a 
Q o a o 
a i i a 
0 0 a o 
OS i & 
0 0 o a 
a o a a 
a o 0 0 
0 1 1.5 
on 0  0 
0 0 • 0 
r. a .< r. 
n B a a 
a a a o 
a B o a 
0 B a a 

rots i 11 44.5 17 13 4 

Table  ri4 

ITMEMTOf   Molts COUNTED, T4i AUTOMATIC, DAY SITTING 

Holes       Holes Hits 
far get counted predicted adlusted 

Run   10 

Holes       Holes Hits 
counted predicted  »dlusted 

Run 12 

Holes       He es Hits        Hols«      Holes Hits 
counted predicted sdjuated counted predicted adjusted 

Run 4» Run 51 

So 

5 1 3.2 1 3.2 

7 22 JO 1H.7 15 7 

» 4 6.2 

10 LI 10 7 a 12.7 10 7 

13 7 LI 13.0 JO 10 9 

14 2 5 3 0 

15 il 1.« a a .i a i 
1« 1 1   • 5 4 11 

It 7 a -i 
:« a.4 

1» 6 11 5.5 

20 a 10 7 10.7 i.i 12.7 11 10.7 

11 2 1 4 a 1.6 1.4 

II • B I u 0   .1 j.a 
14 0 B o a a a 0 0 

SS li 0.7 a o a 0 7 

IS 0 0 2 a 02 

21 2 3.1 » 38 
30 0 0 0 0 0 0 00 
31 6 25 i 25 
31 • o a o no 
33 o • • 0  0 

34 il a 7 • 6 07 

Totel BC 

15 7 

i a 

1 a H a a on 
21 18 I a -. 19 6 

1 7.4 1 6 4 9 

i 1 12 1 3.1 l i ,t 

9 »3.1 4 9 14.8 
4 i a 2 4 7.2 
• 0.3 0.4 1 3 
4 5.5 1.9 56 
7 r.a 1 4 4 2 
0 6.6 l.n 3 » 11.6 

23 it.a it.a H  2 24 5 

2 16 1   1 3 4 
; a s 
0 0.0 0 0 
3 1 3 3 9 
0 0.3 a 4 1.3 
1 4 4 1  2 3 7 

a 0.0 0 0 0.0 
i 1 0 6.5 
• 0.0 M a 0.0 

i ..0 ii a • • 
i 1 * 2 5 

I «3 If! 7 
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Table  rif 

ADJUSTMENT Of HOLXJ COUNTED,  T4» AUTOMATIC. DAY STANDING 

»loir«        Holes Hita Hole«       Holes Hit» 
Target |counU-il  predicted ad)usted counted predicted adjusted 

Hun 

5 s 14 
7 IV 16.0 
» 4 4.0 

10 Ifi 12.6 
13 13 12 0 
14 1 4 0 
II 1 ft.« 
1« 1 1.3 
1« N 13.7 
1» 1 2.9 
H 1 1.« 
21 'i I 0 
22 0 0 U 
24 D t a 
25 0 o e 
M 2 1.7 
2V 2 2.3 
H " ".0 
31 j I -» 
32 () 0 0 
33 0 (i 0 

14 l 0.1 

1.4 

4 0 

RHaäS 

1 2.6 
II 12.0 

1 3.0 
1 1 4 
1 I | 
4 3 0 
Ü ü Ü 

1 4.7 
4 10.3 
• 2 1 

11 1.4 
0 u.u 
0 0 c 
0 U 0 
0 0.0 
1 1.3 
2 17 
0 0.0 
2 2.1 
0 0 0 
0 0  0 

0 i) 4 

Hun 

a t, 

row »] »1.4 tth 

fi  4 

1   7 

58.7 

Hoi««         Hits 
predicted adjusted 0 3«r 

mm 

•   1) ».I 
11 1 i) 
0 6 1 5 
r, o 15 0 
2 I 7 5 

i.:> 
(i | 0 0 
35 10 5 
B0 24 0 
2 :> 7 5 
7..'. 22 • 
<l 0 0 0 
(i | o 0 
0 0 0 0 
0 | D «i 
M 15 
0 c 0.0 
I 0 I 1 
0.5 1 I 
0.0 0.0 
!l | 0.0 
o 8 1.5 

Table  r 11 

ADJUSTMENT OF HOLES COUNTED.  T48 AUTOMATIC. NIGHT SITTING 

Holes        Holes Hits 
TargetIcounted predicted adlustsd 

Rua 16 

Holes       Holee Hits 
counted predicted adtusted 

Holes      Holes        Hits 
counted predicted adjusted 

Holes       Holee Hits     | 
counted predicted adjusted! 

RUB 55 Kua 

1 17 20.7 
2 4 2.2 
3 7.3 
t i" 1U ti 

1 5 3.4 
1 13 10.6 

i l 0 0 0 
12 1 2 2 
11 » 4.5 
14 .1 

15 ii o o 
16 2 2.0 
17 5 0 
18 1 1 1 
19 0 2 2 
20 2 4 5 
21 1 I 0 
22 0 0 0 
a 0 0 0 
u • 11 
• 1 (1 0 

n • 1 (1 

20 
0 

4 S 

1.1 

Tots I 75 75 8 

16.3 
Ii 
1.7 
S 4 
1.1 
- 4 
I | 

1 I 
1.1 
2 2 
| n 
2 2 
Uli 

0 » 
1 ri 
3.5 
U 0 
0 0 
• I 
0 0 
0 0 
0 0 

If 

0.9 

I .', 4 | 

2.0 1   X) 

1 | 4.5 
6.5 198 
2.0 6.0 
3.5 105 
0 0 00 
10 
00 00 
0.3 15 
1 o 0.0 
~J 1.3 
0 0 0.0 
0.0 0 0 
20 6 0 
20 6 0 
00 00 
| i) 0 0 
I | 0 0 
0 0 0 0 
I 0 0 0 
• 1 II • 
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Table m 
iMKNT  Of  HOLM c(H NTfcO,   T48   SEMIAUTOMATIC.   DAY  SITTINti 

Hole« Holes im» Holes Hole« Hits Hole. Hole« Hit« Hole« Hoi«« Hit« 

Target counted predicted adjusted c (Hinted predicted  adjusted counted predicted adjusted | counted  predicted adjusted a :\o 

Hun 9 Hua  11 Hun 50 Hua 52 

1 4 S.I 1 4.5 4.5 4 4 0 0 4 4 1.1 8.5 
7 M 17.2 25 4 23 4 2* 22 5 27 24.9 5 3 15.9 

» !* 8 6 ia 127 If 11.3 11 12.< 2.3 i.a 
ic 17 ib 24 3 24 3 |] 21.5 32 23.7 23 77 1.1 18.7 

ii 7.3 LI 10.7 a M I | 17 10.5 10.5 a 2 18 6 

14 i 1 | 1 5.9 4 5.3 * 5.8 i a 8.8 
15 0 a (i .1 1 o.a a 0.3 I 4 1.3 

ll t. a i 10 4 B II 4 0 a 4 4 4 4 4 2 12.7 
11 •> 5.1 n 8.5 5 7.K 

G a.a 2 a 6.9 
1» 11 « • 17 10. 2 2 9.0 M a 9.9 5.6 16.8 
20 ;i u.a 14 2 •21 11 18.5 ia 20.4 10 0 3Ü.1 
11 i II 4 17 (* 1.5 i 3 0 9.0 

u 0 1 a a 2 (1   M 0 <!   | 0  K 2.5 
14 0 0 1 0 1 0.3 a a J 0 4 1  3 
25 II (1  0 a II u 0 a a a 0 0 0 0 0 0 
u 1 i a 2 1   4 2 13 a 1.4 a i | 5 

H t. •i ii 2 |   U 1 t  'I 4 5.8 2 a 7 | 

1 i) a a 0  0 0 a a a ii I a o 0 0 
.11 1 > - a 5 9J a 3» ij 6.9 
U 1) a a a 0.0 1 0 0 0 0 0 o a C 0 
33 0 •) a a il 0 0 11.0 a 0 0 0  0 i a 
.14 a i 1   ! a i 0 i 1.1 10 a a 

Tot«: al 1 11  2 HI 127 1435 1 »0 1296 

Tabl«  F18 

ADJUSTMENT OV HOLES COUNTED.  T48 SEMIAUTOMATIC.  UAY 8TAND1N<; 

Tirjct 
Hole«       Hole« Hit«     |   Hoi««       Holes Hits     I   Holes        Hol»- M.»C     j   HojM       hujM Hita 

C^unUkJ predated sajusted|counted predicted adjusted {counted  predicted adjusted j counted predicted adjusted' 

Hua  13 Hun 54 Hun 

3<> 

1 2 3.6 
7 2 4 23 3 
•j IC i .J 

10 15 14 5 
13 14 17.6 
14 1 0 5 
IS a 0 0 
1« 2 
18 5 6   7 
11 ia 7.8 
to i» 19 2 
21 2 1 6 
23 0 0 
24 1 a i 
25 n 1 0 
aa 1 8 
a« 
30 I • 

• 2 
32 1 0 
33 0 0 

2  1 

;i« 

17 a 

5 3.4 
21 21.7 

4 6.7 
LI 13.» 
20 16.4 

0 0 6 
0 0 0 

11 7 I 
63 

2 7 2 
17 8 

•      « 
I ll u 
1 0 0 
2 1  0 
2 1   4 

4.8 
0 u | 
4 
f» 1 • 
0 I 0 
2 I.I 

14 4 

7 2 

I  * 

I.I 
1 | 
I 0 
I | 
.1 | 
0 I 
II 
5 5 
1 5 
i. I 
! S 

I 0 
I I 
1 0 

1 0 
0.0 
2 • 
I • 
0 0 
n n 

45 
I • 
9  0 
:i 0 
• 0 
1 6 
0 0 

16 5 
4 5 

16.5 

4 5 
0 0 
1 I 
3 0 
4 5 
6.0 
0.0 
6 0 
3 0 
• 0 
0 0 
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T»W* nt 
ADJUSTMENT OF HOLM COUIITIO,   Its •KMIAVTOMATIC, NIGHT Sll nHG 

Target 
Hole«       Holes Hlta 

counted  predicted adjusted 

Run 15 

Holet       Holes Hits        Holes       Holes Hits 
counted predicted adjusted counted  predicted adjusted 

Hun   ... 

Hole«      Holes        Hits 
counted predicted adjusted 

Run Rtn 

Jo 

1 0 6.6 1:1 6 4 u 
2 •> 2 5 0 1 
;i 14 12.2 in 11.1 HI 

4 1 J.G 2 1 • 2 
6 4 3.6 1 It .1 

H LI B 1 0 l.t 1 
12 0 14. M 2» 14 2 2* 
11 4 2.0 1 2.5 1 
1.3 H 1 | 5 «; 
14 1 1.1 1 I (1 1 
15 1 ii 5 1 : 
16 0 1.0 1 l 8 1 
17 0 on (» I 0 0 
IX 1 o.:, 1 o 1 i 
It l 2 1.5 2 
M M 18.3 10 17 7 10 
21 i 1.0 1 1.0 1 
22 i 1.0 : 1.0 1 
2.1 Ü 1)0 0 0.0 0 
M 0 o a 0 0 0 0 
2« 1 0 5 1 0.5 0 
27 1) ii a 1 II 

6.5 \* 5 
7.5 
li 0 

1  ft. 
• S 
6 0 It.« 

14 5 
1.5 4 .r. 
1  I 4   5 
10 1 0 

1  «1 ] (> 
• • 0.0 
0 | 1.5 

1 5 
- • 24 0 
I» II 0 0 
0 0 0.0 
0 0 0 0 
no 0.0 
e s : 5 
0 Ü 0 0 

Totsl M H5 tl *2 

Table  F20 

ADJUSTMENT OF SHUTS RECORDED. MNGLI BULLETS, DAY SITTING 

Target rerordeo 

Adjust«! 
to toul Adjusted I   JU 
rounds; for h  a pre- Shots 

counted adjusted dieted      adjusted 
Shots 

Adjusted 
iC toul AdJ-aied •MtJ 
rounds for  hits pre- Shots 

counted adjusted dicted adjusted |s 

Run I Rea.l 

5 11 It.t IS * 
7 51 5».3 45.» 
» 1.3 15.1 16.« 

10 43 50.0 4ft.« 
13 3 3.5 39 1 
14 20 23.3 29.0 
IS 1 10 6 0.1 
1« 37 43.0 31  1 
It 21 24.4 23 1 
1» 41) 4C.5 34.2 
It S3 »6.5 M.7 
21 t 10.5 8.0 
22 »• 7.0 1.5 
24 3.5 4.5 
25 11 12.0 II .0 
2t t 0.0 M « 
2» 21 24.4 34 9 
30 • 0.9 5 1 
31 23 3 H.I 
3« * 10 5 0.1 

64 74.4 t 4             |.1 
M t- S* « 31 « 

Totsl *22 

Mf 

ORO-T-378 

Mt I 

s 
4« 55 4 
14 10.0 
30 47.0 
18 21.7 

5 «.0 
4 

31 
10 22 0 
V 
TJ «7.« 

».« 

0 0 
0.0 

14 It.t 
t* 34 * 

1 2 
O.t 
M 
M 

191 

CONFIDENTIAL 

IN   0 

11.8 36.3 

16.6 16,0 
40.7 III 
35.0 7«.t 
26 7 M.I 
7.2 21 1 

27.6 24 6 
Mt 
90.t M5 

M.f 
II 0 

« l 
MM 

M.3 
45 

•4» 0 

19« 
e».t 
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TabU r 20  (continued) 

Ad) oat ad Adjuatad 
to total Adjusted ShoU to total Adjuatad fl»OU 

9bota round* (or blU pra- Shot« Shot* rouada for ta.'U pre- 8koU 
Target raeordad couatad ad) us tad «Urtad adjusts* raeordad couatad ad)a»tad dlctad ad; »tad 3o 

Hun 26 Kun 27 

s 11 so.i 20.3 
T 55 61  4 
• IS 2» | 

1« 19 68.» 
\t 69.« 
M 24 Id - 
1» | «   4 12.4 
la • i 47 7 
It It 1 35 4 
It M 4t; | 
2M in i 2« l 
SI ts i\ | 12 1 
22 38 
24 10 11 2 7.0 
n - 16 1 
St 23 4 25 1 
M 53 5 
30 .. 7 7 
• 1 36.8 50 6 
"«2 0 Ü 13 9 
S3 0 0.0 57 
14 |] M l 48 5 

Total 741  9 

Rounda 
counted 

Hun .14 

s 15 14 6 
7 46 44.6 45 6 
t u 17 5 18 5 

10 42 «6.4 
13 57 31 9 
14 2« 25 2 
15 5 4 t »   1 
16 30. t 
It 35.t 
It 2» 2» 1 
SO MJ 
21 4 1.1 
22 
24 
ss II II   7 
SI 14 13 6 16 3 
St 1« 
SO t 0 t                5 1 
31 4t 32 t 
SS 10 It t.l 
33 2 1  t 
'« M> 36. t 

t 7.2 
a •6.1 
!., 11 | 
II 43 5 
M M | 
IS 

H 1.3 
36.2 

27 27  4 

M 1 
M M.S 

124 
10 10.3 

4 1 1 
• 0 | 

19 197 
21 

64 
l It 
1 2  1 

42 - 

«27   4 IT! 

6M 

14   1 36.3 
«t.l Mt 
19.1 16.5 
i- | ||   6 

41  7 74«» 

31.9 NX    | 

1.6 21.1 
.'4 I 

24.6 u.t 
.(..  4 20 | 
9c 3 55 t 
6.5 11 0 
• 1 II | 
4 8 182 

12 6 35 1 
17 4 St.3 
37.2 60  I 

5.4 15.7 
60.0 

9.1 S3 1 
4 0 K.'   M 

3.1.7 M ** 

196.1 676.1 

Hun .16 

HI  * 

I t.t MS 
44 1 Mt 

16 6 
m 616 

39.4 74» 
•>«. 4 99 I MS 

i 1.1 1 1 SI 1 
34) 33 1 II   4 S4 6 

49«               12.2 Mt 
31 34 2 M5 

-•. | 993 Mt 
J.S 99 
12 
4 4 Si 

II t Ml 
1 i 293 

M • MS 
It 16 7 

34 2 M0 
7 
• t • 19« 
It 21 • M9 
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Tabla   r 20 |(i,nl;nu. i!> 

Adjusted Adjusted 
to lofts! Adjusted Sbota to total Adjusted Shota 

Shot« rousds (or hits pre- snot» Shots rousds for hits pre- Shots 
Target r «corded counted adjusted dicted adjusted recorded counted adjusted dicted adjusted 3(7 

Hun   >x Hun M 

> '- 5 1 116 lft.7 174 36 3 
T 45 46.1 M BSJ CO 1 26.9 
t 17 17.4 19 11 l 24 » 

10 53 14 3 M l M 7 u 57 7 36.8 51 M ',;.'. 
IS 59 60 4 II 73.3 51 4 74.9 
u :i 15.« JC 39.2 88.2 
1ft 1 5 1 7.0 ss 24 4 10.6 21  1 
1« 34 34.8 27  1 M 40. u 49.1 
1ft 23 23.6 20 1 13 14 4 303 
1ft 33 ;ia.» M 
20 77 78.9 97 107 7 111   1 
si « ft.l 6 9 1 6.7 104 11  1 
ss 4 4.1 7 4 3 3.3 lh.H 

s 1 1.0 1 II 4 4.4 6.0 
2 2.0 10 ] 1» 21   1 

M S3 23.6 11 8 14 S 1ft 20.0 21 a w.s 
2ft 28 28.7 30 4 ftft 28 9 
30 4 4.1 4   1 7   I 15 7 
31 26 27 30.0 
32 2 2.0 7.» IS W.fl 119 23.1 
33 6 «.1 7 7.8 49 
34 24 24.« 27.h 1ft 20.0 

Total 492 503.8 470 n 470. rt 597 

Rounds 
counted 504 M 

RUB «5 Run «7 

5 15 14.1 21 4 
7 62 61.4 74.0 
ft 2ft 28.7 

10 5ft 58.5 107.8 73.6 
13 8« 85.2 54.6 63 2 
14 32 31.7 46.3 
1 e ev 19.0 i i ii 
l« 41 40.6 50 2 
IB 32 31.7 37 3 
1ft 44 43 6 55.2 
SO 121 119 9 136.8 
SI 10 ».ft 12.8 
ss 19 18.8 7.5 IS 8 
24 11 10 9 7.3 
25 41 40.6 1ft 1 
Sft 24 2« 4 
2» 51 50 5 54.4 
30 14 13 ft 8 2 
31 89 88.2 53 4 
3S li 20.8 14.7 
33 10 ft.« 40 

42 41 6 51   1 

Total 873 M64.9 171 :t 

Rounds 
counted 865 

12 

»i 
«• 
40 
30 
* 

31 
IS 
V 
N 
11 

lft 

1 
S3 
34 
31 
I 

M 
II 

ft 
12 

14.1 4»7 
4»7 54» M.I 
17 8 38.5 SS.3 16.5 
4'   « 54.« •1.1 
47 4 74 •J 
35 5 21.3 

2.4 9 7 21  1 
36 7 IK 7 
37 9 
3S.0 40 I 
M.7 101 4 

93 11  u 

3»! It.« 1 1  1 
«43 2». 3 

41  - 

7   1 II - 
37ft ii» 1 

.,4.'.   I 
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TaUs  P2) 

ADJUSTMENT OF SHOTS KECOKDFD. SINGLE   BULLETS, DAY  STANDING 

Target 
Shots 

recorded 

Adjusted 
to tots! 
round« 
oou itsd 

Adjusted       Shots 
for hits       prs- Shots 
adjusted       dlctsd       adjusts« 

Adjusted 
to total Adjust ad Shots 

Shots roueds (or hi to prs- Shr.ta 
r«corded OOWSted adjuatad dlctsd adjuatad 

BUB 29 

If 

S 20 242 13.1 
7 *: r.6*                  48.1           44 3 
9 1 00 12 5 

10 56 67.7                46.0          48.8 
11 38.1 45.6 
M as 338 90.1 
IS 17 MS 8.6 
M 23 r.s 24 4 
11 n 366 24 2 
It 47 568 40.2 
a« 67 81.0 81.8 
ii 16 193 10 1 
is • 0.0 6.9 
a« 0 0 0 7.1 
as 5 6.0 14 5 
as 11 81.6 17 7 
29 V 32.6 29.2 
33 7 a.s 4.8 
ai a Sfl | 42.2 
M o 0 0 12 4 
aa 10 12 1 65 
34 IS 18.1 23.3 

Total 479 581 3               550.9 

Rounds 
Counted 57» 

Rua:t8 

s 7 12.6 14.9 
7 22 39 5 s«.s 

,: 
10 16 0 14.1 
84) 53 9 56 4 

13 a« 53.9 51 8 
14 1» 34 1 34.9 

!! 
7 12.6 9.7 

11 19 8 27.7 
16 16 26 7 27 5 
1» M 35 9 45.7 
a» •i 100.6 92.8 
ti 4 7 2 11.5 
aa is 21 6 7 9 

a 6 10 8 6 1 
11 19.8 164 

tt 13 23 4 20 1 
as 19 34 1 33. * 
a» 4 7 2 I.I 
ai 31 $67 47.9 
sa 19 1» 9 14 0 
13 9 a» 7 4 
S4 4« 71 9              1« 0         39.7 

HO y 

13 13 2 18 3 14 5 
55 55.9 63.0 61 6 30 2 
25 25 4 17.3 27.9 
50 55.9 68 7 67 9 27.» 
77 /B.3 43.1 
43 43.7 42.7 12.0 

7 7 1 119 21.4 
32 32 5 34.0 19.6 
28 M.I 33.7 7.1 
55 55 9 56.0 25.6 

1Ü7 iOS.7 113.8 31.6 
12 12.2 14 1 13 4 

3 3 0 9.6 24. o 
20 20 3 1.9 23.4 
28 28.5 20 1 24.3 
21 21 3 24.6 6.8 
35 35 6 40.7 6 8 

> 2.0 6 7 7.3 
32 52.8 56.8 45 8 
17 17.3 17.2 27  1 
6 6 1 9.1 15.» 

42 42.7 35.2 

735 

7 47 

746 I 7bt> | 

Rua U 

TM x 

12 13 3 17 0 14 5 
57 63.0 57 4 30.2 
27 29 9 16.7 16 1 17 9 
44 48.7 66.6 63.2 27.» 
70 77 4 47 8 59 1 43.1 
33 tOVl 3».8 IX.u 

1 1 1 11  1 21 4 
34 37 6 31 6 19.6 
13 14 4 33.1 31.4 7  1 
29 32 1 46.5 52 2 15 6 
94 104 " 106.0 31 6 

9 10 0 13.1 13 4 
so as i 9.6 9.0 14 6 

3 3 3 9.2 23 4 
14 153 19.6 24 3 
16 17 7 tt.1 as 
35 39.7 37 9 66 

S 61 73 
62 66.6 S4.7 4* 6 
22 143 16.0 N.I 
12 13 3 9 6 IS 9 
39 43 1 S3 6 ST 3 

Total «7*   t '25 4 626 4 651 726.1 714.0 714   I 

#79 720 
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TsbU tu 

ADJUSTMENT OF  SHOTSRECOHDED. SINGLE BULLETS.   NIGHT  STTTINC 

Adjusted Adjusted 
to total Adjusted Shots to total Adjusted Shots 

Shot« RMBfc for  hit« pre-          Mots Shots rousds for hits pre-          Shots 
Target r«joord*o oouated adjusted aim«      s4*«eted raoordad «ousted adjusted dieted      adjusted So 

m Rita 31 

»2 107.7 M.4 142 1407 136.t «4.1 
12 14 1 11.9 23 u« 19 0 12 1 
39 45.7 30 0 •1 M.4 47.5 42 5 

0 00 26.8 53 52.5 42 5 MS 
20 23 4 .13 9 19.9 M 

i«7:5 
31 5 1.7 

50 69 1 42 1 61 3 1« 97.1 TI.9 
1» 14 164 20.4 31 317 32.3 It.« 
12 • 10.5 15.5 30 19.t 24.6 

Hi ta 4» 57.4 »9 o 09 45.7 
14 29 34 0 34« M 45« 54.8 
1* 10 11 7 14.2 28 '4 - 22.5 14 9 
1« 17 199 29.4 M 495 46.0 71 4 
17 0 0.0 7.9 9 9.9 12.5 s; »• 28 32.8 32 4 « M.« 61.3 
It 41 48.0 «M M »7 5 «34 1« * 
N 7« 99.0 «27 IM 1M.7 99.4 154.1 
tl 11 12.9 19.4 2T MT 16.5 MS 

S H 23.4 17 9 S3 22.1 26.4 M.9 
0 0.0 9.9 9 00 o.o t.9 s 0 00 19.4 2t 2*7 29.2 43.1 
0 0 0 • 7 2 1.9 107 14« 

17 0 0.0 24.8 2« 39.3 M 8 

Total 52« «16.0 3*9.5 599.5 959 »SO 1 »50 1 950 1 

Round« . 
OUBtvd 61« 

HUB 40 

950 

Rsa «4 

M 104.4 125.9 IM ltT.I 447 
7 12.4 17.4 144 15.3 12  1 

IS 26« 437 M M9 M.4 42 5 
52 
11 

• •    4 

19.5 14.« 28.9 S a 34.4 
25 4 M.I 

,! 
50 MS 89.3 M M.7 79.5 72 4 
1« M.3 29.7 31 31.9 M.I It 9 

it 19 339 22.« It 18.« 19.9 l«.t 
13 39 531 41 1 7« 7t.l 43 1 37.9 M.9 
U 33 497 M.4 •2 Ul 44.3 M.3 
1» 11 195 29.7 It 1* 6 UJ 14.« 
M 40 70.8 11 4 M 41 2 no M 4 71  4 
W 7 12.4 11.5 M M.« 19.1 Ml 

i • jl.f o « 13 9 •f.«. 
it 27 M.3 M 51.3 1«.3 
M «9 1M.2 91.4 9 M «0.4 IM 1 
ti 9 15.9 ist 9 0.9 13 4 MS 
a 21 1T.I Ml M 47 4 119 22.t Mt 
m 9 09 • 9 9 99 9.9 • • 

2« 13 4 Ml s 340 23 6 M.l 
14.2 9.« 19« 9.« 14« 

v • 443 M.I M • 19 31 9 M 9 

T*%i 54» 

Ml 

Ml 1 973.9 948 

*M 

«Ml 7M.» 7M.2 

OFJD T-J7S 

(0NFI0INTIAI 
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Table F23 

: MIM ! Of  SHOTS HtCOHDtD. DUPLEX, DAY SITTING 

Adjuated 1 Adjuatad 
•o tou: Adjuatad Mkrta to total Adjusted Shota 

Shot* rouadti for hiu pre- Sbota Shot« rounde (or hi la pre- Shota 
Target recorded counted adluated dicted adjuatad recorded couatad adjuatad dicted adjuatad J</ 

Hun 2 Run 4 

5 13 14 7 
7 34 38.4 
• 27 

1» 40 
13 1 1   1 
14 12 13 5 
IS 3 ;i » 
U ji | 
It 20 
IS 34 M i 
SO 109 111 I 
SI 12 13 3 
22 5.6 
24 0 0.0 u 0 0 0 
M 13 14 7 m 25 
SO 5 5 6 
31 O 0 0 
M 8 9 0 
M 9 10 2 
34 47 53 0 

Total 436 491 9 

Round« 
counted 4»2 

»'•I I 

10.5 
34.0 
N.t 
M.I 
WO 
HJ 
4.4 

29 6 
If ». 
34.3 
Ml 
|| | 
8 S 
3.S 

14.3 
15 1 
337 
2.5 

U.l 
14 
4.7 

16.1 

491 8 

_a 0.0 11 r. 21. T 
0.0 34.2 56.9 

17 28.9 kfj 11.3 
4« St.l 46.4 M.I M. 5 

4 u U h 60.6 
7 111 45 2 25.2 33.3 
0 0.0 4.1 17. S 

33 56.1 2»  1 31.7 
IS 27 2 26.2 32.» 
24 40.8 32.5 18.4 
fh 149.5 »1.3 SI.O 
12 20.4 95 14 5 
3 5.1 7.1 13.4 
0 0.0 3.3 31.4 
0 0.0 13 I 43.5 

-a 0.0 143 S4.0 
S4 40 a 32.0 33.3 

—a 00 2.4 1.1 
_a M M.I 51.7 
_• 8.0 22.3 

1.1 4 5 11.4 
_a 0.0 15.3 55.3 

491  9 27« Ml I 467.2 467.1 1ST.| 

Rua 33 RUB 35 

s 11 12 0 10 4 
7 27 29 6 M.I 
S so 21 9 206 

IS 28 30 7 HO 
is 4» 53.7 286 
14 »1 **   A 2S.2 
IS 0 0 0 43 
IS 32 292 
is 16 17 5 ITS 
is 3» 42.7 336 
M 77 84 3 •4.T 
SI 15 11.4 IS 
n 3 3 II 
14 0 00 I.I 
M 17 111 14  1 
ss SS »4  t ii a       14 • 
*• HJ 31 1 33 S 
so 9 IS 2.0             25 
si 24 36.S 21.1 
ss 0 0 0 11 
ss 1 0 0 46 
S4 1» SOI IS S 

461 501 0                464.1       4SI 0 

I 1.4 
4" 42.2 
IS 19 1 
34 359 
SS 41.2 
3! 32.7 

1 1 1 
S3 24.3 
4^ 47.5 
M 25.3 
SS 666 
6 63 

14 14.1 
S 2 1 

is 151 
M 21 1 
21 n.t 
13 1ST 
M 21 1 
1 1.3 
4 4.2 
3 3.2 

21» 7 

464 8 4M •71 I 

I.T 

43". ? 

S.4 21.7 
32.1 MS 
111 11.3 
34.3 M.S 
25.1 60S 
AJ   • ua 

3 1 17.1 
26.4 M.I 
24.6 32.» 
SO 5 11.4 
86 I MO 
1.» 14 ft 
7.3 IS 4 
3 1 M.4 

127 43.5 
13 4 24.0 
30 P M.S 

4.1 
19 1 M.7 
7.1 MS 
4 2 114 

14 3 M.3 

'.as 471 

mPf*    »ea»w»ed oa Sate. Hae-A ague raaaraar:   aa data aa largeta ft. 7, M. »•  31. 32. 33. a«ut S4 tor run 4 

\w* OÄO-T-I7S 
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CONFIDENTIAL 

Taaia F23 (continued) 

Tarjat 

Adjuatad Ad)»at«d 
to tot«: AdjttBtad Shot. to total Adjusted 9*Ot8 

Shot« KM«»* for kit« pra- ShoU Shot» roaada for aiu pre- Shot» 
-•corood 00«Bt4K adjMtad dieted arfjaatad rvocr<8M an—lid adjuated dicted adjusted 3a 

Ru» Ü7 ••a 5» 

5 8 M 12.2 
7 42 45.3 41.9 
• 21 22.7 M 1 

It 44 47.5 44.8 
13 51 55.0 33.7 
14 20 21.6 30 9 
11 6 6 5 5 1 
It 20 21.6 34.4 
11 25 27 0 51.8 32.1 
11 It 38.8 39.8 
SO 9? 100.1 84.0 111 7 
11 10 10.8 116 
11 9 9 7 9.5 
14 S 5.4 4.1 
19 2 2.2 16.6 
2» 1» 20 5 17.5 
It 30 32 4 61.6 39.1 
10 3 3 2 3 0 
11 23 24.8 25 4 
31 13 14 0 9.8 
13 1 M 5.S 
14 7 7.6 18.7 

Total 496 534 1 571 8 571 7 

Rouada 
counted 534 

17 10 7 15.0 21.7 
47 57 3 51.4 56.» 
17 2C 7 19.» 11.3 
28 34 1 54.9 29.5 
16 19.5 41.4 60.8 
40 48.7 If.» 33.3 
15 19.3 ».1 17.8 
u 36.5 42 2 31.7 
12 99.0 »t.4 32» 
37 45.1 4t.» 18.4 
93 113.3 137.0 88.0 

4 4.9 14.3 14.5 
IS 18.3 5.7 11 7 154 

9 11.9 5.» 39.4 
29 429 204 OS 
21 25.6 HI 940 
21 37,8 49.9 33.3 

0 90 3 • 6.1 
S3 646 31.1 58.7 
19 23.1 12.» 22.3 

7 t.S »7 11 4 
47 »7.1 22.» 22.» »5.3 

571 8 614 

74» 

74J.2 701.2 701.2 701.2 

fif, 

5 21 24 2 19.4 
7 M 87.4 59.9 
9 21 22 1 *».« !* M 61 1 90.2 

19 •9 72,6 36.3 454 
14 96 27.4 41.5 
15 • • 5 M 
1» 42 44.2 17.» 49.3 
ia 39 40.0 432 
19 44 99.1 519 
24) 11» 124.1 157 2 159.1 
11 19 19.5 15.9 
99 19 18.9 119 
M 11 11.9 9.9 
M 27 99.4 «24 
t» 14 14.7 99.9 226 n 44 49.1 59.9 
»• 3 ».» 4.9 
31 39 «9X1 542 
31 15 19.9 111 
21 • 8.4 7.4 
94 3» 40.0 29.1 

Total 740 77».• 799 9 7690 

Rouada 
cowated 77» 

T 7.9 125 21.7 
49 99.1 99.9 56.» 
SJ 99.9 24.9 11 3 
47 59.3 45.9 19.5 
49 99 4 34.5 99.» 
29 31.2 31.8 393 

1 11 31 17.8 
39 42 3 36.2 31 7 
31 94.9 32.9 32.» 
32 99.7 49.9 18.4 
»7 IP-.» 114.4 a* o 

9 9.9 11.» 14 S 

11 12.2 M 13 4 
2 1.1 4.2 38 4 

99 22 3 If .9 43.5 
17 18.» 16.0 24.0 
31 99.7 40 1 993 
4 4.9 3 9 9.1 

99 61 2                23.6            29.0 99.7 
9 19 9 10.0 993 
1 3.2 5.9 11  4 
9 0 9 IM 99.3 

799.9 923 M» 6 M I »99 '. 

623 
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T:,bJ« F24 

ADJUSTMENT OF SHOTS KIXOHDLD. DUPLEX. DAY STA»- 

Targot roe»rood 

Adjuotod Ad] u* tod 
to total Adjwtad shota to total A4)tatt«d •iota 
roMawaa for kit« pr«- awta SVX* rouMta for alto pro- 

onWMta« •d|i»tad dlctod •djuotod r*co W couatod •dJiMtod dietod •djuatod        So 

Una« RIM 37 

1 21 21.6 14.5 16 • 
T 74 7C.6 61.6 I 4 3 
1 22 22.8 18.4 

M 70 72.« 6« 4 
13 0 0.0 0 0 47.5 
14 35 36.3 29 8 30.7 
IS US 11».3 47.3 
1« 20 20 7 28.3 
11 6 «.2 24.2 33.5 
11 43 44.6 42.5 
m 93 96.5 10«.» 
21 10 10.4 10.4 
22 0 0 0 8.4 
24 0 0.0 4 7 
25 0 0.0 8.6 
21 21 21 8 28.4 
2» 30 31.1 11.» 3« 0 
SO 0 0.0 13 
31 3« 3«.4 116.2 8«.l 
32 11 11 4 15.» 
S3 4 4.1 2.» 
34 30 31.1 13.2 

Total «43 66«.» 718.5 718.S 

Roundi 
couotad 667 

718.5 

12 22 2 
30 55.5 

7 13 0 
23 42 « 
33 61  1 
18 33.3 

4 7.4 
10 18.5 
17 31.5 
14 25 9 
57 105.5 

It 9.3 
11 20.4 

« !1   1 
13 24.1 
15 27.8 
23 42.« 

2 3 7 
30 55.5 
10 18.5 

0 0.0 
3 ft.« 

343 

«35 

63.'.   1 

60 5 

15.3 14 • 
58.5 9.1 
1«.7 14.5 
«0.4 25.4 
43 2 94.3 
27.8 13 « 
43.0 IS».« 
25.7 28.« 
30.5 1«.« 
38.6 29.1 
97.1 13 3 
9.4 1.« 
7.7 2«.» 
4.3 14.5 
7.9 34.1 

25.» ».3 
32.7 39.3 

1.2 9.1 
78.2 •2.2 
14.4 8.7 
2.7 ft.» 

12.0 40.« 

«53.0 «53 2 •53 0 

Run 61 

* 10 in •» »4 • 
7 • 1 «2.2 ft« 5 
• 2« 2».5 15 4 l«.l 

10 51 52 0 5«.3 
13 70 71 3 41.7 
14 22 22.4 2«.» 
16 ft ft t 41   •> 

16 3» 3».7 24 » 
1» 37 37.7 29.4 
1» 47 47.» 37.3 
2« 94 •ft.» •3.» 
21 » ».2 .»» 
12 3 3.1 7.4 
hi 2 2.0 : i 
25 0 0.0 T.C 
28 2» 29.8 24.» 
2» 42 42.8 31 6 
30 0 0.0 1.2 
31 •ft M.2 7ft.« 
32 14 14.3 13.» 
33 4 4.1 2 6 
34 0 0 0 11 6 

Mai «33 «46 0 •30.9 «30 8        «3d.» 

It.» 
».1 

14.5 
Sft.4 
»4.ft 
13 « 

J5« o 
m.t 
i«.« 
2».l 
13.3 

1 • 
H.» 
14.5 
34 1 
».3 

39.3 
».1 

•3.2 
»7 
ft.« 

4«.« 

Rouada 
•45 

192 T-371 
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Table  F25 

TMENT OF 3HOT8 RECOHDED. DUPLEX. NICHT SITTING 

Adjusted Adjustsd 
to total Adjusted Shot« to total Adjusted Shot« 

Shot» round« for hit« pre- Shot« Shot« round« for hits pre- Shot« 
Target recorded couatr adjusted dicted adjusted recorded oo—lad adjustsd Cbcted adjustsd 3a 

Run 8 ».»• 38 

1 »0 107.6 105 1 7» 72.7 78.1 82.5 
2 7 H.4 11.1 s 8.1 8.1 12.1 
3 47 M 1 407 as 24.2 28.5 37 1 
4 0 0 0 30.8 31 31.3 223 78.6 
« 23 27.5 24.7 IS 15.1 17.9 24.1 
8 57 60 2 72.1 m 45 4 52 2 82.5 

11 II 17 9 ?n « tt It.2 14.9 12.5 
12 14 167 21.6 18 18 2 15. S 21.4 
13 • 753 74 7 47 47.4 54 1 78.0 
M 3» 46.6 39.5 M 26.2 268 32 2 
IS 12 14 .') 20 1 IS 18.2 14.S 18.8 
IS 1» 22 7 34.5 28 28.3 250 M.I 
17 7 8 4 6.2 IS 10.1 45 11.9 
IS 22 26.3 45 4 28 29.3 328 62.8 
IS 54 G-; a 46.j a* 2V.3 33.5 43 6 
SO 69 82.5 304 sa 62.6 12.5 22.0 108.4 
21 9 10 8 4.7 4 *.o 3.4 13.4 
22 20 23 0 16.4 XI 27.2 11 6 80.4 
23 0 0.0 0.1 0 0.0 8.1 1.4 
H " 0.0 14.3 20 20.2 8.1 10 4 47.1 

at 0 0.0 5 8 12 12.1 4 2 14 8 
27 0 0.0 124 0 0.0 II 54.« 

Total 567 677 9 677.9 677.7 S77.S 548 553.1 4808 4907 480.8 

Rounds 
count«! «78 SS3 

ftua 6?. 

1 148 148.3 
2 ii .:  j 
3 44 44.7 
4 84 65.0 
6 34 34 5 
6 no 111.7 

U 27 27.« 
12 u ||.f 
IS 78 79.2 
14 50 
IS 28 29.4 
is 56 5«. 9 
17 1 1 0 
IS 85 86.3 
IS 50 so. a 
28 0 00 

21 0 00 
a 0 00 
23 1 1.0 
28 36 366 
24 6 6.1 
XI 38 38.6 

Tsui 904 818.1 

Rounds 
couated 918 

110.7 

949 6 

147.3 
to.« 
57.0 
43.2 
34.6 

101 0 
28.9 
89.8 

104 7 
55.4 
28.2 
48.4 

8.7 
836 
64.8 
42.6 
• 6 

22.9 
04 

B8.S 
1.2 

17.3 

949.7 948.6 

92 5 
12.1 
37.1 
79.« 
24.1 
82.8 
12 6 
21.4 
78.0 
32 2 
11.8 
44.8 
118 
82.8 
43.4 

188.4 
13 4 
3« 4 

1  4 
47 1 
14 8 
84.« 

ORO-T-378 IM 
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ADJUSTMENT Or 

T»bia rw 

IOT8 RECORDED. TRIPLEX, DAY SITTING 

Targat 

Adjuatad 
••» total • dj-tafd 

for felta 
ad) «a tad 

Act« 
paa> 

atotad      adjaatad raoordad       opal ad 

Ad}ua*od 
u. UdaJ mOMMaa 

for Hit* 
adjoatad 

pra- 
dlctad 

Shou 
adjuatad 

Rva20 28 

s 13 13.1 21.0 18.2 11 11.1 7.6 6.8 21.0 
7 M Sf.S 67 4 46 46 4 36.3 13.3 
• 21 21 1 28.1 26.1 38 38.3 18.3 18.2 1.7 

It 5» 08.3 66.7 44 46.4 37.6 18.3 
IS 37 87.2 24.2 0 0.0 13.6 56.6 
M 1» 1.   1 33.4 38 32.3 18.6 18.8 
11 0 0.0 8.3 8 8.1 3.8 12.2 
l« as 28.1 3S.1 33.1 61 61 5 25.6 17.6 17.» 1.6 
18 28 28.2 32.1 81 81.3 17.3 10.6 
it • 86.3 68.2 66.8 46 464 37.6 37.1 48.0 
m US US.7 116.3 74 74.7 66.3 63.6 74.1 
ti 12 12.1 11.6 6 4.1 8.4 8.0 
M 21 21.1 13.7 0 0.0 ?.4 31.7 
M 1 1.0 1.3 1.3 1 10 6.7 0.7 00 
M 17 17.1 li.l 0 0.0 6.0 36.7 
M 18 18.1 26.S MS 82 282 14.1 14 1 8.3 
m 40 40.8 36.6 81 81.3 31.6 86.8 
36 • 8.0 6.8 8 3.0 8.8 6.6 
si 7t 76. S S6.S IS It 1 381 161.1 
St 10 10.1 7.8 8 30 4.8 18.8 
ss 0 0.0 6.3 6 6.1 8.8 1S.S 
M 68 68.4 47.7 5 50 86.7 66.1 

TataJ 'OS 706.0 736.8 727.1 750.3 447 451.0 388.1 361.6 366.7 

Roaadn 
ooaatad 70« 461 

'•••gat 

T»Ma r*7 

ADJUSTMENT OF 6MOT6  RECORDED.  CARBINE  AUTOMATIC,  DAY STTTING 

Adjuatad 
to total Ad)u*tad Shota 

Shota rouada (or hlta pro- 
racordad couatod adjuatad dletod adjuatad 

AdJuataJ 
to total Adjuatad Shota 

for hlta pra- 
adjuatad       dieted 

Sfeotf 
adjaatad 

.19 

8 
T 
6 

16 
IS 
14 
18 
16 
16 
16 
66 
SI 

84 25.1 27.4 
67 81.1 72.6 
34 28.6 31.i 

181 186.7 83.S 66.4 
113 118.4 638 87.3 
68 64.6 307 S8.7 

6 0.0 4 6 
68 86.6 84.3 

0 « 6 24.2 
76 83 7 86 4 

174 183.3 211 3 
ST SB .3 16.3 

1 16 16.6 
84 S6.1 11 3 14.3 

6 8 6 86.7 
46 81 3 86.6 
84 S6.e 883 

8 S.l 8.7 
S ii 86.6 

1.6 14.6 
4 4.8 1S.S 

46 68.S 88 8 

87« 

1816 

1818 7 66*3 866 8 

66 538 63.3 
112 133.6 141 5 

64) 54.6 61.1 
«63 T8.6 84.7 136.6 
68 66.1 131.6 
66 604 66 0 
IS 133 8.6 
6? T3.6 166.3 
81 560 47. S 

153 16* 1 •1 I 1163 
287 S16.S 863.3 413 3 

6 6.6 S6.1 
41 46» 1S.S 325 
84 864 876 

16Y 1176 86.6 46.8 
«f 61 6 SI 6 31 6 
66 848 164.8 

6 • • 8.3 
166 1758 HI S 

6» 73 8 87.6 87 S 
86) Ml 33.8 
6 • • 436 

1644 1666 1 1766.6 1766 3 

131 8 

T4.6 
SS.6 
64.S 
30.8 
68.6 
17.7 
667 

843 
413 
848 
78.8 

73 

663 
r 3 

1661 I 

m 1*71 

COtfritfNTIAl 



CONFIDENTIAL 

Table F27 (continued; 

Adjusted Adjusted 
to toUl Adjusted Shots M ">tsl Adjusted Shot« 

Shots round« for blU pr«- Shots Shots round« lor hits pre- Shots 
Ttrg«t recorded counted .d)uot«d dJcied edjueted recorded oowaled adjusted dicted adjusted 3tr 

Run 41 Inn 43 

5 IG 17 2 
T 96 103.4 
1 24 25.8 

1* 70 75.4 
U 58 «2 5 
M 14 15 1 
11 0 0.0 
1« 10 42 0 
11 90 96.9 
11 43 46.3 
1« 53 56.0 
SI 2 1.1 
22 17 18.3 
24 6 6.5 
H 0 0.0 
SI 1 0.0 
St 54 58.2 
M 0 0 0 
31 4 4 3 
M 0 0 0 
33 0 00 
34 0 0.0 

Total 585 630.1 

Rounds 
counted 630 

55 6 

27.9 

513 3 

15.fi 
41.6 
17.8 
J7.9 
38.4 
19.3 

2.8 
31 0 
13.8 
32.2 

120.5 
5.9 
9.5 
8.1 

11 8 
15 2 
304 

1.5 
324 
8.0 
M 

12 7 

513 3 513.3 

33 32.9 
74 73.« 
31 30.9 
50 49 9 
91 80.8 
»3 52.J> 
10 10.0 

94.7 
30 30.0 
44 43.9 

175 174.5 
IS 19.0 
4« 39.9 
23 23.0 
39 38.9 
43 42.9 
S3 428 

3 3.0 
SS •4.8 
39 37.9 
39 39.9 
99 54.9 

1114 1109.3 

54.7 

32.5 40.9 
94.9 74.5 
37.1 33 8 
79.9 54.2 
80 0 30 8 
40.1 53.9 

5.9 17.7 
64 6 50.7 
28.7 535 
•7.1 95.2 

351.1 598.1 
12.3 34.9 
19.9 41.3 
19.9 24.5 
24.4 76.3 
tl.l 58.4 
43.3 33.0 
3.2 7.Ö 

•7.4 213.0 
19.« 493 
14.4 37.3 
265 79.1 

1069.3 10*9.2 lost I 

Uli 

Target 

Tab!« E2S 

ADJUSTMENT OF SHOTS RECORDED. CARBINE  AUTOMATIC. DAY STANDING 

Adjusted 
to total 

•vote 
recorded 

Ad) sated 
tor hue 
ndj-sted 

pre- 
sset«*      adjusted 

Adjusted 
to total        Adjusted 

for Uta        pre- 
dicted adjusted       So 

Run 22 46 

1 SI 52.0 
T 118 114 3 
• 99 51.0 

1« 72 73.5 
13 132 134.7 
14 49 50.0 

11 SS 59 2 
1« •7 69 1 
1* 92 83.7 

ii 9« 90.8 
»• 206 209.3 
si SI 2' 4 
SS SS 26.5 
34 41 43 t 
St •1 62.2 
29 •7 66.4 

SS 99 96.9 

34 IS 15 3 
31 141 143 9 
31 57 58.2 
31 11 112 
34 99 1 B4J 1 

80.0 

148.9 

197.9 

53.5 SO SOS 29.1 32-1 
139.9 90 91.9 99.1 49.1 
65.4 664 40 50.0 35.6 35.4           15 
93.1 93 1 09 70.4 90.9 50.9          4.4 

149.S 94 989 113 S0.4 
79.7 77 7S.S 432 43.9 $6.2 
41.« S 9.1 23.7 SI 2 
MS M SS.? 13.2 
«3.3 44 44 t 464 S4.9 

114.9 SI 92« 2S.S 425 101 o 
2139 119 131 3 114.9 131 9 

2S.9 17 17.3 127 0.2 
S4.4 SS 23.5 11 8 lt.t sa.i 
41.9 19 19.4 23 3 24.6 
S9.S 90S 00 41.2 43.9 13.5           1.9 
79.9 SS 23 1 32 4 67 4 

199.3 07 901 94.7 90.2 
17.1 U III 94 0.2 

173.9 HI 1132 749 94.9 190.7 
•>4.3 Si SS.S •M 00.1 
SI 1 SI 21 4 11.S 153 
99 0 SS 63 9 94.9 70.r. 

Total 1622 1797 2 1797.4 I»/« .'. 1072 9000 979.9 

l «:.•> 
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Tabl« F • 

ADJUSTMENT Of  SHOTS MECOHÜEI). CAHBINE AUTOMATIC. NIGHT SITTING 

Adjueted Ad) «at«* 
to total Adjusted fltOiS to total Adjusted Shota 

•sots roesd» (or aiU pre- Shots Bhote roueda for hlU pre- Shota 
Target recorded oo—ted adjastad dict.* adjusted raoordad oa—tad adjueted dicted adjusted 3o 

RIM 24 RUB  «7 

1 17« 177.5 184.4 178.« • 72.3 128.3 144.3 87.2 
2 47 49.1 37.4 18 20.0 31.7 43.7 
3 108 10«.5 102.« 75 83.5 87.1 34.0 
4 tr 101.3 98.6 31 34.5 75 9 81 2 38.1 
• M «2 7 340 0 0.0 28.7 94.1 
1 M 92.9 57.« 12 13.4 487 !!9 3 

11 24 25.1 
Ü:! 

32 35.« 27.8 15.8 
12 2T 282 14 15.6 20.1 18.8 
13 80 83 5 74.7 84ft • 4 a «? 3 43.5 
14 93 97.1 •8.9 27 30.1 58.3 100.5 
15 3« 17 « 1« A 11 8d.S 3.1.1 4.7 
1« 49 51 2 56.6 48 53.4 48.0 48 0 3.3 
17 13 13 « 14.6 14 6 12 13 4 12.4 12 4 0.3 
18 S3 55 3 «25 54 60.1 52.9 7.2 
19 4» 51 2 45.8 30 33.4 38.8 26 7 
ao IM 175.4 323.5 143 159.2 421 9 ira.8 369.8 
21 71 74 1 «3.« 39 43.4 53.9 46.1 
22 2» 30.3 417 42 48 7 35 3 24.6 
23 • 0 0 • 9 0 0.0 0.0 0.0 
29 M 6« 8 •2.1 43 47.9 52.6 28.4 
26 21 21.9 11.9 0 n n 32.9 
J7 59 «1 « 52.0 31 34.5 44.1 40.7 

Totti 1401 14«2.» 1471.8 1471.8 1472.8 79« P86.0 124« 1 1246.1 12397 

Rounds 
counted 1483 886 

Table F30 

ADJUSTMENT OF SHOTS RECORDED,  CARBINE SEMIAUTOMATIC.  DAY SITTING 

Adjusted Adjastad 
to total Attested Saou to total Adjusted Skota 

Shot« roves» (or hita ore-          Banta Saou ronsda for alt* pre-          Shots 
Target raoordad oovsftsd edjested dieted      adjastad lesordsd eowsssd adjastad dieted      edjueted 3o 

•«•17 •as 19 

5 8 8.1 9.« 5 8.7 11 5 11 7 
7 «4 «8.7 «8.3 41 47 1 74.5 89.8 
9 19 19.2 18.« 18 20.7 19.2 31 9 

19 4. 41.5 «2.3 53.7 43 48.4 •4.2 39.7 

13 87 «7.7 37.2 40.2 88 48.« 48 2 88.« 

14 • 0.0 15 IS 88.7 18.1 ta.i 

18 1 0.0 3.0 8 9.8 3.« IS 1« 37 37.4 35.8 88 »9 42.5 
|| 9* »a .1 89X1 15 7 35 40.2 42.7 84)3 
19 $4 54 « X3.3 48.1 52 597 57.« 88.9 
2u 199 M0.2 118.8 112 188.6 143.1 K 11 IS 13.1 ,\i 11 12.6 8.8 

n 2 2.0 11 12« 13 5 s; •4 28 25 3 13 1 14 161 16.7 

8» 28 22.2 88 883 18.3 888 

18 21 21 2 M 38 2 24.« 

1» 37 37 4 493 84) 57  4 59.0 88.9 

88 i 10 2.0 4 4.« 2.4 « • 
M 14 14 2 38.8 88 

;:; 
40 1 

38 28 2« 3 14 1 16.9 
38 8 8.1 7 • 0 5.3 
34 37.4 Ml «8 «8.4 3« 1 

Total «39 9 «33 4 •b 788.6 m i 757.9           788.9 

Rouses 75* 
CO*JMs4sM 
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Tshla F:n> <ciHUinued) 

*-1Ju*ted Adjusted 
to loU) Adjusted Shots to total Adjusted Shot« 

Shots roaads for hits pre- Shot« Shot« rnuada for hit« prw-          Shots 
Target recorded oouatad adjusted dicted adjuated recorded counted adjusted dieted      adjusted 3o 

RUB 42 «MB   44 

5 1 1 11.4 8.3 11 16.1 11 0 11 7 
7 Tl M 60.1 84 »4.3 Tl.» 3*.» 
1 M z;< 15 4 1 ».» !•* 31.8 

It 47 47 51.8 71 71.1 •13 »•7 
13 ii 1 388 M M.I 44 0 M.C 
1« >" 27 10.» 8.2 5 50 ».T Ml 
15 12 II 2.1 1 1.0 3.1 1*1 
M 3» M 34.2 •• •».3 44.4 40.5 17.0 
it 41 :: 24.6 34.4 36 M.I 40.0 M.I 
l» 54 54 40.4 M •O.J SSI ia.fi 
I« M 153 3 J:SJ 141 141.1 138.7 354 
«i I 2 7.1 4 4.0 8.4 14» 
« 10 10 10.» 24 M.I 12 8 »3.7 
24 10 II 12.6 5 50 15.0 »».7 
» 40 40 18.5 14.0 2 2.» 17.5 M.» 
21 14 H 18.0 11 »1.1 M.I 1*5 
*» 42 u 73.1 47.5 44 44» 5«.3 40.» 
30 1 1 1.» 2 2 0 2.3 I.I 
Jl 10« 100 38.3 32.3 11 17.1 38.3 72.5 
« f. t> 13 0 9 ».» 16.1 M.I 
33 • u 4.3 1 5.6 5.1 ».I 
34 1 1 20.1 34 M.I .14.5 44.1 

Total »44 644 011.0 010.7 011.0 764 766.» 724.0 723.8          724.0 

Rounda 
rousted «M 767 

TBOIB rsi 
ADJUSTMENT OF SHOTS RECORDED, CARBINE  SEMIAUTOMATIC. DAY STANDING 

AdjaaMad Adjaatad 
to total Adjaatad Shots to total Adjust ad Shota 

Shot* rouads far aits Prs- Mots Shots rill for kits pre- Mots 
Targe« TW9QTW9Q oouased adjaatad dlotsd adjusted recorded oo—tad adjaatad dicted adjaatad 3a 

Baa 21 Baa 40 

1 ii 17.0 IM 34.» 13 13.» 1S.6 04 0 
7 s •»» MO 74 7» 1 72.7 «7.» 
• 30 0 3»» 2» 22.3 22.» 12 » 

M M 03 0 03 0 •0.» <• 71.1 M.» 11 3 
U •a M.t 01» 7* 73 1 I».l 21 2 
U M ir.f Ml 4*4 54 54 0 37.» 40 1 
il M jjj 1*1 • 0 • 9.2 32 0 
14 4» 47.4 3« 3» • 35 » ».» 
II 4« 4&J 30 MJ 11.9 187 

1» a* M * 40 I •».1 • 1 tl 8 •S.4 52 4 ».» 
M i» U0 2 132.4 M 80 ' IM.» »•7 

»1 » 0.4 IS S I 1 00 10 

M i» 1»  1 10.» 0 00 0.» 4« 0 
M i» 181 21.3 31.1 1» 111 10 1 II 1 • 4 

M 34 Ml 43.1 44.7 4» 43 I 840 IS .1 00 

M M M» 3» 7 • M4 13» 7 4 
M «3 ».« 34.1 0 00 M.» 100 > 

ft 7 7 4 0» 4 4 1 1 • ft» 
»1 •» 71 3 »•» M •t» 0» 4 M0 

»» M MS 23.t 1» 152 17.» Ift» 
JJ • 04 1.» 4 4 1 4» 30 

M T» 70« •1 • 71.1 M 040 44 4 ••» M.I 

local 

M» 

•MO 1041 0 1*41 • HPJ M •4T.» 704 0 7M» 7T7 * 

I 
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Table  F32 

ADJUSTMENT OF SHOTS KECOHDED. CAM BINE SEMIAUTOMATIC. NKiHi SITTING 

Adjusted Adjusted 
to toUl Ad i us ted ShoU to total Adjusted ShoU 

Shut« rouads for hits pre- Shot« ShoU roesds lor bite pre- Smote 
Target recorded ci-listed adjusted dicted adjusted recorded coasted adjusted dicted adjusted So 

Run 23 Rua4i 

1 153 155.3 151.4 75 SS.t N* »6.1 
1 30 30 4 21.0 3 1.1 13.0 40.2 
1 55 55.8 46.3 16 16.1 2S.7 6-49 
-i 67 «HO 71.6 4U 46.6 44.4 SO.O 
• 25 25 4 23.8 M 13.2 14.8 163 
- 59 9 48.7 30 42.0 301 •1.1 

li .'7 27 4 38.4 M 240 18.9 20.2 36.0 
12 22 22.3 41  2 17 444 14  4 J5.5 SS.2 
II M 87.3 99.1 •I 73.1 •1.3 11.3 
14 47 47.7 hb | M 448 28.1 «8 ^ 58.1 
IS 28.4 30.9 IS 21 0 19 1 10.2 
1« 4^ 64 0 M 42 0 26 2 34 1 56.2 
IT •> 6.1 6.1 4 4 8 3 8 .1 | 0.3 
1» 38 57.4 4« gf.fi 35.6 33.0 
It M 58.9 60.1 32 38 4 37.2 30.8 
20 lil 112.6 161.4 136.6 MS 105.5 5» 8 84 6 152.4 
21 14 24 4 23 1 11 132 14.4 16 8 

M 11 41 6 49.4 49.4 32 38.4 30.« 30.6 4.8 
IS 1 6 0 -0.0 0.0 0.0 
25 M 40 6 64 3 &] 63.5 39.8 34.4 
2f. 1 H   1 5.7 1 1.2 3.« 104 
27 61 53.8 48.1 2U 240 20.7 64.T 

ToUl 2 019 1034.2 1131 4 1131.2 1140.2 6ft 814.3 700.4 700.6 691   6 

Rounds 
««-ntH 1664 »14 

Target 

Table F33 

ADJUSTMENT OF  SHOTS RECORDED,  T46 AUTOMATIC. DAY SITTING 

Adjusted 
to total Adjusted 

Shots           rovads for alts 
recorded       couated adjusted 

RUB 10 

ShoU 

dieted      adjusted 

l.) «>U1 
Shots 

Adjusted ShoU 
for alia pre- 
adjusted      dieted adjusted 

Rua 12 

6 
7 
• 

10 
13 
14 
15 
16 
18 
I» 
20 
21 
22 
24 

3u 
31 
32 

40 50 0 
95 118.6 
23 26.• 
«7 83 8 
53 66 3 

2 2.5 
14 17.5 
i.1 53.8 
M 68 8 
57 71.3 
35 43 8 
1 I 13 8 
• 0.0 
2 2 5 
0 0 b 

16 18.8 
41 31.3 

S 10 6 
41 51 3 

I 
26 33 3 

rt.% 

666 624.4 

17.6 

19.8 

IM 2 

18.6 
119 3 
19.3 
61 0 
80 6 
• 6.7 
• 2 

41 2 
45 5 
55 6 
•7.3 
111 
3 4 
• I 
7.3 

I  4 
41   I 
5.6 

6.7 
17 4 
26.9 

766 4 

27 33.3 
12« 156.1 

18 22.2 
50 •1.6 
M 111 2 
66 662 

1 12 

s» 72« 
IN its» 
119 147 • 

1 6.1 
• 11 1 
• 6.6 
• 0* 

• 26 • 
21 it a 

4 49 
N 46» 
• 6.6 

»i M4 
I* Ml 

34 4 

6«.0 164 
1664 1642 
2«» 1- 1 
661 •67 

1124 •T.6 
27.4 S6J.1 
111 17.7 
57.4 3«.! 
•3.» 4«.» 
77 i 1641 1 

121 • 124.« 
16.1 6.» 
47 117 
M n i 

I6J 44 1 
42» MM 
»7 3 
74 66 

•7 1 T6J4 
III 6S.6 
24 1 »4 
41 • •4 a 

758.2 • « 1664 6 1667 T        1667 9 IM7 7 

R-.un.ie 

•   -#»• 
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Table  P33 (continued) 

,_ 
Adjuatad Adjuatad 
to total Adjuatad Saota to total Adjuatad SLoU 

abut« rmiada (or kite pra- Shot* Shot* rouada for bJU pre- Shot* 
Targat racordad oouatad adjuatad diclad adjuatad racordad eoaalad adjua'ad dicts adjuatad 3© 

49 Rua51 

s 15 16.S 20.9 
7 6» 74.8 196.7 134 1 
» 10 17 6 21.7 

10 77 84 7 68.6 
:j 90 9«.» 90 6 
14 24 2« 4 22.1 
15 11 12.1 9.2 
II 68 74.8 43 0 46.3 
1« 34 37.4 61 2 
II 28 30.8 62 5 
70 128 140.7 39.1 
H 14 15 4 126 
2« 1 0.0 3.9 
24 4 4 4 I.I 
2« 0 0 0 IJ 
21 34 37 4 34.2 
20 53 50.3 46.2 
30 7 7 7 6.3 
31 13 14 3 46 I 
32 0 0.0 9.« 
M 10 11.0 19.5 
34 0 0 0 33.« 

Total «94 713.2 852 3 862.4 

Round* 
coMBiad 763 

20 22 9 25.0 19.8 
»4 107.6 l ho B 104.2 
22 25.« 16.9 12 3 
56 64.1 82.1 55.7 

101 116.6 108.4 57.» 
2* 32.1 26.4 38.1 

8 «.2 11.1 17.7 
11 366 55.4 36.6 
37 42.4 61.3 4«9 
.1» 44.7 74.8 10«.2 

146 167.2 93 1 117.4 124 8 
13 14.9 14.9 «.5 
15 17.2 6.1 45 13.7 
20 22.9 IJ 27.2 
31 36.5 LI 4« 1 
4* M.l 41.0 39 6 
55 «3.0 55.3 41 3 

4 4.« 7.5 «6 
r« M.l 55.2 76.0 
36 41.2 11.1 53.0 
11 12.« 23.4 28 4 
75 86. t 40.3 94.« 

;!52.3 »fir 

1106 

11 Cm 3 1020 2 1O20 2       1020 2 

Target 

Table P34 

ADJUSTMENT OF  SHOTS RECORDED,  T48  AUTOMATIC.  DAY  STANDING 

recorded 

Adjuatad 
lo total Adjaatad Sbota 
rpaada for alt* pra- 
ootaatad adjaatad dlctad adjaatad 

Adjuatad 
to total Adjuatad «hot« 
rouada for hlta pre- Shot* 
nuwtad adjaatad dlctad adjuatad 3a 

Rua 14 Hua 53 

5 10 10.2 11.6 28 4 
7 SS 99.7 H6.6 
9 2» 28.4 327 

10 1ST 10S.9 79.6 
14 Tl 72.3 7«.« 
14 11 21.4 SI.I Ml 
IS 1« 11.1 4.1 
1« S7 M.« M.l 
1« 124) 13S.3 9S.6 
1« «1 62 1 «•.« 
20 •s Sfwl 64.9 
21 4 4.1 11.7 
22 0 1.« 
24 0 0 0 16.« 
24 • 09 21.4 
2« 17 17.3 M.l 
>• 3« 34« V4 s 
10 s II 34 
U 93 94 6 
32 4a IS.« M.l 
SI • • • 14« 
3« S3 619 «4.1 

11.6 
52 63 7 
ad 104.2 
42 51  5 
•2 76.0 
92 112.6 
73 •1.5 

1 1 2 
•5 79.7 
• 1 99.3 
27 33 1 

140 171  • 
21 317 
M 4« 4 
32 19.2 
41 50.3 
M 44.1 
M 187.9 

0 1.9 
117 143 4 

1) 11 1 
2* 34 3 

3 9 7 

55 2 

73.« 

91 7 

.1* 4 66.4 
117.3         1173            8.8 
44.2 M.2 

104.4 44.4 
104.5 M.l 
•74 M.l 

6.6 Ill 
79.1 12« 

136.0 54   1 
54 8 4SI 
74.3 »»* 
17.1 114 
23 2 M.S 
22 6 Ml 
28 t MS 
35 3 «4 8 
73.9 1.1 

4 7 111 
13«» 712 
Ml MO 
1S.7 II 1 
33 1 713 

TaUl «22.1 Ml 4 Ml  7 918.3 1130 I3M 1 IMS.« IM1 7       in» I 

MS 
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Table F3S 

ADJUSTMEN I OF SHOTS HECORDED. T48 AUTOMATIC. NIGHT SITTING 

Adjunteil Adjusted 
to total Adjuatad Shou to total Adjjatad Shote 

Shot« rouada for hita prt - BBOU aaota roeatda for BiU pre-          aaota 
Target recorded cuuatad adjuatad dieted adjuatad recorded couuted adjuatad dieted      adjuatad 3e 

Rua 16 Rua 55 

l 154 200.» 205.3 184 154 6 150.2 69.5 
2 M 31 3 34.1 .'4 27.7 24.9 5.4 
3 34 44.4 57.0 47 54.2 41.6 14 7 
4 M 108.3 96 5 54 62.3 72.1 69.0 
1 «0 78 3 69.2 3* 41.5 S0.6 56.2 
1 ill* 153.9 144.2 M 96.7 105.4 87.3 

II 31 49.6 37.9 14 16.1 27 8 SO 3 
u 4'.' 83 9 47.6 1« 18.5 34.8 88.1 
13 11 78.6 89.ö 91 4 M 78.4 6H.6 66.8 31.5 
14 1)1 66.5 58.4 30 34 6 42.7 47.9 
16 32 »1 7 34.8 16 18.5 26.4 34 8 
ie 49 63.9 66.3 *4 50.8 48.4 19.7 
n 1 6.5 15 i 17 19.6 11.0 19.7 
is 41 53 5 58.9 59.2 *2 48.4 43 6 43 3 23.0 
is» M 104.4 101 6 6J 71. Ö 74.3 49.4 
20 IM 140 9 170.7 170.7 134 154 « 124.8 20.6 
21 28 32.6 33.5 22 25 4 24.5 108 
22 M 48.« 53.9 3« 43.8 365 8.7 

23 fi 0.8 0 0 0 0 0 0.0 0.0 
25 1 7.8 4.5 • 0.0 3.3 11.7 

2« 6 7.8 17.2 U 21 9 12.S 21.2 

27 45 58.7 59 2 3» 48.8 43.3 23.4 

Total 1107 1444 1 1459.5 1459.6 1489.3 S3H 1081 9 1087.3 1087.2        1037.5 

Rounda 
counted 1444 1082 

TabU  F36 

ADJUSTMENT OF  SHOTS RECORDED.  T48  SEMIAUTOMATIC,  DAY SITTING 

Target recorded 

Adjuatad 
to total 
rouada 
counted 

Adjuatad 
for nita 
adjuate-* 

pre- 
dlcted adjuatad 

Adjuatad 
to total Adjuatad 

for aJU 
adjuatad 

pre- 
dicted adjuatad        3e 

Rua t Run 11 

5 ie 19.0 
7 43 51 0 
• 12 14.2 

10 41 48.6 
13 31 37.» 
14 0 0.0 
II 2 2.4 
1« 26 99 1 
IB It 34 4 
19 «4 52.2 
20 1? ISA 
21 5.6 
21 12 
14 1 2 
IS 0 0 
21 8.X 
1» 24 28 4 
30 14 
31 16 i7.S 
32 0.0 
3' 1« 16.0 
34 n 32.0 

72.9 

Total ".4 «22.1 4796 

10.8 
58.7 
17.2 
546 
28.7 
16.4 
2.4 

13.6 
32 3 
428 
7S.7 

6.9 
7.9 
40 
00 
9.1 

31.6 
14 

342 
02 

10 0 
19 1 

476.» 

21 22 9 12 9 14.5 16 • 
54 58.6 99.6 79.1 52.» 
1» 207 23 1 15 2 
4« S2.3 •9.4 73.5 39.» 
3« 39.2 34.6 59.6 
29 31.6 24.7 436 

0 0.0 3.2 11.7 
35 98.1 16.4 52.3 
34 37.0 43 5 197 
«4 39.7 67 6 29.3 
7» 76.2 108» 78.7 

8 6.7 ».3 136 
16 19.6 166 38.1 

0 0 0 6.4 161 
0 0.0 6.6 9.6 

14 152 111 8.3 
33 35» 486 28 1 

1 1.1 1 • 4.1 
5 6 4 48.1 M.l 
1 1.1 6.1 1 4 

19 96 7 13.4 22 1 
31 99.6 HI 39 2 

476 6 848.9 848.8 

422 
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Tab!«  P36 (continued) 

Adjuated Adjuatad 
to total Adjuatad Saota to total Adjuatad *ote 

Saota rouada for hiu pra- •MU SaoU ririMaia tor hits pre- SaoU 
Tira;-« raeordad oouatad adjuatad dtctad adjuatad raoordad ooatad adjuatad dictud adjuatad 3« 

RUB 50 Re» 52 

5 if> 17.8 14.6 4 4.7 14.6 16.» 
7 M 78.5 7».5 •>8 67.8 7».5 52 » 
1 20 23.8 23.2 24 28.1 23.3 15.2 

10 «* 82.1 73.» 76 88.9 65.« 73. B 39.» 
13 u 0.0 34.8 73 85.3 52.7 34.8 58.8 
14 19 22.6 24 » 33 36.6 24.» 43.6 
15 1 8.5 3 2 0 0.0 B.I 11 7 
16 0 ü 0 18.5 0 0.0 18.6 »2.3 
IS H 40.4 43.7 44 51 4 43.7 19.7 
19 1 9.5 42.8 57.» 44 51 4 57.» 29. S 
20 IS* 121.6 106.6 102 119.3 106.6 76.7 
11 13 15.5 9.3 4 4.7 ».a 12.6 
£2 lb 19.0 10.7 B 0 0 10.7 B8.1 
Id 12 14 | 5.4 i 4.7 5.4 16.8 
25 0 0.0 0.0 6 0 '.! 0 0 0.0 
28 11 13.1 123 1 9.4 12.3 B.3 
29 42 49.» 42 8 M 45 6 42.B 25.1 
30 3 3.6 1 » 0 0 0 l.t 4.1 
31 M 71.4 46.3 f,7 78.3 46.3 •6.1 
32 0 0.0 0.3 u 0 0 0 3 1.4 
33 6 7   1 13 6 3 3.5 13 5 22.2 
34 7 6.3 26.1 20 23 4 26.1 30.2 

Total 51S 616.0 649.3 549.4 649 3 603 706.1 64V.4 64».» 44».4 

Round« 
counted 616 705 

Target 

Table F?7 

ADJUSTMENT OT  SHOTS  RECORDED.  T48 SEMIAUTOMATIC. DAY STANDING 

•"•oordBjd 

Adjuatad Adjuatad 
to total Adjuatad Saota to total Adjuatad 
rounda tor Bita pre- Saota Saota rouada for hlta 

oouatad ad] aatad dicted adjuatad raeordad o»—ti« adjuatad 
pra- 

ttteted      adjuatad 

Rua 1.3 RUB 54 

3o 

5 10 11 7 81.1 19.1 
7 54 •5 4 •7 1 
• 1» as.s 81 3 

10 54 •3.1 M.S 
13 62 7t.4 •1.0 T«.» 
14 17 19.9 t.7 
1» 2 S.S 1.1 
1» 2« »1.7 84.3 
18 32 87.4 St.« 
It 49 »7.1 8«.B 
20 H •7 0 •4.7 
21 1 93 •.2 
32 1 •.3 • 2 
24 i 12 I».4 
25 l 1.2 It.3 
28 11 It.t IB.« 
2» 2» 33 • 30 1 
30 7 B.S «.1 
31 6* 7».4 ••• 
32 17 It.t 831 
33 » » B 11 2 
34 57 M.« •1 7 

Total •30 73«.« 764 • 7 «4 1 

Rouada 

•4.7 

•M 

7«1 7 

1» 16 0 IS 0 
106 113 3 • 14 
St 21 4 883 
47 50.3 M.l 
76 61 3 66.7 808 

1 0.0 10.2 
0 0.0 1.8 

«0 «4.8 36.6 36.0 
39 41.7 40.6 
17 IB.8 SB.« 
• 1 •7.3 M« 

7 7.» 8.« 
7 7.» M 

36 8S.& 303 
34 36 4 lt.3 
17 1« 3 It.» 
St rr.« 31.» 

4 4.3 • 4 
•0 M8 S4J* 
77 2«. 9 2»0 
1« 17  1 11 7 
5» 43.1 SB.» •48 

7S4 »4*2 BEI ••8 7 

•4» 

»».« 

T.T 
71.» 

1.3 
19 2 
36.» 
2».9 
3.S 
4.4 
« 5 

5B.S 
0.» 
2 7 
2.7 

»«.0 
»3.« 
3« 
* 2 
M 

2» a 
13 • 
17.« 
10 1 

•03 1 

taw-v   rw    a no 
tKVLf- X -* ID 
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T«bu riH 
ADJUSTMENT OF SHOTS RECORDED. T48 SIMIAI TOMATIC. NBHT SITTING 

Tar««« 

Adjuatad Adtuatad 
U> total Adjuated Shota to total Ad] cat ad Sbota 

Shot« rouade for hi« pre- Shota Shota ruuada for hlU pre- 
rocordad count ad ad] IM tad dicted •djuatad racordad ootaated adjuated dlctad adjuatad So 

Hun 1 . Bun .'»6 

1 i' t.0 
2 21 Ml 
J 47 S3 3 
4 3] 35.1 
6 24 27.2 
8 *; 75.t 

11 12 136 
J2 31 St. 7 
13 »2 92.» 
14 42 47.« 
15 IÜ 11.3 
16 .10 34.0 
17 1 10.2 
tl 14 ist 
It 42 47.« 
20 12- 145.1 
21 16 lt.l 
22 :i6 «a i 
23 0 0 u 
.»ft 17 lt.3 
2Ü H 9 1 
27 ia 21 5 

Total «90 782.0 

Rouada 
couotad TM 

47.5 97 100 2 
17.3 12 12 4 
43.7 91 38.2 
4«.8 u 83.0 
It 9 14 14.5 
*6  U 191 104 3 
14.t 17 17.6 
MJ 21) 20.7 
74.4 I] 63.0 
42.t 41 42.3 
12.3 14 14.5 
35.t 4U 41.3 
t.t t.l 10 10.3 

22 4 :io 31.0 
44.» 44.9 «I 4« 5 

126.4 1 16 1198 
17.5 18 18.6 
31.3 24 24. 1 

0.0 0 0 0 
17.1 1« J6.5 
11.» 14 14 5 
30.5 '.: *<: J 

782.0 781 9 778 9 IM 

*36 

85« 3 iM.a 

52.4 150.3 
18.» 17.1 
47.8 22.7 
51.3 41.» 
21 8 19.1 
94.2 42.6 
16.3 6.0 
31.6 28.5 
81 5 44.9 
47.0 8.0 
13 5 4.8 
39.4 11  0 
10.7 0.7            0.1 
245 22.7 
49.2 It.2           17 

138.5 30.0 
ItJ 0.8 
34.3 24.0 
00 00 

18.7 4.2 
12 3 x  ! 
Si.S 31.2 

SM 4 !tt.4 

Table F3» 

REDUCTION Or SINGLE-BULLET RESULTS FOR COMPARISON 
WITH FLECHETTE RESULTS. DAY STANDING 

Correction factor fr.r 
«-.....—; .imta reduction in expoaure Adjuated Reduced 

flr-d time» for Mechette Shota fired tarnet target 
T«rR«-ta (aln«ie bullet)« Urgt-la (eingie bullet) hltac hita 

1 II 1 II 1 1 
7 51 0 444 23 7 
9 26 1 26 * 1 

10 47 0.444 21 16 7 
13 71 0 0 11 1 
14 34 1 M 6 6 
If. 11 1 11 1 1 
II 23 1 H 4 4 
|| 27 1 27 1 3 
19 M I II 8 8 
20 132 0 47.', 63 1* 9 
21 13 I 12 I ' 
22 1 I 1 1 1 
24 4 1 4 0 0 
25 21 I 21 1 1 
M 22 I 22 3 3 
29 26 ; N 3 3 
10 * 1 6 1 0 
II M 1 4M 23 1 0 
32 16 • 0 o 
33 t 0 n 1 
<4 41 0 1 I 1 

Total 7 0.', 4<N i H •J 

'aVal a»  lmat«  »f aHota fired per target per rvn for regular target e«uoe%ire Urn* 
for the aifigl«- flechette day  at a ml In« rua 6-   target a 32. 33. and a uaed. 

Target a .   u|> ..ruv h.il  >•• aad target 13 flipped 
ind *>i not fired    n.    «.aeuming a aM la«   ihr anzuatmen' «Mure 
urn» i. 

e UM average i4 ike ad»u» ndlag ruaa. 
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Table F40 

REDUCTION OF SINGLE  BULLET RESULTS FOR COMPARISON 
WITH FLECHETTE RESULTS, NIGHT RUNS 

Correction factor lor 
Ad) u* ted »hot» reduction in expoaure Adjueted Reduced 

fired tiwe0 for flechette Shota fired target target 
Target« (aingle bullet)* targeta (aingle bullet) hitac hita 

I 1 S3 0.472 M 11 1 
2 in 1 I« 1 1 
3 41 1 41 7 7 
4 45 1 45 1 1 
1 25 1 23 2 1 
- *4 0.458 M 1 

1! 23 1 23 1 1 u 1« 1 I« 0 0 
13 •7 0.458 •I 1 0 
1« 4;, 1 «• 1 1 
L6 16 1 II 1 1 
11 M 1 3« 1 1 
17 1 1 1 u 1 
11 :i6 I J« 0 0 
IS 52 1 52 1 1 
2U 79 0 477 .17 2 1 
21 14 1 14 0 0 
22 :\f, 1 JS (I • 
23 1 • • 1) 0 
.'5 3.1 0 0 3 u 
.'6 7 0 1 1 1 
27 H 1 «I 1 0 

Total 155 574 41 28 

fSeet Mtlraate of ahota fired per target per run for regular target expoaure time 
Vor the aingle flechette night-aUndlng run 70. targeta 23, 25, 26, and 27 were 

not ueed.    Targeta 1, 8. 13, and 20 were up only half normal lime.    Aaauming a l1/,- 
eec time lag, the adjuatment for '/,   expoaure tlrr.e la (< -3)/(2«-3). 

cThe average of the adjusted valuea for the alngle-bullet night-alttirtg rune (there 
were no night-atandlng alngle-bullet run*) 
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Tabl« P41 

SUMMAHY RESULTS BY RUN (ADJUSTED DATA) 

Ft nag 
position 

Squad 

Ammunition 
or firing 

A B C D E F 

1 
HlU MlUI Hun Hiu 

Round« 
I Mi Hun 

Hounds 
fired 

Rua 
Houbds 
firsd 

Nua HiU 
Rounds 
fired 

Run HiU 
Rounds 

fired 
Rua Hits 

Rounds 
fired 

Single bullet Day 1 »l 540 3 108 483 34 no 537 3«      71 446      65     200 872 67     100 647 
Bitting N 157 «27 27 132 ire M 90 471 60    121 

Day 5 78 551 — — — 3* 10» 625 
• landing n 117 767 - - — «2 M 714 

Night mm — — 7 56 600 — — — 40     2« 874       -      - 
attting - — - jl M »50 — — — 64     42 76*       -      - 

Duplex Day 
aitting 

*' 166 Ml 4 IM 467 33 
57 

154 
214 

485 
S72 

35   123 
59   201 

438      66     276 76y 68    156 586 

Day 1 182 719 - — - 37 193 «63 —     — - 
a Unding 61 148 Ml —     — — 

NigM — — — 1 44 678 — — — 39     41 491 
sitting ~ — — — — — — — 63   112 950 

Triplex Day 
•itUng 2« 30« 750 28 176 36» — 

Carbine Day 
•rmiauiomatic sitting 

Day 
19 135 758 17 177 633 44 182 724 42   17» 611 

»Unding — — — 21 213 1053 — — — 4«   13» 777 
Night 

sitting 23 45 1140 — — — 4« 13 •H —     — — 
Carbine Day 

automatic sitting 
Day 

2« IM 1801 IK 173 MM 4) 10-.' ion« 4«      *-9 lit 

• Unding — — — 22 160 182» — — — 45     59 926 
Night 

sitting 24 2fi 1473 — — — V • 1240 —     — — 
T48 Dsy 

semiautomatic sitting 
Day 

11 «4« a Ill 480 52 130 «49 50   144 Mt 

• Unding — — — 13 Ml 762 — — — 34   109 IM 
Night 

sitting 15 • 779 — — — 56 •2 969 —    — — 
T4« Day 

automatic sitting 
Dsy 

22 104 i m I» 8* 758 51 9* 1020 «9     92 852 

standing — — — 14 »1 •11 — — — S3     39 ins 
Night 

sitting 10 7« 1488 — — ~ 55 58 1031 •     — — 
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Appendix G 

SQUAD AND QUALIFICATION EFFECTS 

SUMMARY 

HIT PROBABILITY BY SQUAD 

TOTAL HITS BY SQUAD 

HIT PROBABILITY BY QUALIFICATION 

SQUAD-AMMUNITION EFFECTS 

TABLES 
Gl. AVERAGE SQUAD frr PROBABILITIES 

G2. COMPARISON or SQUAD A AND SQUAD C Hrr PROBABILITIES 

G3 COMPARISON or SQUAD B AND SQUAD D HI PROBABILITIES 

G4  I*T PROBABILITY or AIL SIX SQUADS  
GS  COMPARISON or SQUADS E AND F AND ACD HIT PROBABILITIES 

G6  RSLATIVF Hrr PCOBABIUTTES or SQUADS 

G7  AVERAGE SQUADS TOTAL Hrrs 
G8. COMPARISON or TOTAL I*TS or SQUAD A AND SQUAD C 
G9  COMPARISON or TOTAL HTS or SQUAD B AND SQUAD D 

G10 TOTAL HTS or ALL SIX SQUADS   
Oil. COMPARISON or TOTAL RTS or SQUADS E AND F AND ABC 
G12  RELATIVE TOTAL Hrrs or SQUADS 

G13. SQUAD QUALirCATIONS 

G14  HT PROBABILITIES BY SQUAD 

G15   ttT PROBABILITY GAINS 
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207 

211 

214 

215 
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210 
211 
212 
212 
213 
213 
213 
214 
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216 
216 
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SUMMARY 

The hit probabilities for all six squads [including the so-called expert (E) 
and unqualified (F) squads] were compared.  As expected, Squad E is superior 
to all others and Squad F is inferior.  Analysis of the four "average"  squads 
shows Squad B superior in hit probability and Squads A, C, and D similar to 
each other. 

Similar comparisons for total hits instead of for hit probabilities show 
Squad E superior; Squads A, B, C, and F similar; and Squad O inferior. 

The over-all conclusions about the squads are that Squad E fired more 
rapidly and more accurately than the others; that Squad F fired more rapidly 
but less accurately than the others; that Squad B fired less rapidly but more 
accurately, and Squad D fired as accurately but slower than the other average 
squads. 

The average hit probabilities for the various squads and the known com- 
position of the squads in terms of number of experts,sharpshooters, marksmen, 
and unqualilieds were used to determine relative ratings for each of these marks 
manship categories.   The technique used was a least -squares best solution of 
six simultaneous equations.   It was found that, for hit probabilities, if the ex- 
pert rifleman is rated at 100, a sharpshooter is 88, a marksman 75, and un- 
qualified 43. 

i 
HIT  PROBABILITY  BY SQUAD 

Table Gl shows the hit probabilities for the seven sets of runs, which are 
of the same type lor the four average squads.   These hit probabilities are the 
ratios of hits to rounds fired taken directly from Tables E6 and F41.   The 
prime entries are adjusted data (from Table F41); the parenthetical entries 
are raw data (from Table E6).  All entries are fron-, the day-sitting firing con- 
dition.  The mean hit probabilities of Squads A, C, and D are all the same, 19 
percent.  Squad B is superior with a hit probability of 22 percent.   The tech- 
nique of analysis of variance reveals a statistic F value of 2.2 (adjusted data) 
or 2.3 (r»w data)   These values from appropriate statistical tables yield a 
significance level of about 14 percent.   This means thai the differences among 
the mean hM probabilities of Table Gl could occur by chance about 14 percent 
of the time.   It might roughly be said that to an 86 percent confidence level 
Squad B la really better than Squads A, C. and D.   In any case, relative hit 
probabilities of .219/.191 * 1.15 is the best estim»** for Squad B. 

Table 02 shows hit probabilities for all 14 sets of rune which are con- 
(balanced) for tquids A and C    The difference between Squids A 
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TABLE Gl 

AVERACE SQUAD HIT PROBABILITIES (DAY SITTING) 

Ammunition Squad" 

firing A B C I) 

Single bullet • 169U48) .224(.223) .205(-204) .160(.l68) 
.19CX.212) .229(.241) .19H.198) .17K.181) 

Duplex .337(.337> .338C362) .318(.315) •28H.277) 
Carbine 

Automatic .096(.106) .120L112) .095(.095) .115(.136) 
Semiautomatic .178(.178) .280(.278) .251 (.240) .293L266) 

T48 
Aatomatic .098(.097) .113(.1D4) .097(.093) .108(.112) 
Semiautomatic .243(.243) •23K.230) .20CK.199) .222(.206) 

Mean .187(.189) .219<.221) .194U92) .193(,192) 

•Value» ia parentkeaea are from raw data. 

TABLE G2 

COMPARISON or SQUAD A AND SQUAD C HIT PROBABILITIES 

Ammunition 
Firing 

condition 

Squad* 

firing A C C-A 

Single bullet Day fitting 169U48) .205(.204) .036( .056) 
Day aitting .190(.212) .19K.198) •001K014) 

Duplex Day aitting .337L337) .318(.315) -*019(-.022) 
Carbine 

Automatic Day aitting .096(.106) .095(.095) -.001 (-.011) 
Semiautomatic Day aitting .1781.178) .25K.240) .073( .062) 

T48 
Automatic Day aitting • 098(.097) .097(.093) ->001(-.0O4) 
Semiawontatic Day aitting .243(.243) .200U99) -.043(-.044) 

Single bullet Day eteading .142U40) .1744.162) .032( .022) 
Day • tending .1531.145) .1394.143) -.0144-.0O2) 

Duplex Day standing .253(.285) .296(.295) .043( .010) 
Carbine 

Automatic Night aitting .018(.018) .0264.026) .008( .008) 
Semiautomatic Night aitting .089» .041) .0194.021) -0204-.020) 

T48 
Automatic Night aittiag .0SK.052) .056(.054) .005( .002) 
Semiautomatic Night aittiag .10*. 109} .0954.096) -0144-.013) 

Meae .14M.15I) .154(.'S4) 

•Valuea ia parentheaee are from raw data. 
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C is clearly trivial,  however, it is instructive to apply the i test to the null 
hypothesis (that they are not different).   This requires computation of the 
standard deviation: 

a£__. !/„(„ _ i) |I(C - A)2 - [X(C - A))*/*\ (Gl) 

From Table G2, » is 14, and 0^17 • 0.00814 (0.00773). 
The statistic t is given by 

"c- A/orJ (G2) 

whence i - 0.75 (0.28).   As in the tables, the parenthetical value is from raw data. 

TABLE G3 
COMPARISON OF Sou AD B AND SQUAD D HIT PROBABILITIES 

Ammunition 
Firing 

condition 

Squad" 
or 

firing B D B-D 

Single bullet Day sitting .2241.223) .1601.168) .0641 .055) 
Day aitting .229(.241) .17K.181) .0581 .060) 

Duplex Day aitting .338(.362) .281 (.277) .0571 .085) 
Carbine 

Automatic Day sitting .1201.112) .1151.136) .0051-.G24) 
Semiautomatic Day sitting .2801.278) .293(.266) -013( .012) 

T48 
Automatic Dny aitting .1131.104) .1081.112) .0051-.C08) 
Semiautomatic Dny aitting •23K.230) .2221.206) .0091 .024) 

Single ballet Night nitting .0931.086) .0301.030) .0631 .056» 
Night aitting .044(.043) .0551.052) -.0111-.009) 

Duplex Night sitting .0651.065) .0841.078) -.0191-.013) 
Carbine 

Automatic Dny »Unding .0671.086) .0641.060) .0231 .026) 
Semiautomatic Day standing .204! 205) .1791.179) .0251 .026) 

T48 
Automatic Dny standing .09« *«9) .0461.049) .0531 .050) 
Semiautomatic Duy standing .1721-173) .1351.139) .0371 .034) 

Mean .1641.165) .1391.138) 

»Vslurs in parentheses are from raw data. 

From tables of t for 13 degrees of freedom, the significance level of the 
difference between Squads C and A is 47 percent (adjusted) or 71 percent (raw). 
This means that the small differences between the mean hit probabilities of 
these two squads could occur by chance about half the time or more.  It is con- 
cluded that the null hypothesis is neither proved -cr disproved, and Squads A 
and C are as likely to be the same as not.  In any case, the 4 percent relative 
difference in mean hit probabilities is trivial for practical purposes. This study 
concludes that the mean values are valid to two significant figures, and both 
squads score 15 percent mean hit probability for these comparative runs. 

Table G3 shows hit probabilities for the 14 sets of runs that are compar- 
able (or Squads B and D.  The difference in mean hit probabilities is 16.4 per- 
cent as compared with 13.» percent, which seems considerable.   Using Eos. 
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Gl and G2 again for Squads B and D, the standard deviation is computed: 
ojpf)  x 0.0080 (0.0086), and t = 3.2 (3.1).   This large value of i would satisfy 
the null hypothesis (no difference between Squads B and O) less than 1 percent 
of the time by chance.   This study concludes that Squad B Is superior to Squad 
D in hit probability with better than 99 percent confidence.   The best estimate 
is further that the hit probability of Squad B is 1.18 times the hit probability 
of Squad D. 

TABLE G4 

HIT PROBABILITY or ALL SIX SQUADS (DAY SITTING) 

Ammunition 
Squad" 

A B C D E F 

Sioffle ballet 
Duplex 

Msan 

.1694.148) 

.3374.337) 

.2534.242) 

.2U(.223) 

.3384.362) 

.2814.292) 

.2054.204)        .1604.168) 

.3184.315)        .2814.277) 

.2624.259)        .2214.222) 

.2294.233) 

.3594.375) 

.2944.304) 

.1554.153) 

.2664.257) 

.2114.205) 

"Value« ia parentheses are from raw data. 

FABLE G5 

(COMPARISON OF SQUADS E AND F AND 237 HIT PKUBABIUTIKS (HAY SITTING) 

Ammunition 
Squad" 

ACD 
i 

E f E-ACD ACD - F 

Single  ballet .1784.173) .2294.233) .1554.153) .0514.060) .0234.020) 
Duplex .3124.310) .359U75) .2664.257) .0474.065) .0464.053) 

Meaa .2454.242) JMtsM) .11 HMD .0494.063) .0354.037) 

"Vain*« ia parentheses are from raw data. 

Table G4 shews hit probabilities lor the only two sets of runs tnat are 
comparable lor all six squads.   These are the hit probabilities for the first 
single-bullet (AP) day-sitting run by each squad. Squads A, B, C, and D made 
a second run of this type, but Squads E and F made only one single-bullet run 
each.  Hence Table G4 shows all the balanced comparisons that can be made 
involving all six squads.   Based on so few data, the smaller differences in mean 
hit probabilities are not significant.  Squad E, composed largely of expert rifle- 
men, is superior, and Squad F, composed largely of unqualified or low qualified 
riflemen, is inferior.  The data on Squads A, B, C, and D, that appear In Table 
G4 are included in tables Gl, G2, and G3; therefore the more reliable conclu- 
sions already reached about those squads are not altered. 

Since Squads A, C, and D were found to be essentially the-- same in hit 
probability, they constitute a reasonable basis of comparison for Squads E 
and F.   These comparisons are made in Table G5, using the mean of Squads 
A, C, and O, designated ÄTÜ.  The standard deviations are first computed: 
ottcl)* 0.0020 (0.0025), ojeftt * 0.0115 (0.0165).   The corresponding e values 
are: iJTJcl> • 24.5 (25.2), IATTTT « 3.00 (2.24).  The c tables for a single degree 

210 ORO-T-37« 

CONFIDENTIAL 



CONFIDENTIAL 

of freedom yield significance levels, respectively, 0.03 (0.03) and 0.20 (0.26). 
This means that to a 97 percent confidence level Squad E is really superior to 
ACD in hit probability, but only about 80 percent confident that Squad F is 
really inferior to ACD.  The best relative estimates are still given by the mean 
values of Table G5: E/ACD  • 1.20 (1.26), and F/ÄCT5 - 0.86 (0.85). 

Finally, from all the comparisons, the relative hit probabilities  (shown 
in Table G6) among all six squads are deduced (ÄCD  taken as unity).   Adjust-»d 
rather than raw values are used in this table, but clearly the effect of adjust- 
ment is minor.   The superiority of Squad E over Squad B is apparently trivial 
and not statistically significant. 

TABLE G6 

RELATIVE HIT PROBABILITIES OF SQUATS 

Squad      Probability Squad     Probability 

A                1.00 
B              1.18 
C              1.00 

D                1.00 
E               1.20 
F              0.8ft 

TOTAL HITS BY  SQUAD 

Total hits per run are considered in just the same manner as hit proba- 
bilities. The same runs already compared in Tables Gl to G6 are now exam- 
ined for total hits per run in Tables G7 to G12. 

Table G7 shows Squad A superior (140 hits) and Squad D inferior (113 hits) 
to Squads B and C, which are about the same (125 hits).   These differences are 
tested by computing the statistic F for the array.  Computation yields an F 
value oi i.34, which implies a significance level of about 36 percent.   This 
means that the observed differences among the mean hits by squads could 
occur by chance about 36 percent of the time.   This means that the differences 
so far shown (Table G7) are only slightly more likely to be real than random. 

Squads with more comparable data are now compared.  Squads A and C 
are compared in Table G8.  This table shows Squad A to be superior in hits 
in the ratio 1.10(1.07).   The standard deviation of the mean difference rjpj • 
8.90(8.32).   This yields a statistic t = 1.12(0.84).  This corresponds to a sig- 
nificance level of about 0.47(0.56).   In other words there is about a 50-50 
chance that Squads A and C are really different in hits per run. 

Table G9 shows a larger difference between Squads B and D, a ratio of 
1.29(1.21).   The standard deviation of this difference ofTD * 9.22 (7.07).  The 
statistic t • 2.73(2.81).  The corresponding significance level is 0.22 (0.22) 
or to a 78 percent confidence level this difference is real. 

Table G10 compares all six squads.   Among the four average squads, it 
•hows A, B, and C about the same, and D inferior.  Squad F appears also quite 
similar to A, B, and C, but E seems definitely superior to all others.   Consid- 
ering all the comparison« of Tables G7 to G10, it is concluded that Squads A, 
B, and C score the same number of hits per run, and that Squad D is inferior. 
It is further obvious that Squad F (128 hits) is not significantly different from 
the average ABC (131 hits). 

ORO-T-378 111 

CONFIDENTIAL 



CONFIDENTIAL 

I ABLE G7 

AVERAGE SQL AD TOTAL HITS (DAY SITTING) 

Ammunition Squad« 

fir ta(| A B C D 

Single bullet 91 ( 90) 108(105) 110(111) 71( 81) 
157(157) 1320441 90(100) 121(120) 

Duplex 166(166) 158(170) 154(159) 123(132) 
Carbine 

automatic 173(179) 108(114) 102(106) 59( 86) 
Semiautomatic 135(135) 177(178) 182(184) 179(171) 

T48 
Automatic 104(102) 86( 86) 99(103) 92( 86) 
Semiautomatic 157(145) UK 97) 130(140) 144(127) 

Mean 140(139) 126(128) 124(129) 113(115) 

•Value» in parentheaea are from raw data. 

TABLE G8 

COMPARISON OF TOTAL HITS OF SQUAD \ AND SQUAD C 

ammunition Firing 
condition 

Squad« 

or fu-iaa 
A C AC 

Single ballet Day eittiag 91( 90) 110(111) -19(-21) 
Day »mine; 157(157) 90(100) 67( 57) 

Duplex Day sitting 166(166) 154(159) 12(    7) 
Carbine 

Automatic Day eittiag 171(179) 102(106) 71( 73) 
Semiautomatic Day aitting 135(135) 182(184) 47( 49) 

T48 
Automatic Day eittiag 104(102) 99(103) V- 1) 
Semiaatomatic Day -itting 157(148) 130(140) 27(    8) 

Single Ballet Day ataadiaft m 81) 109(110) -31 (-29) 
Day »Unding 117(108) 99(103) 18(    5) 

Duplex Day »tending 182(190) 193(187) -IK    3) 
Carbine 

Aatomatic Night littiag 2r>( 26) 32<  23) -6(    3) 
Semiautomatic Night sitting 45( 42) 13(  17) 32(  25) 

T48 
Automatic Night sitting 7ft« 58< 59) lfi<  16) 
Semiautomatic Night aittiog Rr.( 85) 82( 82) 3(    3) 

Maaa 114(113) 104006) 

•Value» ia parentheaea are from raw data. 
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TABLE G9 

COMPARISON OF TOTAL HITS OF SQLAD B AND SouAr 0 

Firing 
condition 

Squad« 
Ammunition 

or firing I D B-l) 

Single bullet Day Bitting 108(105) 71( 81) 37( 24) 
Day Bitting 132(144) 121(120) IK 24) 

DupliK Day Bitting; 158(170) 123(132) 351 38) 
Carbine 

\u.omatic Day aitting 108(114) 59( 86) 49( 28) 
Semiautomatic Day aitting 177(178) 179(171) -2(    7) 

f48 
Automatic DBV aitting 86( 86) 92( 86) -6(    0) 
Semiautomatic Day aitting UK 97) 144(127) -33(-30) 

Single ballet Night Bitting 5o( 53) 26( 27) 30( 26) 
Night sitting 42( 41) 42(  45) (X- 4) 

Luplex Night sitting 44( 44) 41( 43) 3(    1) 
Carbine 

Automatic Day a landing 160(142) 594 66) 101( 76) 
Sei iiautontat'c Day «landing 213(202) 139(145) 74( 57) 

T4B 
Wotvatic Day atanding 91( 91) 59( 68) 32( 23) 
r^iria'Jtomiiic Day standing 131(127) 109(118) 22(    9) 

Mi 116(114) 90« 94) 

•Values ir. MsrentSeaea are from raw data. 

TABLE G10 

TOTAL HITS OF ALL SIX SQUADS (DAY SITTING) 

Aram nm on 
v    f i. nig 

Squad« 

A H C D I 

Sin^t   Wie.       9K 90)     100(105)     110(111)       71( 81)      200(202)     100(105) 
l»-)ia» 166(1 r6>     i:«170)     154(159)     123(132)     276(292)     156(160) 

Mean 129(128)     133(1.8)     132(135)       97(107)     238(246)     128(133) 

•Valuta U, f>sr atiesas a*e from raw data. 

TABLE GU 

COMPARISON OF TOTAL HITS OF 
S-,)! ADS E AND F AND TSTf (DAY SITTING, 

\utaiVMtion 
IfRft* 

or firina 
4fC I F E-IsT 4&C-F 

S. ,gle ballst 
Daplax 

Maas 

108(102) 
159(165) 

131(134) 

200(202) 
276(292) 

23*246) 

100(105) 
156(160) 

12*133) 

97(100) 
117(127) 

3(-3) 
3( 5) 

*fsaWf   •>   israstbear • ara frosj raw data. 
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Table Gil compares Squads E and F with the average ABC .   Squad E is 
clearly superior to ABC in the ratio 1.82(1.84); F is essentially the same 
(ratio 0.98).   The standard deviation <J£ZABC = l2.2 (13.5). The corresponding 
i ~ 7.95(8.67).   For a single degree of freedom the corresponding slgnlilcance 
level is 0.08; or 92 percent confidence that Squad E is superior to ABC . 

The comparison of Squad F with ABC yields cr ABC-F = 0 (*)» l = • (0.25). 
The corresponding significance level is 0(0.84).   The adjusted data for the two 
comparisons agree perfectly; hence the test concludes that the small measured 
difference is absolutely real.   The raw-data test, however, reveals that the dif- 
ference observed could occur by chance 75 percent of the time.  Clearly this 

TABLE G12 

RELATIVE TOTAL HITS OF SQUADS 

Squad Hit. Squad Hiu 

K 1.00 D 0.78 
R 1.00 E 1.82 
C 1.00 F 1.00 

test is meaningless in the adjusted data case (two measures), where the two 
differences happen to just agree.   The raw-data test, however, is acceptable, 
showing that it is more likely than not that there is no difr*>rence between 
Stniad F and Äße". 

Finally, from all the comparisons of total hits per run, the relative hits 
per run shown in Table G12 for all six squads are deduced (ABC  taKen as unity), 
Adjusted values are used in Table G12, but again the raw-data values are not 
significantly different. 

HIT  PROBABILITY  BY  QUALIFICATION 

Table G13 shows the compositions of the 10-man squads in terms of the 
riflemen qualification (from App A). 

The squad compositions and the average hit probabilities achieved by the 
different squads can be used to form a set of equations from which an estimate 
of the effectiveness of the different qualifications can be obtained.   The relative 
hit probabilities of Table G6 are used to form Eqs. G3: 

1 » M • bit - 100 
F •  IS •  2M - 118 

6S • Alt - 100 
F • BS •    V - 100 

it   •     1 -   60 
ft   »    S •    ¥ • 26  -   43 

(G3) 

This is a set of six equations in four variables, for which no exact solu- 
tion is expected.  The best solution (in the sense of a solution with minimum 
variance) is obtained by applying a least-squares method. 
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The sum of squares of deviations (measured normal to the regression 
plane) is given by the function: 

(£•» + «*- 100)2/16 + (1 + 75+ a* - 118)2/54 « (65 » 4V- 100)2/52 + (I + 85 + « - 100)2/6<, » 

• (4£ • S - 60)*' 17 • (£ •»• S + * • 2(/ - 43)2/7 

A necessary condition for this function to be a minimum is that its first 
partial derivatives be zero.   Taking the partial derivatives of this function 
with respect to E, S, M and U, and setting them equal to zero, a set of four 
equations is obtained, with solution: 

'S 

E - 12.3 
S - 10.9 
H - 9.3 
U -   5.3 

> or relative to E - 100% 

These relative ratings relate the standard qualification ratings according 
to experimental hit probabilities. 

TABLE G13 

SOL'AE QU- ALIFICATIONS 

Squad Expert (F.)   Sn*rpahooter (S) Marksman (JO Unqualified (U) 

A 1 3 6 0 
H 1 7 2 0 
•* 0 6 4 0 
0 1 8 1 0 
E 8 2 0 0 
F 2 2 2 4 

SQUAD-AMMUNITION EFFECTS 

To examine the interrelation of any two of the five factors (ammunition, 
illumination, position, squad, and order), Table F41 is reduced for effects of 
the other three.  Squad-ammunition effects are of interest.   The entries in 
Table F41 are divided by the appropriate order reduction factors from Table 
K5 and illumination-position reduction factors from Table K15.   This elimina- 
tion of the other three effects yields Table G14. 

The bottom row lists the ratios of duplex to single-bullet hit probabilities 
for each squad.   The grand average for the four regular squads ( AB£b ) is 1.64. 
From this it might be concluded that the average gain of 64 percent is increased 
to 72 percent for the poorest squad (Squad F), and decreased to 57 percent for 
the best squad (Squad E).   These gains are clearly seen in Table G16 where the 
first line of the single-bullet hit probabilities gives a measure of the basic per- 
formance or rating of the squads. 
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Actually the variations among the four regular squads are so large (25 
percent to 111 percent gain) that confidence in the results in Table G15 is low. 
However, the direction and general  nagnltude of the squad qualification effect 
on salvo gain is consistent and reasonable.  As extreme Squads E and F did not 
fire the other salvo ammunitions, no examination is attempted of the qualifica- 
tion effects on those scores. 

TAI» r. CI14 

HIT PROBABILITIES BY SQUAD 

Sqnd 

\mm»nitio« * I c D F. r 
•I.e. Ho. .a« D.i. RO«MJ( H.t. Ri>it«da Hit« RowU. Hit« Huumfa Hit. Hound» 

S,.«le buli<( HI w 91 570 96 It] 62 515 
109 674 91 525 61 420 87 632 
74 126 •a: 102 585 57 766 
• 568 "' 7\ 75 526 

Oaplcx — — — — 137 572 109 517 
146 •ft« ia 540 148 519 14C 636 

— _ — _ UM «I 92 450 
170 Pf i* HI m m 661 

Ran. i ;. ! :•! i ii 

178 

241 

1030 

&»> 

*u 

136 

764 

677 

1.57 

TABLE G15 

HIT F»ROBABILITY (JAINS 

Ammunition 
Squad 

R poorest) MILD (average)      E (beat) 

Single bullet 
Duplex 

Percentage 
of gain 

11.7 
20.1 

72 

14.5 
23.7 

64 

17.3 
27.1 

57 
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SÜMMABY 

In 12 pairs of runs the same squad fired each run of a pair under substan- 
tially the same conditions but at different times. This offered a good opportunity 
to isolate a learning effect if one was present. 

In this experiment there are two ways in which learning might affect re- 
sults:  first, the accuracy of fire might change as the experiment progresses, 
or, second, the rate of fire might change.  An examination of the data ever a 
span of 12 runs shows that accuracy did appear to increase some 1 to 11 per- 
cent, at least for the day-sitting runs, and that the rate of fire increased some 
25 percent.   It is concluded that learning occurred in the experiment, reflected 
strongly in the number of rounds fired and less strongly in accuracy (hit 
probability). 

LEARNING 

Effect on Hit Probabilities   
Table HI lists the 12 paired runs in which each squad us*»d Ihe same ammu- 

nition and firing position. All other controllable conditions were the same, and 
the first run of each pair was separated from the second by 11 intervening runs 
by the same squad. The raw hit probabilities in Table HI are simply tne ratios 
cf holes counted to rounds counted, taken directly from Table £4. The adjusted 
hit probabilities are ratios of adjusted hits from Tables Fl to F19 to adjusted 
shots from Tables F20 to F38. 

Table HI shews the hit probabilities (p, for the first; p   for the second 
run) for each of these 12 pairs of runs, and the differential nit probabilities: 
Ap « pr - pr.   If there was consistent learning, 30 that the squads did better on 
the second run of the pair than on the first, the Ap's, except for random error, 
would all be positive.  It is observed that the computed learning effect (Ap) is 
negative on 5 of the 12 pairs of runs from the raw data, and on 4 of the pairs 
from adjusted data.   On the other pairs of runs the learning effect was positive; 
and Table HI shows a net positive learning effect.  Increase of irom 17.7 to 16.0 
percent hit probability from raw data, from 18.1 to 18.2 percent from adjusted 
data.  This is a 1 to 5 percent relative Improvement. 

The expected value ot the average Ap, under the null hypothesis (no learn- 
ing) used in making the test, is aero.   Thej values are calculated in o»*4*r to 
estimate the probability that the average Ap of •009 or •0006, wovuY occur as 
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TABLE HI 

EFFECT OF [.EARNING ON HIT PROBABILITIES 

Squad 
Hun 

Ammunition 
f irmg 

condition 

Raw dat« Adjusted data 

X f P* Py \P P« Py \p 

A         1 25 .Single bullet Dar Sitting .148 .212 + .064 .169 .190 • .021 

I 2° Single bullet Day standing .140 .145 +.005 .142 .153 + .011 

B         3 27 Single bullet Day sitting .223 .241 +.018 .224 229 + .005 

7 31 Single ballet Night sitting 086 ,6(1 .043 .093 .044 -.049 

c    n 57 Duple« Day sitting .315 392 +.077 .318 .374 +.056 

37 61 Duplex Day standing .295 .245 -.050 .296 .235 -.061 

34 58 Single bullet Day aitting .204 .198 -.006 .205 .191 -.014 
38 62 Siagle bullet Day standing .162 .143 -.019 .174 .139 -.0.15 

n       35 59 Duplex Day sitting .277 .261 -.016 .281 .281 + .006 
3ft 60 Siagle bullet Day sitting 168 .181 +.013 .160 .171 • 011 

39 63 Duplex Night sitting .078 .119 +.041 .084 .118 +.034 
40 64 Single ballet Night sitting .030 .052 +.022 .030 .055 +.025 

Total 2.126 2.232 +.106 2.176 2.186 +.010 
Mean .177 .186 +.009 .181 .182 +.0008 

"V .0118 .0104 
.765 .077 

TABLE H2 

KFFECT OF LEARNING ON HIT PROBABILITIES (DAY SITTING OILY) 

Squad Ammunition 
Raw data 

Px Ap 

Adjsated data 

Ap 

K            Single ballst .143 212 +.064 .169 .190 sjn 
R            Single ballst .223 .241 +.018 .224 .229 • 005 
C             Duplex .315 .392 + .077 .318 .374 +.056 

•SiagU bullet .204 .198 -006 .205 .191 -.014 
D           Dsple, .277 .261 -.016 .281 287 + .006 

Single bullet .168 181 • 0'3 .160 .171 + .011 

..1 1.335 1.485 +.150 1.357 1.442 +.085 
HSM .223 .248 + .025 .226 240 <.014 

y .0153 .00986 
1.63 142 
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* 

the result of only random variation in the Ap's. To calculate I, simply take the 
ratio of the average value Ap to its estimated standard error: 

*-5/»£J (HI) 

the standard error of Ap, is given by 

where n is the number of Ap's. 
From standard t tables, the probabilities that average hit probability in- 

creases as large as the computed Ap's could occur by chance, if there were no 
real learning effect, are deduced.  The raw data( for 11 degrees of freedom 
could occur by chance 13 percent of the time; the adjusted data i could occur by 
chance about S)0 percent of the time.   It is concluded that this analysis reveals 
no significant learning effect as reflected in hit probabilities of these 12 pairs. 

If only th<» day-sitting data are considered (the standing and night runs 
being deemed toe irregular), the apparent consistency of learning improves 
(see Table H2). 

The higher t values correspond to lower probabilities that the average hit 
probability increase occurs by chance.   The raw data t for 5 degrees of free- 
dom could occur by chance about 9 percent of the time; the adjusted data t could 
occur by chance about 11 percent of the time. 

Examination of the day-sitting hit probabilities reveals a 6 to 11 percent 
relative increase, which is real to about a 90 percent confidence level.  It is 
concluded that a 12-run initial experience will increase day-sitting accuracy 
about 10 percent. Standing and night accuracy are not measured reliably enough 
in the experiment to establish whether they incur real learning. 

• Effect on Rounds Fired 

Table 113 repeats the arrangement of Table HI for rounds fired instead of 
hit probabilities.  It is noted that the computed learning effect (AR) is negative 
for 2 of the 12 pairs of runs from raw data, and 3 of the 12 pairs from adjusted 
data. On the majority of runs, however, the learning effect was positive; Table 
H3 shows a net positive learning effect:   increase of from 587 to 720 rounds 
from raw data, from 560 to 720 rounds from adjusted data.   This is a 22 to 29 
percent relative increase. 

The t values are calculated again to estimate the probability that these net 
increases would occur as the result of only random variations in the AR's. Both 
raw and adjusted data t values for 11 degrees of freedom could occur by chance 
less than  /% percent of the time, or less than once out of 200 times.  It is con- 
cluded that this analysis demonstrates a real learning effect, reflected in some 
25 percent increase in number of rounds fired in a run. 

The Table H4 increases in rounds fired for day-sitting runs are a relative 
23 percent from raw data or 32 percent from adjusted data.   These increases 
are quite real as is indicated by the substantial t values computed.   Both raw 
and adjusted data t values for 5 degrees of freedom could occur by chance less 
than 2/t percent of the time.   It is concluded that, for either day-sitting runs 
alone or all 12 pairs of runs, a 12-run initial experience increases the rate of 
fire about 25 percent. 
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TABLE IH 

FFFFXT OF LEARNING ON ROUNDS FIRED 

Squad 
Ri 

Ammunition 
Porte« 

condition 

Raw dete Adjusted dete 

X y R 
X 

R~ \R ** *, 
\R 

\ 1 25 Siegle ballet Day eitting 607 742 • 135 540 827 • 287 
5 29 Siagle ballet Day etandieg 579 747 • 168 551 767 • 216 

H 3 27 Siegle -ballet Day sitting 471 598 • 127 483 576 •    93 
7 31 Single ballot Night eittieg 616 950 • 334 600 950 + 350 

C 33 57 Duple« Day sitting 505 534 • 29 485 572 •   87 
37 61 Duple« Dey etending 635 645 • 10 653 631 -   22 
34 58 Siegle bellet Day sitting 545 504 - 41 537 471 -   66 
38 62 Siegle ballet Day standing 679 720 • 41 625 71» +    89 

n 35 59 Duplex Dav sitting 476 748 • 272 438 701 • 263 
36 60 Single ballet Day sitting 482 663 • 181 445 709 • 264 
39 63 Duplex Night »itting 553 918 • 365 491 950 • 459 
40 64 Siegle ballet Night sitting 901 869 - 32 874 768 - 106 

To* il 7049 8638 • 589 6722 8o36 •1914 
Me* I 587 720 • 132 560 720 • 160 
a\R 39.8 50.4 
t 3.32 3.18 

TABLE H4 

EFFECT OF LEARNING ON ROUNDS FIRED (DAY Srrrmc ONLY) 

Squad Ammueitioa 
Raw daU !•)•    d Pete 

Ä« *, \R *« *y 
41 

A Siegle ballet 607 742 • 135 540 827 •287 
I Siegle ballet 471 598 •127 483 576 • 93 
C Duplex HC 534 • 29 485 572 • 87 

Siegle ballet 545 504 - 41 537 472 - 66 
D Siegle ballet 476 748 • 272 438 701 • 263 

Duplex 482 663 • 181 445 709 •264 

Toul 3086 3789 •703 2928 3856 •928 
Mean IM 631 • 117 488 643 • 155 

•\* 45.5 57.2 
t 2.57 2.71 
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SUMMARY 

The .30 single-bullet day-sitting runs are examined in detail to determine 
the lag time from the signal for the target to pop up until achievement of a steady 
rate of fire.   The sum of the squares of the errors between calculated and ob- 
served exposure times is written as a function of the lag time and the rate of 
fire.   The values that best fit this function are found to be a lag time of 1.75 
sec and a rate of fire is 3.75 shots/sec for 10 men firing. 

The electrical record of shots recorded provided a count showing that 
about 12 percent of shots were fired during an average 1.27-sec period after 
targets had gone down. 

The rate of fire of 2.57 shots/ sec for 10 men firing is computed for single - 
bullet, duplex, and triplex runs.  This is lower than the rate for single-bullet 
day-sitting runs used to develop the estimate of lag time. 

LAG TIME AND RATE OF FIRE   FOR 
SINGLE-BULLET DAY-SITTING RUNS 

It is evident that some time was required after the target appeared for the 
riflemen to spot the target and direct fire toward it.  The average lag time had 
been visually estimated as about 3 sec.  This section develops a method for esti- 
mating the average lag time from appearance of the tar5et to beginning fire at 
this target and the average rate of fire.  Such averages are meaningful, though 
it is recognized that there may be considerable variation from target to target. 
The data from which these averages were computed were obtained from the 
electrical records of shots fired (Table II).  The way in which these data were 
obtained is described in detail in App D.   The computations are based on the 
shots data (N,) from Table F20.   The adjusted shot values are used.   The cor- 
responding values of exposure time (r) are noted from Table C22.  It is believed 
that the assumptions made in the least squares method outlined in the paragraphs 
following are realistic if calculations are confined to a given type ammunition, 
visibility, and firing position.  The method is essentially that of fitting a straight 
line to observed r^ta. 

For a given type run, it is assumed: 

t,  is the scheduled exposure tinvi for target i. 
or sec is the lag time for beginning fire at each target. 
\, is the number of shots fired at target i. 
K is the time in seconds for each shot.   This assumes the average rate 

of fire is constant and 1/K is the average rats of fire. 
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From these four assumptions, it is clear that- 
.   < 

* 

tj-or = effective exposure time for target i.  This may be thought of 
as the calculated exposure time. 

0.88 KN,   • effective exposure time for target i.   This is the observed 
exposure time, since Table 12 shows that 12 percent of the 
fire is delivered after exposure. 

TABLE II 

DAY-SHTINC SWCLE-BULLET 

RATE-OF-RIE DATA, BY TAtcrr 

1 a N* Nt 

4.5 15 225 68 
15 52 2,704 780 
4.5 21 441 95 

15 52 2,704 780 
19.5 44 1,93« 858 
9 34 1.156 306 
4.5 9 81 41 
9 35 1,225 315 
6 26 676 156 

15 39 1.521 585 
31.5 95 9,216 3024 

3 9 81 27 
4.5 10 1ÖÖ 45 
4.5 5 25 23 
9 14 196 126 
6 19 361 114 

10.5 40 1.600 420 
1 6 36 18 

25.5 37 1.369 944 
7.5 10 100 75 
1 4 16 12 

21 3« 1,296 756 

1231 613 27.065 9568 

The error between the calculated exposure time and the observed exposure 
time for target i is a function of or and K, and may be written 

ffa.KJ-ti-a-OMKN, (l\) 

To determine a and K, the necessary condition is for the sum of squares 
of thes« errors for all targets to be a minimum,  ftsfl la, the expression is 
written for the sum of the square« of the errora for all M target« (where M la 
the number of targets), which is: 

• 
rft,a?«l^-e*ajMeV 

i-i 

(OMflMNTIM 
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and set the first partial derivatives with respect to a and K equal to zero. This 
leads to the following pair of linear equations for determining a and K: 

a M • 0.88 K /V, - I*, 
(12) 

0.88 aX.^f 0.77 K ty2 - 0.88 Xty< 

General average values for single-bullet day-sitting runs can be obtained 
by considering all 10 single-bullet day-sitting runs from Table F20. 

Table II lists the average adjusted rounds fired at each single-bullet day- 
sitting target N.  Also listed are target exposure times I.   The miantitles N2 and 
Nt are computed, and all columns totaled.  These sums are substituted into Eqs. 
12, which become: 

22 Q+539K-231 

539 a + 20959 K - 8420 

These equations yield: 

a - 1.77 Mc 
K - 0.356 MC 

The average time between round« after initial lag for 10 men firing is K. 
The average interval for one man is just 10 K, or 3.56 sec, or IV rounds/min. 
Of course this interval includes clip change and malfunctions, where they 
occurred. 

The 1.77-sec initial lag reflects the delay in acquiring a new target.   It 
must be appreciated that this delay as deduced here represents the time to 
achievement of the steady rate of fire, not time until the first round is fired. 
The average time until the first round is fired by a single man is in fact 1.77 
plus 3.56, or 5.33 sec.  It is noted that this average value of 5.3 sec to first 
round is somewhat larger than the theoretical optimum time of 3.5 sec."  It 
should be noted however that thz increment before the first round is generally 
less than the average increment, as the rifle will always be loaded. 

RATE OF FIRE   FOR SINGLE-BULLET.  DUPLEX, 
AND TRIPLEX RUNS 

In the single-bullet, duplex, and triplex runs there was a total of 8011.5 
sec of target-up time.  (In Table 12 runs 7, 8, 31, 39, 40, 63, and 64 were night 
runs with target-up times of 253.5 **c/run. All other runs were day runs with 
target-up times of 231 sec/run.  All runs used 22 targets.)  Deducting 1.77 sec 
lag time from each of the 748 targets in all 34 runs, leaves a total of 17,171 
shots fired in 6688 sec.  Thus 2.57 shots/sec was the average rate of fire for 
10 men, 0.267 shots/sec (15 rounds/min) for one man for single-bullet, duplex, 
and triplex ammunition. 
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TABLE 12 

LATE SHOTS KOR SINGLE-BULLET. DUPLEX, AND TRIPLEX RUNS (RAW DATA) 

Run 
Shots recorded 

Percentage of 
•hot« recorded 

larger up 
1   - 

target down Total Target np Target down 

465 57 522 89.1 10.9 
378 58 436 86.7 13.3 
356 35 391 91.0 9.0 
156 11 276 96.0 4.0* 
412 69 481 85.7 14.3 
472 171 643 73.4 26.6 
462 64 526 87.8 12.2 

8 508 59 567 89.6 10.4 
25 582 83 665 87.5 12.5 
26 626 76 702 89.2 10.8 
27 522 56 578 90.3 9.7 
28 405 42 447 90.6 9.4 
29 tm 99 735 86.5 13.5 
M 860 to 959 89.7 10.3 
33 «03 59 462 87.2 12.8 
34 492 -»o 562 87.5 12.5 
35 390 61 451 86.5 13.5 
36 351 86 437 80.3 19.7 
37 286 57 343 83.4 16.6 
3« 340 40 380 89.5 10.5 
39 498 50 548 90.0 9.1 
40 467 42 509 91.7 8.3 
57 435 60 495 87.9 12.1 
56 433 59 492 88.0 12.0 
59 531 81 614 86.8 13.2 
60 493 104 597 82.6 17.4 
61 569 64 633 89.9 10.1 
62 570 81 651 87.6 12.4 
6.1 800 104 904 88.5 11.5 
64 755 88 843 89.6 10.4 
65 737 136 873 31.4 15.6 
66 653 87 740 88.2 11.8 
67 517 64 581 89.0 11 0 
68 500 60 560 89.3 10.7 

TetaJ«, 
Maaa 17.171 2432 19.603 87.6 12.4 

•Data larowplet«. 
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, AMOUNT  OF  LATE   FIRE 

Table 12 presents shots-recorded data derived from all the .30-cal single 
bullet, duplex, and triplex runs (34 of the 68 runs).  It Includes total numbers 
and percentages of shots fired while targets were exposed, and after they had 
dropped.   It is seen that 12.4 percent of the shots were fired after the targets 
were down.  This figure may, however, be somewhat higher than might be ex- 
pected under less dusty firing conditions.   The test troops complained on num- 
erous occasions that the targets were partly or completely obscured by dust 
produced from hits in the target area. 

• 

« 

DURATION  OF  LATE FIRE 

A total of 2432 shots (Table 12) was fired after target went down.  At the 
rate of 2.57 shots/sec this took 950 sec.   Divided by the 748 targets in all 34 
runs, this yields an average of 1.27 sec of late fire per target. 
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SUMMARY 

This appendix examines variations in both hits per run and hits per round 
fired for the 21 ammunition-illumination-position (AIP) conditions. Table Jl 
in the next section summarizes the basis for all comparisons.   The three sec- 
tions following that one extend the interpretation and justify the inferences on 
differences that may be attributed to the 21 conditions. 

Some of the most outstanding differences in hits and hit probabilities may 
be shown by listing approximate ratios.   Table J2 lists such ratios (all ammu- 
nition comparisons except the last as noted are for sitting and standing com - 
bincd day averages). 

HITS AND HIT PROBABILITIES BY  AM MUNITION- 
ILLUMINATION-POSITION CONDITION 

The data on hits are drawn entirely from Tables E6 and F33 and presented 
in a summarized form in Table Jl.   These tables ignore learning and squad dif- 
ferences by lumping together all runs for a given ammunition-illumination- 
position (ALP) condition. 

The standard deviations in Table Jl are computed from run totals, using 
the usual expression for variance a2

f of the mean of n items (n - 1 degrees of 
freedom): 

4-   UIU1) - <i*)2l/l-*U - i» (Jl) 

The table entries of error are standard deviations of means and define the 68 
percent confidence limits; i.e., if the experiment is repeated many times two- 
thirds of the time the result will be between T - aj and f • <*j. 

Having listed in Table Jl the mean hits and hit probabilities (raw and ad- 
justed) for all 21 AIP conditions, it is instructive to examine pertinent ratios. 
Also the listing of standard deviations ajj and op makes convenient the deter- 
mination of the confidence that each of these ratios is really different from 
unity.   Table J3 lists each of the seven other tvpes of fire relative to single- 
bullet ammunition for appropriate illumination-position (IP) conditions.   The ( 
statistic for the difference between the means of any quantities I and y is given 
by ,  

i - (« - Wj(**/nK) • UV«y) (J2) 

This expression approximates Eq. J4 for large samples.   The computed values 
of t are then sought in statistical tables for |sa  • n   - 2) degrees of freedom. 
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The C columns in Table J3 give the confidence that the ratio is really different 
from unity. 

Of more interest probably than this difference confidence is some meas- 
ure of the confidence limits about each mean ratio l/j.  Customarily the han- 
dling of errors in manipulating laboratory data is done by two rules: (a) for addi- 
tion or subtraction, add the absolute errors; and (b) for multiplication or divi- 
sion, add the percentage errors.   Since independent random errors are being 
used, addition implies the second power sum of the percentage errors.   For the 
ratio of i to v, the standard deviation is 

•M/f - Wfi •<*,/*>»  • <yy)2 (J3) 

Hit 
Conditions compared Hits probability 

Standing to sitting 0.9 0.8 
Night to day 0.4 0.2 
Automatic to semiautomatic 0.7 0.5 
Duplex to single bullet 1.6 1.7 
Triplex to single bullet 2.1 2.2 
Carbine/AP 1.5 1.3 
748/AP 1.2 1.1 
T4«/AP (night) 2.0 2,0 

Table J2 

SUMMARY OF RATIOS OF MAJOR DIFFERENCES 

Table J3 lists the computed percentage errors of the ratios (ay/_)/(x/y). 
The columns headed H are really ratios (Hx/H4/),  The columns headed C# are 
the r test confidences that the differences|HX  -  HAP\ are real.   The columns 
beaded o# are really QHX/HAP • The hit probability columns are similarly de- 
fined. Similarly, in following tables, H and P are often used as abbreviations 
for ratios tt\ /R2 and Pi /P2 • 

Table J4 compares sitting to standing and night to day hits and hit proba- 
bilities for each of the ammunitions.   The means for all ammunitions reveal 
that standing hit probability was about three-fourths that of sitting, and that 
night hit probability was one-fourth that of day.  As absolute hits per run 
dropped off less, it is clear that the firing rate increases.  From the mein 
values of Table J4 the firing rate decreases 22 percent for sitting over that for 
standing and 78 percent for day over that for night. 

The comparison of automatic to semiautomatic fire is best made from the 
balanced data on the two automatic weapons alone.  These comparisons are 
made in Table J5.  It appears that for day fire the automatic weapon scores 
only two-thirds the hits per run scored by the semiautomatic weapon.   The hit 
probability drops even more, showing an increase of 53 percent in the rate of 
fire.  The nighttime degradation is smaller. 
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Table J4 

HITS AND HIT PROBABILITIES OF STANDING COMPARED TO 
SITTING AND NICHT COMPARED  TO DAY 

Standing to sitting, % Night to day, % 

Ammunition 
or firing 

H P H P 

Adjusted Raw Adjusted RMW Adjusted Raw Adjusted R*w 
data data data data data data datr data 

Single bullet 86 83 79 75 36 34 27 25 
Duplex 96 96 81 86 26 35 29 28 
Carbine automatic 99 86 77 70 26 21 20 19 
Carbine semi- 

automatic 104 105 79 82 17 18 13 13 
T46 automatic 79 85 66 69 71 71 5 5 
T48 semiautomatic 88 97 65 71 62 66 44 47 
Flechette - - - — 81 91 83 75 

Mean 92 92 75 76 41 41 23 23 

aExcept for flechette«. 

COMPARISON OF SINGLE-BULLET, DUPLEX, AND 
TRIPLEX  AMMUNITIONS 

= !; 

Table J6 is a tabulation of the raw (i.e., manual count of rounds of ammu- 
nition used and count of holes in targets for each run) data for each of the 18 
runs in which single-bullet ammunition was used, plus additional calculations 
to be explained later.  Table J7 tabulates the corresponding adjusted data. 
Tables J8 and J9 are similar tabulations for the 14 duplex runs, and Tables J10 
and Jll show the results for the two triplex runs.   For each of these runs the 
probability of hits p has been calculated from the relation 

p - 
number of hole« counted (for «II 22 target») 

round« of ammunition counted 

The probability q of missing the target is q - 1 - p 
From elementary statistical theory the standard deviation a of the quantity 

p in the binomial distribution (p • q)* is given by 

Also the binomial can be shown to tend to normality as n increases.   For 
• * 100 the normal approximation for the binomial is sufficiently good for most 
practical applications; for a > 400, a condition satisfied by all rune of this ex- 
periment, the normal curve approximation for the binomial will be excellent. 

If the eight duplex runs in Table J8 for the day-sitting firing condition are 
compared with the corresponding eight siaglo-bullst runs in Table J6, the hit 
probabilities for the ftsnlsi runs are from about 50 percent to more than 100 

greater than those for the single-bullst runs    This appears to remove 
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any doubt ;ia to real effects shown by these data.  However, this can be vigor- 
ously established in any one of several ways.   The t test could be applied to 
the pairs of corresponding runs.   Perhaps the simplest way to examine these 
hit probabilities statistically is to follow the method of control charts frequently 
used in qvality-control work.   If control limits of p ±2a are calculated, the 
probability that another estimate of the same p will fall outside the t 2 a limits 
is about 4 percent.   These limits were computed; graphs of the results are 
shown in Figs. Jl and J2.  The fact that the hit probabilities for the duplex runs 
(except for night sitting, Run 8, for which there is no definite explanation) far 
exceed the upper 2 a limit for the hit probabilities of the corresponding single - 
bullet runs is very strong evidence that the duplex hit-probability improvements 
are real under all test conditions of this experiment.   There is also strong evi- 
dence in Figs. Jl and J2 that some extraordinary condition was experienced in 
Runs 7 ur 8.   Possibly rui erroneous ammunition count or target hole count was 
mad« in Run 7.  Another possible explanation of the unexpected results in com- 
paring Runs 7 and 8 is found in a note of an observer written at the time Run 7 
was made.  This note states that the targets on Run 7 were seen with an exces- 
sive glare in the moonlight.   Aside from these two comparisons, each of the 
duplex runs compared to the corresponding single-bullet run gives hit proba- 
bilities that are significantly better at least at the 0.1 percent level.   This 
means that under the assumption that there is nu real difference in duplex and 
single-bullet hit probabilities the results of any pair of these comparisons 
would have less than 1 chance in 10O0 of occurring from random or sampling 
variation. 

Figures Jl and J2 also show the results of the only two triplex runs com- 
pleted.   Both Runs 26 and 28 have hit probabilities far beyond the 3 a control 
limits for Runs 25 and 27, which are the corresponding single-bullet runs. 
The triplex runs are not directly comparable to duplex runs, but the fact that 
the hit probabilities for both these runs are above the 2 u control limito for 
any duplex run is substantial evidence that the triplex ammunition gives a real 
increase over duplex ammunition in hit probabilities. 

Tables J20 to J33 are tabulations for holes counted (total hits) with addi- 
tional calculations similar to those in Tables J6 to J19. 

Tables 734 to J39 contain calculations that compare mean values rather 
than individual pairs of values. 

Table J34 shows a tabulation and the mean value for all day-sitting runs 
for the single-bullet and duplex ammunition.   Tw  types of t test for signifi- 
cance of differences are calculated in this table.   The significance of the differ- 
ence in the two mean values (121.5 for the single-bullet ammunition and 185.4 
for the duplex ammunition) is tested by the calculation 

\m*/(m   •   »)P (I,  -  F.) 
i L—! . (J4) 

Miu,. - ?>* i iu. - r>*]. (• *• • - 2IP 
i       It I ,       2< 2 

In this expression, m is the size of the first sample with mean t,, and " is the 
size of the second sample with mean r,. The value of < calculated in this way 
from the iata in Table J20 is t * 3.18. This value of t for 16 degrees of free- 
dom is significant at beyond the 1 percent level. 
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T*ble J6 

SINGLE- BULLET HIT PROBABILITIES AND STANDARD 
ERRORS. RAW DATA 

Round« Hole« 
Run Squad counted, t counted P • • holes/a         » • SPI/» 

Day-Sitting Condition 

1 A 607 »0 .148 .014 
3 M 471 105 .223 .01» 

M A 742 157 .212 .01* 
17 B 598 144 .241 .018 
34 c 545 111 204 .017 
M D 482 81 .108 .017 

c »04 100 .1»« .018 
M D 663 120 .181 .015 
a F. 865 202 .233 .014 
n F 688 105 .153 .014 

Subtotal 6.165 1215 .197 

Day-Standing Condition 

5 A 57» 81 .140 .014 
29 A 747 109 .145 .013 
38 C 67» 110 .162 .014 
It c 720 103 .143 .013 

Subtotal 2.725 402 .!•« 

Night-Sitting Condition 

7 B 11« 53 .086 Oil 
31 B 950 «1 .043 .007 
40 D 901 27 M* .00« 
0» D 869 45 052 .006 

Subtotal 3.33« 1«« Ml 

Total 12.22« 1783 .146 

OIQ AHA   T»    mn* 
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Table J7 

SINGLE-BULLET HIT   PROBABILITIES AND STANDARD 
ERRORS.   ADJUSTED  DATA 

Hun Squad 
Shota 

•dluatnd.* 
Hit« 

adjusted c • hitn/n -VS75 

Day-Sitting Condition 

1 A 540 51 .169 .01« 
3 B 483 108 .224 .01» 

lb A 827 157 .190 .014 
n B 576 132 .229 .018 
M c 537 110 .205 .017 
M D 445 71 .160 .017 
M C 471 90 191 on 
«0 D 70» 121 .171 .014 
63 1 872 200 .229 .014 
6. V «47 100 .155 .014 

Subtotal 6.119 1180 .193 

Day-Standing Condition 

5 A 551 78 .142 .01* 
29 A 767 117 .153 .013 
M C 625 109 .174 .«« 
H r 714 99 .138 .013 

SubC-Jti! .152 

ORO-T-378 

Night-Sitting Condition 

7 
31 
«0 
«4 

H 
B 
D 
I) 

«M 
950 
874 
768 

5* 
42 
2« 
42 

.093 

.044 

.030 

.055 

.011 
.«fT 
m 

Subtotal 3,192 16« .062 

ToUl ll,««» 174« .14« 
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TatoU J8 

DUPLEX HIT PROBABILITIES AM) STANDARD 
ERRORS.   RAW DATA 

Run ••ad 
Hound« 

counted, • 
Hole« 

counted p - hula«/« o - <fjffc 

Day -Sitting Condition 

2 A 4»a 166 .337 .021 
- B 46y 170 .362 022 

S3 c 505 IM .315 .021 
.15 D 476 132 .277 .020 
57 c 534 20» .392 .021 
H D 748 195 .261 .016 
f* L 77» 292 .375 .017 
M r 623 160 .257 .018 

Suhl.-i,U ISM 148 :< .321 

Day-SUnding Condition 

« A 667 IM .285 .017 
.17 c 635 Ml .295 .018 
61 c 645 IM .245 .017 

Subtotal 1947 Ml STI 

Night-Sitting Condition 

1 
If 
S3 

B 
I) 
D 

ü78 
553 
»18 

44 
43 

10» 

.0*6 
078 
11» 

.Mt 

.011 

.001 

Subtotal 214» IM .091 

Total 8722 2214 254 

244 ÖWU-T-TTi 
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Table M 
DUPLEX HIT PROBABILITIES AND STANDARD 

ERHOHS. AOJU8TED DATA 

Shots Hita 
Hun Squad adjusted, adjusted P * hits/* a • /pa/a 

Day-Sitting Condition 

t A 482 166 .337 .021 
4 B 447 158 IM Wl 

u C 485 154 .318 .021 
38 D 438 12.1 .281 -21 
5? C 572 214 374 ,m 
an D ?U1 201 287 .017 
M E 769 276 .359 .017 
n r 586 156 .26« .018 

Subtotal 4510 1448 .321 

Üsy-Standing Condition 

b A 719 182 .253 .016 
37 C 653 193 2M .018 
« C 631 148 .225 .•17 

Subtotal 2003 »a .2Gi 

Night-sitting Condition 

8 
3» 
bj 

a 
D 
D 

678 
491 
950 

44 
41 

HI 

.04» 

.094 
II- 

.oot 

.013 

.010 

Subtotal 2119 Iff .•« 
Total 8632 2168 «1 

ORO-r-378 
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Table J10 

TRIPLEX HIT   PROBABILITIES  AND STANDARD ERRORS. 
DAY-SITTING CONDITION, RAW DATA 

Hun Squad 
Round« 

counted,* 
Holea 

counted p * holea/-» 

M 
28 

Total 

70« 
451 

1157 

301 
201 

502 

.426 
445 

434 

a m /'»*/» 

.018 

.023 

Table Jll 

TRIPLEX HIT  PHOBABILITTES AND STANDARD ERRORS. 
DAY SITTING   CONDITION. ADJUSTED DATA 

Hun 

26 
:H 

Total 

S<juacJ 
Shot a 

adjusted, 
Hlta 

adjuated v - hita/* - WJ 

750 
369 

1119 

SOI 
176 

485 

.412 
477 

.433 

018 
026 

Table JI .' 

TAHRiNr   AUTOMATIC  HIT PROBABILITIES AND STANDARD 
EHRORS.   HAW  DATA 

*|U1.I 
Hot. id» 

counted,i 
Holea 

counted r» =• holea/« 

Day-Sitting Condition 

a - Jf*t/* 

IS 
41 
43 

Subtotal 

1*9«. 
Kill. 
•JO 

mi 

179 
114 
86 

10« 

485 

.106 

.112 

.136 

.095 

.10'» 

.00748 

.014 

Day-Standing Condition 

D 
H 

Subtotal 

66 
142 

2UH .076 

0U7 

Total 

Nlghi-Sitting ConfHo.n 

2348 

M 018 Ml 
as DOS 

48 021 

742 <i;a 

ORO-T-378 
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Table JIS 

CARBINE AUTOMATIC HIT PROBABILITIES AND 
STANDARD ERRORS, ADJUSTED DATA 

•M Squad 
ahou Hit« 

adjust*: r - hits/« 9'tt 

Dty-Blttlag Condition 

5 
41 

A 
• 
D 
C 

1801 
too 
BIS 

1466 

173 
1C8 
5« 

102 

.OM 
120 
115 

.005 

.007 
Oil 
014 
00» 

Subtotal 4283 442 .103 

Day-Standing Condition 

44 • D 
• 

MS 
112« 

59 
160 

.0*4 

.087 
.006 
.007 

SubtoUl 2757 

Night-Sitting 

219 

Condition 

.079 

24 
47 

A 
C 

1472 
1240 

M 
22 

.018 

.026 
.003 
.004 

SubtoUl 2712 5« .021 

Total §752 719 .074 

• 

Table J14 

CARBINE SEMIAUTOMATIC HIT PROBABILITIES AND 
STANDARD ERRORS,   RAW DATA 

Run Squad 
Rounds 

counted, i 
Holes 

counted P * holes/« 

Subtotal 

Subtotal 

Day-sitting Condition 

2*09 

lay-Standing Condition 

.238 

1793 347 194 

Night-Sitting Condition 

a  - Jpa/n 

17 B 640 178 .278 .018 
19 A 758 135 .178 .014 
42 D 644 171 .266 .017 
44 C 767 184 .240 .015 

21 B 985 202 .205 .013 
44 D 806 145 .179 .0135 

22 
46 

A 
C 

1CU 
814 

42 
17 

041 
.021 

.006 

Subtotal 1*48 59 .032 

Total 6450 1074 .187 

ORO-T-378 247 
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Table J1S 

CARBINE SEMIAUTOMATIC HIT PROBABILITIES AND 
STANDARD ERRORS,  ADJUSTED DATA 

Squad 
Shot, 

adjusted, • 
Hits 

adjusted hits A a * yffrfl 

Day-Sitting Condition 

17 B •a 177 .280 .tu 
1» A 758 135 .178 .OM 
42 D 611 179 .293 .018 
44 C 724 182 .251 .016 

Subtotal ?726 «73 .247 

Day-Standing Condition 

21 B 1042 213 .204 .012 
46 D 777 139 .179 .014 

Subtotal 1819 352 .194 

Night-Sitting Condition 

s A 
C 

1140 
«92 

45 
13 

.039 

.019 
.006 
.005 

Subtotal 1832 58 .032 

Total 5600 944 .169 

Table J16 

T48  AUTOMATIC HIT PROBABILITIES 
ERRORS, RAW DATA 

AND STANDARD 

Run Squad 
Rounds               Holea 

counted, *           counted p - holes/n a - Jpi/* 

10 
12 
49 
51 

• 
A 
D 
C 

Day-Sitting Condition 

824                       86 
1066                     102 

763                       86 
1112                     103 

.104 

.097 
112 

.0*3 

001 

on 
009 

Subtotal 3755 .377 .100 

Day-Standing Condition 

14 
53 

Subtotal 

923 
1385 

2308 

91 
68 

159 

.099 

.04» 

.069 

,010 

Nlght-SittinK Condition 

If, 
55 

A 
C 

1444 
1082 

75 .062 
.064 

Subtotal 2526 134 .06: 

Total *589 670 .078 

248 OROT-37* 
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Taole J17 

T48 AUTOMATIC HIT PROBABILITIES AND STANDARD 
ERRORS, ADJUSTED DATA 

Run Squad 
» ota 

adjuatad,• 
Hita 

»djuat^d ß m hiU/a 9 - Vpf 7* 

Day-Sitting Condition 

1« • 7M M .113 .011 
13 A l«H 104 .0*8 .009 

m D Ml ft .108 .011 
51 C lot« 99 .097 .00« 

Subtotal 34*9 311 .103 

Day-Standing Condition 

14 • 911 »1 .098 .010 
53 D 1275 58 .046 .006 

Subtotal 2191 150 

Night-Sitting Condition 

.068 

It 
ft« 

A 
C 

1489 
1038 

7« 
58 

.C51 

.056 
.006 
.007 

Subtoul 2527 134 .053 

Total 8408 •65 .078 

Table Jlft 

748 SEMIAUTOMATIC HIT PROBABILITIES AND STANDARD 
ERRORS,  RAW DATA 

Squad 
Hound«               Hole« 

counted. «            counted P * holea/*           a Run ./>,/. 

9 
11 
SO 
52 

B 
A 
D 
C 

Day-Sitting Condition 

422                      97 
588                     143 
•16                    127 
705                     140 

.230 

.243 

.196 

.199 

.011 

.Ott 

.016 
Mi 

Subtotal 7331 507 .218 

D«y-Standing Condition 

13 
64 

B 
D 

736                    127 
849                    118 

.171 
130 

.914 

.011 

Subtotal 1585                    245 

Night-Sitting Condition 

.166 

'5 
56 

A 
C 

782                      65 
8*6                      81 

.109 

.096 
.011 
.910 

Subtotal 1638                    167 191 

BnJOJ MS*                    819 166 

HO-T-370 
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Table J19 

T48SEMIAUIIJMA1U, HI!  PROBABILITIES AND STANDARD ERRORS, ADJUSTED DATA 

Hun Squad edluated. a 

mu 
adjusted t -hlli»/« O-Vam fr 

*ubt..tal 

Day-SMtIng Condition 

1 • 4M 111 .231 .019 
11 A 64« 157 .243 .017 
5" D 64» 144 .222 .014 
St C 849 130 iöu 0Z6 

2434 542 .224 

Subt-fai 

Day-Standing Condition 

13 B 782 131 .172 .014 
54 D 805 10* .135 .01* 

15«7 240 .153 

Night-8iit»ng Condition 

15 A 77» SS .10» .011 
5« C H5» 82 .095 .010 

Subtotal 1838 187 .102 

Total 5829 94» .189 

Takfti J20 

SINGLE-BULLET HITS AND STANDARD ERRORS, RAW DATA 

Run Squad 
Holea 

counted, A 

Sum of 
squares 

1*2 k   * 2* I      2 5 

1 
3 

25 
V 
34 
If 
58 
80 
85 
87 

Day-Sitting Condition 

•0 
105 
157 
144 
HI 

81 
100 
120 

10» 

1215 

188.8 -8.8 
201.8 8.2 
253.8 80.2 
240.8 47.2 
CC7.8 14.2 
177.8 -IS.» 
184.8 3.2 
214.8 23.2 
298.8 106.2 
201.8 8.2 

15». 621 48.4 2183.0 247.0 

5 
2» 
38 
•2 

Subtotal 

Day-Standing Condition 

»1 
IM 
11» 
102 

402 6»,tM 13.3 

107.8 544 
134.8 81.4 
IM.« 83 4 
129.6 78.4 

MM 2M.8 

Nigbt-8ltUng Condition 

7 
31 
4» 
84 

• • 
D 
D 

53 
41 
27 
4» 

74.8 
•2.8 
48.8 
«6.8 

31.2 
19 2 
5.2 

22.2 

Subtotal 184 7,244 10.9 263.2 78.8 

ToU 1T83 21744» 48.9 

'»< - ii/la  -  l)|<Z4> - |(I*)2/-|}. 
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Table J21 

8INOLE-BULLET HITS AND STANDARD ERRORS. 
ADJUSTED DATA 

Hun Squad 
Hit« 

adjusted, A 

Sum of 
squares 

Ik' h • 2 5 h -tS 

Day-Sitting Condition 

1 A 91 
3 B 108 

25 A 157 
87 • 132 
34 C 110 
16 D 71 
M C »0 
6* D 121 
65 E 200 
67 F 100 

Subtotal 1180 

1*4.0 16 0 
113.0 32.0 
232.0 82.0 
207.0 57.0 
185.0 35.0 
148.0 -4.0 
186.0 16.0 
198.0 48.0 
275.0 125.0 
175.0 25 0 

151.900 37.3 7 930.0 448.6 

Day -Standing Condition 

5 A 78 
29 A 117 
38 C 109 
62 C 99 

Subtotal 41,455 16.» 

111.8 44.2 
150.8 63.2 
142.8 75.2 
132.8 85.2 

530.2 267.8 

Night-Sitting Condition 

7 
31 
40 
84 

1 
B 
D 
D 

58 
42 
M 
42 

80.6 
88.6 
506 
66.6 

31.4 
17.4 
14 

17.4 

Subtotal 188 7,340 12.3 284.4 «7.6 

Total 1749 200,695 425 

- i>iU*2- i<x*)2/<.|}. 

ORO-T-378 
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Table  J22 

DUPLEX HITS AND STANDARD ERRORS. 
RAW DATA 

Run tqmi 

Sum   of 
Hole« aquarwi 

counUd, A I A* *• ts k~2S 

Day-8Utmg Condition 

2 A IM 
4 B 170 

C 159 
35 D 132 
57 C 209 
59 D 196 
66 E 292 
68 F 160 

felKOUl 14*3 291,731 49.0 

.*4 a 
268.0 
»7.0 
230 0 
MT.« 
»3.0 
3JW.0 
Mao 

2M7.0 

«8.0 
72.0 
«1.0 
34.0 

lll.O 
97.0 

194.0 
«2.0 

899 0 

6 A 190 
37 C 187 
61 C 158 

SulHol«! 

Day-Standing Condition 

96,033 535 17.7 

225 4 
222.4 
1»3.4 

•41.2 

154.6 
151.6 
122.6 

428.8 

Night-Sitting Condition 

3 
39 
63 

B 
D 
D 

44 
43 

109 

119.6 
118.« 
184.8 

-31.6 
-32.« 

33.4 

Subtotal 196 15,866 37.8 422.8 -JO.8 

Total 2214 403.430 64 0 

(i/i, - i)i{i'* - |(X*)V-|}. 
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TabU J2S 

DUPLEX HITS AND STANDARD ERRORS, ADJUSTED DATA 

Squad 
Hit* 

adjuaUd, * 

Sum of 
aquaraa 

I*' * *1S k-tS 

Day-SJttInf Condition 

2 A IM 
4 • 1H 

a c IM 
H D 122 
•T C S14 
M D 201 
M I 274 
«8 F 1S4 

Subtotal 1448 

241.4 70.4 
253 6 82.4 
249.4 -«.4 
218.4 27.4 
209.4 118.4 
298.4 106.4 
271.8 180.4 
251.4 80.4 

4 

61 

Subtotal 

278.074 

Day-Sttndln» Condition 

182 
193 
148 

47.8 2212.S 882.2 

229.0 138.0 
240.0 148.0 
196.0 101.0 

523 92.277 23.5 684.0 382.0 

Nifht-Slttinf Condition 

6 
19 
83 

» 
D 
0 

44 
41 

112 

«14.4 
121.4 
192.4 

-26.4 
-39.4 
31.6 

Subtotal 197 16,161 40.2 438.2 -44.2 

Totti 2168 386,512 62.5 

•|P -[l/(-  - 1)|{XA*-[(ZA)V«|}. 

TnbL J24 

TRIPLEX HITS AND STANDARD ERRORS. DAY-SITTING CONDITION, RAW DATA 

Run Squad 
Holaa 

counted, * 

Sun of 
aquaraa 

I A* S* A • 2S A - 25 

28 
28 

Total 

A 
• 

361 
201 

502 131.002 70.7 

442.4 
342.4 

784.8 

159.6 
59.6 

219.2 

Vs'-[l/<« - UIUA* -IfSafrVal}. 

TnbL J2S 

TRIPLEX HITS AND STANDARD ERRORS, DAY-SITTING CONDITION, ADJUSTED DATA 

Sum of 
Him aquaraa 

Run Squad        adjuatad, A ZA* l" * • 25        A - 2 .s 

176 
487 121 
964 -It 

Total 485 126.457 94.0 661 109 

•v:-|i/<« - i)i{r^-«iA)V»i}. 
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Tab»* J2« 

CARBINE AUTOMATIC HITS AMD STANDARD ERRORS. 
RAW DATA 

Sum of 

Hun Squad 
Hol««              aquaraa 

countoa. ft               14* + l + SJ ft - 2S 

Day-Sitting Condition 

20 
IS 
41 
tft. 

A 
B 
D 
C 

171 
114 

SS 
10« m

 

Sfl.4 
33.4 

5.4 
25.4 

Subtotal 4*S                     64.669 

Day-Standing Condition 

40.3 807.4 162.6 

46 
22 

D 
B 

SS 
142 

IT3.4 
249.4 

-41.4 
34.6 

Subtotal 208                  24,520 

Night-Sitting Condittoa 

53.7 422.8 -6.8 

24 
47 

A 
C 

26 
22 

30.*-i 
27.24 

21.76 
18.76 

Subtotal 49                     1 20S 2.12 87.48 40.52 

Total 742 54.2 

•s« «|l/<• -  1)){IA2 -HIA)V«|). 

CARBINE 

Tabla J27 

AUTOMATIC HITS AND STANDARD 
ADJUSTED DATA 

ERRORS. 

RUB Squad 

Sum of 
Hlta                 aquaraa 

adjuatad.ft               I*1               S* ft • SJ ft-2S 

20 
IS 
41 
43 

A 
B 
D 
C 

Duy-Mttlag Condition 

173 
Iff 

ft» 
102 

267.0 
202.0 
153.0 
196.0 

7S.0 
14.0 

-35.0 
S.O 

442 55.478 47.0 

Day-Standing Condition 

818.0 66.0 

m 
22 

D 
B 

59 
160 

201.8 
302.» 

-S3.9 
17.2 

Subtotal 21»                     29. («1            71.4 

Nlgbt-Slttlag C ludltloa 

504.6 -•6.6 

Bt 
47 

A 
C 

26 
32 

34.4 
40.4 

17.« 
SS.6 

Subtotal SS                        1.700              4 2. 74.6 4. J 

Total 719                     S6.S59            554 

•B> -|i/i- - lillt*1-KIMV.I}. 
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CARBINE 

Tabla J28 

SEMIAUTOMATIC HITS AND 
ERROM, RAW DATA 

STANDARD 

Run •tni 
Sum of 

Hole«              oquarea 
counted, A              IA» #• A • IS A-is 

i? 
19 
42 
44 

B 
A 
D 
C 

Day-Sitting Condition 

178 
13« 
171 
184 

1*2 
ITS 
MS 

134 
»1 

127 
14« 

Subtotal 

21 
4« 

Subtotal 

66» 113.00« 22. Ü 

Day-Standing Condition 

202 
145 

347 Sl.gSJ 40.3 

282.« 
228 « 

506.2 

Night-Sitting Condition 

•«I s* - [Win - i)|{r*2-ui*)V»|}. 

4SI 

121.4 
64 4 

186.8 

a 
4fi 

A 
C 

42 
17 

77.4 
52.4 

«.« 
-18 4 

Subtoul M 2,053 17.7 129.8 -ll.l 

ToUl 1074 176,868 «8.4 

CARBINE 

Table J29 

SEMIAUTOMATIC HITS AND STANDARD 
ERRORS, ADJUSTED DATA 

Run Squad 

Sum of 
Hlta                   aquare« 

adjuated, A             I A*               -             *• 2.1 A - |J 

17 
19 
42 
44 

B 
A 
D 
C 

Day-Sitting Condltloo 

177                                                                RSI.« 
135                                                                179.6 
179                                                                223.« 
182                                                                226 6 

132.4 
98.4 

lit 4 
137.4 

Subtotal CIS 114.71« 22.3 

Day-Standing Condition 

851 4 

' -ME*»V.|» 

ORO-T-378 

494.« 

21 
4« 

B 
I) 

213 
139 

317.« 
243.« 

10«. 4 
34 4 

SubtotAl 362                        «4.690 

Nigbl-tltting Condition 

52 3 8C1 2 142.9 

23 
«S 

A 
C 

4< 
13 

M.S 
MS 

-41.2 
-rt.1 

Subtotal SS                        2.194 Bt.S 149.« 42.4 

Totel 1082                    181.«S3 707 
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Subtotal 

Tabl«  J3Ü 

148 AUTOMATIC HITS AND 8TANDARD  ERRORS 
HAW PATA 

Rua Squad 

Sum of 
Ho lea                aqi'area 

counted, l>                £*2 *• k * I.S *- tS 

Day-Sitting Condition 

10 
12 
4» 
51 

3 
A 
n 
C 

M 
102 
M 

103 

105.08 
121.0« 
105 08 
122.08 

«6.92 
82.92 
•6.92 
83.92 

Subtotal 377                        35.805 

Day-Standing Condition 

9 34 453.32 300.68 

H 
sa l) 

SI 
II 

123.« 
10O.fi 

58.4 
35.4 

153 U.905 16.3 

Nlghl-Sltting Condition 

224.2 S3.S 

16 A 71 »7.6 52.4 
53 C 

:>» 81.6 36.4 

Subtotal 134 9.106 11.3 179.2 88.8 

Total «70 57.81« 15.6 

"  '    [I •-. - ii\\ix- - Uli)-7.|}. 

Table J31 

T48 AUTOMATIC HIT! AND STANDARD ERRORS. 
ADJUSTED DATA 

Run Squad 
Hit« 

ad)u»ted.k 

3ura of 
aquarea 

XA* *• 2S *-2S 

Day-Sitting Condition 

10 B H6 
12 A 104 
M D 9» 
31 C 49 

381 36.477 7.9 

Day Standing Condition 

101.8 70 2 
119.8 88.2 
107.6 76.2 
114.8 83.2 

444 2 317.8 

M 
53 

B 
D 

91 
59 

136.2 
104 2 

45.8 
IS.» 

»ub«..t.: ISO 

Night m 

11.762            22.« 

Milag Coadltloa 

240 4 89« 

If • A 
C 

7« 
%8 

141  4 
•1.4 

so.• 
32.1 

***** 134 9.140            12.7 184.8 •2.1 

Taaal •65 •7.279 

/•!}. 
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Table J*| 

T48 SEMIAUTOMATIC HITS AND STANDARD ERRORS, 
HAW DATA 

Run Squari 

Sum at 
Holae                  iqarM 

counted,*                IA» r*         * • is ft-SJ 

1 
11 
M 
52 

1 
A 
0 
C 

Day-Stain« Condition 

»7 
141 
111 
140 

13» 
ist 
IS» 
182 

55 
101 

H5 
98 

Subtotal                                     507                       «5,687 11.0             675 33» 

Day-Standing C^ndlti^n 

13                      B                  127 138.72 114 26 
54                     D                  118 130.72 106.28 

SubU-,                                         245                      30. .3«          270.44 219.56 

Night-Sitting Coi.dltion 

M 
A 
C 

It 
M 

M.M 
88.24 

80.76 
77.76 

e    'otal 167 13,944 2.12 175.48 158.52 

Total 111 109.589 74.0 

li/(« - i>iU*2 -nr/,)-/,|}. 

Table J33 

T48 SEMIAUTOMATIC HITS AND STANDARD 
ADJUSTED DATA 

ERRORS. 

Run Squad 

Sum  of 
Hiti                   aquarce 

adluetcd,*              I*1 „a '.  »|| * - M 

Day-Sitting Conditlor 

9 
11 
M 
II 

B 
A 
D 
C 

111 
157 
144 
no 

150.4 
196.4 
183.4 
169.4 

71.6 
117 6 
104.6 
90.6 

SubtoUl 542                      74.606 

Day-Standing Condition 

19.7 699.6 384.4 

11 
54 

H 
I) IM 

162.2 
1402 

M.I 
77.1 

Sabtotal 240                      21.042 

Night-Sitting Condition 

11 6 MM im 

IS 
5« 

A 
•2 

M.1 
•6.1 

Ml 
T7.S 

MMMl l«7                          13.949 LI IM.6 

?*•! Ml 26.9 

.   - hill I 
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The other value of t = 9.56 shown in Table J34 is the test for mean differ- 
ences ot pairs of correlated data, and is calculated as the ratio of the mean 
difference to the estimated standard error 3f this mean difference.   The value 
of ( - 9.56 for the 7 degrees of freedom available is significant at about the 0 1 
percent level.   Both these tests constitute strong evidence that the increase of 
duplex over single-bullet ammunition in total hits for day-sitting runs is a real 
effect.   It will be observed that the increase of total hits in this sample is over 
50 percent. 

In Table J36 the total hits for all the duplex and single-bullet runs are 
compared, and the same type t tests calculated as explained previously for 
Table J34. 

Table J34 

SINGLE-BULLET AND DUPLEX HITS, DAY SITTING, RAW DATA 

Squad 
Single bullet Duplex Duplex minus 

Run Holes counted Run Holes counted single bullet 

A I M 2 166 76 
B 3 105 4 170 65 
A 25 157 — — — 
B 27 144 — — — 
C 34 111 33 159 48 
D 3« 81 35 132 51 
c 50 10Ö 57 209 109 
D 60 120 69 195 75 
E 65 202 66 292 'JO 
F 67 105 68 160 55 

No. of runs 10 8 8 
Sum (holes counted) 1,215 1,483 569 
Mean 121.5 185.4 71.1 
Sum of squares 159,621 291,731 43,537 

It« 1 to Diff jrence of means     Mean difference 

i 3.18 9.56 
Degrees of Ireeo om 16 7 
Approximate sig nlficanc e level, °k 1 0.1 

Even with the reversal for one pair of runs for night-sitting condition, 
where more hits were scored with the single-bullet than with duplex ammuni- 
tion (shown in Table J36), the two values for t of 3.12 ^30 degrees of freedom) 
and 7.33 (13 degrees of freedom) give strong evidence that the average increase 
(over 5u percent) for total hits in all dupler. runs over all single-bullet runs is 
a real effect. 

Table J38 shows the results of significance tests in comparing triplex 
wi'.h duplex and single-bullet ammunitions in total hits. There are only two 
triplex runs, which, of course, is a very small sample.   When compared with 
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the two corresponding single-bullet runs, even though there is an average in- 
crease of nearly 70 percent in total hits for triplex, the difference is significant 
at only about the 20 percent level.  When the average of the 2 triplex runs is 
compared with the average of the 10 single-bullet day-sitting runs and 8 duplex 
day-sitting runs, it is found that the corresponding t values are significant at 
about the 0.2 percent level and the 15 percent level.   This is strong evidence 
that triplex ammunition is superior to the single-bullet ammunition, but not 
very strong evidence that triplex ammunitic. is really superior to duplex ammu 
nition in total hits.  The relative increase of triplex over duplex ammunitions 
total hits is over 30 percent, and if this held for a few more triplex runs the 
significance of the difference would increase rapidly. 

Table J36 

SINGLE-BULLET AND DUPLEX HITS, DAY SITTING, ADJUSTED DATA3 

Squad 
Single bullet 

Run Hits adjusted 

Duplex 

Run Hits adjusted 

Duplex minus 
single bullet 

A i 91 2 166 75 
B 3 108 4 158 50 
A 25 157 — — — 
B 27 132 — — — 
c 34 no 33 154 44 
D 3b 71 35 123 52 
C 58 90 57 214 124 
D 60 121 59 201 80 
I 6? 200 66 276 76 
F 67 100 68 156 56 

No. of runs 10 8 8 
Sum (hits adjusted) 1,180 1,448 557 
Mean 118 181 69.6 
Sum of squares 151,800 278,074 — 

i (difference of two means assuming equal variance) 
Degrees of freedom    16 
Approximate significance level    1% 

3.14 

COMPARISON OF AUTOMATIC  AND SEMIAUTOMATIC 
CARBINE AND T48  FIRING 

Table J40 is a summary of the analysis of the hit probabilities from the 
16 day-sitting runs, which are balanced with respect to the four average squads 
and the four types of fire:  carbine automatic, carbine semiautomatic, T48 auto- 
matic, and T48 semiautomatic.  Table J40 shows that the semiautomatic fire for 
both the carbine and the T48 is consistently better than the automatic fire. The 
hit probabilities for the two types of semiautomatic fir« are not very different, 
but on the average they are more than twice the corresponding value for the 
automatic fire.   It might be concluded without further analysis that automatic 
fire is inferior to semiautomatic fire as far as hit probabilities are concerned. 

*s*w1 -» to 
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Table J36 

SINGLE-BULLET AND DUPLEX HITS, ALL RUNS, RAW DATA 

Squad 
Single bullet Duplex Dunlex minus 

Run Holes couited Run Holes counted 
single bullet 

Day Sitting 

A i 90 2 166 76 
B 3 105 4 170 65 
A 25 157 — — — 
R 27 144 — — — 
C 34 111 33 159 46 
D 36 81 33 132 51 
C M 100 57 209 109 
D 60 12C 59 195 75 
E 65 202 66 292 90 
F 67 105 88 160 55 

Dav Standing 

A 5 81 6 190 109 
A 29 108 — — — 
c 36 110 37 187 77 
c 62 103 81 158 55 

Night Sitting 

B 7 .»3 8 14 -9 
B 31 41 — — — 
D 40 27 39 43 16 
D M 43 63 109 64 

No. of runs 18 14 14 
Sum (holes counted) 1,783 2,214 881 
M*sa 99.05 158.14 62.9 
>'*tm of squares 207,799 403,430 68,805 

lie • Diffe rence of means     Mean difference 

t 3.12 7.33 
Degrees of freedom M) 13 
Approximate significance level, % 1 0.1 
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Table J37 

SINGLE-BULLET AND DUPLEX HITS, ALL RUNS, ADJUSTED DATA* 

Squad 
Single bullet Duplex 

Duplex minus 

Run Hits adjusted Run Hits adjusted 
single bullet 

Day Sitting 

A l 91 2 166 75 
B 3 108 4 158 50 
A 25 157 — — — 
B 2? 132 — — — 
c 34 110 3:J 154 J4 
D 96 71 35 123 52 
C 56 90 57 214 124 
D 60 121 5^ 201 80 
E 65 200 66 276 76 
F 67 100 68 156 56 

Day Standing 

A 5 78 6 182 104 
A 29 117 — — — 
C M 109 37 193 S4 
c 62 99 ei 148 49 

Night Sitting 

B 7 56 8 41 12 
B 31 42 — — — 
D 40 2b :<9 41 15 
D 64 42 81 112 70 

No. of runs 18 14 14 
Sum (hits adjusted) 1,749 2,168 891 
Mean 97.17 154.86 63.64 
Sum of squares 200,695 388,512 — 

*    difference of r neans) 3.11 
Degrees of freed om    30 
Approximate sig nificanc e level    1% 

CONFIDENTIAL 



CONFIDENTIAL 

Table J38 

TRIPLEX, SINGLE-BULLET. AND DUPLEX HITS, DAY SITTING, RAW DATA* 

A    Triple« with Corresponding Single-Bullet Hits 

Squad 
Single bullet Triplex Triplex minus 

Run Holes counted Run Holes counted single bullet 

A 
B 

No. of runs 
Sum (holes counted) 
Mean 
Sum of squares 

25 
27 

157 
144 

2 
301 
150.5 

45.385 

26 
28 

301 
201 

2 
502 
251 

131.002 

144 
57 

2 
201 
100.5 

23,985 

t (difference of means)    2.31 
Degrees of freedom     1 
Approximate significance level    20% 

B.   Triplex with Averages of Duplex and Single-Bullet Hits 

Item 
Duplex Triplex Single bullet 

Runs Holes counted Runs Holes  counted Runs Holes counted 

Total                            8 
Mean 
Sum of squares 

1,483 
185.4 

291,731 

2                      502 
251 

131,002 

10                1,215 
121.5 

159.621 

Item 
Triplex compared 
to duplex means 

Trip 
to 1 

lex compared 
ilnglc-bullet 
means 

4.05 
10 
0.2 

Degrees of freedom 
Approximate sigmtica nee level,  % 

1.59 
8 

15 
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Table J39 

TRIPLEX, SINGLE-BULLET, AND DUPLEX HITS, 
DAY SITTING, ADJUSTED DATA8 

A.   Triplex with Corresponding Single-Bullet Hits 

Squad 
Single bullet 

Run Hits adjusted 

Triplex 

Run     Hits adjusted 

Triplex  minus 
single bullet 

A 25 157 26 309 152 
B 27 132 28 176 44 

No. of runs 2 2 2 
Sum (hits adjusted) 289 485 196 
Mean 144.5 242.5 96 
Sum of squares 42,073 126,457 25,040 

t (difference of means)    1.77 
Degrees of freedom    1 
Approximate significance level    u3% 

B.   Triplex with Averages of Duplex and Single-Bullet Hits 

Item 
Duplex Triplex Single bullet 

Runs Hits adjusted Runs Hits adjusted Runs    Hits adjusted 

Total                            8                  1,448 
Mean                                                181 
Sum of squares                         278,074 

2                    485 
242.5 

126,457 

10               1,180 
118 

151,900 

Item 
Triplex compared 
to duplex means 

Triplex compared 
to single-bullet 

means 

D*gr*«n of frw*»dr>m 
Approximate significance level, % 

1 40 
8 

20 

3 «7 
10 
0.6 
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Comparison of the four squads shows that the mean hit probabilities are prac- 
tically the same for Squads A and C and also for Squads B and D.   It is ques- 
tionable whether Squada A and C are really inferior to Squads B and D. Analysis- 
ox-variance calculations may shed light on this question. 

The assumptions made in applying analysis of variance to any rectangular 
array (which covers the tables of this section) are briefly as follows: 

*,, - C • a, • ß. • *H (j5) 

where   x<; • the entry for the ith row and jth column 
C = a constant 
at = the effect of the ith row 
ßj • the effect of the jth column 
tij = a normally distributed random error 

Expressed in words, this assumption is simply that the entries in the 
rectangular array are, except for random error, additive functions of the vari- 
ables represented by the rows and columns. Any departure from additiv it y of 
the effects inflates the error and decreases the precision of the tests.   The 
assumption that tt/, the random error, is normally distributed is necessary 
in order to apply the F test and establish a significance levsl for rejecting an 
hypothesis. 

The next assumption is that the row and column effects, ai and ßt are 
zero.   This is the null hypothesis—or the straw-man technique.   If this hypo- 
thesis can be disproved, there is evidence that the rows, or columns, do have 
ü real effect. 

For an n row  m co'umn rectangular array the total variance is subdivided 
according to the following identity: 

i(,      -   f)2   -   ml (J,   ~   1)2   +   „I (J    ~   I)*   +  X («      -    J,   -    f    +   1)2 {J6) 
1/ ' » / «/ '' \«*w/ 

where  i,; = the entry for the ith row and |th column 
ft • the mean of the ith row 
i, • the mean of the jth column 
f • the general mean 

The quantity on the left in Eq. J6 is the total sum of squares of deviations 
from the general mean, which is subdivided into sums of squares attributable 
to rows, columns, and error.   The degrees of freedom are mn-l,m-l, n-1, 
and (n  - 1) (m - 1), respectively, for the total, row, column, and error sum of 
squares.   The total sum of squares can be shown to be equivalent to 

!<.„>«-   <!,„)'/.- (J7) 

which is more convenient for numerical calculation.   The row and column sum 
of squares can also be calculated more conveniently from the similar equivalent 
expressions.   The error sum of squares can be calculated directly from the ex- 
pression shown in Eq. J6, or it can be obtained by subtracting the sum of the 
row and column sum of squares from the total sum of squares. 
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The numerical entries in the analysis-of-variance tables in this section 
were calculated as explained previously.   The F values are the ratios of row 
(or column) mean square to the error mean square.   Under the null hypothesis 
each of the three mean square values shown in any one of these tables is an 
unbiased estimate of the variance in the array from which it was calculated. 
The F function is the ratio of two unbiased estimates of the variance of a normal 
distribution.   Its mathematical form is known, and its values for various proba- 
bility levels have been tabulated. 

In the analysis of variance (Table J40), the F value of 30.7 is well beyond 
the 0.5 percent probability level value of 8.7 found in an F table for 3 degrees 
of freedom.   It is estimated that the 30.7 is at about the 0.1 percent level. This 
means that under the assumptions used, which except for the null hypothesis 
are believed to be reasonable for Table J40, the probability of obtaining differ- 
ences as large as was iound for type of fire from chance variation alone in an 
experiment of Ibis size is no more than 1 in 1000.   This is strong evidence that 
the differences in hit probabilities for types of fire shown in Table J40 represent 
real differences, and this confirms a previous tentative conclusion that semiau- 
tomatic fire was superior to automatic fire in these runs.  In contrast, the  F 
value of 1.1 found for squad differences is well within reasonable sampling vari- 
ation.  Hence, there is no substantial evidence from the runs .in Table J40 that 
Squads B and D are really superior to Squads A and C.  It should be noted that 
these calculations do not prove there are no differences in the squads. 

In Table J42 a similar analysic is seen for hit probabilities from the eight 
day-standing runs by Squads B and O.  Again there is strong evidence from the 
results of these runs that the average hit probabilities from the semiautomatic 
fire, which are more than twice corresponding values for automatic fire, rep- 
resent real improvements.  The F value of 112 for type of fire is at approxi- 
mately the 0.2 percent significance level, and is strong evidence for rejecting 
the null hypothesis.   The F value of 36.1 for squad differences gives substantial 
evidence that Squad B u> superior to Squad D in these day-stending runs. 

Table J44 shows the hit probabilities and analysis for the eight night- 
sitting runs by Squads A and C.  Again there is evidence here that the semi- 
automatic fire is superior to the automatic fire.  This is consistent for the 
three illumination-position (IP) conditions.   A more pronounced effect seen in 
Table J44 is the superiority of the T48 over the carbine firings.  This is a re- 
versal from the results of the daytime firings, where the carbine is slightly 
better than the T48.   There is no substantial evidence in Table J44 of real squad 
differences.   In fact the variance estimated from squad differences is less than 
the variance estimated from the error. 

The total number of holes counted in the same 16 runs that were examined 
for hit probabilities is shown in Tables J40 to J45. 

Table J46 shows that in the 16 day-sitting runs for both the carbine and 
the T48 rifle, the semiautomatic fire achieved about 30 percent more total hits 
than the corresponding automatic fire.  Also there is evidence here that the 
carbine achieves more total hits than the T48 for both automatic and semiauto- 
matic fire.   The evidence is not very strong that any of the values in Table J46 
represent real effects.  The type-of-fire differences show significance at only 
about the 3 percent level. 
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The nitans for squads in Tables J40 aid J41 and J46 and J47 are of inter- 
est even thoigh the differences are not statistically significant in these taoles. 
Squads A anci C apparently achieved an increase in total hits compared to 
Squads B and D at the expense of less accurate fire.   This appears to be a 
reasonable conjecture, but it cannot be given as a substantially supported 
conclusion. 

Table J48 shows the total hit results for the eight day-standing runs by 
Squads B and D.  Here again there is evidence in the row means that semiauto- 
matic fire achieves more hits than automatic fire and that the carbine achieves 
more hits than the T48.   The row means are significantly different at only about 
the 8 percent level, which is not considered strong statistical evidence that the 
differences are real.   However, the relative consistency in the row means in 
Tables J48 to J51 gives much stronger evidence, when considered together, 
that these differences represent real effects than is available from one table 
alone.  It is clear that the consistency in the tables strengthens the evidence 
that the effects indicated by the row means are real.  Methods are available 
for comparing individual pairs of means or each mean with the general mean. 

Tables J48 and J48 also show that in total hits Squad B was superior to 
Squad D in almost the same ratio as shown for the hii probabilities in Tables 
J42 and J43.   This difference in total hits for the two squads is significant at 
approximately the 8 percent level.  Tables J48 and J49 show that the superior 
hit probabilities of Squad B on these four pairs of runs (shown in Tables J42 
and J43) were not achieved as the result of a slower firing rate.   This strengthens 
the evidence in Tables J42 and J43 that Squad B was superior to Squad D on these 
runs.  However, the fact that there is essentially no difference in the perform- 
ance of squads B and D on the day-sitting runs (shown in Tables J40, J41, J4C, 
and J47) does not permit any general conclusion concerning these two squads. 

Tables J50 and J51 shou the total hits for Squads A and C in the four pairs 
of night-sitting runs.  Again the semiautomatic fire for both rifles is superior 
to the corresponding automatic fire.   The superiority of the T48 over the carbine 
is more pronounced for night firings.   This same superiority of the T48 over the 
carbine in hit probabilities was seen for these runs in Tables J44 and J4b.   The 
explanation for this is apparently in the type of sights for tiie two rifles.   For 
night firings the targe's cannot be seen as well through the carbine as through 
the T48 sight. 

Squad A achieved about 25 percent more hits than Squad C on these four 
pairs of night runs.  Significance at approximately the 12 percent level is evid- 
ence, but not very strong evidence, that Squad A is really superior to Squad C 
in these runs.   In Tables J44 and J45 Squad B is seen to score an average hit 
probability of .055, which is about 12 percent better than the .049 scored by 
Squad O on these runs.   This difference is not statistically significant even at 
the 50 percent level. 

From the foregoing analysis of the 32 runs made using the carbine or T*8 
rifle, the following conclusions are drawn: 

1. The semiautomatic fire for both the carbine and T48 riile is clearly 
superior to the corresponding automatic fire in both total hits a id hit probabilities 

2. In general the carbine scores slightly better for daytime runs than the 
T48 in both total hits and hit probabilities.   The evidence is not strong that the 
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fabM J40 
CARBINL AND T4H HIT PHOBABIUTIfcS. DAV-SITTlNG CONDITION, RAW DATA 

Tvpe of fire 

Total Carbine 
automatic 

Carbine 
semi 

•utoa 

T4M 
automatic 

T48 
aenii- 

automatlc 
Mean 

Run Run Run 
" 

Run 1 
i       ' 

A 20 .106 19 12 .097 11 .243 .624 .156 
B tl .112 17 .tn 10 .104 9 .230 .724 .181 
C 43 .()'»'> 44 .240 51 .09.1 52 .199 .627 .157 
0 41 4M 42 .26« 49 .112 50 .20«i .720 .180 

Total .449 .962 .406 .«7M 2.695 

Mean .11225 .2405 .1015 .tttf .1684 

Analysis of Variance 

Appruxt mate 
•owe* of Degrees ot significance 
variati jii Sum ,»| .square« freedom Mean square /    V.''lUt level. 1 

Type of iir«- .061752 .020584 30.7 . ».1 
Squads .00230« 3 69 1.1 45a 

No aubgU/ nee of a real effect. 

Tabl" J41 

CARBINK AND T48 HIT PROBABiUTirS, DAY-SITTING 
CONDITION. ADJUSTED DATA 

Squads 

Type of lire 

Carbim- 
automatic 

Hun 

Carbine 
semi 

automatic- 

Run 

T4o 
autcmatic 

Run 

T48 
semi 

automatic 

Run 

Total M.-an 

A 20 Mt 19 . 1 7M 12 .096 11 .-'43 .615 .154 
B |H .120 17 .280 10 .113 • .Ü31 .744 .166 
I 43 44 .251 11 .097 52 JatO .643 .161 
D 41 .115 42 .293 49 .108 50 .222 .73« .185 

Total .426 1.002 .416 jm 2.740 

Mean .«065 .2 05 .1040 .-»240 .1 

Analvsis ol Variance 

Source of 
variation Sum of squares freedom Mesa »qusrt      /    value 

• IfOtfl 
level  "I- 

Typs < 
Squ.'.l« 

.07111.1 .0i.M704 
.80167» 

ma 
i.» 37« 

*No substantial evldenoe of s real effect. 
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Table J42 

CARBINE AND T48 HIT PHOBABIUTIES,  DAY-STANDING CONDITION, RAW DATA 

Squada 

Typa of fir« 

Carbine 
automatic 

Run 

Carbine 
aemi- 

automatlc 

Run 

T48 
automatic 

Hun 

T48 
semi- 

uutomatic 

Hun 

Total Mean 

B             22 
D             45 

Total 

Mean 

.086        21 

.060        46 

.146 

,073 

.206         14 

.179         53 

.364 

192 

.099 

.049 

.148 

.074 

13 
54 

.173 

.139 

.312 

156 

.563 

.427 

.990 

.141 

.107 

.124 

Analyala of Variance 

Source of 
variation Sum of square« 

Degree« of 
freedo.n Mean square •  value 

Approximate 
significance 

level. % 

Type of fire 
Squada 

.021498 

.002312 
3 
1 

.007166 

.002312 
112 
36.1 

0.2 
1 

Table J43 

CARBINE AND T48 HIT PHOBABIUTIES, DAY-STANDING 
CONDITION, ADJUSTED DATA 

Squads 

Type of fire 

Carbine 
automatic 

Rua 

Carbine 
semi- 

automatic 

Rua 

T48 
automatic 

Run 

T48 
semi- 

automatic 

Run 

Total Mean 

B 
D 

Total 

22 
46 

.087 

.064 

.161 

.0755 

21 204 14 .099 13 .172 .562 .1405 
1?9 53 .046 54 .135 .424 .101 

S«3 .145 .307 .964 
1915 .0725 .1535 .123 

Aaalyals of Variance 

Source of 
variation Sum of squares 

Degrees of 
freedom Mesa squsre alue 

Appro* »cat* 
significance 

level. % 

Type of fire .02O8M 
.002361 

3 
1 

.—6963 

.062361 
73.2 
26.1 

0.4 
1.6 
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Table J44 

CARBINE AND T48 HIT PROBABILITIES, NIGHT-SITTING CONDITION. RAW DATA 

Squad* 

A 
C 

Total 

Mein 

Typ« of fire 

Carbine 
automatic 

Run 

Carbine 
IcDli- 

sutomatic 

Run 

T48 
autuuii.ic 

Run 

T48 
«ml- 

automatic 

Run 

Total Mean 

24 
47 

.018 

.026 

.044 

.022 

23 
48 

.041 

.021 

.062 

.031 

16 
55 

.052 

.064 

.106 

.063 

15 
66 

.109 

.096 

.205 

.1025 

.220 

.197 

.417 

.v55 

.049 

.052 

Analyaia of Variance 

Source of 
variation 

Degrees of 
Sum of squares       freedom        Mean aquare    F value 

Approximate 
significance 

level. % 

Type of fire 
Squads 

.007785 

.000072 
.UU269r. 
.000072 

31.646 
.878 

1 
48* 

*No subauntial evidence of a real effect. 

Table J4& 

CARBINE AND T48 HIT PR OB ABILITIES, NIGHT-SITTING 
CONDITION, ADJUSTED DATA 

Sqii*.H 

Typ* ot fire 

Carbine 
automatic 

Run 

Carbine 
semi 

automatic 

Run 

T48 
automatic 

Run 

T48 
semi- 

automatic- 

Rue 

Total Mean 

A 24 .018 23 .039 
C 47 .026 48 .019 

Tofcl .044 .068 

Mean .022 .029 

16 .061 
.06« 

16 
M 

.10t 

.096 
.217 
.IM 

.06425 

.049 

.107 .204 .413 

0535 .102 .061623 

Analyst* of Variance 

Source of 
varlattoa Sum of square* 

Degree* of 
freedom Mean square ^   value 

Appro«! mat* 
•igal/icaac* 

level  * 

Typ* of fire .SST8S1 
.000055 

3 
1 

.0026 20 37.292 
MM 

1.3 
-• 

of s reel 
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Table J46 

CARBINE AND T48 TOTAL HITS, DAY-SITTING CONDITION, KAW DATA 

Squad» 

Type of fire 

Carbine 
automatic 

Run Hit» 

Carbine 
»emi- 

automatic 

Run    Hit* 

T48 
automatic 

Run      Hita 

T4H 
aeml- 

automatlc 

Run       Hita 

Total Mean 

A 20 17« 
B 18 114 
C 43 106 
D 41 86 

Total 

Mean 

4M,-> 

121.25 

19        135 12 
17       178 10 
44        184 51 
42       171 49 

668 

167 

102 
86 

103 
86 

377 

94.25 

11 
9 

52 
50 

143 
»7 

140 
127 

507 

126.75 

559 139.75 
475 118.75 
533 133.25 
470 117.5 

2037 

127.3125 

Aaalyaia of Variance 

Source of 
variation Sum of aquarea 

Degree» of 
freedom Mean square t  value 

Approximate 
significance 

level, % 

Type of fire 
Squad» 

10,821 
1,438 

3 
3 

3607 
479 

5.03 
0.67 

3 
__ a 

Tlo evidence of a real effect. 

Table J47 

CARBINE AND T48 TOTAL HITS,  DAY-SITTING CONDITION. ADJUSTED DATA 

Squada 

Type of fire 

Carbine 
automatic 

Run       Hita 

Carbine 
aemi- 

automatic 

Run Hita 

T48 
tutomatic 

Run Hita 

T48 
semi- 

automatic 

Run       Hita 

Total Mean 

A 20 173 19 135 12 104 11 157 569 142.25 
B 18 108 17 177 10 86 9 111 482 120.50 
C 43 102 44 182 51 99 52 130 513 128.25 
D 41 59 42 179 49 92 50 144 474 118.50 

Total 442 673 381 542 2038 

Mean 110.50 168.25 95.25 13J.50 127.3, 

Analysis of Variance 

Source of 
variation Sum of »outre» 

Degree» of 
freedom Mean square f  value 

Approximate 
• igaiflcance 

level. % 

Type of fir» 
Squads 

12.214 
1.392 

3 
9 

4071 
464 

4.5C 
0.52 

4 
_a 

*No evidence ol a real effect. 
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Table J48 

CARBINE AND T48 TOTAL HITS, DAY-STANDINO CONDITION. RAW DATA 

Squad* 

Type uf fire 

Carbine 
automatic 

Run     Hit« 

Carbine 
semi- 

automatic 

Run      Hita 

T48 
automatic 

Kun      Hit» 

T48 
semi- 

automatic 

Run       Hita 

Total Mean 

B 22 142 21 202 14 91 13 127 562 140.5 
D 45 66 46 145 53 M 54 11» 397 99.25 

Total 20« 347 159 245 959 

Mean 104 173.5 79.5 122.5 119.87 

Analyaia of Variano» 

Source of 
variation Sum of squares 

Degree» of 
freedom Mean square /•   value 

Approximate 
significance 

level. % 

Type of fire 
Squad* 

9.529 
3,403 

3 
1 

3176 
3403 

6.72 
7.23 

8 
8 

Table J49 

CARBINE AND T48 TOTAL HITS. DAY-STANDING 
CONDITION, ADJUSTED DATA 

Squids 

Type of fire 

Carbine 
automatic 

Run      Hits 

Carbine 
•emi- 

automatic 

Run      Hit* 

T48 
automatic- 

Run      Hits 

T48 
semi- 

automatic 

Run      Hit* 

Total Mean 

B 22 160 21 213 14 91 13 131 595 14M.75 
D 45 59 46 139 53 5» 54 109 366 91.50 

Total 219 352 150 240 961 

Mean 109.5 178 76 120 120.12 

Analysis of Variance 

Approximate 
Sou roe of Degrees of significance 
variation Bum of squares       frtedom        Mean square    A   value level, f 

Typ* of fire 
Squads 

10,542 
6,565 

3514 
6555 

5.18 
9.65 

11.» 
5.1 
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Table J50 

CARBINE AND T48 TOTAL HITS,  NIOHT-SITTINQ CONDITION, RAW DATA 

Squad» 

Type of fire 

Carbine 
automatic 

Run Hiu 

Carbine 
semi • 

automatic 

Run    I   Hi«* h 

T48 
automatic 

Run      Hits 

T48 
semi- 

automatic 

Run       HIU 

Total Mean 

A 24 M 23 42 1« 75 15 86 228 57 
C 47 . 23 48 17 55 59 5« 82 181 45 

Total 49 f9 134 167 409 

Mean 24.6 29.5 67 83.5 51 

Analysis of Variance 

Approximate 
Sojrce of Degrees of significance 
variation       Sum of squares       freedom        Mean square    f   value level, % 

Type of fire 
Squads 

4054 
288 

1651 30.6 
5.33 

1 
12 

Table J51 

CARBINE AND T48 TOTAL HITS.   NIGHT-SITTING CONDITION. ADJUSTED DATA 

Squad« 

Type of fire 

Carbine 
automatic 

Run       Hits 

Carbine 
semi- 

automatic 

Run      Hit« 

T48 
automatic 

Run      Hlta 

T48 
aeml - 

automatic 

Run       Hits 

Total Mt-an 

A 24 26 23 45 16 76 15 85 232 58 
C 47 32 .J 13 55 58 56 82 185 46.25 

Total 58 ^H 134 167 417 

Mean 29 29 67 83.5 52.12 

Analysts of Variance 

Source of 
variation Sum of squares 

Degrees of 
freedom        Mesa square >    value 

Approximate 
significance 

level. % 

Type of fire 
Squads 

4550 
276 

3                      1517 
1                        276 

10.8 
1.97 

4 
39« 

No substantial evidence of a real sflse*. 
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results represent a real difference in the two rifles—particularly with respect 
to the hit probabilities. 

3. The T4Ö is superior to the carbine for night firings.   This superiority, 
at least for the target system used in this test, can probably be attributed to 
the difference in sights on the carbine and T48. 

4. The evidence on the relative skill of the four squads (A, B, C, and D) 
is not conclusive.   On the day-standing ruis  Squad B's average hit probability 
of .141 is significantly better at the 1 percent level than Squad D's average of 
i07.   However, on the day-sitting runs Squads B and D had almost the same 

average hit probabilities, and both Squads B and D appeared slightly better than 
Squads A and C, but none of these squad differences on the cLy -sitting runs were 
statistically significant even at the 25 percent level.  Neither was the difference 
in hit probability for Squads A and C on the night-sitting runs statistically sig- 
nificant.   Thus there appears to be no certain basis from the results of these 
32 runs for a difference in rating of the four squads participating. 

COMPARISON OF SINGLE  BULLETS AND  FLECHETTES 

In comparing the two flechette runs (one day standing and one night stand- 
ing) with corresponding single-bullet AP runs, it is necessary to balance the 
single-bullet information with that of the flechette.   The single-bullet runs used 
2? targets with a standard program.   Run 69, the flechette day-standing run, 
used only 19 targets, and 4 of these appeared for only half the normal program 
time.  Table F39 shows the shots-fired information equated to the total adjusted 
ammunition count of 2824.   Table F40 follows a similar pattern in balancing the 
four single-bullet night-sitting runs against Run 70, the one flechette uight- 
standing run. 

Table J52 
HIT PROBABILITIES AND STANDARD ERRORS OF FLECHETTES 

COMPARED TC SINGLE BULLETS 

Ammunition    Illumination 
F«,«-«. 
position 

Ammunition 
count, n 

Target 
holes holes/ft u • 

Single bullet Day Standing 418 65 .156 .0177 
Flechette Day Standing 264 109 .413 .0303 
Single bullet Night Sitting »74 2« .04» .0090 
Flechette Night Standing 289 99 .343 .0279 

Table J52 shows the relative hit probabilities and standard errors of single 
bullets and flechettes, with day and night comparisons.   The flechette hit proba- 
bility is about three times that of the single bullet for day comparison and about 
seven times that of the single bullet for the night comparison.   This table brings 
out the effectiveness of the flechette ammunition despite the fact Out only two 
such runs were carried out. 
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Table J53 shows the calculation of the ( test as a method of comparing 
the s ingle-bullet and flechette runs.   It is seen that this value of t (I  - 14 9) for 
1 degree of freedom is significant at approximately the 4 percent level.   This 
is substantial evidence even from this small sample that the flechette ammuni- 
tion gives hit probabilities that are superior to those obtained with the single - 
bullet ammunition. 

Table J53 

HIT PROBABILITIES OF FLECHETTES COMPARED TO SINGLE BULLETS 

Item 
Hit probabilities 

Flechette Single bullet 
Difference 

Day runs 
Night runs 
Total 
Mean 
Sum of squares 
Variance ltXsS-0b>! *J i/»-l)l 
Variance (of mean) 
a mean 

413 .156 .257 
343 .049 .294 

.551 

.275 

.152485 

.000685 

.000342 

.0185 

t • .275/.0185 = 14.9. This value of t for 1 deg of freedom is significant at 
approximately the 4 percent level. 

FIRING POSITION  AND ILLUMINATION 

The three combinations of firing position and illumination in the SALVO I 
experiment were day sitting, day standing, and night sitting.  Tables J54 and J55 
show a summary of the results of 34 day-sitting runs, 15 day-standing runs, and 
15 night-sitting runs, with each of these sets of runs further subdivided accord- 
ing to six types of fire.  The 64 i  ns in Tables J54 and J55 are all the SALVO I 
experiment runs except for the two triplex and the two flechette runs. 

It can be seen from Tables J54 an 1 J55 that the number of runs for each 
type of fire is the same for day-standing and night-sitting firing conditions. 
Except for two additional day-sitting runs for both the single-bullet and duplex 
ammunitions, the number o! day-sitting runs for each type of firs is twice the 
number of corresponding runs for day standing or night sitting, which means 
nearly balanced comparisons with I espect to the different types fire among 
the day-sitting, day-standing, and night-sitting runs, even though the mean 
values for the day-sitting runs are from samples about twice the size of the 
corresponding samples of day-standing and night-sitting runs.   It is true that 
the effects of different squads are not completely balanced out in Tables J54 
and J55, and this fact should be kept in mind in drawing conclusions from the 
computations shown in these tables and in Tables J56 and J57.   It was shown 
earlier that the only it %tantial evidence of squad differences supported the 
conclusion of the superiority of Souad B over the othei three average squads. 
This superiority of Squid B is entangl*! to a limited extent in the effects indi- 
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cated in Tables J54 and J55.   In any case the squad effect is small, and it is be- 
lieved that squad differences cannot possibly account for the major differences 
shown in Tab'es J54 to J37 for the three combinations of firing positions and 
ilium imnliT 

Tables J54 and J55 show that the average rounds of ammunition counted 
per run increase from day-sitting to day-standing to night-sitting positions. 
There is only one exception to this increased rate of fire:  the carbine auto- 
matic firing rate is less for night sitting than for day standing.   The fact that 
the t test for differences in rounds of ammunition counted for day sitting and 
day standing is significant at approximately the 1 percent level is strong evid- 
ence that the indicated increase in rate of fire is real.   The increase in rate of 
fire when comparing the day-standing to night-sitting firings is, on the average, 
much smaller.   This comparison includes the reversal for automatic fire with 
the carbine mentioned earlier.   No statistical test has been applied to the indi- 
cated increase in the rate of fire for the right-sitting over the day-standing posi- 
tion.  Table J54 shows that the average rounds counted per run for day-standing 
fire is 924 and for night-sitting fire is 955.   It is evident that the increase in 
rate of fire for night-sitting over day-standing fire is small, and the evidence 
that this is a real effect is not strong. 

The average number of target holes per run decreases progressively from 
day-sitting to day-standing to night-sitting positions except for one comparison. 
The average number of target holes for carbine semiautomatic fire is 6.5 holes 
greater for day standing than for day sitting.   In Table 156 the t test shows that 
the average increase of 9.3 target holes for the day-sitting over the day-standing 
position is statistically significant at about the 7 percent level.  The increases 
in hits for day sitting were achieved along with a 15 to 20 percent reduction in 
average ammunition expenditures. 

The hit probabilities, of course, show a more pronounced progressive 
average reduction than the target holes with the change in firing-position- 
illumination condition.   This relation is expected since the rate of fire is pro- 
gressively increasing.  It is seen from Table J56 that the average hit probabili- 
ties for all six types of fire show an increase for day-sitting over day-standing 
positions, and the t test shows that the average increase of about 4% percent 
(which is a relative increase of more than 25 percent) in hit probabilities is 
significant at approximately the 0.1 percent level.   This is strong evidence of 
a real increase in hit probabilities when changing from the day-standing to'the 
day-sitting position.  The decrease in hit probabilities, and also the average 
number of hits, associated with the night firings is so marked that no statistical 
test appears needed to establish the night effect as real. 

In summary, it can be concluded from Tables J54, J55, J56, &nd J57 that 
in comparing the day-sitting with day-standing with night-sitting firing positions 
there is a progressive increase in rate of fire and a progressive decrease in 
both average number of hits and hit probabilities.  There is evidence that the 
IP effects are real. 

The evidence of a real effect is strong in all comparisons except for the 
following two:  The decrease in average number of hits for the day-standing as 
compared to the day-sitting conditions is less than 10 percent, and the increase 
in firing rate for the night-sitting over the day-standing conditions is less than 
5 percent.  The statistical evidence that these Indicated effects axe real is not 
strong.   The adjusted data are correspondingly examined in Table J57. 
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Table J54 

POSITION AND ILLUMINATION HIT PROBABILITIES AND TOTAL HITS, 
RAW DATA 

Average Average 
Total Total rounds holes 

No. of rounds holes Hit prob- counted counted 
Ammunition or firing runs counted counted abilities per run per run 

Day-Sitting Condition 

Single bullet 10 6165 1215 .198 616 121.5 
Duplex 4626 1483 .321 578 185.4 
Carbine automatic 4453 485 .109 1113 121.2 
Carbine semiautomatic 2809 668 .238 702 167.0 
T48 automatic 3755 377 .100 939 94.2 
T48 semiautomatic 2331 507 .218 583 126.7 

Total 34 1.183 4531 816.0 

Mean .197 755 136.0 

Day-Standing Condition 

Single bullet 4 2725 402 .148 681 100.5 
Duplex 3 1947 535 .275 649 178.3 
Carbine automatic 2 2748 208 . V 1 V» 

« <)«r< 104.0 
Carbine semiautomatic 2 1793 347 .193 896 173.5 
T4G automatic 2 2308 159 .069 1154 79.5 
T48 semiautomatic 2 1585 245 .155 792 122.5 

Total 15 .916 5546 758.3 

Mean .153 924 126.4 

Night-Sitting Condition 

Single bullet 4 3336 166 .050 834 41.5 
Duplex 3 2149 196 .091 716 65.3 
Carbine automatic 2 2349 49 .021 1174 24.5 
Carbine semiautomatic 2 1848 59 .032 924 29.5 
T48 automatic 2 2526 134 .053 1263 67.0 
T48 semiautomatic 2 1638 167 .102 819 e3.5 

Total 15 .349 5730 311.3 

Mean .058 955 51.9 
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Table J55 

POSITION AND ILLUMINATION HIT PROBABIUTIES AND TOTAL HITS, 
ADJUSTED DATA 

Ammunition Total       Total Average shots Average hits 
or No. of    shots hits     Hit prob-       adjusted adjusted 

firing runs   adjusted adjusted  abilities per run per run 

Day-Sitting Condition 

Single bullet 10 6,119 1180 .193 611.9 118.0 
Duplex 8 4,510 1448 .321 563.8 181.0 
Carbine automatic 4 4,283 442 .103 1070.8 110.5 
Carbine semiautomatic 4 2,726 673 .247 681.5 168.3 
T4S automatic 4 3,688 381 .103 922.0 96.3 
T48 semiautomatic 4 2,424 542 .224 606.0 135.5 

Total 34 23,750 4666 1.191 4456.0 808.6 

Mean .199 742.7 134.8 

Day-Standing Condition 

Single bullet 4 2,657 403 .152 644.3 100.8 
Duplex 3 2,003 523 .261 667.7 174.3 
Carbine automatic 2 2,757 219 .079 1378.5 109.5 
Carbine semiautomatic 2 1,819 352 .194 909.5 176.0 
T48 automatic 2 2,193 150 .068 1096.5 75.0 
T48 semiautomatic 2 1,567 240 .153 783.5 120.0 

Total 15 12,996 1887 .907 5500.0 755.6 

Mean .151 916.7 125.9 

Night-Sitting C ondition 

Single bullet 4 3,192 166 .052 798.0 41.5 
Duplex 3 2,119 197 .093 706.3 65.7 
Carbine automatic o 2,712 58 .021 1356.0 29.0 
Carbine semiautomatic 2 1,832 5o .032 916.0 29.0 
T48 automatic 2 2,527 134 .053 1263.5 67.0 
T48 semiautomatic 2 1,638 167 .102 819.0 83.5 

Total 15 14.020 780 .353 5858.8 315.7 

Mean .059 976.5 52.6 
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CONFIDENCE  LIMITS 

Table Jl includes directly computed standard deviations of the measured 
hits and hit probabilities for 19 of the 21 AIP combinations.   Table J3 includes 
standard deviations of 16 ratios of hits and hit probabilities.   These standard 
deviations are confidence measures, defining the 68 percent confidence limits 
about the mean.   Elsewhere in this appendix two standard deviation increments 
aie used to define 95 percent confidence limits.   These measures are ustful 
only on the assumption of homogeneous populations.   Actually the computed 
values are grossly swollen by inclusion of known systematically differing seg- 
ments of the populations.  Squad and learning differences, for example, are 
ignored in Tables Jl and J3. 

Of more interest are the further combined values for comparison of ammu- 
nitions without separation by IP condition.   The problem posed then is the deter- 
mination of the standard deviation of an inhomogeneous population.   The same 
consideration holds true for the observed effect of learning (demonstrated in 
App H).  A suggested method for determining over-all standard deviation is 
based on the reduction of each of the subpopulations to a uniform condition be- 
fore computing individual deviations.   The method of reduction of population to 
achieve the desired homogeneity is demonstrated in App K.   The method is most 
useful for computation of average effects of each difference on the entire popu- 
lation.   However, if the reduced data (for a homogeneous population) were used 
in determining individual deviations, the resultant standard deviation would be 
too small.   This is true because the reduction factors themselves are deduced 
from data that include the very random deviations that are being searched for. 
Hence the use of the reduction factors deduced from these data leads to an un- 
realisticaily homogeneous population. 

It is concluded that the best measure of standard deviation for the combined 
conditions that are of interest lies somewhere between values of the type listed 
in Tables Jl and J3 and the lower values that would obtain from the method 
just outlined.  It is possible, however, to make a very crude estimate of maxi- 
mum standard deviations, based on the uncombined values of Table Jl.  Since 
learning and squad differences are already ignored, results are still of a grossly 
maximum nature.   The most interesting figures of the computed standard devia- 
tions are given in the last column of Table J3.  If, for example, it is desirable 
to combine the three figures relating duplex to single bullet, an average may be 
deduced in the following fashion. 

The average hit probability is computed (weighting day sitting twice as 
much as each of the other two conditions) yielding an average duplex - to -s ingle - 
bullet hit-probability ratio of 1.71.   A crude scheme for deducing corresponding 
average standard deviation has been tried.   In general, however, population 
combination at this level affords only a minor reduction in the computed stand- 
ard deviations.   It is perhaps adequate and certainly simpler to examine the 
general magnitude of the individual deviations as listed in Table J3 and to re- 
gard them as representative of maximum values. 

The application of tiis method to the hit ratios of Table J3 gives standard 
deviations for the pertinent ratios shown in Table J56 (expressed as percentages 
of the hit probability;. 

The average range of these hit probability ratio standard deviations is 9 to 
20 percent of the ratio.   In considering the method by which these hit probabili- 
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ties are transferred to the casualty probabilities discussed in the major report 
interpretation, it is apparent that the relative deviations are not grossly altered, 
Thus it is concluded tiuit the casualty ratio standard deviations for aimed fire 
are somewhat less thaii 9 to 20 percent of the ratios 

For the final comparisons the unaimed fire results are also utilized. These 
results are based on theoretical considerations and do not include any experi- 
mental data to contribute deviations. Since the over-all average values are 
weighted equally of aimed and unaimed fire, it is concluded that the maximum 

Table J58 

PERCENTAGE STANDARD DEVIATIONS FOR HITS PER ROUND 
FOR VARIOUS IP CONDITIONS 

Ammunition or Day-sitting Day-standing Night-sitting 
firing compared condition condition condition Average cr 

Duplex to single bullet 6.6 8.7 31.9 13 
Triplex to single bullet 8.5 — — (9) 
Automatic to semiautomatic 17.7 22.4 23.5 2U 
Carbine to Ml 12.5 7.8 29.0 15 
T48 to Ml 5.0 17.8 27.1 14 

estimate of standard deviations for these final results is reduced by a factor 
of /T.   This finally yields maximum standard deviations on the over-all am- 
munition ratios in the range of 6 to 14 percent, or about 10 percent.   Further 
instructive observations on the statistical validity of the differences are noted 
in Figs. Jl and J2.   In these figures the individually paired runs are examined 
by squad.   It is clear that, with a single exception, the duplex and single-bullet 
values are separated by more than two standard deviations of each.   This means 
that the possibility of any pair not being different is less than .01*, cr that the 
confidence in the difference is greater than 993/4 percent for every one of the 
individual pairs of runs (with the single exception noted). 

In order to determine the confidence limits of aggregated subpopulations 
with more precision than can be inferred from the grossly maximum values 
given, it is possible to deduce the theoretically purely random error associated 
with the measurements.   The results of such a computation will give a minimum 
value since it does not include any systematic errors whatsoever.   It should be 
recognized that, in general, experimental standard deviations do include at least 
those systematic errors that have not been causally identified.   The method is 
based on the simple theoretical notion from the binomial distribution that the 
standard deviation is given by the quantity Vpq/n. 

This simple computation has been made, based entirely on the data pre- 
sented in Tables F41 and F43.   As the aggregates of interest are concerned 
with differences among the eight types of fire, the data from the 68 runs are 
reduced by simple addition of appropriate values of hit* and rounds fired. Since 
the quantity of interest is the salvo rather than the individual round fired, the 
conversion is made for the two classes of automatic fire by dividing the number 
of rounds fired by 2.33, the average number of rounds per automatic burst. The 
resulting ratios of hits per salvo are shewn in the second column of Table J59. 

These hit probability values should not be seriously compered wince they 
are deduced from unbalanced conditions.   They are computed here solely for 
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the purpose of arriving it the standard deviations.   The third column lists the 
standard deviations computed by the expression above.   In the fourth column 
the standard deviations are expressed as percentages of the hit probabilities. 
In the last two rows of the table the carbine and T48 values are combined for 
semiautomatic and automatic fire. 

From the values shown in Table J59 it is now possible to deduce the 
standard deviations associated with the ratios of hit probabilities. The second 
column of Table J60 lists the six ratios of primary interest.   The standard de- 
viations of these ratios are then computed from Eq. J3. 

Table J59 
HIT PROBABILITY  PER SALVO 

. Relative 
Ammunition Hit Standard standard 

or firing probability deviation, % deviation, % 

Single bullet 14.6 0.32 2.2 
Duplex 25.1 0.47 1.9 
Triplex 43.3 1.48 3.4 
Flechettcs 37.6 Z.06 5.5 
Carbine semiautomatic 17.0 0.47 2.8 
Carbine automatic 17.2 0.58 3.4 
T48 semiautomatic 16.9 0.50 3.0 
T48 automatic 18.4 0.64 3.5 
Semiautomatic 16.9 0.34 2.0 
Automatic- 17.8 0.43 2.4 

Table J60 
RATIO OF HIT PROBABILITIES PER SALVO 

Relative 
Ammunition or Hit-probability Standard standard 

firing compared ratio deviation. % deviation, % 

Duplex to single bullet 1.72 0.05 2.9 
Triplex to single bullet 2.97 0.12 4.0 
Flechette to single bullet 2.58 0.15 5.9 
Carbine to Ml 1.16 0.04 3.6 
T48 t0 Ml 1.16 0.04 3.7 
Automatic to semi- 

automatic 1.09 0.06 3.1 

The last column lists these standard deviations as percentages of the ratios. 
These relative standard deviations are seen to be in the range of 3 to 6 percent, 
corresponding to the earlier maximum estimates of 0 to 20 percent for aimed 
fire.   The difference is attributable to recognized plus unrecognized system* 
errors and appears to be a quite reasonable difference.  Since the range is not 
very great it is useful to identify an average value, which is 3.9 percent.   In 
considering the over-all results, including unaimed as well as aimed fire, this 
figure is again reduced by z 'actor of vT.   Thus the random standard deviation 
on the over-all ammunition ratios averages 2.7 percent, compared with the 
maximum value deduced earlier of about 10 percent 
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SUMMARY 

This appendix is based exclusively on the adjusted data of Table F41. 
The analysis begins by recognition of three classes of systematic differences: 
(a) the 21 ammunition-illumination-firing position (AIP) conditions, (b) the 
six squads, and (c) the sequence or order of run for each squad.   The data con- 
sidered are (a) hits per run and (b) rounds fired per run. 

The method is to reduce the data sequentially by eliminating mean differ- 
ences among the data for each of the three classes.   The process is started 
with the largest differences (AIP combinations).  When the data have been ren- 
dered homogeneous relative to AIP combinations, they are reduced for squad 
differences.   Finally, the data are reduced for order differences.   These com- 
pletely reduced data then reflect only random or unrecognized systematic 
differences. 

These reduced data then are made to yield separately the three classes 
of differences.   Each is computed from data that are thus balanced with re- 
spect to the other two classes.   It is recognized that interrelations among the 
classes make this procedure imperfect.   The isolated effects of the several 
parameters are then separately listed in a single table. 

The process of sequential reduction of the data is then continued to effect 
separation of the six ammunition conditions from the three illumination-position 
(IP) conditions (excluding unbalanced triplex and flechette data).   The resultant 
isolated effects are again separately tabulated. 

AMMUNITION-ILLUMINATION-lOSITiON, SQUAD,   AND ORDER RLDl CTION 

The data of Table F41 are first reduced by averaging for each of the 21 
AIP conditions.   The resultant mean hits per run and rounds fired per run are 
given in Table Kl. 

having determined these means, the next step is to reduce the data in- 
dividually for each run by dividing by the corresponding AIP class mean (and 
multiplying by 100 to avoid decimals).   This reduction of Table F41 data yields 
Table K2.   In Table K2 advantage is taken of the reduction 'o array the reduced 
data according to order as well as squad.   An example clarifies the process: 
Consider the hits per run for the first Squad D single-bullet day-sitting run. 
From Table F41 this is 71 hits for Run 36.   As the mean hits per run for the 
pingle-bullet 4iy-sitting runs are 118. the reduced datum is 71/118 * 100, or 
60.  A glance down the column of Table F41 reveals that Run 36 was the sec- 
ond run for Squad D.   Hence in Table K2, 60 is entered in the Squad D column 
and order row 2.   Appendix L in the discussion of Table L2 reveals a few de- 
viations in numbered sequence for uV actual run order.   These deviations are 
included in the preparation of Table K2 
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Table K2 yields the means for each of the squads.   Reduction for squad 
differences is again accomplished by dividing each datum by its squad mean. 
For example, the 60 hits for the second run of Squad D is divided by the Squad 
D mean of 88 (and multiplied by 100) to yield a squad reduced value of 68. 
Table K3 tabulates these squad reduced values. 

FABLE Kl 

MEAN HITS KU HIN MS Hoi NDS FlRCD 
PER RUN BY \IP COMBINATIONS 

Ammunition 
or firing* lb pc Hit* Rounds 

n D s 118 611 

SB D St 101 664 
sn N s 42 798 
n D s 181 564 
D D St 174 668 
D N s 66 706 
T n 1 243 560 
cs i) s 168 682 
cs n St 178 915 
cs N s 29 916 
c\ 0 s 111 1071 

(A D St no 1379 
C.K N s 29 1857 
T48, s o s 136 606 
T48, s n St 1?0 7&4 
T48. s N s 84 819 
T48. \ n S 95 922 
148. \ D St n 1097 
T48. K N s 67 1264 
Fl n St 205 403 

Fl N St 166 435 

"SB is single bullet; D is duplex; T is triplex: CS is 
carbine semiautomatic; C. \ is carbine automatic; T48, S, is 
T48 semiautomatic; T48.  A, is T48 automatic; Fl is flechette. 

bO is dav. N ia night. 
CS ia sitting. St is standing. 

The mean values (combining squads) for each order are listed in Table 
K3.   These mean values can now be compared with order number to yield in- 
formation on the effect of order (learning), independent of squad and AIP dif- 
ferences.   Because of the adequacy of data in the 4x15 block of data in Table 
K3 (for the first 15 runs of the four average squads), the unbalanced data for 
the other 8 runs are ignored in obtaining the means.   These mean data are 
plotted in Figs. Kl and K2.  In addition the regression lines are computed and 
drawn on these figures.   These are ordinary linear regression lines (least- 
square deviation of > on x).   The slopes are measures of the learning rate. 

The final reduction for order is accomplished by taking reduction factors 
from these regression lines for each order.   These reduction factors arc listed 
on the right side of Table K3.   The reduction is again done by dividing each 
datum by Its order reduction factor (* 100).   The resultant completely reduced 
data (for AIJP conditions, squad, aid order) are reproduced in Table K4.   Here 
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TABLE K2 

AIP REIM CEO QATA, HITS PKI Rm AND HOUND« FIRED PI.H \\\ S 

Squad 

Order A B G O E F 

Hit* Rounds Hits Hound» Hit* Round« Hit» Ruumi» Hit. Rounds flits Hounds 

1 77 88 92 79 85 86 68 78 169 143 •6 106 
2 92 87 87 83 93 88 60 73 152 136 86 104 
3 77 83 183 75 111 98 62 70 — — — — 
4 105 108 67 96 108 94 62 109 __ — — — 
5 IIS 107 82 79 92 100 53 48 — — mm — 
6 110 115 91 82 ;07 106 107 90 — — — — 
7 101 95 109 97 110 91 97 93 — — — — 
8 113 118 121 84 45 76 106 107 — — — — 
9 80 111 105 93 104 111 79 116 — — — — 

10 97 168 156 84 96 107 91 103 — — — — 
11 133 135 121 US f)7 82 54 67 — — — — 
12 12: 134 145 133 98 105 79 85 — — — — 
13 116 116 112 94 118 101 111 124 mm mm. mm — 
14 155 125 72 66 76 77 103 116 _   — — 
IS 90 109 100 119 85 95 170 134     — mm 

16 — — — — 98 108 100 96     — — 
17 — — — — 100 100 
18 — — — — 100 100 

Mean 106 113 106 92 95 96 88 94 161 140 86 105 

TABLE K i 

UP AND SQUAD REDUCED DATA. HITS PEH RON AND ROCNDS FIRED PEH RUN 

Squad 
deduction 

t)rder \ 1 (. I) 1 F 
iMM 

factor 

Hit» R4m Hits ids Hit* Hds Hits Hds 
—,.—1 

Hit* Hds Hits Hds Hits Hds Hit* Rds 

1 73 78 87 86 90 90 77 83     105    10: 99     101        82 84* 86 •9 
a m 77 82 90 98 92 68 78       94      97 100       99       84 84« 88 17 
3 -3 73 121 82 117 102 71 — - 97 83 90 8<» 

4 99 96 61 104 114 98 71 116 V 104 92 91 
5 108 95 77 86 97 104 60 51 «6 84 94 93 
6 104 102 86 89 113 111 122 96 1«* 100 96 95 

7 m 84 103 105 116 fS 110 99 106 96 98 98 
8 107 104 114 91 47 79 121 114 Q: 97 100 100 
9 75 98 99 101 110 116 90 in 94 110 102 102 

10 91 149 147 91 101 112 103 no 111 116 104 104 

U 125 120 114 125 92 H 61 71 98 100 106 106 

12 120 119 137 145 103 109 90 90 113 116 108 108 

13 109 103 106 102 124 105 126 132 116 111 no III 
14 146 111 68 72 80 80 117 124 103 97 112 113 
15 85 97 94 130 90 99 193 143 1)4 117 114 115 
16 103 113 114 lu2 116 117 

17 105 104 II« 119 

IS 10-, 104 120 121 

•Metn „f Squad« V H. C. aad I) **J» 
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it is convenient to revert to the original array (by squad as a function of AIP 
conditions). 

Table K4 contains the data for each of the 68 runs sequentially reduced 
for AIP condition, squad, and order.   The order reduction factors in Table K3 
are now an adequate measure of learning, as they were deduced from data from 
which AIP and squad differences were already removed.   The AIP and squad 
(row and column) means are listed in Table K4. 

AMMUNITION-ILLUMINATION -POSITION, SQUAD, 
AND ORDER  EFFECTS 

The final reduction factors are then computed from the products of these 
means with the corresponding means from Tables Kl and K2 (rlOO).   Table K5 
lists all these factors for hits per run II and for rounds fired H.   These factors 
themselves are measures of the relative numbers of hits and rounds fired, as 
independently affected by order, squad, and AIP conditions.   For convenience 
the relative hit probabilities P/,are also listed. 

I ABLE FS 

RELATIVE DATA BY AIP CONDITION, SQUAD, AW> ORDER" 

Ammunition 
or firing I P 11 R I'H Squad II 1 PH Order 11 \\ PH 

BB i) S 118 617 191 \ 1U6 113 94 1 86 u 101 
SU u Si 99 611 162 11 106 115 2 88 H7 101 
SB N s 42 818 SO c 93 91 99 3 90 HQ 101 
D I) s 188 IM 114 1) Sj 93 93 4 92 91 101 
I) i) St 184 m 266 E 185 162 114 5 94 93 101 
1) N s 70 :.v> 93 F 09 123 80 M 101 
T n s 209 187 129 7 98 98 100 
C3 .) s ITS 702 249 8 100 100 100 

u St 167 924 181 9 102 102 100 
cs N 1 o* IIS 10 104 104 100 
c\ 1) s 110 1060 104 11 106 106 100 

CA I) St 102 1J92 73 12 ion 108 100 
CK N s 2R 1213 23 13 110 111 99 
148, s 1) s 141 630 224 14 112 113 99 
T48, s !) St 122 839 145 15 114 115 99 
T4S. 1 N s 81 770 105 1* • 16 111 99 
T48. \ i) s 100 •sj 104 17 111 119 99 
148. \ i) X 76 11H4 18 120 99 

T«8. \ N 1 65 1163 M 
Ft 1) St 182 m 
n N M 144 374 385 

•II in kit«, H is rnaniU. Pff  •• »i» probabilities.   *>•* footnote« to Tab I* K 1  f.* other abbreviation«. 

From the data of Table K5, a number of comparison« are readily made. 
These comparisons are self-explanatory in Tables Kd to KB.   Table K9 is com 
p«ted by simply adding together the appropriate carbine and T48 data.   This is 
justified as the separate ratios are nearly identical.   Tables K10 and Kll com- 
pare the indicated weapons in semiautomaMc fire only. 
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TABLE K6 

COMPARISON OF DUPLEX WITH 

SlNCLE-'iULLFT AMMUNITION- 

I P fi 1 Pfi 

D S 1.59 0.97 1.64 
D St 1.86 1.13 1.64 
N s 1.67 0.90 1.86 

'Sen footnote to Table K5. 

TABLE K8 

COMPARISON OF FLECKETTES WITH 

SINGLE-BULLET AMMUNITION* 

I ii H PH 

1.84 
3.43 

0.58 
0,45 

3.20 
7.70 

"SB sitting, He chatte a »landing.    Also 
sea footnote to Table K5. 

TABLE K7 

COMPARISON or TRIPLEX WITH 

SINGLE -BULLET AMMUNITION* 

II H PH 

1.77 0.79 2.25 

»Sec footnote to Table K5. 

TABLE K9 

COMPARISON OF \UTOMATIC 

WITH SEMAUTOMATK: FIRE* 

1 P H R PH 

D S 0.66 1.51 0.44 
D St 0.62 1.46 G.42 
N s 0.87 1.51 0.58 

•Sea footnote to Table KS. 

'I ABLE RIO 

COMPARISON OF T48 WITH 

Ml IllELE- 

1 P M 1 PH 

0 s 1.19 1.02 1.17 
D St 1.23 1.37 0.89 
N s 1.93 0.92 2.10 

TABLE k 1 1 

COMPARISON OE CARBINE »ITH 

Ml ftiFLE* 

I P H H PH 

0 S 1.48 1.14 1.30 
1) St 1.69 1.51 1.12 
N 0.62 0,97 0.64 

•See footnote to Table ks. •See footnote to Tnbla K5. 
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TABLE K12 

SQUAD AND ORDER REDUCED DATA, HITS PER RUN AND ROUNDS FIRED PLH RUN 
 ___-.   — 

Ammunition 
Day mtli <»* Dav stand "R Night sitting 

or firing* Runs Hits Rounds Runs |   Hits Hounds Runa Hits Hounds 

• 10 118 617 4 99 611 4 42 838 
D 1 188 598 3 184 692 1 70 756 

4 175 702 2 167 924 2 26 815 
CA 4 110 1060 2 102 1392 2 28 1233 
T48, S 4 141 630 2 122 839 2 81 770 
T48, A 4 100 959 2 76 1144 2 65 1163 

Mean 140 716 125 880 52 905 

•See footnote s to Table Kl for abbreviations 

TABLE K13 

IP REDUCED DATA. HITS PV.B RUN AND ROUNDS FIRED PER RUN 

Ammsaition Day sitting Day standing Night sitting Mess 

or firing* 
Hits Hounds Hits Rnsnds Hit» Round« Hit» Roaads 

S.I 84 86 79 69 81 93 82 84 
0 134 n 147 79 134 «3 137 82 
cs 125 98 134 105 50 90 107 98 
CA 79 148 82 158 54 136 74 148 
Tia, s 101 88 98 95 156 85 114 89 
T48, A 71 134 61 135 125 128 82 133 

"See footnote s to Table Kl for abbreviations. 

TARI.F. K14 

COMPLETELY REDUCED DATA. HITS PER RUN 
AND ROUNDS FIRED PXI RUN 

Amiaaaitioa Day sitting Day staading Night sitting 

or firing* Hits Rouada Hit« Roaads Hits      Roaads 

SB 102 102 96 82 99 111 
D 98 101 107 96 98 101 
CS 115 100 123 107 46 92 
CA 107 100 111 107 73 92 
T48. S 89 99 86 107 137 96 
T48. 1 101 74 101 m 9« 

Mean 100 101 100 97 101 100 

feaaaete a In Table Kl far abWaviatioaa 
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AMMUNITION-ILLUMINATION-IOSITION REDUCTION 

It is persistently requested that over-all rough comparisons be deduced 
from unbalanced data such as these salvo data. Therefore, though it is recog- 
nized that such comparisons lump unlike figures, an attempt is made to deduce 
from Table K5 the separate effects of ammunition and the IP combination. The 
procedure is parallel to the reduction procedure already used in this appendix. 
However, the computation is complicated by the weighting of each datum from 
Table K5 by the number of runs on which it is based.   Table K12 shows the data 
and the weighted means by IP combination.   The numbers of runs of each type 
are used as weighting factors to compute the mean values.   Unbalanced triplex 
and flcchette runs *re omitted in this reduction. 

The reduction by the IP combination is done as before, by dividing data 
of each column by the mean.  This process yields Table K13. 

The weighted means for each ammunition are computed and listed. These 
are then the ammunition reduction factors.  Division of each row of Table K13 
data by these facto* s yields the completely reduced data of Taule K14. 

AMMUNITION-ILLUMINATION-POSITION EFFECTS 

The means for each IP combination are computed in Table K14, which, 
together with the means of Table K12, form the ammunition reduction factors. 
These final reduction factors are listed in Table K15. 

TABLE K13 
RELATIVE DATA BY UMUNITIOM mo IP COMBINATION8 

\mmunition 
or firing If R PH I P II R * 

SB 95 671 14.2 D s 140 723 10 
D 191 655 24.3 D St 125 854 15 
CS 124 783 15.8 N 53 905 6 
CA 86 UK) 7.3 
T48. S 132 711 18.6 
T48, * 95 106.3 8.9 

"See footnotes to Tables Kl sad X5 for abbreviation*. 

Tables K16 to K19 list the significant comparisons from Table K15. 
The weapons comparison of Table K18 for the indiscriminate total data 

(all three IP conditions) is incomplete.   More proper comparisons are made 
in Tables K10 and Kll, where the three IP conditions are separated.   The over- 
all superiority of the T48 is seen to stem from its superiority in night fire; the 
day results show the carbine to be clearly superior.   This night superiority is 
directly attributed to the larger peeps lght, which (as noted in App A) permitted 
proper use of the sights with the T48, in contrast with the rough 'pointing* to 
which the troops resorted with the Ml and carbine.   This effect was noted in 
ORO-SP-2,' and a recommendation was made for more complete testing of 
this observed effect. 
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MPAIUSON 

AND NIGH 

TAHJ K16 

or STANDING WITH SITTING 

WITH PAY CONDITIONS* 

Condition« 
compared H 1 r* 

St/S (D) 
N  T) (S) 

0.89 
o.• 

1.18 
1.25 

0.79 
0.12 

•See footnote» to Tablea Kl and K5 for 
ibbreviationa. 

TABLE K17 

COMPARISON OF AUTOMATIC WITH 

SEMIAUTOMATIC PllK* 

Firing 
compared H R             PH 

CA/CS 
T48, S 

T48, A 

UMN 

0.69 

0.72 

0.71 

1.51           0.46 

1.49 0.48 

1.50 0.47 

See footnote« to Tablea kl and Kö for 
ibbreviationa. 

TABLE K18 

COMPARISON OF CARBINE 

V\ü WITH Ml   FÜFLE" 
AND 

TABLE K19 

COMPARISON OF DUPLEX WITH 

SLNGLE-UULLET AMMUNITION8 

Weapon« 
compared H               R n 

Ammunition 
compared H               R              PH 

C/Ml 
T48 Ml 

1.30          1.17 
1.39          1.06 

l.n 
1.31 

IV'SH 1.67          0.98          1.70 

•See footnote« to Tablea Kl and K5 for 
abbreviation«. 

•See footnotea to Tablea Kl and K5 for 
abbreviation« 
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SUMMARY 

This appendix outlines the authority and coordination of the experiment 
design.   The schedule that was settled on is described in detail; it is also com- 
pared with proposed alternative designs.   The detailed test plan (Dec 1955 ver- 
sion) is appended in Annex Ll.  It includes background, test materiel, conditions, 
structure, and a list of requirements for the experiment. 

CHRONOLOGY OF ACTIONS 

On 12 October 1954 ORO received a request from the SALVO Steering 
Committee to "prepare a draft plan of test to affirm or deny the usefulness of 
the SALVO principle and the utility of the development equipment." An outline 
was submitted to the committee on 10 December and was discussed at the com- 
mittee meeting of 25 January 1955.   The committee approved the general out- 
line of the test and advised which weapons might best be included in the exper- 
iment.  ORO agreed to incorporate Into the plan of experiment certain sugges- 
tions from the meeting, and to collaborate with the Ballistic Research Labora- 
tories (BRL) in making further detailed revisions before submitting the plan to 
the Continental Army Command (CONARC) for their approval. 

A first revised plan was submitted to the Committee Chairman and to BRL 
on 25 March.   A second revision to accommodate BRL comments was submitted 
on 30 June.  A third revision to accommodate further BRL comments was com- 
pleted in August.   On 8 August BRL submitted a disapproving criticism of the 
ORO plan, offering two alternative plans.   On instructions from the Committee 
Chairman the ORO plan was submitted to CON ARC for approval on 16 August. 
On 22 September ORO responded in disapproval of BRL plans: 

The BRL plan« are statistically more elegant in potentially reducing the ease of 
analysis and the Mtutt] variance in some of the results,   lne departure from symmetry 
in the ORO schedule is occasioned by recognition «>f «inference« in value of the several 
items of data, in particular, the primary value assigned by our test objective to the 
multiplex firings. 

On 7 October The Infantry School responded:  "It is felt that such a test as 
proposed in ORO Salvo Hit Probability Experiment is somewhat premature.* 

On 21 November BRL resubmttted their formal TtHriam of the OPO teat 
plan with the following recommendation: 

It is very strongly recommended that the following statements ba given careful 
conskJerntion- 

(1) The BRL plan B be the plan used during the conduct of Project Salvo. 
(2) The ORO plan be eliminated an s possible plan for conducting the fast because 

the weekU firing schedule, ss designed. Is ststlatlcslly weak. 
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On 4 January 1956 the SALVO Steering Committee approved ORO's fourth 
revised plan of December 1955 (reproduced as Annex LI) and requested approval 
of the Chief of R&D.  On 30 January the Chief of R&D requested CON ARC to 
support th«  ORO test.   On 3 April CONARC advised ORO: 

Thir   Army has selected the ThirJ Division, Fort Bennlng, Georgia, as the unit to 
uct t'.e SALVO Hit Probability Experiment.   The Third Division has recommenJed 

that the test start 18 June 1956, and will make available personnel and equipment as 
specified in Inclosure 1. 

TEST SCHEDULE 

Table LI compares the requirements of the ORO schedule, first as planned 
and second as run, and the BRL alternative schedules A and B. 

It is clear from examination of Table LI that the recommended Plan B 
(and probably the compromise Plan A U well) of BRL would have been impos- 
sible to execute. The number of runs is more than six times those accomplished 
in the 2-week experiment as run. The 8-run/day schedule took about 12 hr; the 

TABLE LI 

SCHEDULE REQUIRLMENTS 

Parameter ORO plan ORO i an RRI. \ BRL B 

Total run a 120 68 356 424 
Hun a dav 8 R 18 28 
Waapon tvpe üav 1 1 4 5 
leapoaa day 9 10 36 45 
Total weapoaa 36 30 48 60 
MM m 60 177 222 
Oav» 15 9 19 lr> 
Mat <4aya 675 540 1,554 1.86C 
Multiplex ammurition 22.000 12,000 46,000 74.000 
Single ammunition 51,000 29,000 164.000 244.000 
Total ammunition 73,000 41.000 210.000 118.000 
'louml autt/day 400 400 1.000 2.000 

28-run/day schedule would presumably require 42 hr/day.   In addition, five 
times during each day reissue of weapons would have been required. The num- 
ber of test weapons required would have been double, the total ammunition ex- 
pended would have been almost eight times greater, and the number of test 
troops required would have been «Imost four times greater.   The daily firing 
requirement on each man would have been five times greater and probably be- 
yond reasonable endurance. 

The statistical significance of the differences found justifies the amount 
of repetition required in the ORO plan, which was ultimately adopted.   The 
differences among the chief salvo ammunitions have been determined with sta- 
tistical significance that is adequate for practical purposes.   Secondary dif- 
ferences have been estimated with sufficient reliability so that those differences 
which are of practical consequences have been reliably determined.  The lack 
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of reliability on triplex and flechette results reflects the emergency failure to 
achieve more than two incomplete puns with each of these ammunitions. 

When the experiment was finally conducted 6 months after the last formally 
prepared experimental design, further changes were made.   The execution of 
the experiment differed from this design chiefly in two respects:   (a) higher- 
priority activities denied us the terrain for 1 week, reducing the 96 scheduled 
regular runs to 64; (b) the accident with one run of triplex ammunition caused 

TABLE 1.2 

MASTER SCHEDI I E 

r   r,b 
AaaaalMiaa 

• 

ABMMMIWI Aaunaailioa 
R- t*mi or firm*0 

»"-•»Ml Raa Hwd or fi'ia»1 
Proflraai Raa Sajaaa'        of firia«c Pro«raa> 

l>.» 1. Ml T4I Ikjy 1, C«MM 

D     S 1 1 5 1A • R Ik IA 17 B                SA «C 
n   s A 1) IB 10 • * 3B ia B               A 41* 
n    i a N 1A 11 A SA 3A 19 A            s* M 
D     s 4 1 1) IB 12 A A m 20 A                A SB 
1)      s, 1 < 1 M IS H SA 4A 21 H               SA 6A 
D     Si 6 \ D m 14 B A n 33 B               A 6B 
N 7 I S 9A 15 A SA 10A 23 A               SA 12A 
\     - 8 • n 

0.« 4. Ml 
•B H A A 

0a* S. Ml 
10B 24 A                A 

D«r 6. Cavaaaa 
12B 

D     S • A S :A H C I) •A 41 D               A 6A 
[>     S y. A T ?R 34 c S SB 42 D               SA M 
D     5 r H S 7A 15 D D m 41 C                A 6A 
D     S a • T 7B V. D S SB 44 C               SA II 
D     S. n A I •A If e D SB 45 0              A SA 
1)     s« _ — — — M c s r»A 46 D               SA SH 
N      S ii B 1 12A tv ii 1 11A 0 C                A 12A 
•»     ! — — _ _. 40 • s HE it C               SA 12B 

Da» 7. Til Dav 8. Ml Da« 9   r'Wactit aa4 Ml 
D     S • D A 4A If C D 2A 65 E              S 1A 

D     S H r) M 4B M C S 2B 66 E          n IB 
0     S 11 C A 4A 59 r> D 2A 67 r                  S IR 
0     S B c SA 4B M i) S m 61 F              D IB 

0      St M u A M 61 c 0 1A 69 C              H !A 

D     St 'A i) M IB 62 c S IB — —             — — 
•i      s • c A M *3 D 0 MR — —             — — 
N      S V, SA 9R 64 D 1 10B — —             — — 
*     Si TO C              H VA 

•1 la illaauaalHM, D ia <tav   aaa N >• nctii 
•P i« IVIII paailio«. I la »itiia«. *:'. St ia ataaaSaa. 
'S •• Haul« aallata   D ia aa»U. aaaaaaitiaa. T ia trial» MMaftaW, Fl ia flacaattaa. SA m aaauaiaaMlir (**. «aal * ia aa»aaaaiic fira 

deletion of a scheduled six runs of triplex, and replacement of four of these 
runs with extra duplex runs. Also the limitation on available flerhette loads 
permitted only two incomplete runs with this appended ammunition. 

The schedule for the 68 runs accomplished is shown in Table L2. The ma- 
jor change from the originally planned schedule of 96 runs is the deletion of 
the last 4 days.  The other changes include deletion of triplex Runs 30 and 32, 
and substitution of duplex for triplex in Runs 33, 35, 37, and 39.   In addition 
(not shown in Table L2), emergency shifts caused Runs 21 and 22 to be run at 
fhe beginning of Day 4, Runs 23 and 24 to be run at the end of Day 4, and Runs 
45 and 46 to be rim on Day 7, between Runs 54 and 55.   Of th? Q« originally 
scheduled regular runs, 62 were accomplished.   In addition two partial runs 
were appended with flerhette ammunition, and two additional runs each were 
added with Squads E and F, firing single-bullet and duplex ammunition, making 
a total of 68 runs accomplished. 
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Annex LI 

ORO's FOURTH REVISED PLAN FOR  THE SALVO I 
HIT PROBABILITY  EXPERIMENT, DECEMBER 1955 

PURPOSE 

To measure the combat hit probability obtained with currently available salvo rifle 
ammunition ha compared with single-bullet rifle ammunition. 

AUTHORITY 

Minutes of the SALVO Steering Committee Meetings of 28 Sep 54, 25 Jan 55, and 
6 Dec 55." 

BACKGROUND 

The proposal was made in ORO-T 16^* that the large errors typical of combat rifle 
fire might be partly compensated for by a weaoon firing several bullets simultaneously, 
or nearly so. ORO-T-245* suggested a ready means of achieving one variety of such 
salvo fire with two or three tandem bullets fired with a single propellant.   Further re- 
ports by Olin Mathleson Chemical Corp.23 describe the development of salvo ammunition. 
The German report "Die Infanterie Doppelgeschosz," December 1944,4 describes a sim- 
ilar two-bullet tandem round.   Approximation to salvo fire is also regularly accomplished 
by burst fire with automatic weapons. 

MATERIEL 

Three types of rifle fire are planned for this experiment: 
(1) Control (single bullet) 
(2) Duplex (two tandem bullets) 
(3) Burst (automatic bursts of 2 or 3 rounds) 

Two weapons have been selected for this test: * 
(1) Ml rifle (firing single-bullet and duplex rounds) and 
(2) The Gustaf son .22-cal carbine (firing single rounds and automatic bursts). 

CONDITIONS 

The human aiming error is a function piimariiy ol eight target and troop conditions: 
(1) Target size 
(2) Targist range 
(3) Target visibility 
14) Target exposure t     e 
(5) Target movement 
(6( Troop qualification 
(7) Troop firing position 
(8) Troop stress 

Only one of tne elpnt, target range. Is associated with inherent weapon error; the 
othc. factors are exclusively related to the human error. For comprehensiveness It is 
necessary to specify for the experiment several conditions for each of the parameters. 
The values for target size, range, visibility, exposure time, and movement are deter- 
mined by the design of the target system; troop qualification and firing position are de- 
termined by troop selection and test Instructions.   Stress on the troop« will be made as 

*The necesaitv for s second burst-fire »capos hsd bsss fucstiotpd, sad was dcictsd ia tkia versioa, 
thouph th» .2Val TlH hsd rwlier bern «unseated, **t *»•» sctssll'.   aasd. 
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uniform as possible.   Combat-simulating features will be determined with the advtce of 
CONARC, by interrogations of combat experienced personnel, and review of pertinent 
literature. 

Target Size and Shape 
Approximate measurements reveal that a prone target is about 20 by 20 in., a 

kneeling target about 20by 45 in., and s standing target about 20 by 64 in.   It has been 
estimated that U8 troops fire approximately 30 percent prone, 30 percent kneeling, and 
40 percent standing.   These dimensions and proportions will be ascertained by further 
research.   Further account for cover leads to a modified distribution of exposed target 
area—perhaps 60 percent prone, 20 percent kneeling, 20 percent standing,  if it is as- 
sumed that the enemy man-targets are presented in the same proportions, the tent would 
accordingly use 12 20- by 20-in., 4 20- by 45-in., and 4 20- by 54 in. targets, rectangu- 
lar or oval, with the bottom edge about at ground level.   Actual dimensions remain to be 
plotted. 

Targe'. Range 
The targets will be distributed over the entire effective combat range for rifles. 

The boundaries tor the area for the target range will be determined by a consensus of 
combat experience.   The distribution of targets within this area will likewise be deter- 
mined from combat experience.  The frequency distribution for range may approximate 
the form shown in Fig. LI. 

200 300 400 
RA.NGE,  YD 

Fig. LI— Target Rang« Distribution 

The actual placement of the targets that must be concealed depends on the existence 
of suitable cover or suitable locations for construction of appropriate cover.  Tae visible 
targets may be distributed to approximate the combat range frequency without this re- 
striction.  In no case will the actual placement be at obvious ranges (such as even hun- 
dred of yards). 

Target Visibility 
In addition to the Inherent visibility differences between the two type« of target* 

(concealed and visible) it will be desirable to hare sorae of th« targets partly obecurvd 
by camouflage or terrain.   Agdn combat expert«* w will be used to determine the occur - 
•nee of such vlsib(llt> obscurations.  Experiments will be run both in clear daylight and 
at night, the latter with controlled illumination equivalent to moderate!? bright moonlight. 
HumRP.O will be consulted for further advice on night fighting and illumination. 
targets will be Indicated by rifle fire from the target. 
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Target Exposure Time 
The exposure times for the visible targets will be deduced from combat experience 

in a form as shown in Pig. L2. 
The concealed targets are also to remain erect for a finite period, e- -ich as 15 sec.  All 

targets are capable of appearance or disappearance within Vj sec, and can be made to re- 
main exposed for any »umber of seconds desired. Both concealed and unconcealed targets 
can be automatically programed for exact reproducibility of target appearance or indica- 
tion.   The entire program for appearance of all targets will be fixed in advance of the 
field runs, and the system activated by a single electrical switch.   Times of visible target 
appearances and disappearances and concealed-target rifle fire indications are all re- 
corded automatically on a moving tape.  So far as possible, target size and range will be 
made to correspond with exposure time according  o combat experience. 

4 6 8 10 
EXPOSURE   TIME,   SEC 

1? 

Fig. L2—Torget Exposure Distribution 

Target Movement 
An attempt will be made to include at least one laterally moving target in the target 

system.   The speed of movement, range, size, and exposure time will be determined in 
consultation with CONARC experts.  Technical difficulties (concealment of tracks, expense, 
etc.) prohibit the employment of many moving targets. 

Troop Qualification 
Troop qualification vnu be determined in actual proportions of combat riflemen in 

each of the categories:   expert, sharpshooter, marksman, and nonqualified.   The propor- 
tions for the 'typical" squads of 10 men might be:   1 expert, 3 sharpshooters, 5 marks- 
men, 1 bolo.   Pr« limlnary special qualification firings may be used to confirm paper qual- 
ifications.  To determine analytically the salvo hit probability difference as a function of 
troop qualification, runs will also be made with two apeclal squads (experts and boloe). 

Firing Position 

A preliminary consideration suggests that accuracy extremes In firing may be ap- 
proximated by two positions:   prone with rifle supper* and standing without rifle support. 
Results from other firing positions may be estimated by interpolation between these ex- 
treme«.   Typical squads will fire from both positions.   All firing will be from the shoul- 
der (no hip firing). 

Stress on Troops 

Various combat simulations will be used, such aa recorded battle noise and such 
smoke aad exploaions aa will not directly affect physical conditions for target Identifica- 
tion.   Efforta will be made to assure that environmental condition« throughout the exper- 
iment are equivalent.   Extremes of rain, for example, «rill be avoided. 
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STRUCTURE 

Machine-Rest Firings 

Fundamental Information on the accuracy and dispersion of the weapons Independent 
of aiming error has already been gat'»ered,   Further information as needed may be ob- 
tained from machine-rest firings,   r'or this purpose it is desirable to vary only the range; 
firings may be conducted under conditions of negligible wind against fixed targets at known 
ranges, capable of recording all shots.   For each of the weapons and ammunition loads this 
experiment should record a distribution of errors about the center of impact that is inher- 
ent in the weapon and ammunition exclusive of the human aiming error.  The detailed de- 
sign and conduct of these machine-rest firings are to be supervised by Ballistic Research 
Laboratories. 

Incidental to this test, calibration of the target-hit-time apparatus has been accom- 
plished.   For analysis of the experimental data it is necessary to make accurate measure- 
ment öf the time between bullet strikes from duplex rounds as well ae automatic fire on 
targets at several ranges.  Time-interval-vs-range curves will be deduced for the multi- 
plex loadb.  This measurement will be accomplished by attaching a sensing device to each 
target.  When the target Is struck by a bullet, the sensing device sends an electrical pulse 
to the recorder.  The pulse is manifested as a spark hole In a moving tape.    The com- 
bined resolution of the sensing device and recorder is better than 1 msec. 

Zeroing and Familiarization 

All rifles will be combat zeroed a» a predetermined range (such as 200 yd) every 
firing session (half-day sessions).   Each man will zero his own weapon firing about ton 
times, and have his hits identified progressively.   Each man will be issued his weapons 
and ammunition some time before the experiment to assure his complete familiarization 
with the functioning of those weapons and the ammunition.  Familiarization will include 
observation of the buliot Jrnn vs range characteristics of each weapon-ammunition com- 
bination; it will also then include instruction .and practice in allowing for such a drop by 
a "Kentucky windage" procedure. 

Target System 

The system will consist of about 20 targets:   probably 10 visible and 10 concealed, 
with 1 moving.   Ail the targets are electrically controlled, spring powerea, automatic 
appearing-disappearing.   The concealed targets are Indicated by electrically controlled 
rifle fire. 

The visible targets can be placed an> where on a typical range, requiring a minimum 
of concealment preparation.   The concealed targets require placement behind natural or 
other cover.  The target appearance and disappearance is accomplished by electrical con- 
trol from behind the firing line.  The targets operate by electrically controlled spring re- 
leases, such devices being readily installed with a minimum of field preparation, requir- 
ing no pits to protect operators or to hide the target mechanisms.   They can easily be 
placed on the field at new positions each day to prevent disclosing the positions to the 
riflemen. 

All targets lie »uplne on the ground ami out ot sight until activated, at which time 
they pop up to a vertical position.   The spring mechanism is adequately powerful to com- 
plete movement of the target in about V4 sec even In a strong wind.   A second electrical 
signal releases the spring again to continue the target motion to a prone position, again 
out of sight. 

Electrically fired Ml rifles are placed directly In front of each concealed target to 
simulate enemy rifle fire. The rifle Is ilred by an electric solenoid attached to the trig- 
ger. It is firmly »uppotted on the terrain, and Ares blanks or live re inds into pits some 
20 yd ahead. If live the fire is directed 10 deg or so from the end of the firing line. The 
rifle is sandbagged, with only the t!p of the muscle showing. Probably «as laterally mov- 
ing target will be Incorporated in the experiment. ORO has a moving -target prototype 
that will be modified to a suitable form. This target is electrically driven and can be 
OOfJtr<»!IM from tH* automatic programmer. 

Control wires 'or all 20 targets lead to tae control station Just benlad tat firing 
Use.   The vulnerable lengths (within 20 yd of a target) are burled; tat remaining l< 
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are laid on the op«»n ground.   The control station Includes a programing board for individ- 
ually controlling each of the 20 targets.   The circuits are arranged so that any number of 
seconds may be tapped off the programing board by plugging in appropriate jacks.   It is 
possible to cause any one of the targets to remain erect for any number of seconds and 
to cause the next target to appear any number of seconds 'ater. 

Thus the entire operation is automatic.   It is necessary only to preselect the dura- 
tions of visible appearance, the intervals between target appearances, and the target- 
appearance order.  One run takes 5 mia, utilizing the full range of the 300-position pro- 
grammer with i-sec Intervals. 

h 300 YD 

• 

40 YD 

Fig. L3—Representative Target Range 

V, visible; C, concealed; M, moving. 

A group of 10 riflemen is spaced with 5 yd between men on a firing line, covering 
a front of 300 yd (see Fig. L3).  Since this complete system has not yet been field-tested 
it is necessary to schedule s preliminary range test.  When the complete system is ready, 
it will be necessary to provide a suitable firing range and a few troops with rifles for a 
preliminary test. 

Range Firings 
The variations in the four firing conditions already discussed are: 

(a)  Squads (3): 1. Typical mixed 
2. Experts 
3. Bo los 

(b)  Weapons (4): 

304 

1. Ml single bullet 
2. Ml duplex 
3. .22 Carbine - single round 
4. .22 Carbine - automatic 
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(c) Position (2):    I.   Prone 
2.   Standing 

(d) Illumination (2):   1.  Day 
2.   Night 

A four-dimensional array would yield 3x4x2x2-48 combined conditions.   An 
unsophisticated experimental design to test each of these conditions would euaer be im- 
practically lengthy or yield only a single measurement for each condition.   To obtain the 
measures required for statistical reliability it 1B necessary either to increase the total 
schedule (by an «stlmated minimum factor of 3) or to eliminate certain conditions in or- 
der to duplicate others of more basic significance.   For practical reasons the second al- 
ternative is chosen.  A systematic design permita approximation of the missing measures 
by analytical means, at the same time assuring reliable measurement of salvo hit capa- 
bilities in the most basic conditions in a reasonable schedule. 

Tables L3 and L4 show the schedule. 

TABLE L3 

DAILY SCHEIXJI E or FIRING HY S^IADS- 

Day Niafct 

Prone Standing Prone Standing 

A, B, C, D. E               A ß                     C 

•Qualification:   A, typical 1: R. typical 2; C, tynical 3; 
D, bolo; and E, expert. 

TABLE L4 

SCHEDULE OF FIRING BY WEAPONS* 

D-y Week 1 Weak 2 Week 3 

Moa 1 3 2 
Taaa 2 4 1 
Wed 3 1 4 
Tkara 4 2 3 
Fri Bad- weather allowance 

•Weapon:   1. Ml eiajrle ballet; 2. Ml daplax: 3, 
.22 carbine eia«I<» roaad; and 4. .22 carbine automatic. 

The schedule calls for 32 runs per week—24 day and 8 night runs.  In the 3 weeks 
it la aeen that nine measures will obtain for each prone-typical-squad day firing. Three 
meaaurea will obtain for each of the following:   prone-typical-squad night firing, standing - 
typical-squad day firing, standing-typical-squad night firing, prone-expert-squad day fir- 
ing, prone-bolo-squad day firing. 

The total is 96 measures from 96 runs—48 single-bullet, 24 duplex, and 24 burat 
measures. The arrangement of the schedule is such as to correct for the effects of ex- 
traneous parameters auch aa weather, learning, fatigue, etc.  Several "equivalent" but 
nonidenttcal programs of target appearance will be employed (both order and exposure 
times varied) to minim!?» target-learning eff-"ts. 

If each man gets off an average of 2 trigger pulls per target with an average of 1 
bullets per triggei pull, then for 10 men firing at 20 targets, there should be (2 * 2x 20 x 10) 
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about 800 bullet« fired for each run.  If the hit ratio is only 1 per 8 bullets fired, a total 
of about (800/8) 100 hits can be expected, or 5 hits per target average, or 15 hits per tar- 
get with 3 repetitions.  Such numbers of hits are adequate for discriminating between 
scores made in the different types of fire. 

Ammunition issue for each run Mill be r.ilimited.   The useful ammunition expend!- , 
ture will be limited only by the exposure time and visibility of the targets.   The number 
of rounds fired by each man will be recorded for each run. 

Malfunctions of any weapons will be recorded Immediately without interrupting the 
test. The nature of the maliuaction will be recorded, together with the number oi rounds 
fired before stoppage and the qualification and position of the firer. 

Ammunition Loads 
Ammunition loads will be 8-round clips for the Ml.   For direct comparability, it is 

essential that the single-bullet and the duplex caliber .30-06 ammunition be packaged in 
nearly identical 8-roimd clips. 

The Gustafson carbire will load from its 15-round magazine.   For control purposes 
it will not employ its bipod, and will be modified to fire semiautomatically only for the 
single-round control runs. 

Data Recording 
Data will be recorded from several sources.  The program of target appearances 

for each run will be recorded beforehand.   Each target face will be identified, and the 
paper target faces recovered after each run for subsequent analysis of hits.   In addition 
each target is equipped with an electrical sensing device, which sends a pulse to an auto- 
matic continuous recorder when the target Is struck by a bullet.   The sensing device and 
recorder are capable of resolving approximately 1 kc—or separately recording hits as 
close as 1 msec. 

The automatic fire hits will be discernible by the cyclic rate (approximately 100 
msec).  Duplex hits will be discernible by pulses separated by the exact time determined 
by the target distance and muzzle-velocity difference between bullets from the same 
round.   The time between bullet strikes for duplex bullets is first determined as a func- * 
tion of range, as described previously.  It is thus possible to recognize multiple hits from 
a single trigger pull.  With a muzzle-velocity difference of 250 ft/sec the time between 
duplex strikes on the nearest likely target at 100 ft is about 3 msec.   At 500 yd this time 
interval is about 50 msec. 

REQUIREMENTS 

Weapons 
10 Ml caliber .30 rifles (modified to accept single-bullet and duplex rounds from 

8-round clips). 
10 Gustafson caliber .22 carbines (modified to fire semiautomatic as well as 

automatic). 

For avoidance of delay in the event of serious malfunction, it is desrtable that the 
supply of teat weapons be 12 of each type (two spares for each), a total of 24 weapons. 
All weapons should be of equivalent newness.   In addition, some 10 or 15 unmodified Ml 
rifles will be required as part of the target system. 

Ammunition 

The zero firings previously described are called for each of the 24 half-day ses- 
sions. Using the specified weapons, for 10 trigger pulls per zeroing, the requirement« 
(assuming an average of 2VS rounds per automatic burst) are as shown in Table L5 

Ammunition expenditure for the range firings may be deduced by estimating 2 trig' 
ger pulls per man per target.   For 96 runs with 20 targets and 10 men, this is 2 * 9€ * 
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23 x 10 • 38,400 trigger pulls, or some 80,000 rounds.   The requirements are liatnl in 
Table L6.   The concealed target Indicators will fire another 10 x 96 • 960, or about 1000 
rounds of .30-06 single bullets, not included in the test or zero firing. 

Combining the loads from Tables L5 and L6 gives a grand toul of estimated am- 
munition requirement of roughly 70,000 rounds, including «bout 12,000 rounds of duplex 
(see Table L7). 

TABLE L5 

ZERO-FIRING AMMUNITION REQUIREMENTS 

Ammunition 
Weapon or fine* Round. Lea* 

.30-06 Ml Single ballet 10 x 240 -   2,400 300 8-round clip« 
Duplex 10 x 240 -   2,400 300 8-round clip« 

22 Guataf.on Semiautomatic 10 * 240 -   2,400 560 15-round tnueazinee 
Automatic 10 x 600 -   6,000 

Total 13,200 

TABLE L6 

TEST-FIR INC AMMUNITION REQUIREMENTS 

Weapon 

Ammunition 

or fir i Dg R, 
Round* (100 trigger 

puli» par run) Loads 

.30-06 Ml 

.22 Goatafaon 

Total 

Single ballet 
Duple« 
Semiautomatic 
Automatic 

24 
24 
24 
24 

96 

9,600 
9.600 
9.600 

24,000 

52,800 

1200 8-round clipa 
1200 8-round clipa 
2240 15-round nwjrazinea 

TABLE L7 

TOTAL AMMUNITION REQUIREMENTS 

Ammunition Round« Load. 

.30-06 

.22 Gustaf eon 

.30-06 Duplex 

Tot.1 

13,000 
42,000 
12,000 

66.000 

1625» 8-round clipa 
2800 1.Wound magazine. 
1500 8-rouad clipa 

Target Range 
The target range needed for this test la sketched in Fig. L4; it is a range area of 

about 300 by 500 yd, with safety provisions for a wide angle of fire.   It la desirable to 
permit firing at targeta as close as about 30 yd, with a lateral diaplacement of the firers 
by aa much aa CO yd.  The ground should be typical battleground—more than enough veg- 
etation to conceal targets so that just any buah does not become too likely a target location. 
The safety zone la deduced by limiting the area for target positions to beyond tha line 
TTTin F g. L4.  The flrara are restricted to within tho segment SS.   Tha minimum angle 
of fire from tha firing line la Just arcUngert 100/200" 27 deg. 

These dimenatooa are suggested as a likely compromise between research needs 
and safety requirements.  The over-all dimensions in particular are approximate rather 
than stringent. 
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The power requirement for the target system Is mode.t:   115 volts AC, drawing 
less than 1 kw maximum.  The power requirements for the artificial lights and tape 
players for battle noise are also modest:   115 volts AC, drawing probably less than 5 kw 
steady.   Illumination-measuring equipment as well as the lights themselves will be re- 
quired for the night tests. 

Although UHO will supply the target mechanisms, about 2000 pasteboard targets 
(96 x 20 " 1920) will be required, mounted on suitable stakes. 

3oo ro 

Q 

Toro+t or ma 

[*- 100 YO -4*" 100 YD -4»~ 100 YD -*| 

Fig. L4—Rang« Dimensions 

Time 

There will be 72 day runs and 24 night runs.   The actuil runs will take about 5 mln 
each.   The preparation between runs (ammunition issue, zeroing, target preparation, pro- 
graming, illumination) will doubtless take much longer.   If an average of 25 mln prepar- 
ation per run and 1 hr preparation per session is estimated, about 48 hr will be spent on 
12 day sessions, and 24 hr on 12 night sessions.  It should then be possible, with proper 
preliminary preparation, to perform the entire test in 3 week«. 

Person—I 

In Table L2 It is seen that tl>e firings may be reasonably accomplished with the use 
of 15 selected squads, 5 each week. 

The typical mixed squads will be composed of predetermined qualifiers, such as 
or« expert, five sharpshooters, three marksmen, and one nonqualified    These jquads 
will be relieved of other duties for their respective weeks and will be available full tüne 
for this experiment. Including nights.   The expert and bolo squads will be ininsjnssil of 
qualified experts and unqualified shooters respectively.   Thee* squads will be relieved 
of most other duties for »heir i ssfsoths weeks and will be available part time for this 
expert i 
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Lummary of Requirements 

Weapons: 

12 Ml rifles (chambers reamed to accept duplex rounds) 
12 Ml rifles (unmodified) 
12 Gustafson caliber .22 carbines 

Ammunition (50 percent overallowance): 

20,000 rounds caliber .30-06 in 3-round clips 
63,000 rounds caliber .22 Gustafson in 15-round magazines 
18,000 ru.ino» caliber .30-06 duplex in 8-round clips 

Range: 

About 300 by 500 yd with provision for wide angle of fire; terrain with small rises 
and adequate vegetation lo provide some potential individual concealment. 

Personnel: 

600 man-days:   3 sets of 50 men for 4 days each.   These men must be preselected 
with regard to markmanship qualifications.   It is anticipated that satisfactory sets 
of 50 can be selected from random groups of 60 or 70, including standby replace- 
ments (almost 48).  The men must be free for night firing, as well as day.   Project 
officers will of course also be required. 

Time: 

12 days and 12 nights—barring extraordinary weather, it will take 3 weeks. 

Target systerrr. 

A!-«.t T..J nit-reror^lnjr non-tin target« and automatic programmer and hit recorder 
(all designed and probably supplied by ORO); a 115-volt AC 5-kw power line on the 
rang*»- HlnmlnaHnn equipment (to he determined with CON ARC and HumRRO); about 
2000 pasteboard targets (to be specified). 
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Appendix M 

HIT PHEDICTIONS 

SUMMARY 

SINGLE BULLET HIT PREDICTION 

COMBAT ZERO 

DUPLEX AMMUNITION HIT PREDICTIONS 

TRIPLEX AND FLECHETTE  AMMUNITION HIT PREDICTIONS 

PREDICTIONS COMPARED WITH ACTUAL RESULTS 

STATISTICAL RELIABILITY 

FIGIHHS 
MI- 
NI 
M2. 
M3 
M4 
M5 
M6. 
M7 
M6 

M9 

MIO 

Mil 

M12 

MH 
MU 

M5. BULLET DROP AS A ^UNCTION or RANGE FOR FIVE AMMUNITIONS 

30-CAL SINGLE-BULLET M2 AMMUNITION 

30-CAL DUPLEX AMMUNITION 

30-CAL TRIPLEX AMMUNITION 
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FOR SEVERAL TARCET SIZES 

DUPLEX AMMUNITION GAIN IN CASUALTIES AS A FUNCTION OF TARCET SIZE 

FOR SEVERAL ABBNC ERRORS 

DUPLEX AMMUNITION GAIN IN CASUALTIES AS A FUNCTION OF SPREAD FOR 

VARIOUS IXTRALITID 

GEOMETRY or RANDOM TBRPIRMON HTS 

DMT1RR1 GAUBBAN TARGET 
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313 

318 

322 

332 

338 
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318 
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319 
320 
320 
322 
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330 

331 

332 
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SUMMARY 

In order to determine sensibly the requirements for an experimental de- 
sign it is necessary to predict the results of the experiment.  Without some fore- 
knowledge of the magnitude of differences to be expected, it is not possible to 
specify some minimum number of measurements required to achieve accept- 
able reliability.  Clearly only rough estimates are possible, or else the exper- 
iment itself is quite unnecessary. 

In this appendix single-bullet predictions art made for rounds fired and 
hits scored on both day and night target systems.   These values compare reas- 
onably well with experimental results. 

An optimum zero setting is deduced, which minimizes total bullet drop for 
all targets of the day system.   The setting is a 165-yd zero for all ammunition.. 

The controlled duplex pattern is analyzed theoretically to yield hit predic- 
tions as a function of both aiming error and target size. These general results 
are applied to the experimental target system. 

The random-dispersion triplex and flechette loads are also examined the- 
oretically to yield casualties as a function of dispersion.   These results are ex- 
trapolated to hits for the given ammunition dispersions. 

The resultant predictions of hits and rounds fired for all test ammunitions 
are tabularly compared with the experimental results.   Finally the predicted 
standard deviations are computed to j'istify the statistical reliability of the ex- 
perimental design. 

SINGLE-BULLET HIT PREDICTION 

In order to predict the outcome of the experiment the results of an earlier 
accuracy experiment were applied to the detailed experimental target system 
plan for the SALVO I experiment.18 

In this experiment aiming error was determined for rifles under test con- 
ditions for varying times of target exposure.  The average errors var ed from 
3 mils with 8 sec to aim to 20 mils with only 1-sec aiming time.    Thene are 
radial errors expressed in angular measure.  The averages used are the root- 
mean-square values.  This root-mean-square radial error is identic a  with the 
radial standard deviation    It is larger by a factor of -fl than the comrionly used 
linear standard deviation; it is slightly larger (by 13 percent) than the mean 
radius. 

This accuracy experiment revealed that the shortest time in which an aver- 
age man can get a sight picture is about 2 sec.  The test further revealed that 
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for the initial round at a newly signted target, 31/» sec is optimum (more rapid 
fire reduces accuracy, and slower fire reduces rate, so that the hits per unit 
time are decreased).   Therefore the basic rate of fire was taken to be about 3 
rounds per 10 sec, and the corresponding aiming error was taken to be 4 mils. 
Actually the preliminary experiment predicted 5 mils with standing fire for this 
exposure time, but it was felt that the sitting position of the SALVO I experiment 
would enhance accuracy. 

The rate of fire and measure of aiming error next had to be refined for 
critical target characteristics.   This was done by simple judgment according 
to the following rationale:   the number of rounds fired at a target during the 
day was thought tc be reduced by about 2 rounds for lightly camouflaged tar- 
gets and 5 rounds for heavily camouflaged targets, as compared with uncon- 
cealed targets. This leads to the following expression for the number of rounds 
fired at a given day target: 

M « (tt/8)<J - 1) - 2Ü.C) - «MC) (Ml) 

where     i - the number of seconds of target exposure 
-1 = tie initial firing delay, in seconds 

[LC) = 'ight concealment 
1HC) = heavy concealment 

If the target is in (LC) or (HC) classification, that term in Eq.Ml becomes unity; 
otherwise the term is zero.   The aiming error must also be modified to account 
for concealment and movement (M).  The expression used for the radial stand- 
ard deviation a is 

a -4.0 +<r/SMLC) • 2r(HC) + 2f(M) (M2) 

where T = target radius, in mils. 
The rationale here is that a lightly concealed target is likely to be missed 

by an additional quarter target width, and a heavily concealed target by a full 
target width.   Similarly a laterally moving target M is likely tc incur an addi- 
tional error of a full target width.   Using these two equations it became pos- 
sible to predict the number of rounds fired N and number of hits scored H on 
the 22 targets of the day target system.   The results of the«? calculations are 
presented in Table Ml.   The hit probability is simply computed from the 
expression: 

p-l-.ipl-ir a)*| (M3) 

The target size I was deduced from the known size of the  E or F silhou- 
ette target and the range. The F target has an area of 328 sq in., or an equivalent- 
circle radius of 10.2 in. The E target has an area of 653 sq in., or an equivalent- 
circle radius of 14.5 in. The hit prooabillty on elements of area on the extreme 
corners of these Irregular targets is somewhat less than would be the cast for 
a circular target    By actual measurement on the silhouette targets, for an as- 
sumed average error of 5.4 mils, the equivalent circuar targets were found to 
have radii of 9.9 and 14.0 in.   These were the values used as radii of circular 
targets equivalent to »he silhouettes in computing 

The predictions for ti*e night target system wert made in a similar fashion. 
Is tMs case the initial firing delay was increased by as additions 1 20/3 sec to 
account lor Increased difficulty m acquiring the target.   On the other hand, tins 
20/3-eec Increase was erased with those targets Indicated by blank rifle fire 
It is Judged mat the flash would approximately compensate for the darkness 
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Certainly the basic aiming error at night is larger than th* day valup of 4 mils; 
an arbitrary judgment provided an estimate of a 5-mil basic error. It was as- 
sumed that the additional error incurred by light concealment was a half target 
width rather than the quarter target width assumed for tiie day system. It was 
further assumed that the existence of blank rifle fire at a target reduces the 
aiming error by a quarter target width.   Finally, it was assumed that under 

TABLE Ml 

fKEDicTED DAY TAUCH HITS 

Target HaHial Hit 

Tarnet     Hange, Target Target aize. Fjxpnaure Round* error, probability. 

no. vd characteristic« • ilhf.aette mil» time, aec fire.l mila Hits % 

5 74 f« Fb 1.1 4.5 12 4.0 5.9 49.1 

7 77 f. HC« F 3.2 IS 42 11.3 1.2 ".7 

9 K — F* 1.9 4.5 12 4.0 7.4 61.3 

10 89 f, HC h 2.7 15 12 9.4 3.8 7.9 

ia 111 f. LC« F 2 2 19.5 80 8.4 4.0 6.6 

14 127 f, \r. F 1.9 9 25 5.0 1.4 11.5 

is 139 — F 1.7 4.S 12 4 0 2.0 16.6 

16 152 \<f E 2.2 9 27 8.4 LI 6.5 

18 162 M E 1.1 6 17 H  1 1.0 8.1 

19 164 M K 2.0 15 4' 8.1 2.8 5.9 

JO 165 LC E 2.0 11.5 100 5.0 14.8 14.8 

21 169   E 2.0 1 7 4.0 1.5 22.1 

22 176 f.LC ^ 1.9 4.5 10 5.0 1.4 13.5 

24 216 LC F 1.1 4 10 4.6 O.f, 

25 218 LC F 11 9 M 4.6 1.4 5.6 

28 245 f E 1.4 8 17 4.0 2.0 11.5 

20 »9 ( r 1.1 10.5 12 4.0 12 10.0 

10 267   E 1.1 1 7 4.0 10.O 

n M9 f. HC F 0.9 25.5 77 5.8 1.8 
12 114 f F 0.7 7 5 4.0 0 7 1 1 

n 116 — h 0.7 \ 7 4.0 0.2 

14 139 f. LC F 0.7 21 4.4 1.6 

Total 4174 111 

1HC. 

3M 

12K 

IOC 
211 873 

Mean I'M) 1.1 10.5 11 5.6 2.9 

•Blank fire dl«f«e 

Knall l.iarnt coacealmen 
cHeavt coaccaliweit 

conditions of low illumination the outline is vague, even when located, to the 
extent of an additional half target width. These considerations lead to modi- 
fied expressions for the number of rounds fired and the aiming error, as in- 
dicated ia »o». M4 and 115. 

> .no Mb - i • am - *i O- WH M4 

i - s.o . r • (MS) 

The pmrenthetical 

ORO-T-STt 

are defined in tlM fo> to Table Ml 
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Application of these expressions to the information on the 22 targets of 
the night system yielded the rounds fired and hits scored at night, which are 
presented in Table M2. 

It is of interest to note from the totals of Tables Ml and M2 what some of 
the average values are.  The most meaningful measure of hit probability is 
probably the integrated value, taken from the total numbers of hits and rounds 
fired.   These numbers yield a predicted hit probability of 9.6 percent during 

TABLE M2 
PREDICTED NICHT TARGET HITS 

Target Radial Hit 
Target *lange. Target Target tiie. F.xposnre Hounds error. probability. 

no yd characteristics silhouette mils time, sec fired mils Hits * 

1 S3 f, HC F 1 7 28.5 ^ 16.7 6.6 7.6 
2 6a V 5.3 3 0 10.3 0.0 23.3 
1 65 V 5.1 7.5 15 10.1 3.4 22.5 
4 67 r,nc \ i.6 12 82 14.0 2.0 6.4 
t» 76 f. HC V 4.4 4.5 12 7.2 3.7 31.2 
8 7H f. uc V S.l 19.5 SS 12.7 3.2 5.8 

11 90 1 F 2.7 4.5 11 16.3 0.3 2.7 
U 91 F 2.7 9 18 10.4 1.2 6.S 
13 111 f. HC r 2.2 19.5 60 8.3 4.1 6.8 
14 127 f 1 1.9 9 25 7.9 1.4 5.6 
IS 139 V 1.7 4.5 s 6.7 0.3 6.2 
16 152 M E 2.2 10.5 2S 11.6 0.9 3.5 
17 161 t r 2.1 3 7 6.0 0.8 U.5 
18 162 M E 2.1 h 10 11.3 0.3 3.4 
19 164 M V. 2.0 18 50 11.0 1.7 1.3 
so \C 2.0 34.5 10-« 90 49 4.a 

21 169 r. 2.0 1.5 s 7.0 0.4 7.9 
22 176 f. 1 ( y 1.9 y 2S 7.9 1.4 54 
21 200 F 1.2 i 0 6.2 0.0 %A 

u 221 f r l.l 7.5 22 5.5 0.9 3.9 
17 22.1 f. IX F 1.1 21 ftS 6.6 1.8 2.8 
u 218 LC r l.l lr. 18 7.2 0.9 2.3 

Tot.l 2979 1 Iff 

«LC 

3M 

12F 
10F 

253.5 671 40.2 

Vfc.n 135 2.6 11.« 31 9.5 1.8 

the day and 6.0 percent at night.   It is also Interesting to note that the predic- 
tion of total rounds fired is essentially the same day and night (C75 and 671). 
The prediction was 65 hits out of 675 rounds fired in day-sitting control 'single- 
bullet) fire.  It was gratifying, and quite surprising, when the first preliminary 
single-bullet run resulted in 74 hits out of 669 rounds fired   The later test data 
proved a somewhat higher hit probability, averaged from the 6 regular single- 
bullet day-sitting runs.   The night prediction from Table M2 was 40 hits out of 
671 rounds fired.   The average result from 4 test runs turned out to he 42 hits 
out of 834 rounds fired.   These comparisons are listed in Table MS. 

It should he noted that the night target system is generally composed of 
r-appearing and closer targets than the day system, in accord with nor- 

91« ORO-T-3/s 
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mal combat practice.  A linear mean target distance of 190 yd is reduced to 
135 yd ai night.  It is of further interest to note what the predicted effective 
range might be.   An effective range may be defined by describing «.he following 
calculation:  the figures in the "Range* and "Rounds Fired" columns of Tables 
Ml and M2 are multiplied together for each of the targets.   The products are 
totaled, and this total is divided by the total number of "Rounds Fireo" alone. 
The resulting figures represent average ranges, which were weighted by pre- 
dicted fire.   This can then be interpreted as the average hitting «ange.   This 
calculation was performed, and yielded 191 yd for the day system and 135 yd 
for the night system. 

• 

- 

TABLE M3 

COMPARISON OF PREDICTIONS WITH 
RESULTS FOR SITTINC SINGLE-BILLET RUMS 

Ran 
Prediction Result 

Hiu Rounds Hits Rounds 

Day            65 
Night         40 

675             114            577 
671              42           834 

PREDICTED A> 

TABLE M4 

/ERACE FIRING CONDITIONS 

Run 
H «n m*        V.% poa are 

yd                aec 
Rounds                   '.lit prob- 

fired       Hit«     ability. % 
a, error, 

mils 

Day 191              10.5 
135             11.5 

3.1        0.29         9.6 
3.1       0.18        6.0 

4.0 
7.4 

The average error is also of interest.  Simple linear means of the radial 
errors are shown at the bottom of Tables Ml and M2.   The values are 5.6 mils 
for the day and 9.5 mils for night systems.  This linear mean is a rather un- 
sophisticated way of averaging the error; a possibly better method would be 
based on the integrated hit probability. This calls for the use of some sort ot 
average target size.  The linear mean target sizes from Tables Ml and M2 
were used.  These values are 1.8 mils for the day system and 2.6 mils for the 
night system.   The simple relation for a symmetrically normal error on a 
circular target is described by Eq. M6: 

a - 77/Tad - ?) (M6) 

where P Is hit probability.   Equation M6 yields radial standard deviations a of 
5 7 mils for the day system and 10.4 mils (or the night system. It is noted that 
these two values are in reasonable agreement with th« linear means 

The errors in Table M4 were converted from radial to linear standard 
deviations, simply by dividing by vT.   The errors art presorted this way for 
convenience, since the linear standard deviation a is In more common usaae. 

ORO-T-37i 317 
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COMBAT ZERO 

Having predicted hits on the target system, it becomes possible to com- 
pute a zero setting for test weapons that will produce a high net hit probability. 
Of the several possible schemes for defining and computing the combat zero, 
the following procedure was adopted:   First, the ballistic path of all test am- 
munitions was determined (with the exception of the flechette ammunition). The 

200 
RANGE,  YD 

Fig. Ml—Bullet Drop as a Function of Rang« for the . 30-cH 

Single-Bullet M2 Ammunition 

Tho number to the left of the hyphen on :ho vortical !..-.•! indicate» 
rang«, the number to th« right indicates hit« (toe Table M5). 

arsenals and manufacturers were kind enough to provide information on the 
bullet drop as a function of range for the five rifle ammunitions, which is plotted 
in tigs. Ml to M5.   The lowest curve on each of these figures shows the exag- 
gerated path of the test ammunitions fired horizontally (e.g., zeroed at zero 
range).  In addition the paths were computed and plotted for each ammunition 
zeroed at 100, 150, 165, 200, and 250 yo.  These curves cross the iiorliontal 
axis at those ranges respectively. 
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Next, to reduce the complexity of calculation, the target hits shown in 
Tables Ml and M2 were aggregated, which was arbitrarily accomplished by 
lumping three or (our targets that occur at nearly the same range and merely 
attributing the total number of hits on those targets to a representative target 
at an average of the several langes.   The results of this aggregation yield the 
simple target system shown in Table M5. 

The information c. the simplified target system is indicated in Figs. Ml 
to M5 by the vertical lines drawn at each of the six ranges. Using this hit in- 
formation as a weighting factor, it becomes possible to compute the total inches 

TABLE M5 
SIMPLIFIED DAY TARGET SYSTEM 

Range, 
Hit. 

80 20 
125 9 
166 96 
220 2 
260 1 
335 3 

TABLE M6 

TOTAL DROP MISS DISTANCE FOR VARIOUS 
ZERO RANGES FOR FIVE VMMUNITIONS 

Zero raage. vd 

\mmumlion 100 150 Ml 200 250 

Ballet drop, ia. 

Siaftl« ballet 349 246 218 258 322 
Dap lei 457 331 305 353 453 
Triplet 516 367 331 395 512 
Carbiae 290 212 193 224 292 
TAB 1H6 HI 115 139 174 

of owlet drop for the entire target system for each value of zero.   Consider, 
as an example, the .30-cal single-bullet ammunition shown in Fig. Ml.   Look 
first only it the curve for the 100-yd stro.  The first composite target occurs 
at 80 yd, where the curve shows an error of 0.7 in.  Sine« 20 rounds are ex- 
pected to hit this composite target, a total error of 20 * 0.7 or 14 In. is indi- 
cated    Similarly, the next target at 125 yd experience« a drop of 1.1 in   for 9 
anticipated hits, making a total drop of 9.9 in. The sssjst procedure is followed 
for the other four composite target ranges     Finally, the six drop totals are 
added to yield a grind total of, in this case, 349 In. 

Only this gross total Is retained.  The nane procedure Is followed for the 
150-yd tero range.  In this cane the grind total comon In 146 In.  This pr* 
dure Is thai, followed for each of the otter tt-rte rtro ranges In yield finally 
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five grand totals, corresponding to the five arbitrarily selected zero ranges. 
This same pattern Is then luiiowed for each of the other ammunitions presented 
In Figs. M2 to M5.  The resultant total drop distances are listed in Table M6. 

It is clear from this table that a minimum drop value exists for each of 
the ammunitions.  These total bullet-drop values are plotted in Tig. M6. It is 
observed that the slowest ammunitions and those having the worst ballistic co- 
efficient have the highest values of total drop.   More striking is the result that 

600 

500 

400 

Q- 

I 
a300 

200 

100 

T 

."»O-cal dopl 

30-cal 
singU bulUt M2 

carbin« 

T43 

J- 

100 200 
ZERO  RANGE,   YD 

300 

Fig.  M6—Totol Drop Miss Distance far Various Z«ro Ranges 
for Fivt Ammunitions 

the minimum bullet-drop zero range for all five ammunitions b apparently the 
same—165 yd—which indicates that this zero range is quite sensitive to the 
target system but Insensitive to variations in ammunition.   Thus it was decided 
that all rifles for this test would be set for a combat zero of 165 yd.   The com- 
putations were not carried through for the night target system; it was assumed 
that the small difference that such computations might recommend would 3t in- 
significant in view of the very large aiming errors in night firing. 

DUt-UJC AMMUNITION HIT rHLDI« 

This discussion Is summarized from ORO-SP-4 l0   To deal analytically 
with the controlled-dispersion duplex ammunition tasted, a simplified model 

QUO-TITS 
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of the dispersion pattern was assumed.   The simplifications basic to the model 
were U) the dispersion of front bullets was normal and symmetrical about the 
line of fire; (b) the ring of second-bullet impacts was narrowed to a circle of 
negligible width and a 3-mil radius; (c) the circle of second-bullet impact was 
concentric about the corresponding front-bullet impact; (d) the angular loca- 
tion of second-bullet impacts on the circle was random; and (e) the target was 
circular. 

fig. M7—Geometry of Dupltx Hits 

T indicates target radios, 
R indicateseor-bolUf circle rodio», 

"  indicates radius vector from tar* 

get center to front-bullet impact. 

From the geometry of Flg. M7 the fraction of the rear-bullet ciicie that 
lies on the target is given by 

F - (l/'W>).rccoe U*1 - T* • r*),2Rr\ (117) 

for the angle in degrees. 
For a radially normal distribution of front-bullet impacts, the probability 

of a front-buliet impact at a distance r to t • J» from the target center is given 
by 

rfC- (reV'»*)•»» (- r*   1*1 (M8) 

where a is the radial standard delation of aiming error. 
Using UM fraction F and the probability element 4G with the geometry of 

Fig. 117, duple* hit pru»*Mmtt »re readily deduced 
The single-ball hit probability is 

»I •£**•!    .»> 
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The primary duplex hit probabilities of Interest are 

*•»•-*»-•£•*-£.„ (MIO) 

where    / = /Fdb 
P, = probability of a single hit 
?_i m probability of a double hit 

"2 - £? * - » -«•• C- (f - m»/e«l (M12) 

and the proviso that for T < R, N2 vanishes, and for T < 9/2, iTT _ R.   reverses 
sign in Eq. MIO and vanishes in Eq. Mil. 

The hit probabilities are functions of three variables, the duplex spread 
R, angular target size T, and the angular aiming error a. It is quite possible 
then to compute the hits of each type that may be expected with a duplex round 
of known spread on a target of a given angular size under conditions of known 
aiming error. Numerical integration is substituted for expressions not ame- 
nable to integration: 

JFJG +IF&C -(Är/90a2)Xreap(rl/ä2)«rcco.[(/?2-r2 + r2)/2Ärl (M13) 
r 

*Clrea0 (M14) 

The test ammunition has a dispersion characterized by R = 3 mils; hence 

/-C<a)f r«(a)«<n (M15) 

To evaluate this integral (sum) it is necessary only to substitute values for aim- 
ing error a and angular target size T.   This was done for a series of values: 
T - Vi, 1, 2, 4, and 8 mils; and a = I, 2, 4, 8, 16, and 32 mils. Hit probabilities 
were computed for the 30 pairs of these values and are tabulated in Tables M7 
to Mil.  The products  rea6 are indicated as ta- 

in addition to the single (P,) and double IP J ) hit probabilities, several de- 
rived quantities are of interest: 

(a)  Probability of one or more hits: P m PM •*• Pj 
lb)  Total hit probability: P, « P, • 2PJ 
(c) Relative duplex gain in total hits:       \H • ( P, - N 1 )/N , 
(d) Relative duplex gain in casualties:    \c *{\u - LPd)/\x 

where L is the individual duolex bullet lethality (0 70).   These probabilities are 
plotted on Figs. 8 to 11.   Figures M8 and M9 show the single (Nj) and duplex 
total (P,) hit probabilities.   Figures M10 and Mil show the relative casualty 
fain (\( ) of duplex vs single-bullet ammunition. 

Using the day target system and predicted single-bullet hit probabilities 
of Table Ml, ths casualty increases can be read from Figs. M10 and Mil for 
a spread R « 3 mils and a lethality I. • 0 70. Casualty-gain values can similarly 
be 1 ussfiital for other values of duplex spread R and ballet lethality I, per- 
mitting preparation of the curves of Fig. M12 (for the set of salvo targets of 
Of- to 4.6-mil radius) 
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Ml2—Duplex Ammunition Gain in Casualties as a 
Function o' Spread for Various Lethalities 

THIPLEX AND FLECHETTE AMMUNITION HIT PREDICTIONS 

The dispersion patterns of the test triplex and flechette ammunition are 
of the so-called "random" type, i.e., the pattern of hits can be approximately 
described by a symmetrical two-dimensional normal or Gaussian distribution. 
Each projectile independently follows an initial path, which deviates from the 
barrel axis by some amount for which this two-dimensional normal curve is 
the frequency distribution.   The tightness of the dispersion 1B characterized 
by the shape of this normal curve, usually expressed as the linear standard 
deviation a.   For the flechette ammunition used in the experiment, a value of 
9.4 mils was given for a.90 

The triplex ammunition used in the experiment performed in somewhat 
erratic fashion, but it was indicated by the manufacturer to be at least roughly 
approximated by considering ?ach of the three bullets to fit into this random 
normal frequency pattern.  The manufacturer also Indicated that except for 
occasional wild rounds the mean spread between any pair of the three bullets 
was 3 milk. 

It is desirable first to convert the 3-mil average separation Or of triplex 
rounds to a deviation a, which u more commonly used to characterise the dis- 
persion.   This conversion is readily made when it la realised that the mean 
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difference between two samples from a two-dimens onal normal distribution 
is identical with the mean radius of a single sample drawn from a distribution 
having a deviation larger by a factor of v2.   Recalling further that the mean 
radius of a two-dimensional normal distribution is larger than the linear stand- 
ard deviation by a factor of H/2, the mean spread can be related to the original 
dispersion <J by 

O - 1/yT  (Sr) - 0.565 (-Tr) (M16) 

For the rough value of mean spread 17 « 3 mil», the deviation is 1.7 mils 
The following discussion outlines the considerations leading to the solu- 

tion of the problem of kill probability with a normal aiming error imposed on 
a normal dispersion.  This solution is taken from ORO-SP-24." 

Fig. Ml 3—Gmomtry of Rondocn-Dispersion Hits Fig. M14—Diffus« Goussi on Torgot 

Considered first is the probability that a projectile aimed at a distance  R 
from the center of a circle with radius p will hit the circle.  The actual impact 
point is assumed to follow a Gaussian distribution with linear standard devia- 
tion a about the aiming point.   Let the aiming point be at R,0; then the prob- 
ability that the fragment impacts within a rectangle of dimensions dx by dy, 
lying at », y (see Fig. M13) is 

P - 1(2»**) m$ I - UX - A)* • wHmHiuh (1117) 

and the probability P that it strikes the circle is the integral of this over the 
circle: 

f - (M18) 

This is sometimes called the 'offset-circle* probability.   An approximation is 
to replace the sharp regular target by a diffus* Gaussian target (see Fig. 1114) 
by fitting by moments    Thus, for the sharp target, any fragment 1 ailing within 
the circle scores 1; a fragment fal>ig outside scores 0.  This may be repre- 
sented oy a right cylinder of radius » and weight 1, centered at the origin. The 
diffuse target with the same aero—and second-order radial lossests~has height 
2 and linear standard deviations p/2.   It give* a score of 

2«»l-/i'  »>l (M19) 
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to a fragment impacting at distance V froir« the center.   With this approxima- 
tion in Eq. M18, integrating over the entire i, y plane, this is evaluated to be 

P -Ip2  2(02 • #!   4)1 exp I - «2 (21*2 k p2  4),| (M20) 

Let L be the conditional probability that a hit will be a casualty.   Then 
the probability that the target becomes a casualty K if there are N projectiles 
is 

K . 1 -(1 -LDS t ! _,-*£# (M21) 

In Eq. M20 V is shown to be a function of the radial distance .1 of the aiming 
point from the center of the circle.   But the aiming point is itself a random 
variable, and the probability that the radial distance is between R and R + dR 
is given by 

(1   r2) expi-Rt'lrtWdft (M22) 

where r li the linear standard deviation at the aiming error.   The final com- 
plete answer for the casualty probability is therefore obtained by substituting 
Eq. M20 into Eq. M21 and integrating against Eq. M22: 

K-i-lr'ZM2y» 'jo
l 2V> *>-W«M-**i (M23) 

where  y = (1/NL ) {aVp2* l/4) 
Z * (1/NL ) (rVp2) 
V m (Viy)exp [1 - ZRV2x2y] 

The last integral is readily recognized as the incomplete gamma function; hence 
K is expressed in terms of tabulated functions. A relief map showing level lines 
of K against log I and log y is given in Fig. Ml 5. 

In order to perform computations on any random, normally dispersed 
salvo ammunition, it is necessary to know the number of projectiles N, the 
lethality per projectile L, and the standard deviation of the dispersion.   With 
the ammunition thus characterized, it is further necessary only to characterize 
the target or target system sufficiently so that one knows the aiming errcr and 
the target size for each element of the target system.   From this aiming error 
and target size, together with the product  NL, the value Z  is computed; y is 
likewise deduced from a knowledge of dispersion, target size, and NL. Clearly 
from Fig. M15 casualty probability may readily be deter nined by interpolation. 
This procedure was actually followed in detail for each of the salvo experiment 
targets for a number of ammunitions.11 In that case the computations were 
performed using actual aiming errors deduced from the results of the SALVO I 
experiment.  It is felt that the results of these computations would not be grossly 
altered if they were done with the predicted errors of Tables Ml and M2, or 
even the   implified predicted values of Table M5.   However, the comparative 
calculations were not performed. 

The calculations that were performed are graphically reproduced in rigs. 
M16 to M19.  It is noted that this enure treatment of the random dispersion is 
based on the number of cas«Hiss produced rather than the number of hits. 
ThS CSSUSii;   UICMW« wt   kVnUM  !•!>••  iMvV%MÜM of 'Jim.   U.1 -f mimltt  j 
and the attendant overkill.   For a first compsrsion between the prediction and 
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test results, it is perhaps desirable to present the predictions in terms of the 
data that are the primary measure—mainly total hits rather than casualties. It 
is further noted that the results presentc-u in Figs. M16 to M19 ire based on 
salvo hits per single-bullet hit.   This method of presentation is convenient and 
is herein retained. 

10.0 

1.0 

« 
N 

0.1 

0.01 
001 100 

Fig   M15—Reliet Map of Salvo Casualty Probabilities 

Examination of Fig. M16 shows that the 1.7-mil dispertum, which was al- 
ready identified as characterizing the experimental triplex ammunition, reoJlts 
in a casualty increase of 66 percent over the single-bullet ammunition.   As 
the rate of fire and the lethality per bullet are, for practical purposes, identical 
for triplex and single-bullet ammunition, this figure must be corrected only 
for possible overkill by multiple-bullet hits.   The theory reveals the extent of 
overkill as a function of salvo dispersion, aiming error, and target size. How- 
ever, it is not deemed worth while to perform this tedious computation for the 
present purpose; instead the available experimental results are used. 

It is shown in App O that the proportions of single, double, and triple hits 
tSSrt were so identified are 82, 15, and 4, respectively.   These figures corre- 
spond to a tou*; of 124 hits [82 + (2 x 15) • (3 * 4)].   Using the same 70 percent 
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lethality value used in ORO-SP-24," overkills can be accounted for in the fol- 
lowing manner:  Of the 124 hits, 101 are fully credited.   The next 19 are sec- 
ond bullets on a target that is only 30 percent vulnerable; hence these hits are 
credited as 5.7 effective hits.   The l*st 4 hits are third hits on a target that is 
now only about 9 percent vulnerable, and hence are credited with 0.36 effective 
hits.  Thus the total number of effective or equivalent casualty-producing hits 
is 107, as compared with 124 actual bullet hits with triplex ammunition. This 
ratio of 124 to 107 is used to convert the casualties of Fig. M16 to total hits. 
When this is applied, the 1.66 becomes 1.92.   The predicted number of triplex 
hits is then characterized as 92 percent greater than the single-bullet hits. 
This prediction may be compared with the results of the experiment,which are 
an average of 114 single-bullet hits compared with 251 triplex hits per run, or 
an experimental increase of 120 percent.   This agreement is not too bad, con- 
sidering the very rough assumptions made with regard to the actual triplex 
pattern. 

The night triplex prediction is based on Fig. M17, from which the 1.7-mil 
dispersion yields a casualty increase of 80 percent overthe single-bullet ammu- 
nition.   If the same 1.16 ratio as for day fire is used to account for overkill, the 
predicted number of triplex hits for the night target system is 2.09 times the 
predicted number of single-bullet hits.  However, no experimental comparison 
is available, since night triplex runs were deleted from the experiment. 

The flechette predictions are made in the same way from Figs. M18 and 
M19.  It is anticipated that the flechette casualties for the day and night target 
systems are 1.28 and 3.74 times those for single-bullet ammunition, respectively. 
In this casj the lethality per projectile used in the computations leading to these 
curves is just half the single-bullet value.   Converting from casualties to total 
hits requires that these factors then be doubled (2.56 and 7.48 times single- 
bullet casualties).   It is further noted that Figs. M18 and M19 are based on an 
assumption that the flechette rate of fire is 80 percent of the single-bullet rate 
of fire, which was made as a coarse guess based on the relative cuinbersome- 
ness of the shotgun and the troops' unfamiliarity with the weapon.   Results of 
the experiment proved the actual degradation to be somewhat greater, resulting 
in a rate of fire only 55 to 60 percent that of rifle fire. 

PREDICTIONS COMPARED WITH ACTUAL RESULTS 

It is instructive now to gather the predictions on iounds fired and hits 
scored for the several ammunitions and to compare them in tabular form with 
the corresponding experimental results.   This is done in Tables Ml2 and M13. 

TABLE Ml2 
PREDICTED ROUNDS FIRED AND HITS SCORED 

Ammanitio* 
IV 

Knand» Hit* P«rc««t hit*       Inuewt 

Ni^t 

Rotfuaa  I   Hits Perceat mi* lacrtaa* 

Sin*!«.- b*l!*t 675 65 9.6 — 671 
OapUk 675 im 17.0 1.77 671 
Trip!«i 675 m 18.5 1.98 671 
Klcckettca 540 166 <o.7 »1.29 588 

ill 

>299 

5.9 

12 5 
> 55.6 

202 
>9.42 
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The experimental flechette data in Table M13 is taken from the incomplete runs 
and proportionally converted to equivalent complete rum» for direct, comparison 
with the other ammunitions.  It should further be noted that the values inserted 
in Table M13 for flechette hits are based only on the predicted flechette casu- 
alties.  The conversion to total hits regardless of overkill was not made. 

TABLE Ml3 

KXPERIMENTAL HOUNDS FlRED AND HlTS SCORED 

Ammunition 
I). 

Round» Hit« Percent hit« Increase 

Night 

Hound»      Hit» Percent kit«      increase 

Single bullet 577 114 19.8 — 834 42 3.0 — 
Duplex 505 164 12.5 1.64 716 65 9.1 1.82 
Triplex 579 251 43.4 2.19 — — — — 
FIc'-KeiU« 364 151 41.5 2.10 420 144 34.3 6.87 

TABLE Ml4 

PREDICTED IIIT PROBABILITIES AND THEIR STANDARD DEVIATIONS 

Ammunition 
I) «y Night 

P.* Op R aR P.% Op R °R 

Single ballet 9.6 1.1 5.9 0.9        — 
Drplex 17.0 1.4 1.77 0.25 — — — 
Triplex 18.5 1.5 1.93 0.27 12.5 1.2     2.12 0.32 
Hechelten >30.7 1.8 3.20 0.41 >55.6 2.1     9.42 1.50 

STATISTICAL RELIABILITY 

It is of interest to use these predicted results to estimate the reliability 
with which conclusions may be drawn from the experiment.  Such estimation 
is a key featur«  in experimental design, since the predicted reliabilities of 
computed difference» and ratios establish criteria for deciding on the number 
of repetitions.   The predictions of Table M12 are examined to determine the 
confidence anticipated for tte ratios of hit probabilities among the several am- 
munitions.   The procedure starts with the predicted hit probabilities, which 
are repeated as percentages in Table M14.  The standard deviations of each 
of these percentages are then computed from a knowledge of the percentage of 
hits P and total rounds fired per run N: 

op   - y/P(\ -  P     S (1124) 

The computed standard deviations op are also listed in Table 1114. It is noted 
that these deviations are much smaller than the differences among the proba- 
bilities. The next column (R) of TableM14 lists the most important quantities 
sought in the experiment, namely, the ratios of each of the three types of salvo 
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hit probability to the control or tingle-bullet hit probability.   Finally the meas- 
ure of rer «cility of this ratio is arrived at by using Eq. J3 of App J. 

The*.«* values are finally listed in Table M14.  It is clear from the table 
that each of the important ratios differs from unity by more than three st   ld- 
ard deviations, which means, from the data supplied by a single run, tiwt the 
expected ratios are more than 99.7 percent certain of being truly greater than 
unity.  The least certainly determined ratio is the ratio of duplex to single- 
bullet hit probabilities in day firing (1.77).   From a single pair of runs it is 
determined that the probable error of this ratio is 0.17; or, In simplest terms, 
that there is a 50-50 chance that the actual ratio will be determined to be be- 
tween 1.60 and 1.94.  Six runs (as scheduled for duplex) of each type determine 
the 50 percent confidence limits on this ratio from 1.70 to 1.84. Clearly this 
sort of reliability in the significant computed parameters is adequate for in- 
terpretation.   If it can be concluded that auplex ammunition will score from 
70 to 84 percent more hits than single bullets, there is little practical use in 
refining this advantage any further.   There are additional correlations from 
other firings of the same ammunitions under somewhat different conditions. 
Although not amenable to simple statistical reliability measures, they afford 
additional evidence of reliability from observation of consistency. 
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Appendix N 

MALFUNCTIONS 

SUMMARY 

WEAPON MALFUNCTIONS 

DATA-COLLECTION MALFUNCTIONS 

TARGET-SYSTEM MALFUNCTIONS 

FIGURE 
Nl. RIFLE DAMAGED BY TRIPLEX ROUND 

TABLES 
Nl. TOTAL WEAPON MALFUNCTIONS 
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SUMMARY 

The SALVO I experiment not only involved many new experimental con- 
ditions but also employed measuring and control equipment that had not been 
completely tested in the field.  It is not surprising that a large number of mal- 
functions of all kinds occurred.   These ranged from trivial difficulties such as 
the misplacement of camouflage to the actual blowing-up of a weapon—the 
latter is perhaps less a malfunction than a catastrophe.   The malfunction data 
are listed fully in Tables E4 and E5 of this memorandum. 

The occurrence of malfunctions necessitated changes in the conduct of the 
test and in the analysis of the results.  Other .lections of this memorandum 
deal with these matters; this appendix merely lescribes the malfunctions that 
occurred.   They can be grouped into three different classes:  (a) weapon mal- 
functions (2 percent), e.g., failure to feed; (b) malfunctions in data collection 
(21 percent), e.g., no electronic indication of a hit on a target; and (c) unplanned 
irregularities in functioning of the target system (11 percent), e.g., a target nut 
appearing at the right time. 

WEAPON MALFUNCTIONS 

The weapon-ammunition malfunction was particularly serious in that, if 
the incidence of malfunction was not fairly uniform for all weapons and ammu- 
nitions, the effect of malfunction could possibly obscure differences in scores 
among the various weapon-ammunition combinations.   As a result of this pos- 
sibility, every effort was made during the runs to correct each malfunction 
quickly, and a record was kept of each malfunction and its type.   However, 
since the malfunctions were not recorded automatically, and since the infor- 
mation concerning the malfunctions was recorded after the run was completed, 
the record is not highly accurate.  There also is no record of how long each 
test subject was unable to fire because of malfunctions.   Weapon malfunctions 
are detailed in Table ES of this memorandum. 

Fortunately the incidence of malfunction turned out to be fairly uniform 
for all runs with the exception of the Gustafson carbine in automatic fire.   Each 
weapon had a characteristic major source or sources of malfunction, and some 
ammunitions tended to malfunction in characteristic ways. 

One change in the original test design can be attributed in part to the at- 
tempt to minimize malfunctions.  Originally it was planned to fire the .30-cal 
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Table Nl 

TOI..L WEAPON MALFUNCTIONS 

Weapon and ammunition Failure to 
Miscellaneous Total Rounds 

or firing Feed Extract Eject expended 

Ml, unmodified 
.30-cal single bullet 95 11 8 10 124 5,363 

Ml, modified 
.30-cal single bullet 19 15 3 0 37 6,863 
,30-cal duplex 19 114 5 9 147 8,722 
.30-cal triplex 4 14 0 3 21 1,157 

Carbine 
.22-cal automatic 184 115 17 44 360 9,550 
.22-cal semiautomatic 56 113 13 17 199 6,450 

T48 
.22-cal automatic 17 29 8 35 89 8.58« 
.22-cal semiautomatic 17 16 1 26 60 5,554 

Shotgun 
32-flechette load — — — 9 9 553 

Total 411 427 55 153 1046 52,237 

Table  N2 

WEAPON MALFUNCTIONS PER 100 ROUNDS 

Weapon and ammunition Failure to 
Miscellaneous Total or firing Feed Extract Eject 

Ml, unmodified 
.30-cal single bullet 1.7 0.2 0.2 0.2 2.3 

Ml, modified 
.30-cal single bullet 0.3 0.2 0.0 0.0 0 5 
.30-cal duplex 0.2 1.3 O.i 0.1 1.7 
.30-cal triplex 0.3 1.2 0.0 0.3 1.8 

Carbine 
.22-cal automatic 1.9 1.2 0.2 0.5 3.8 
.22-cal semiautomatic 0.9 1.8 0.2 0.3 3.1 

T48 
.22-cal automatic 0.2 0.3 0.1 0.4 1.0 
.22-cal semiautomatic 0.3 0.3 0.0 0.5 1.1 

Shotgun 
32-flechette load — — — 1.8 1.8 

Total 0.8 0.8 0.1 0.3 *.o 
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single-bullet (AP), duplex, and triplex ammunitions from the same weapon. 
During tfw fkst week of firing, however, it appeared that there was a high rate 
of malfunction both on the single-bullet and duplex runs (the triplex runs being 
discontinued because of an accident that will be described later).   It was con- 
jectured at the time that these malfunctions (mainly failures to extract) might 
be due to fouling of the chamber, which resulted from firing single-bullet am- 
munition in the specially chambered Ml rifles.   It wa~ -IJU conjectured that 
the paint on the nose of ammunition (used to identify hits from the leading bul- 
let ioi iiie first two duplex runs) might also be a factor.   On the advice of the 
Ordnance Corps representatives present, it was decided to discontinue color- 
ing the noses of duplex ammunition and also to fire single-bullet ammunition 
from unmodified Ml rifles, during the second week.   Accordingly, Board III at 
Fort Benning was requested to furnish 12 usable unmodified Ml rifles for the 
second week of firing. 

The substitution of the unmodified Ml rifles provided by Board HI did not 
have the effect of reducing the over-all malfunction rate.   In fact, during the 
second week of firing there was a greater number of weapon-ammunition mal- 
functions during the single-bullet runs with the unmodified rifles than during 
the duplex runs.   The Ordnance experts at the test felt that the Board in rifles 
were to some extent mechanically substandard. 

A summary of the total weapon malfunctions experienced during the test 
is given in Table Nl, and the number of malfunctions per 100 rounds fired is 
given in Table N2. 

It should be remembered that the carbine and T48 used were weapons 
quite changed in development from the original weapons, and that the "bugs" 
could therefore not be expected to have been eliminated.  Similar statements 
could be made about the extraction problem associated with the long-necked 
duplex and triplex cartridges.   The low malfunction rale of the modified Ml 
rifles firing the single-bullet ammunition points up the much higher rate of 
malfunction fuund in the unmodified rifles obtained from Board III. 

Each weapon and ammunition had its characteristic malfunctions.   Those 
associated with the long-necked cartridges in the modified Ml rifles were 
primarily failures to extract; often the rim would be stripped from the cart- 
ridge and the firer would require help in clearing his weapon.   It was not de- 
termined whether a faulty cartridge or fouling of the chamber caused the fail- 
ure to extract.   The carbine's characteristic malfunction was associated with 
the magazine.   In spite of the precautions taken to keep the magazines from 
being bent or getting dirt in their., failures to feed because of bent or dirty 
magazines were common.   The T48 magazine, which nominally held 20 rounds, 
would only feed if loaded with 19 rounds or less.   Many malfunctions also oc- 
curred because of broken extractors, which usually resulted in the loss of 
several targets 'or the firers. 

A serious complication arose when a modified Ml rifle blew up during 
the second triplex run, causing the abandonment of fuither triplex testing. 
Figure Nl shows the weapon and indic?tes that the firer's escape from injury 
was remarkable. A description and possible explanation of this malfunction 
based on a Springfield Armory observer's reconstruction of events is quoted 
from a letter of 29 Jun bö in • Springfield Armory to Ordnance Weapons 
Command: 
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a. The seventh round of the previous clip appeared to b« fired satisfactorily. 
b. The eight round was chambered, whether with oi without hand assistance 

was not known.   The trigger was squeezed but the round did not fire.    (Springfield 
Armory observer indicated that possibly the mechanism in the trigger grip to record 
shots fired moved the hammer-spring plunger out oi position resulting in the hammer 
not falling     This had previously occurred in the tests).    The eighth round was then 
manually extracted and the clip ejected.   Upon examination of the eighth round by the 
Springfield Armory observe*   it was noted that the projectiles were set back into the 
cartridge case.    The case was cut open and the rearmost projectile was in a position 
where it may or may not have been just held in alignment by the cartridge case. 

Springfield Armmry, US Army OroWtc* Corp« 

Fig. N1—Rifle Domoged Hy Triplex Round 

c    A new clip was inserted in the rifle and the first round chambered (whether 
assisted home is not known).    The trigger wss squeezed and the weapon fired and the 
aforementioned damage occurred.    The bolt was still in the locked position possibly 
slightly rotated. 

A discussion was held with the Springfield Armory observer and other Armory 
personnel including metallurgists snd design engineers, a-d the following possible cause«» 
of the accident were offered: 

a    The seventh round of the previous clip fired but the rearmost projectile (having 
become loose snd moved rearward into the powder charge) remained in the barrel bullet 
seat.   The eighth round was chambered forcing its projectile rearward.   The first round 
of the new clip was fired with a projectile already In the bore 

b. The blown-up round could have contained four projectiles Instead oi three, 
causing considerable pressure build-up snd the resulting damage 

c. The damage may have resulted from a stubbing of the fins! round, pushing the 
rearm:-* projectile back Into the cartridge casa.   Upon firing, if the rear projectile 
were delayed in the neck of the case, the pressure could possibly be built up siafflctently 
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to cause the case to be blown out to the rear.    Examination of the blown case indicates 
that pressures were in the vicinity of 90,000 to 100,000 psi. 

d.   The seventh round of the prevu.u« clip could have had a reduced powder charge, 
which upon firing might have left the three projectiles in the bore.    Therefore, upon 
firing the first round of the next clip six projectiles would be in the bore, causing in- 
creased chamber pressure. 

DATA-COLLECTION MALFUNCTIONS 

The original plan had been to collate each firer's trigger pulls with hits 
on the targets by measuring the time interval.   Unfortunately the target and 
the trigger-pull recording system were very sensitive to line surges, vibra- 
tion, weather tactors, and other conditions.  As a resale, the records are full 

Table N3 
DATA-COLLECTION MALFUNCTIONS 

Type of malfunction 
Week 1 Week 2 Total Percent of total 

events or uses 
No. of malfunctions 

Trigger-switch failure 12 30 42 0.1 
Hit-recording failures 

Target completely shorted 
(dampness) 54 15 i ZÖ5 7.8 

5.9 
Target intermittently shorted 

(noise) 44 33 77 5.1 
Target with oDen circuit 5 0 5 0.3 
Target facet, came off to 

some degree 4 3 7 0.5 
Failure of recording apparatus 22tgt 2tgt 24tgt 1.6 

Total 129 189 318 21.3 

of "noise," making the distinction of correct from spurious indications most 
difficult.   Firm data were obtained from ammunition counts of rounds fired 
and holes in target faces.  Occasionally, pebbles thrown up by ricochets would 
make holes, or an e 'ge hit might not show on the target face. 

A log was kept of malfunctions on each run; a summary of the data- 
collection malfunctions is given in Table N3.   It is not clear from the record 
how much overlap exists between some- of these malfunctions; e.g.  a target 
might have been recorded as intermittently shorted when it was also noted as 
completely shorted during the run.   The malfunctions increased during the 
second week as the equipment was more used; this was especially true of the 
target system, which accumulated dirt in the relays. 

TARGET-SYSTEM  MALFUNCTIONS 

As some of the components were used, they tended to fatigue or function 
less well. Table N4 shows the malfunctions experienced by week, taken from 
Table E4 of this memorandum. 
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Table N4 

TARGET-SYSTEM MALFUNCTIONS 

Type of malfunction 
Week 1 Week 2 Total 

No. of malfunctions 

Percent of total 
events or uses 

Difficulties associated with target 
functioning 

Failure to rise 21 
Failure to move, moving 

targets onJy 
Up at the wrong time 
Down too soon 
Down too late 
Two targets up simultaneously 

Total 43 

Difficulties associated with seeing 
targets 

Target face came off to some 

21 42 

123 166 

Table N5 

SUMMARY OF MALFUNCTIONS 

Major categories 
Malfunctions, 

% 

Weapon firing 
Target operation 
Hit recording 

2.0- 
11.lb 

21.3C 

*Of total firings. 
total operations. 

2.8 

0 13 13 0.9 
2 5 7 0.5 
3 40 43 2.9 
8 36 44 2.9 
9 8 17 1.1 

11.1 

degree 
Target face too dark 
Camouflage too heavy 
Camouflage too light 

4 
157 
71 

6 

3 
0 

34 
47 

7 
157 
105 
53 

0.5 
10.5 
7.0 
3.5 

Total 238 84 322 21.5 

Difficulties a°sociated with 
combat simulation 

Demolitions failed to fire 
Blanks failed to fi I 

8 
10 

10 
45 

18 
55 

2.4 
7.4 

Total 18 55 73 9.8 

-tal hits. 
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Some of the malfunctions listed in Table N4 are clearly not malfunctions 
in equipment but rather incidents that represent changes in the experimental 
design.   For example, the target faces used in the first runs often blended so 
well into the background that the target was not even shot at, and accordingly 
the faces were lightened.  Another feature about the data in Table N4 is the 
overlap between some of the items; e.g., if a dark and camouflaged target was 
scheduled to appear but was not seen by the experimenter who kept the log, 
the target might be listed as possibly not appearing and as possibly being overly 
camouflaged.  No attempt is made in this table to resolve such overlap. 

The major categories of malfunction are summarized by percentage in 
Table N5. 
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SUMMARY 

The electrically recorded hit data, though incomplete, yield proportions 
of single, double, and triple hits per trigger pull for duplex and triplex am- 
munition and carbine and T48 automatic fire.   From these proportions, for 
given bullet lethalities, net lethalities are computed, discounting overkill. 
Penetration-failure degradations are also computed for duplex, triplex, and 
flechette ammunitions.  Table 06 summarizes the results. 

PERCENTAGE OF MULTIPLE HITS 

Tables Ol to 04 show the breakdown of the multiple and total salvo hits. 
These data are obtained exclusively from the electrical hit record.   It is noted 
that the total hits electrically recorded for each run do not agree with the 
target-hole counts of Table E6 of this memorandum.   This is due to imperfect 
operation of the electric hit-recording system.   If it is assumed that the mal- 

t function of the electrical recording svstem were not itself biaseu with respect 
to multiple hits, then the proportions of multiple hits are valid.  These pro- 
portions may then be used with the more accurate total hit counts from the 
target faces. 

The multiple-hit data plus the bullet lethalities of App B supply the req- 
• uisite data for discounting overkills by salvo ammunition.   Hits and hit prob- 

abilities are tl.js reduced to casualties and casualty probabilities, a superior 
criterion for comparative effectiveness. 

The small sample size makes the illumination-position (IP) differences 
for each ammunition unreliable.   Further considerations will utilize only the 
total percentages for each ammunition.   It is quite possible to compare the 
percentage of iuplex second-bullet hits vrith theory from ORO-SP-4;10 the per- 
centage of triplex second- and third-bullet hits can also be compared with theory 
from ORO-SP-24.13 These comparisons are laborious and have not been made. 
However, casual examinations reveal agreement of data and theory in general 
magnitude. 

The excess of carbine over T48 multiple hits is thought to be real and is 
explained by the deliberately built-in jump compensation on the carbine.   The 
stock shape, muzzle brake, balance, and recoil control were designed to 
minimize Jump in automatic fire.  The difference of 3 percent second-bullet 
hits is rather trivial, however, especially considering that the 3 percent is de- 
graded by a factor 1 - L, where L is the chance that the first hit Incapacitated 
the target.   For L -0.7, the net effectiveness inc. ease due to jump compen- 
sation of the carbine over the T48 in automatic fire is just 1 percent 
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Table 01 

PERCENTAGE OF DUPLEX DOUBLE  HITS 

Pb 
Double Double 

Run I* hits Total bits hits, % 

2 D S 14 118 11.9 
4 D S nd ad nd 

33 D s 11 109 10.1 
35 D s 10 76 13.2 
57 D s 13 77 16.9 
59 D s 9 81 11.1 
66 D s 16 100 16.0 
68 D s 10 70 14.3 

Subtotal D s 83 631 13.1 

6 D m 21 159 13.2 
37 D St 22 187 11.8 
61 D St 23 122 18.8 

Subtotal D St 66 468 14.1 

8 N s m 18 16.7 
39 N s 3 17 17.6 
63 N s 8 45 17.8 

Subtotal N s 14 80 17.f 

Total 1«3 1179 13.8 

fjl Is illumination. D Is day, N is night. 
P is firing position, S is sitting, St is standing. 

Table 02 

PERCENTAGE OF  TRIPLEX DOUBLE  AND TRIPLE   HITS 

Run 
Double 
hits 

Triple 
hits Total hita 

Double 
hits, % 

Triple 
hit»,% 

16 21 5 171 15.2 2.9 
28 9 3 87 13.8 3.4 

Total 30 1 258 14.7 3.1 
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Tabie OS 

PERCENTAGE OF CARBINE AUTOMATIC DOUBLE HITS 

Doub  • Double 
Run I* P* hits Total hits hits, % 

18 D S 7 97 7.2 
20 D s nd nd nd 
41 D £ 1 28 3.6 
43 D S 1 60 1.7 

Subtotal D s 8 185 4.9 

22 D s nd nd nd 
45 D St 1 41 2.4 
24 V 8 2 17 11.8 
47 N s 1 9 11.1 

Subtotal N s 3 2« 11.5 

Total 13 252 5.2 

a For abbreviations see footnotes to Table Ol. 

Table 04 

PERCENTAGE  OF T48  AUTOMATIC DOUBLE HITS 

Double Double 
Run I* Pa hit« Total hits hit«, % 

10 D S 52 3.8 
12 D S 6f; 4.5 
49 D S 31 0.0 
51 D s 69 1.5 

Subtotal D s 218 2.8 

14 D St 22 0.0 
53 D St M 0.0 

Subtotal D St 54 0.0 

16 N s 16 6.3 
55 N s 33 0.0 

Subtotal N 8 49 2.0 

Total 321 2.2 

For abbrevistions see footnotes to Table Ol. 
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OVERKILL CORRECTION 

The lethal proportion of total hits for salvos up to three is given by 

PL -lH(l -L)n~xLPn (Ol) 

where Pj, is the lethai proportion of all hits,  I is the single projectilr lethality, 
and P„ is the proportion of hits by n projectiles from the same tvigger pull. 

Table 05 summarizes the net lethalities P/. of the sevti-al salvo ammu- 
nitions, discounting overkill. All single-bullet lethalities L are taken as 70 percent. 

No effort was made to employ electrical recording of flechette hits; 
hence there are no data on flechette multiple hitting. 

Table 05 

NET  LETHALITIES OF SAIVO  AMMUNITIONS 

Ammunition or firing 
Double 
hits, % 

Triple 
hits.% '/.> % 

Duplex 
Triplex 
Carbine automatic 
T48 automatic 

All single hits 

14 
15 

5 
2 

0 

0 
3 
0 
0 

0 

63.1 
60.7 
67.6 
68.6 

70.0 

PENETRATION FAILURE 

The net effectiveness comparisons require measures of hits, rounds 
fired, bullet lethalities, multiple hits, and penetrations.  Appendixes J and K 
of this memorandum give the basic data on hits and rounds fi»ed.   This appendix 
gives data on multiple hits (overkills).   Appendix B gives data on bullet lethal- 
ities,   i \#m Apps B and P, penetration indexes are deduced. 

Appendix B indicates that the duplex ammunition begins to fail to penetrate 
helmets at 300 yd.   Tables PI and P2 of this memorandum reveal that for day 
and night target systems the proportions of hi4« beyond 300 yd are 1.4 and 0 per- 
cent, respectively.   As App B indicates thai >ne helmet affords 18 percent effec- 
tive coverage, this corresponds to a 0.3 percent net day de g rat ion for duplex. 
0.2 percent average, weighting day three times night. 

The triplex fails to penetrate at 150 yd.  Tables PI and P2 of this memo- 
randum give 47.6 porcent and 15.2 percent hits beyond 150 yd for day and night, 
respectively.  This   orresponds to 8.6 percent day and 2.7 percent night net 
degradation for trip ex, 7.1 percent average, weighting day three times night. 

From App B o. this memorandum it is estimated that two-thirds of the 
flee nettes penetrate helmet« from 0 to 150 yd, and that half of the flee nettes 
penetrate from lf.O to 350 yd.   Using the percentages above for hits within and 
beyond 150 yd. it is deduced that there will be 6 peicent degradation for the 
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hits to 150 yd, 9 percent degradation beyond 150 yd.   The resultant net degrad- 
ations for flechettes are summed for the two proportions of targets.  The net 
day degradation is 9% x 47.6% plus 6% x 52.4%, or 7.4 percent.   The night de- 
gradation is 9% x 15.2% plus 6% x 84.8%, or 6.5 percent, 7.2 percent average, 
weighting day three times night. 

If these penetration degradations are now combined with the net lethalities 
of Table 05, indexes may be deduced that can be used to degrade hits for bullet 
lethality, salvo overkill, and penetration failure.  These indexes are presented 
in Table 06.   When multiplied by hits, they yield casualties. 

It is perhaps instructive to estimate what overkill degradation factor 
seems reasonable for flechettes.   The next most multiple salvo, triplex, has 

Table 06 

OVERKILL AND PENETRATION INDEXES 

Ammunition or firing Day Night 

Single-bullet 0.700 0.700 
Duplex 0.629 0.631 
Triplex 0.556 0.591 
Flechettea 0.324 X 0.327 \ 
Carbine 

Semiautomatic 0.700 0.700 
Automatic 0.G76 

T48 
Semiautomatic 0.700 0.700 
Automatic 0.686 0.686 

xhe flechette overkill degradation X is 
unmeasured. 

a ratio of 82:15:3 for first to second to third bullets.   Probably flechettes get 
no worse multiplicity of hits than a ratio of 64:30:6, double the triplex multiple 
hits.   This ratio for P}: P2: P3, together with a lethality L of 0.35, yields a net 
lethality Pi of 30.9 fromEq. Ol. This corresponds to a degradation factor X 
of 0.86 (309/350).   For lack of better information, this estimated X in Table 
O6 yields flechette indexes of C.279 day and 0.281 night.   The lower basic 
lethality L clearly moderates the overkill degradation. 
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SUMMARY 

The essential identified target characteristics are range, exposure time, 
size, movement, concealment, and blank fire. Range is assumed to affect hits 
as the inverse square; exposure time in direct proportion (less initial lag 
allowance). 

With th?se two assumptions, the hit data are reduced to eliminate range 
and time differences and are examined for effects of the other characteristics. 
Conc?til?T!C?t '.'.P-^- !r^,,on,??nt sre found to have little effect on the nu^b'er of hits' 
small vs large size reduces hits some 70 percent; blank fire increases hits some 
50 to 100 percent.  Concealment decreases rounds fired by 25 or 30 percent. 

These correction factors are applied to standard targets to predict the 
number of hits on each of the targets of the experiment.   The predictions arp 
in reasonable agreement with actual Rcores. 

RANGE AND TIME REDUCTION 

The target characteristics considered are those that may substantially 
affect the number of hits and rounds fired.   These include: 

a. Rang» 
52-339 yd 

b. Exposure time of target 
3.0-34.5 sec 

c. Area of target 
E target (4.59 sq ft) 
F Urge» '2.38 sqft) 

d. Lateral movement of target 
Stationary 
Approximately 4.2 mph 

e. Concealment of target 
None 
Partial 

f. Blank fire at target 

The day and night targets arc listed separately in Tables PI and P2 with 
their characteristics, and the data from Tables Fl to F 19 on hits for all runs 
with all weapons except the flechette.   These include 51 day rws and IS nignt 
runs.   Characteristic such as representatk..  >f defense vs assault and time 
and space relations to other targe's are omitted, as they are not expected to 
measurably affect the number of hits achieved. 
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Tables PI and P2 show simple linear mean target ranges oi IJO yd ior 
day and 135 yd for night. The average ranges of hitting are deduced by weight- 
ing each range by the hits scored at that range.   This procedure yields aver- 
age ranges of hitting of 133 yd for day and 85 yd for night. 

The change In number of hits with changes in range is first assumed to 
be inversely proportional to the square of the range.  This assumption is jus- 
tified for hit probabilities of 20 percent or less.   The expansion of the expo- 
nential expression for hit probability gives a i/R* term followed by terms 

Table PI 
DAY-TARGET CHARACTERISTICS AND  HITS 

Hot 
larget nange, Moving Farciy am a'li firing Exposure Total 

no. yd (~4.2 mph) concealed size blanks time, sec hits 

5 74 _ M. X _ 4.5 229 
7 77 — X X — 15.0 1181 
9 8b — — — X 4.5 505 

10 89 — X X — 15.Ü 936 
13 111 — X X — 19.5 577 
w 127 — X X — 9.0 258 
15 139 — — X X 4.5 20 
16 152 X — — X 9.0 291 
18 162 X — — X 6.0 332 
19 164 X — — X 15.0 454 
20 165 — X — V 31.5 1387 
»] 169 — — — X 3.0 61 
.2 176 — X — — 4.5 58 
14 216 — X X X 4.5 15 
:s 218 — X X X 9.0 58 
.8 245 — — — — 6.0 127 
II 259 — — — — 10.5 258 
30 267 — — — X 3.0 4 
:>l 269 — X X — 25.5 178 
31 334 — — X — 7.5 20 
33 336 — — X X 3.0 2 
34 339 - X X — 21.0 7 0 

Total 4174 1 10 12 11 231.0 7132 

Mean 190 10.5 

successively smaller by factors of at least 2 times probability squared.    Foi 
P • 20 percent, the second term Is only 10 percent.   The error In using only 
the first term of this alte mating-sign series Is then le-is than 10 percent. The 
change in hits with changes in exposure time Is assumed to be proportional to 
the ratio of the time, each lest i.Tl sec.   This 1.75 sec is deduced in App I 
as the mean lag time from target erection to steady hit rate.   For example  to 
derive reduced hits from actual (or unreduced) hits Ht from a target of given 
range Rj and duration tj(in seconds) to an expected hits S, for a new target of 
range R? and duration I] the pro* edure is 

A, - A,**,/*,)2!" UTSli (PI) 
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Tables P3 and P4 show the targets organized into groups (A, B, etc.) hav 
ing like characteristics. The total hits from all 66 runs on Tables Fl to F19 
are adjusted, using Eq. PI, to what would be expected at each target if it were 
located at the mean range (190 yd) and exposure time (10.5 sec) for all day tar 
gets. The night targets are adjusted to the same range and exposure time for 
direct comparison with day targets. 

* Table P2 

NIGHT-TARGET CHARACTERISTICS AND HITS 

i • 

•        • 

Not 
Target Range, Moving Partly Small firing Exposure Total 

BO. yd (-4.2 raph) concealed aize blanks time, sec hits 

1 52 _ X X X 28.5 220 
2 63 — — — X 3.0 33 
a 88 — — — X 7.5 116 
4 67 — X X X 12.0 60 
6 76 — — — X 4.5 44 
8 78 — — X — 19.5 73 

11 90 — X X — 4.5 40 
12 91 — — X X 9.0 1] 
13 111 — X X — 19.5 39 
14 127 — X X — 9.0 21 
15 139 — — X X 4.5 4 
16 152 X — — X 10.5 18 
17 161 — — — X 3.0 Ü 

18 162 X — — X 6.0 9 
19 164 X — — X 18.0 15 
20 165 — X — X 34.5 H 
21 169 — — — X 4.5 2 
22 176 — X — — 9.0 3 
23 209 — — X X 3.0 0 
25 216 — X X X 15.0 2 
26 221 — — X — 7.5 1 
27 223 - X X — 21 0 0 

Total 2979 3 9 12 le 253.5 771 

Mean 135 11.5 

SIZE,  MOVEMENT,  CONCEALMENT, AND 
BLANK-FIRING  EFFECTS 

The targets in any one group in Tables P3 and P4 are assumed iow to be 
alike in important respects.   The hits data are combined within each group JO 
the groups may be compared.   The run and target product is the total numcer 
of items of data or. which value* «tie oased.   The mean number of hits per run 
is listed for each target grout 

The relative variance in hits is (oa/b)2 from the binominal distribution 
with standard deviation (/Vrxj).    For h actual nits, o * SKq.   For relatively low 
hit probability, q may be approximated by unity.   Hence a2 -» h.   For mean hits 
ft/V. the variance is h/N2.   The relative variance of the mean is by definition 

•     % 

.i 
J 
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Table P3 

DAY -TARGET GROUPS 
(Adjusted to 190 yd and 10.5 sec) 

Run and 
Not        target Total Mean Relative 

Target      Moving         Partly      Small   firing    product hits hits variance 
Target group       no       (~4.? aiph)   concealed     size   blanks        V h h Ip^ /A)2 

A 28 
29 

Group values 

B B 
32 

Group values 

c 9 
21 
30 

'iroup values 

D 15 
33 

Group values 

E 7 
10 
13 
14 
31 
34 

Group values 

F 20 
22 

Group values 

G 16 
18 
IS 

Group values 

H 24 
25 

Group value« 

X 
X 
X 

X       - 
x      - 
x      - 
- X 

- - X 
- - X 

- -        X 

- XX 
- XX 
-XX 
X X - 
: x - 
x x - 
x x - 
X X - 
X X - 

X X - 

X - X 
X - X 

X - X 

- - X 
- - X 
- - X 

- - X 
X XX 
X XX 

102 

102 

153 

102 

306 

102 

153 

102 

43-1 — — 
479 — — 

913 8.94 0.00110 

110 - - 
94 — — 

204 2.00 0.00490 

32** — - 
336 — -~ 

54 — — 

719 4.70 0.00139 

M — _. 
46 — - 

80 0.78 0.0125 

128 —   
136 — — 

97 — — 
139 — - 
131 - — 
102 — — 

733 2.40 0.00136 

307 — — 
157 — — 

464 4.55 0.00216 

225 — — 
— — 

223 — — 

944 6.17 0.00106 

46 — _ 
92 — — 

138       1.35   0.00725 
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Table P4 

NIGHT-TARGET GROJPS 
(Adjusted to 190 yd and 10.5 sec) 

Run and 
Not      target Total Mean Relative 

Target      Moving        Partly      Small   firing   product hits hits variance 
Target group       no.      (~4.2 mph) concealed   size     blanks        V h 1 ty'/A)2 

I 22 — X — - 15 3 0.20 0.333 

J 8 — — X — — 6 — — 
2« — — — — 2 — — 

Group values - — X — 30 8 0.27 0.125 

K 2 - — - X — 25 — — 
a — — — X — 21 — -- 
6 — — — X — 23 — — 

17 — — — X — 0 — — 
21 — — — X — 5 — — 

Group values - — — X 78 '4 0.99 0.014 

L 12 — — X X — 3 — — 
15 — — X X — 7 — — 
23 — — X X — Ü — — 

Group values - - X X 45 10 0.22 0.100 

M 11 - X X - — 28 — — 
ia — X X — — 7 — — 
14 — X X — — 11 — — 
27 — X X — — 0 — — 

Group values — X X — 60 40 0.77 0.022 

N 20 — X — X 15 14 0.93 0.071 

0 16 X — — X — 11 — — 
18 X — — X — 13 — — 
19 X — — X — o — — 

Group values X - — X 4 5 30 0.67 0.033 

P 1 - X X X — 5 — — 
4 — X X X — 6 — — 

25 — X X X — 2 — — 

Group values — X X X 45 13 0.29 0.077 
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just (l:/\J)/0i/\)2, cr 1/h • This is the relative variance (flf/i)2, shown in 
Tables P3 and P4 for each group. The hit values are simply the actual hits 
(i:) from Tables PI and P2, added together for the appropriate groups. 

Table P5 compares appropriate groups of targets by the ratio«? of their ad- 
justed mean hits (h2/üi)  to provide an estimate of the effect of each target char- 
acteristic on the nu.nber of holes counted. 

Table P5 

EFFECTS OF TARGET CHARACTERISTICS ON HITS 

Target Ratio of 
Target groups mean hits Weight Weighted 

characteristic compared per run 1/a2 ratio 

Small target size B:A 0.224 3310 742 
D:C 0.166 Ml« 433 
H:F 0.297 1200 357 
L:K 0.222 178 40 
M:I 0.395 18 7 
P:N 0.312 69 22 

Total - — 7385 1601 

Weighted mean ratio - - — 0.22 

Movement G:C 1.313 236 310 
OtK 0.677 46 31 

Total - — 282 341 

Weighted mean ratio - - — 1.21 

Concealment E:B 1.200 Ill 133 
F:C 0.968 301 ?91 
H:D 1.731 17 29 
IfcJ 2.851 1 2 
NsK 0.940 13 12 
P:L 1.318 3 4 

Total - — 446 471 

Weighted mean ratio - - - 1.06 

No blank fire C:A 0.526 1445 760 
D:B O.?90 376 147 
H:E Ö..-.03 365 116 
L:J 0.815 7 5 
N:I 4.650 0 1 
P:M 0.377 71 27 

Total - - 2263 1056 

Weighted mean ratio - — — 0.47 

. 

The relative variance of a ratio is approximated by sum of the relative 
variances of the two numbers ot *he ratio    This relative variance may then be 
converted to the ordinary absolute   iriance, simply by multiplying by the ratio 
itself.   The reciprocal of the variance of the ratio is a good measuie of the 
reliability of that ratio. 

1 i *. - n,*,>«»n,-«y (P2) 
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For «x?mple, the first ratio of Table P5 is U.224 ior J:A.   The absolute 
ratio variance is just this value squared, times the sum of the A and B relative 
variances from Table P3, which are 0.00110 and 0.00490.   The reciprocal of 

, this quantity (I/o2) is the weighting factor 3310, listed in Table P5. 
It is concluded Mai where size i* reduced by 48 percent from the E target 

(4.59 sq ft) to the F iarget (2.38 sq ft), the number of hits will reduce by 77 
percent. 

When a target moves (at about 4.2 mph laterally) instead of remaining still, 
1 the hits will increase by 15 percent. 

When a target is partly concealed instead ot being wholly visible, the hits 
will increase 5 percent. 

When there is no blank fire from the target at the time it appears, the hits 
will decrease by 52 percent. 

The data, after account is taken of these four effects, show nc further de- 
pendence on ringe or exposure time. 

TARGET-CHARACTERISTIC  PREDICTIONS 

Having determined the effects of each of six apparent target character- 
istics on hits, it is now possible to extrapolate from the experimented J xta to 
hypothetical targets having any combination of values of these characteristics. 
The purpose of such extrapolation is to permit the critical reader to recom- 
pute the experimental results on the basic of alternative target systems, should 
the selected target systems prove to be incorrect or unacceptable.  For example, 
subsequent analysis may reveal that true combat has a higher percentage of 
targets at a longer range, but shorter exposure times, or mor lateral move- 
ment than the proportions used in the experimental target systems.   This dis- 
cussion outlines how the separated effects of these characteristics may be used 
to modify the results in order to produce an estimate of the results of any modi- 
fied system of targets. 

The effects of range and time have been straightforwardly deduced from 
simple theory; the effects of target si :e, movement, concealment, and blank 
P. re have been deduced in the preceding section.  To perform illustrative cal- 
culation, it is desiraole to begin with a standard set of target characteristic*.. 
Arbitrarily seiect the mean range and exposure time that were selected earlier 
in preparation of Tables P3 and P4 (i90-yd range, 10.5-sec exposure time).  In 
addition arbitrarily select for the standard target a large silhouette (E) that is 
not concealed and not moving. 

In order to perform the requisite calculations, a basic starting point is 
required—i.e., the number of hits scored on a standard target with the above 
characteristics must be known. In order to arrive at the best figure, ill the 
data are utilized as listed in Tables P3 and P4. Because of the gross differ- 
ence between the number of hits scored in day and night firing, these two con- 
ditions are computed separately. To compute the average number of hits on a 
standard day target, the number of hits on each of the target groups of Table 
P3 are taken, and corrected for reduced target size, movement, concealment, 
or no blank fire as appropriate. This calculation is performet by appropriately 
dividing the number of target hits by 0.23, 1.15, 1.05, or 0.48, respectively. 

The sum is then divided by the total number of targets fired on for the 
enure experiment, to yisiz int cU;o«««^i WCMI numuci v» mw uu uic »u&nuaru 
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day target.   This mean is 9.68 hits.  A similar calculation with the data in 
Table P4 yields a night standard target mean of 1.81 hits. 

It is ins ruetive now to use these mean standard target hit values together 
with the derived correction factors for the six significant target characteristics 
to predict the number of hits on all the targets as described in Tables PI and 
P2.   This has been done, and the results arc listed in Table P6.   The "Predicted' 

Table P6 

PREDICTED  TARGET HITS 

Day hits (9.68) Night hits (1.81) 

Target 
no. Predicted Counted Target 

no. Predicted Counted 

5 5 5 1 9 14 
7 22 23 2 1 2 
9 7 10 3 5 8 

10 16 18 4 2 4 
13 14 12 6 2 3 
14 4 5 8 5 5 
15 1 0 11 1 3 
16 7 7 12 1 1 
18 4 7 13 1 2 
19 11 9 14 1 1 
20 22 27 15 0 0 
21 1 1 16 2 1 
22 4 2 17 0 0 
24 0 0 ^ 1 1 
25 i 3 2 1 
28 •. 3 20 .-, 4 
29 5 3 u 0 
30 0 0 22 o 0 
Jl 3 •i W 0 0 
32 0 0 25 0 0 
33 0 0 26 0 0 
34 2 1 27 1 0 

Total 132 140 Total 41 50 

columns list the computed number of hits based on these deduced factors. The 
"Counted" columns list the actual number of hits scored on each target.  The 
Agreement is reasonably satisfactory.  Of course the method of deriving the 
factors necessarily leads to predictions as good as these. 

It should be quite clear now that one can start with either the day or night 
standard target, and convert to reasonable values of any of the six critical char- 
acteristics and predict the number of hits.   This capability, together with the 
squad differences discussed in Apps G and K, permits fairly flexible extrapola- 
tion beyond the limited condUions of the SALVO I experiment. 
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TARGET-CHARACTERISTIC  REDUCTION 

Rather than use the conservative method discussed in the section "Size, 
Movement, Concealment, and Blank-Firing Effects," where the hit data are 
grouped, it is possible to use all the data as in App K.  The inter related effects 
of the six target characteristics are deduced from all data.   To do this analysis 
as in App K, reduction is first accomplished for the major effects.  The range 
and time reductions arc made first identically as in the section "Range and 
Time Reductions."   Then a target area reduction is made by multiplying F tar- 
get hits by the known target area ratio (1.92).   The list of hits is now ready for 
successive reduction for blank fire, concealment, movement, additional-exposu re 
time effect, and additional-tar get-size effect. 

Similarly, for the data on rounds fired, the exposure-time reduction is 
identical; no range or target-size reductions are made.   The rounds data are 
also then ready for reduction for the same four effects in the same succession. 

These sequential reductions have been performed with day data. Table P7 
lists the original hit (h) and rounds (r) data, taken from Tables Fl to F38. The 
next columns are reduced according to these relations: 

11   «   Al/fj/190)2 (U2 - 1.75)'8.75] (4.SO 2.J8) (P3) 

R   -   r[(t2 - 1.75)  8.75) (P4) 

The factors for the sequential reduction for the other effects are: 

//'   -   //(0.831)B (1.291)c (0.732)M (1.^06)|<6(1.574)F (P5) 

K'   -   «(1.320),, (1.455)c u.048)y (0.92'),,-f(l. 1 07)F (P6) 

Expressions P5 and P6 indicate the factors required to successively equate 
means for B, blank fire vs no blank fire; C, concealment vs no concealment; 
M, movement vs no movement; i < 6, exposure less than 6 sec vs exposure of 
6 sec or more; F, smaller vs larger target silhouette.  Successive application 
of these factors reduces II and R to the values listed in the columns headed II' 
and R' in Table P7.   As in App K, the reduction factors are isolated. 

The completely reduced data II' and R' are now examined for remaining 
(ferences of mean for all but the last effect examined (F vs E target size). 

This examination reveals the following remaining factors: 

//• —(0.801)B (0.829)c (1.525)M (1.260)f<6 (p7) 

fl'_(0.808)B (0.938)c (1.031 )M (1.015),,^ (PQ) 

These factors must be multiplied by the factors of Expressions P5 and P* to 
yield total corrections for each effect.   The reciprocals of  hese products are 
then indicative of IM effects of the six characteristics involved. 

The net size effect also includes the area factor in Eq. P3.   The range 
and time effects of Eqs. P3 and P4 should also be noted.  The »et «fleet* are 
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Table   P7 

DAY-TARGET-CHARACTERISTIC  REDUCTION 

Time, range, Completely 
1 arget 

no. 
size r educed reduced 

h T 11 i: / ' ;;• 

5 229 929 212 2957 445 4005 
7 1181 3581 216 2363 414 5024 
9 505 1228 329 3906 528 3621 
10 936 3113 262 2055 442 4369 
13 577 2884 187 1422 315 3023 
14 258 1598 267 1929 452 4100 
15 20 500 65 1590 164 1632 
16 291 1962 225 2369 165 2483 
18 332 1943 496 4000 363 4192 
19 454 2548 223 1681 163 1762 
20 1387 5933 307 1744 396 2538 
21 61 543 336 3802 540 3524 
22 58 548 157 1743 270 3104 
24 15 486 8b 1548 288 2311 
25 58 844 177 1019 360 1642 
28 127 1181 434 2432 361 3210 
29 258 2241 479 2241 398 2958 
30 4 230 54 1607 87 1490 
31 178 2735 252 1007 425 2141 
32 20 702 181 1068 236 1561 
33 2 445 88 3114 222 3196 
34 70 1690 196 769 331 1635 

Table P8 

DAY-TARGET EFFECTS 

Hit Round 
Effect change, % change, % 

Blank fire •50 -6 
Cc.nr palmpnt -7 -27 
Movement -10 -7 
Smaller aize -67 -10 
6-aec expobure -51 +6 

Range R al/Ä? — 
Exposure / a ({-1.75) a (4-1.75) 
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listed in fable P8.   The additional-target-size effect reduces the F target hits 
to 33 percent of E target hits, rounds fired is reduced to 90 percent.   The tar- 
gets that were exposed for only 3 or 4Va sec got 49 percent of the hits received 
by targets exposed longer, even after reduction by Eq. Pi, and rounds fired 
increased by 6 percent.   This suggests the inapplicability of the rate-of-fire 
concept for such a short exposure.   Movement reduces target hits to 90 percent 
of stationary target hits and reduces rounds fired to 93 percent.   Concealment 
reduces hits to 93 percent of unconcealed target hits, ai.d reduces rounds fired 
to 73 percent.   Blank fire at a target increases hits to 50 percent but reduces 
rounds fired to 94 percent. 

Similar calculations are possible for the night target system.  It satisfies 
the present purpose to demonstrate the method of analysis, and deduce a few 
major effects. 

• 
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