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' 'I• The preU!Unar: observations indicat."d no elcnr-cut p.1 tt.crn 
ot occurrence or errore •t. ans particular point or poj nt• within the ··y. te:l. 
irrora h " been t'bserved wher v~»r co nandn :.r tom .• ~ted, t rans'TI.i. \. od 1' 

executed, and at every ait.uat.i o 11'\'Vl'lvi•u.~ tl.c . ett.inr. and r~ading of i:.; ru­
-.nts, ruki11« CO:QtlUt.ations, .,tc. '!'he CC' "li!. ~rrur, ~ o c rrv ··mly :nPntion~d, 
1e not unique. Othera o:' le!iser 0r gr~»nter '"ll.frni. tude occ 1r w' t.h ·on::;idera.ble 
trec.uenr.v and for ~uite different ren ·or. ., 

c. 1'he vccurrenc f an Prror at ' \Y poi-nt i ' \ t ll · ·:r:· ·.e;"t u 1Hot 
-Iwaya he reg8rded ~ ar; isol •. eo \ "1i .r.i l' lt. •rl ont/ r d y t o 
lhe op•rntor or in. t.n1.'1lellt at t e of l. n t...l C I t.r~ory 1 j,n a 
well-traint'ft llni t 1ero a i'l ou ·~ t.. ., 1 r~ :.o ti. ·. " ' ' ... . _,. UK o<:c ul-r.- c,. of 
errors and i . ., . ~~iotcf;{ .are ce~ •r1 u s i '"' " fl f ~orr"'' :.o ds, " orro~,; . u ~1 ~sj on 
ot data or de ... rt.u--e frof"' sU.n(\nrrt o:'• :•;;.:, n "' • • ., . ,.,· .. -· '!' i iu nq · ~l ·t.um 
of a tepa in t ;.0 wh ~ le ~; · ~ te• 1. \ t;.,~.. • N - ~nj " cj ll""' ~0 • ~ 4 • ~ >.J - .... . C" • • J't>;_.n n 

tor er.ph~ie i n trainir~ .. nr' ;,.r1~r. t' ~c ur ~ 1 ~1 t - ""' ·• ., ~ .. !.'..~ 1'1ard 
aperat.ins procedures. · 

d •. t.t ' le J.'.., ...,, . ",_,., ,., .. , .. '-".. .... ""' t>H-'"' • ' ~,:.:, • r•c: u uf ~li 'vf', 
it :u; T t:Of(nl. : f>, \, t ~ ~ : .111 f4 • "'f ' ,. u .4.l. 1 l. j,npo. :u. d .\.t ~' 

It is r~ecesa ~.r: ' t ereror'' ' \...) V~.~ ~u e_. ., t..!~ r ') ... c.. t L Vt! f "" · ~ ....... "8 I, - : t,., F\l 

or er1·or ~n a co~""· nee .1 U h co • 10n • nd : , ••.• rllngtul y.1!' ,.o,~,~ ....J... ,. 

i:~~pDrtoilCe i ! t.he., increu•e exnenoi\ .. · re t v:1, t1f~ cr·.., s t. .. . " <1em~.1. ~ 
dl'ld e!'tectiveness o! t'ir- on a t.cu·r,.:t, nri ru~ ont.o ~r · er. tr ... v ... llr 
p&·evo"lt tl ~ desired close r,_illery s..1p l' t .. e nfo11 ' ... . 
~'Jc i~ r. e 100 .. in rlefl ~t.lon r 1 v ·. ~ ( n , .:1.!,' '' t: our ... l· o: 
t r p , hut in re.:: ... tr~tion or· · d '·.1s t."len' · t ~ : equ~n t. :· 

rl"(,1 1 

frl.eaJ .. 

w ll be ~COJ'lli ~ d and corroct..ed - \..e ,)f .~'lW · t 0'1 u:· t..'t •1f1 . 
~ n t he o .e!" h·.nc, · n error r s r.t•· j,l t"\o ~r ~ t.u e es.' f'O un ec·v ~J ~ ~ ·: ,t1 unr4 c ~.use 
considerabl~ l · of unu.'1 tio. <.• l tJ. r.:e :1ef . re ., l' fec r ~-~ e ·, , m,t~.-'d . In 
U1i • c ·mnect. · on, it io re al ... ect t.~tot t hrou •' ot:t t.!.e r c •.!. :- f /jc '..l!l t. \. n1• fire, 
the obs•rve,.. nau~\.. at;~wne t ~ t t 1e ::; 11i!t.:.ru! of mr whi ·11 he obt. tJ rvee correctly 
followr.: :t<mda r t rans . j ._,.._<?d ~ · t..<. . Il'' :..h:s i., not he ! is Lecl.nic 

Mluks d·>~m. r r e~ r~c t, lr.r"e tt:--rn r 
11 '!lrr•l r, i 0 r t. :. r~ot. The ~nf ·l•.mce of Qll 

err r llj) e f'fecti V_,n,..:- •" !ire ~ S SliT 1 r en V·"'cf :1 corrcc ion 
nre f r ill,. . a:1 ir~ t• ;o"t•f:, lti ) b Wy l l C:-"flil t,i. "le 0 tJring 

i t.l. • f ,, of U: hattPri - ~ , s reduc s t. c erte t i vcr css ~:~gaim.t. 
\.. ' r,re• :. re & : v d r i t.y of fi rA r,, r ace npli: "1ent of :nis d ono 
11 :;· .ch a..-.e ' 'liitmi t u c : tr. r·"' ~"1 ~1 , rr r ,,,. . ,, > ··ig · ri ca:1 e . 

• I i n t antj cipat.ed t.; IG t. .; · :1p ... • fi ed ,Jroc •dlu·e:, nne! ~ :.tp v : ent.f> 
"!"\ ·!1 and o.: ds wi 11 ' · u 1< t. rr .., r:; . '!'h ~ 'r Pr ... r al i nP, uf 

C .n " e'lt.rc.t..i n " · C..t liirld i :; o f f,!"il'l:• r. ' i'llpur tH\ ' e and 
:tiu so, vet n i. 

... . Error!: ~cur & t. ;.J l ,oir1'; · ,, f ~ld i r .. ~l t:r;" ;:>ract' ~ o. tere 
cu :"l·· d~ ;J!'e t r 1lo t~, ra s 'r4 • te v r· '!X~ ..: u '·ed • t.L cv ller P.d nd :--e ·orded 
••d co·11:n t.:.. tior~ m:..de, and ~never;:' CJ"'•n.tion re u.irinr, et.t ' ng <Jnd rOJ6rling of 
in... t.r ... -r. u t.~. 

. 
... -



b,. There is evidently no clear-cut, repeat.in« p:. tt.ern of u.-rorw 
which di rect ~t.t.~!nt.' on to a few part' ul ... r sources. 'l'ho fre .uency ot er1·ora 
deere ... eu• with increased training but the dis tribution 1tit.h resr>ect. to ~ource 
c'oea not. ch< n~o to r. narked deerflteo 

c. viO\~ sources f erTor ore 6een i'l t e operation o! certain 
O<t~ t •rs are 

betor· th y 
irw t.rul'lent.!; l :. ch can e largely eli:r. · nc. ted by i 'llr>rovcd de ifP,!'l. 
c used by r~l'tl' obs ure factor:~ , ret.u ' rin~ furth r i "'vvsti otion 
can be clea r·ly defined &nd it . r._ venent~ etf~ct"d. 

u. T!1:.t ev•u·y inst.l''U; t~en t. e l oy c in t l{' r.ond lC 
he s .d3 erl 5~ te"'\i6t · cal i, •1i h r~>f ,~r cc to 1 t~ ?rol>ahlr 
rrors a"l~ i :tpl'O ed inti tru ts ho desi~ d to elir.li.nat · s'..lrh ::''> .ll" e r of ~rror. 

0 

~lP 
.:. t. j 

·mens 

:; ' 1'13d f c:OC I .li :or c\:vi. i on of 
f ' U lery fj l'f" f to I r ric:' a:lOTe 

11f t•rror &,d w !'ur ni .n tne b i 
• "'I ' OVt:, ,:nt ,. 

d j • v for co .\j)l e 1 ·c -d.1 g uf 
' s~ ll~hed uHd ploy· l (l) t o 
r • fr Jrl di fterent ~ :.~r c.:c~ pun tl'te 
8:rl ( ) t-o det.emi-1~ r e deg,·ee of 
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APPENDIX 

1.    For puri ose of defining th« problem of errors in Field Artillery 
practice and in order to formulate a definitive program of investigatione 
and development of means for the elimination ,or minimizing of errors, pre- 
liminary field obaervationa were made at the Field Artillery Replacement 
Training Center, and 100th Division at Fort Bragg, followed by further investi- 
gation in Ihe Field Artillery School at Fort Sill, and discussion of the 
problem with the School staff.    Owing to the limited period of observation 
and to the fact that little quantitative data were collected, the present 
statement of the problem and the riropoaed plan for future study are not 
necessarily complete.    iJasically, however, It is believed that the problem 
has been fairly well defined and PC major change in plan of study is antioi-- 
pated, 

?.    Summary of Observations and Data; 

a. Survey;    Errors in survey are reported in:    (1) .tieasuring angles, 
{'?.) measuring distances, (3) computations of coordinates.    The error most 
frequently reported to us was In measurement cf distance - the so-called 
"dropping a tape length".    This error, which Is not uncoramon in civilian, as 
well as military, surveying results fr: m no instrument deficiency, but, rather, 
from lack of sufficient concentration uton the task at hand.    It is minimized, 
but not eliminated, by the use of tally pins to keep account of the number of 
tape lengths. 

Errors also occur in measuring angles with the aiming circle (see 
discussion under "Instruments" and Taole fc) and in making computations.    The 
recent development of the military slide rule for the calculation of coorainates 
and solution of triangles has undoubtedly reduced the frequency of errors in 
these operations. 

b. At the Battery.    Errors in use cf the aiming circle occur in laying 
the battery as well as in surveying,    'o 100 (ri er'-ors in this operation were 
observed by us but several of recent occurrence w«re reported and  it. was 
evident from Interviews that it is a recognized source of error.    In one 
instance an observed error of 200 '4 resulted fron incorrect comnand.    The 
battery was laid on az. I4I9O and the command was suddenly changed to )4090.    The 
corrective order to the battery was R 100.    The result'ng ?00 ^ error was dis- 
covered and corrected before firing.    An analysis of errors at the battery 
among school troops at Field Artillery Scnool, Fort Sill, revealed that 20^, 
cf the errors were made by the executive (see Table 1)} presvmably,  these con- 
sisted mainly of errors in laying.    The remaining 30^ of errors in Table 1 oc- 
curred at the guns and arose primarily from misuse of the gun-laying instruments, 
failures in communications or Improper exec tion of c^mrands.    Deficiencies 
in instruments which account for some of these errors are discussed in a later 
section.    4 s'tnilar analysis of errors recorded at the battery in firing 9$ 
problems at  Fort Sill is given in Table 2.    This table includes records cf 
magnitude as well as source of errors and illustrates the 

* 
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wide rr:1~e i n · · t~"' :i. tud wldch .. wy h •n:~cted. It is int"l'""':.1.i.n~ \.ll "l~te 
t.t.at fo•1rt ,.e nl o: .e 5 err ~ . ~ o:-rtf't1 v.ere 10() f. 1 'l M. cni t11de. 
()h.!; 1"'\ ~d r .))"..., dur·.~ r:... r:.. lf' )~ r, blltl.etj' f:-o-l li \ ;ell-train~ atU.H.on 
.r~ :- !-..:Ol'ficd for .c. 1 r~ .ordll 1 rt 7 •. !>lt! _; . T ! ranl!tt n rJW ifli t.: d.- '"~ r error• 
in eflec-..i 1 •• ·td r · nva i. n ob:f'rvr~ t. n t r; '"'·'. , :~": 'n 'fanl 1& , ~ s 
~· · d.lol' t ;,t.. r e o rrlflld f or' .. .. chf'l l'~'r' >OP~ l'l Tabl '.! ~. 

<'. i-ror echre3 c.t if• 

,) '!. ~:.:., t._.' rui of •r · ,. P "· rto »f i 
o"lng i.v ._,1 ' ra~t. tn ~. t . t.:ld~tlt off " . n, \ . h :t ttlf vrevi 
cvul'luct.' nR . : rto i ec.i ' ; ~,;&~ • 71 1 f f• ' o1·. nP, <i >, h ~'ever, 

-· :>rta ... e o f !o ... i •ll nP. t~tanrtarrl 01 ... ... " VI! : roCI!rlur~ urd 
in_ ru · t i o • 

(l) 0 s~rv~tr •tt.:t .~(1 3 1 ~ ~~ , z. l .... J o.at. f'~VtJ ur u•d4tt ' for 
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( ... ) C ~c1 ·ver co. .L1ed :. . •, R, .. .. •1 v .u .... u:' ) J R, ;, ,. : ... -'- · o,.ed 
t l.- by ",or c . t.\ ,) ., n nrt j .( u. ~· c ) • ld J ..... IJ e:~t:( "~" 
· t. t b.- ~al"s, 11\...u< · np :. t.o tc • .ti t. of .. (, • · · l'd • 
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l. .. rger Dhifl. 9o· ~ " r ~ t: ... !!b lcd el t.l · '-' gun!l 

An o ... tit-r of L lC \0# s rer 1 •81'1 t. t " ~e ga1 • , foiluweti •i:l 
R 1 • A che.::k •as : tt< . ttt i.i!d L!· o:a• f U e r11 ~~ •r . .-nrt U 
r, ly •1.~ "Cor1"t •. nd .•. ~ L l ( ,". ""'.e ~1-uaer :.nt. !",,rot. d t .' s 

resc ind.:nr, t l. • l · .. t c. 'N1 r of r. l · , 'mt ... i'inP, 1' s t..o t. l 
ci'!!h1:t ·.ol'\ L .•:o e; r c.n e .. or r 1 J ,6.. Tt t '" ~sr& 1...1 · t , a-
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In u recent study by tne Cotnfflunictiiions Department, Fa School, an 
averüf?e of three (3) errors in co uiunication occurred per mi^tion fi.ecL 
Two-thiids »f these were diücovared find corrected bfffore firing out  the delüj 
which t)\e;   irktroduced resulted Dn decreased density of b&ttallon fire on the 
tarnet. 

e.    I'l^ccdures at FDC. 

The operatlonb at FDC are of ^uch a nature .Jid the work ia eo 
concentrated thi.t «rrors  nre bound to occur in transni^siori of iflesöa^t-fa or 
data,  iftckinr Romputdtions,  rtjading instrument;.,  etCo    Reco^niliün of tne 
opportunities for error ha;?  resulted "in thfl recent re-devsi^n of the r.'.nge- 
deflection f?in Mnd improvement of frFT scales and .tiinipul^ t-ion0    Approxiin/itely 
one (1;  error ocr iilsjion occurred  at FDC in a recent study by  the Co.a;fluriica- 
tlons  Department, F^ School0 

f 0    Failure to execul.» coiitu.nds correctly and use of Jjoproner technicso 

''ost cororaon error waü i1", direction of deflection yhift of g'^ns, 
left incte&d of ri^ht and vie« versa.    The fre'nency of occurTence ia  evidently 
great,  especially in trainees.    Other examples included failure to romplutü new 
elevdtion ad^iwtment - quadrant set properly but gun riot leveled; jetting off 
deflection shift properly on po.nor.unic siifht but then coding back  onto the 
aiming stakes by rotating thj sight and leaving the gun in its original ali^n- 
aento   -Ute of site adjustment knot instead of elevation '.vas  noted once,    tJse 
of tne wrong ai'drifj i.takes.; iv;is  noted frequently amr)n^ trainees.    Certain tralried 
units  employed different ide.nt: ficat.ion colors on stakes or other means of 
avoiding tills miatake.    In one instance nhen gun was known  to  >'C out of a^ign- 
ment with aiming stekes   i'ne gijnn^r used the wrong far stake« 

gu    Inatrumental Errors, 

Tli» 100 / error was noted frequently in deflection settings 'md 
from time to time in elevationo     Errors resulting from confusion i\ selection 
of proper major grnduatlon on 'aicro.;eter scale were also observed; for example, 
aetting El 207 instead of El  212, 

/til instruments employed in Che conduct of Field Artillery fire 
are subject to errar in use,  varying in this respect with their complexity. 
Even as eiiople a process as measuring distünces in survey by taping is accompi.aied 
by the dropping of a tape length.    Of greater complexity are the sources of 
error in the aiminp, circle,  oanoramic nichts, gunner's quadrant, etc    These 
instruments  hi.ve e nuraber of feature? which complicate their setting nnd redding, 
most of which hre capable of improvement by redesignu    The M-Li panoramic sight 
may be considered i.s a caae in point.    In order to obtain a complete azimuth 
reading of four dibits, it is neceisnry to read two of the figures from one 
scale and  two from another, displaced fron oach other in a direction opposite to 
the position of the digiV^ in  the whole number.    This is  contrary to common 

Incl. #1 - 3 - 
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experience In recidin/» iTid leadis to confusion,    Re&dlng of the totoi ;.nßic fron 
Uvo displaced ancle-c  account«  for fie well-knovtn 1(.X) / en-cr, which occurs 
pritoarily in reading c-ngleg  Just below or above even hundreds v{.ij«s.    In ^uch 
cuEeb tiie index on the couru* scale i.   clo: e to a hundrads line to whicn it 
it r^Icteri oniv if the jnicroraetfli" reading it  Ju^t i.fcve zeroo    unless  ^lie 
micrometer bCüie is  Tirst e.xü.;J.ried,   t'ierefore,  the wronf; coarae scaxe value nay 
be t.iken.    Purtner cunf'ision urljei  frcwa t 3 fact tiiat tlie coarae jcale ICX.) ffi 
increnent lin««: ore all of cijual l^nTth and are nuiribered onij  <.t «,U  fl intervale. 
Tie interpolution thus required in readinr / n^lea mldwa}' in valu« between 
numbered pnintf, ^dds to the probability of th^ IfX) / error. 

The pattern of errors which are likely to occur in redding deflections 
with the 10.2 sifht are iiluatrated in Table f.    These records wore obtained in 
a series of '"dry runr", amployinf; two groups of School Troops at Fort Sill« 
a£Slf?ned as experienced and  inexperiivvjed raen.    The series of twenty angles  to 
be mnasured were selected in tid'^nce to include a preponderance' of values in 
th?* danger r.one:;,  that is,  near even 1(X / values.     The fincfiji^rs ar« significant. 
Among the experienced nen ther<j vrerp sixteen 1(X" / errors out uf 3'X loadings, 
all of which occurred in reading r.nple;   n^er an ev;:! hundreds valiv».    Of the 
eight errors in reading angler just below an evnn hundreds value, seven wer» 
recorded for angles which v/ore midway in val le between nuirbered i«ir!:ing£ on the 
cosrse scale of f.he instru.nent (Oroup a under I in the table);  ^or exsiple, 
13u6 )i( lies half-way between the nuiftbcred s'aJ'» values 12 and In,    Sinilarly, 
for the throe angler,  j'igt above even hundred mil values, six out of the eigut 
errors occurred in reading ar.^lo K 11,    Iro midway between mi'ibered ntirkint's 
on the cohn?e seal».    The frequency of total  errors war approximately foiir 
timer greater among inexperienced men a*!  compared with t:.e or-jHri^nced men 
but the tjattern of errors was essentially similar Tor the tw(j groups.    Particular 
attention it  called to th*  confusion in reedi'ig angle lull fl (Six »ICJC ^ errors 
out of 17 readings by experienced men) which suggests that the audden jump 
from 3 digits  to /* digits added to the uncertainty. 

Another source of error in vhe M12 panoramic aifVit arises from 'he 
liiidted capacity and function of the gunner's aid.    ItE inadequacies ure bb.st 
de.'nonstrated by the fact that nu r^enerfx agree.aent exitU; a long artillery 
officers ah to the proper manner of use of trie aid.    In one instance trainees 
wjre instructed not to use it because it was  felt that it actually caused 
errors.    Among other units,  different methods of use were noted but in no caoe 
did MB see it employed in the 'aunner racommanoed iii Ordnance nanuifls«    The 
concept of the gunner's aid is weU established, and it should be designed to 
serve completely and obviously for the intended purpose, nainely; the oinindzing 
of required mental calculations on tiie p..rt of the gunner in axecuting eomiaandB* 

ii somewhat similar studj' of error? to that made on the ^iii panoramic 
sight in measurement o/ angles by means of the  aiming circle was recently 
carried out by the FA nchool.    The study employed 110 btudant officers as  teat 
subjects.    Six angles  were measured along a closed traverse,  the angles varying 
in siae as indicated in Table 6.    Three of the angles were clone to even hundreds, 
viz:    795.0,  1193.7 and 1198.7.    The same two instruments* were eoiployed by all 

* Plateau scale removed. 
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subjects.    It was possible to account for inost of tho incorrect readings either 
as instrumental errors ot mistakes .'»s indicated in Tabla 6.    For puapoaes of 
analysis, most of the errors within i 3 ^ htve been catalogued ae InotruMental, 
io*., within the limitations of accuracy of setting of the inütrunent by 
operators not highly skilled in its use.    The remaining errors, catologij'.'d as 
mistakes have been distributed into four cateporiee as  to CAUSC from a study 
of the magnitude and sign of the error in each case.    The first of these causes 
is reading the wrong aide of the adj.icent major grt-duation.    For example, for 
angle 1199 there wer« 12 readings of Lid which are interpreted as niütakes 
resulting from reading the iU hundred mil value on the cotrse scale and re; ding 
the micrometer as 1 rather than 99.   Similarly, for angle B'it there were 9 
readings of d34»    Larger errors were apparently caused by reading trie micrometer 
to the nearest raa.lor graduation mark; for example, reading 790 instead of 795, 
040 instead of rt36, etc.    There were Ö cases whore angle ityb was recorded as 
853«    It is possible that the amrle was read as 835 and the figures transposed 
in recordingj  they have been so classifjed in the table.    A total of fourteen 
100 gt errors occurred, all for angles close to an even hundreds value    Nine 
out of the fourteen were recorded for angle 79.c', thus accounting for over E$ 
of the readings of this angle.    The summary of results at the bottom of the 
table shows that only one-half of the readings were correct to the nearest 
rail and GOjJ were correct to within ^ 1 mil,    fifteen percent of the recorded 
valuet were evident mis readings, which may be '.ttributed to weaknesses in 
scale design and displacement of the two SCüIäS. 

A partial list of sources of error within    the system is given in 
Table 7.    It is recognized that nothing nev was ootained froM these observations 
of sufaaary of reported errors.    They .-nerel.v nurrob >rate coranon knowlen^e a^ong 
Field artillery officers.    Awareness of the universality and roagnituds of the 
problem and necessity for constant effort toward the elimination of errors was 
evident In all discussions.    The cotinlexity o'' the problem indicate?  that no 
ready general solution can be expected.    There are certain obvious sources of 
error in instruments which appear ctpe -le of immediate improvement but others of 
•nore subtle charactar, related particularly to wording and transmission of 
commands, order of procedures,  computations, etc.,  require more extensive study 
before possible improvements can be developed.    Hegnrdlesfi of the number of 
improvements in procedure or inptruments which may be affected, it is  clearly 
understood that the conduct of FielH Artillery fire is and must alvmy- remain 
primarily dependent upon thq personnel for success.    There can be no aubstitute 
for adequate training, continuous adherence to SOP and complete concentration 
upon  the task at hand while performing duties within the system.    The i.uestion 
may properly be asked, however,  to whet extent procedures can be improved and 
instruments simplified so as to reduce opportunities for error when ih?re is 
any departure from the ideal functioning of the system.    The innediate plan, 
therefore, ia to initiate studies designed to bring out aources of error which 
are capable of elimination or reduction in frequency of occurrence. 

U,    Plan of Future 3tudy» 

For purpoaes of further detailed study of the problem, the following 
plan of investigation ia indicated; 
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a»    Inprovcment in inetru.nents.    The preliminary observiitions 
clearly point to the need for improvement in instmenta,  especially in 
deüi^n of acalen for more certain readine.    Immediate steps are bei.ng ta':<en 
to e'fect i-.uch imnrovwientp, with tv ) lines of develooment in nind;    Firet, 
changes in deeifn "fthich will not affect th«; ba*öic construction of the 
instrument and can be applied quickly tu exiatinp, instra;nents; i.e^ond, more 
complete redesign vtith a vitw to further imnrovK'ner.t in function,  but 
requiring changes in conütniction v.hich t^an only be employed in later production. 

b0    Detailed job analyses - This phase of the study coMtempUito« a 
critical examination of every procedure and Job within the system v»ith 
particular reforonce to the opport .initioE for error which exist in the per- 
for-nnnce of Uu; required operation.    The wor!: will con'-iat primarily in regular 
observation and study of errors in inde'.>endeiit ''dry-runs" of each operation or 
major Rroup of operatione  taken eeparately.    Tfie purpose will be tu provide « 
detailed iiacrcproimd of information on the nature and (;au5.e of errsre ♦•h;-.t do 
occur in each instance.    The studies  will be so riesigncd ati tu give quuitita- 
tive  !u.'ar'.ne.iiente.,  »<   far öS jxjssible, of the importance of such errors in 
relation to the overall effectiveness of artillery fire. 

c,    Criticul study of operation of entire system.    By .Teens of 
facjlitiet;  for complete recording of all operatj.otii  in conduct of fire,  the 
functioning of the entire ay^tem will be studied during actual firing«    From 
tue dat«. thus collected, full infor.iu.tion on nature, magnitude and sources of 
errors will be determined under various conditioas of operc-tion»    It Vkill 
öiso be possible to measure the benefits from certain proposed i/^provenente 
in instunirientj: and unerations in i.nant:" tative terns of relative effectiveness 
of fire. 

• 
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TABLE 1 

Distribution of ^rors Observed at 'Jüttery Position 
F, A. School,  School Troops,  Ft. Sill,  During 8 Two Year i eriod 

NUMBiH ptsoivr  j 

TOTAL StRORH 1765 

1. lirrora n.ade b> Executive 347 2üo2      \ 

2. jirrora at the 'Juns: 

(aj    in Deflection I'OSU 61.7     | 

(b)    in Hange 236 12.5      j 

(c)     In Distribution ■      98 5.3     ] 

V 
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TADLE 2 

uraraary oJ   Type snü Magnitude of Errors Made IJurinK ;*j.nety-five 
Problecis -- F.A. School,  School Troops 

|                  TOTnL ERIiCRS                   56 

1.    SRROK) :.AL )£ AT GUNS 

I                  A. In Deflection                                                                                 1 
"tjuiuber:    2U    {kH) 
Magnitude in ails:    3-12«13-25-4O-74-84-100(8)«-140- 

150-160-200(2)-240-280-300-4Ü5      i 

|                 B. In nlevation                                                                                          i 
Number:    10    (16«)                                                               | 
Magnitude in mils:    10-20(2)-30-53-75-98-100(3) 

i                 G- In .'äite                                                                                               \ 
Number:    3    (5^)                                                                 I 
Magnitude in mils:    7-30(2)                                                   j 

D. In hcinpe 
Firin/; i.ron»; Charge:    U    (T.J)                                               \ 
.ronn Fus'?   'etting (Su/^g-sted):    7    (12^;')                      1 

lia^nitude - 300 to 2500 ydu.                                          | 

20    ÜFiKORS HAL E BY 'XiCUTIV:-. IN UYII.r;  HATTHRY .                                             ! 

Uunber: ß (u?;) 

|               I.'agnitude in mils:    37-i)7-luo'{3)-2üO-203-/*03                                | 

^Hurabera in (   )  indicate number of times  that error occurred. 
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TABLE 3 

Observed lirrors l.>.de at Battery ana O.P. 
Hell-trained Battalion 

Fort Bragg 

NUMBER 

Total Rounds Fired 231 
Total Problems Fired 16 
I'roblens having errors 10 
Largest Mo.  of Krrors ii   One Problem h 

TOTaL EIlitOKS OBCLiiV^D 15 
Type of tirrors at Guns 

(a)    Deflection 5 
(b)    lilevation 3 
(c)    Site i 
(.d)    Fuse Setting i* 
(e)     kecorders 

iirrors due to Confusion at    O.P. u 

.Inclo if 2 
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TABLE U 

Kind and fa^nitude of the Krrors Observca at i/uns During 
Service Practicea oi  FARTC Trainee Groups 

fort Bragg 

In Ueflection (mils) 

1,  2,  3,  4,   5,  6,  9,  10, 15, 18,  21), 2*.,  kd, 
32, 40,  53, 60,  64,  100, 130,  180, 286,  400, 

'30, 
500 

In   ilevation (mils) 

5,  16,   18,   20,  36,  40,  60, 80,   100 

ircl, H: 
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TABLS 5 

Errorr, ir. ."'oasurerients oi  Deflections with Telescope,  Panoramic,  }.'V 

Kvunber of ijrrors 

.ijcnerienced )'en (17) Inexperienced ?'er (20; 
Angle, $ 100 jn        Other 100 $                    Other 

I. nnnles J'ist  Below >en 100 ^ Value 

a. 194 
287 
687 
1097 
1396 
1685 

1 
1 
1 

3 
1 

1 
5 

9 
3 

1 

i 

1 

bo 389 
393 
498 
791 
B90 

2894 

1 
- 

/* 

6 
2 

3 
3 
2 

1 

1 

1 

Totals a. - 7(3.4/6) 
b. - l(0.5.o, 

a. - 1(0.5*) 
o. - 0 

a. - 39(16.2,0 
b. - 20(8.3*) 

a. - 5(2.1J) 
b. - 4C.".;) 

II. Angles Just Above wen  100 pi VcJuo 

307 
906 
1011 

I 

1 
6 

_ 

2 

5 
5 
1 

Totals 8(15.7/-; 2(3.9.)    | 7(11.7i) biJCov) 

III. Intermediate Angles 

265 
548 
841 

1262 
2822 

1 

_ 

1 

«4 

3 

<L 

Total? 0 2(2.3*) 7(7.0*) 2(2.0:*) 

Incl. n 
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TAEl.L 6 

Jur.mary of Teste  jn Angl« ;.'easnre;::«nts by Aimiii^ Circle 
110   suojects 

F.A,  Scnool - Fort 'all 

V'easured Angle    - Mil 

3y Transit 795.0 j1193.7 |   1198o7 1   835,8 1   1165.6 1211.4 Totals 

Most Kre";,   uy /..':. I7V5 1119/. |  1199 |   «36 1165 1211 
1 

I.  Uu.  Correct V,eas. 47 |    70 
\      Kl 1     54 53 54 325 

II,  Mc.   Instr.   .xrovs 

i 1 r..il 39 2U 34 29 27 45 ! lc'e 

- 2 nil 9 - - 1 - 3 !     12 

- 3 nil — k |       10 i  i 2 1 18 

Total UB 28 kh L3ü 
29 49 I   228 

III.     MISTAKh:; 

 a 

Read wronr, 3ide tnaj. frad. - U 12 i 9 8 - i    33 

Read near maj„ ^rsd. 2 5 1       | 7 7 22 

Transpositiun of Figures - - - 8 - 
1 

a • 

100 !'il Plus 9 1 ^ - - - 14 

Record. rev.Tse angle          i - - 2 - - 2     1 4 

!.'o obvious ttxplonation*      | U 2 - 2 8 21 

Total 15 12 19     | 26      ! 23      ! '! 102 

% Correct « 49.5;  « Instr, Errors up to 43 mil « 34.Ö; % Mistakes ■ 15.7 

ftRanging in magnitude from 4 to 50 rails 

: 
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TAaLE VII 

PARTTAL LIST <V SOURCSS CF ERROR IN ARTILL^It.   ^.A"! 

.    Tn Survey• 

a.    iieaiutlng from misread 
circle or transit. 

y-     ■» ,;.er ml. att'.- aim^ -i. 

b. I^rrors in aeasi.rtr.g distance. 

(1) Dropvlnu tcpe length. 
(2) Reading tap^ from wrong «nd. 
(3) Confusion of feet and yards. 

c. Errors in conputations. 

Ho    At 'Sattery. 

a.    Resulting from misreading or improper operaticn of inatn merits . 

'I) Aiming circle. 
C1^ Panoramic sight, 
(3) ,'.adrant - gunner's and muunted. 
(u) luae-setting scale. 
(?) Inadequate illunination of instruments. 

to    ^«silting from im;iroper technics. 

(1) Deflection shift in wron0' directiono 
(2) Failure tn level bubbles at '.roper tiae. 
(3) ''se of KTony aiming stakes» 
(U) Imnroper powder charge, 
(5)    Departing from SOP (Failure tc call   'The Ccrarand was",  etc.) 

c.    Sesvlting from errors of communications - lack of attention - not 
ccicentrating en ^ask at "land, 

III.    At ?lre Direction Center. 

H»    Resulting from misreading or  '.-nprcrer operaticr. zr instnanents. 

(1) I sing incorrect scale  rcr nd;,. 
(2) han-e - deflection fan and protractor. 
(3) jraphicai firing table. 

-1- 
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b. Resulting from improper technics. 

(1) Errors in computations. 
(2) Lrrors in graphical plotting und malysis. 

cu    uesulting from "rrors of conn.i!niciti-ns - lack of attention and 
not concentrating en task at hand. 

IV.     At (jhaervation Foato 

a. risr^adin^ obaervftion Instruments. 

. b„ Failure to sense oroperly in i-egard to GT and üT lines. 

Co Departure from SOP. 

do Errors in communication. 

V.     Communication. 

a. 'loo man;/ individuals involved "in transmission of T^ssö'-e, 

b. ;.'ot usin^ f:lear enunciation of words. 

c. Failure to ' se proper pronunciation to distinguish '.jety.een \.ord5 
wj.th similar sow.1 is. 

d. Ka-llire  to follow SOP. 

f.     Lack of concentration en task it hand. 

VI.    Personnel. 

a. Inadequate ^eriod of training. 

b. Inadequate mathematical car.aci ties. 

Co Linited visual caphcities - day and ni^ht. 

d0 Hearing - speech. 

e. Patigu'e. 

f. Environmental factors - noise, ilium nation, ment-i* ütress. 

. . Lack of attention. 

-?- 
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