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Lo Legibility of aircraft instrument dials: The reletive legi-
‘=1: bility of tachometer dials,
f—
e 1

To obtain objective date that will provide specifications for
optimum legibility of sircraft tachometer dials,

lons and Recommendations:

lous modifi~ations of the Type =10 tachometer dial have been com=
the cccuracy with which the can bte rcad during brief exposures.
consistent in demonstrating that the dial vithout subdivisiajs

o ferverrerrors than dials with one or fonr subdivision lines,

o indicete that the small n'mbers of the Type E-10 techomoter dis)
e the gceuracy with which this diel can be rcad. “there differences
“i1al with the small numbcrs tonds to be inderior to the more

rccommendations of a standardized techometer dial will be drawn
etion of measuremonts with cortein new experimental dials.

c, It i~ rccommendcd thet the matcrial of this investigation be brought to

the attention of indivicdualss responsible for csteblishing specifiections of aire
qraft instrument dials,
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Report Yo, 1

1., Title: " Legibility of eireraft instrument dials: The relative legi-
bility of tachometer dials,

2. Objects To obtain objective date that will provide specifications for
optimum legibility of eircraft techometer dials.

3, Conclusions and Recommendations:

a. Verious modifi-~ations of the Type B~10 tachometer dial have heen come
pared as to the ececvracy vith which the can be rcad during brief exposures.
The data are consistent in dcmonstrating thet the dial vithout subdivigiais
gives risc to fererrerrors than dials with one or fonr subdivision lines,
The data also indicete that the small nmbers of the Type E~10 t-~zhomecter diel
do not improve the gccuracy with which this diel can be rcad, “here differences

do arise, the 7igl with the small numbers tonds to be indorior to the more
gimple dicl,

b. Final rccommendations of e stenderdizcd techometer diel wili be drawn
yp upon completion of measuromonts with certein new experimontel dials,

¢, It i rccommendcd thet the material of this investigation be brought to
the attcntion of individuals responsiblo for csteblishing specifiestions of cire
craft instrument dials,

Reoport by:

/a/ ROGER B, LOUCKS, Ph, D,

Approveds

/s/ ARTMUR W, MELTON, Lt, Col., £C.,

Approved:

/s/ PsUL .. Ci'FFELL, Lt, Col., MC., .
Director of Roserrch,

Approved:

/e/ EUCEY G. RELNARTZ, Brig. Gen., USL.,
Commandant.
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Discussion: o i

. This is the initial report in a series of studies designed to establish
‘the specifioations for optimum legibility in verious types of airoraft dials,
The or:.teria of legibility usod in this projoo} are based upon the acourcoy
with which a serios of pointer settings can bo rond during brief oxposures o:r
the. dial, If, for oxample, subjoots make fevor mistskeos in reeding one of a.
: -pair of similar airoroft instruments during brief cxposuros, that dial is
oonaidered to bo the-most legibloe

rt is recognized thwb. tho dislevwiiahngines tho fewest- errors for-'bmr*
oxposuro rozdings is not necasserily the one which will moke pe@wThle tho '
most precise readings were the subjeot to hsvo unlimited time. Therc are
' very few airoraft instruments, however, which must be road with great pro-
cisione It nppoara from interviews with pilots that thoge characteristios of
o diel which facilitato speed and acouracy in roading ere more important thap
those which mako possidle extremo precisisn. In fuot, there seems to bo ;
goneral egrecmont that an expriqgcéd pilot reads many of his instruments by

the dirsotionel position of tho noedlo pathoer than by verbalising a numericel
valuse This doos not minimise the importchoe of providing dials of meximum -

legibility for tho less experienced pilot mmd,. partioularly, for atudonta in
transition training. ’

. conoidoring tho faot thet o depot must kqo? on hand more then a thousend
different dials for thu pancl instrumonts of airorsft, it is ovident that
stendardization would inovitably lead to a signifiocant insrevasec in officienay
apd saving of msnhours in ths roleoted maintonamce dopurtnentse If en offort
is made to bring about a policy of stenderdisation, it w ould appecr solfe
svidént that the first considemtion should be that of maxirnm logibility.
 In order tc detemino what diels cro most logiblo, it would scem thut the

‘soundost buia of ovaluation is to ostablish comparativo norms bssod on
actual porformanee in roading theso dials undor controlled oonditions,

Tho ordor in whish verious typeg of dinls ers being studied in this
project has been detemined, in part, by tho availability of ocortein dislse
Of thoso d3als which it was foasible to oxtraet fram Air Corps Bupply, it
appoars that the tnchometor diels, the manifold pressure dials, and o=rtain
compass dials of the remocto indicator typo ere the mcst promising itoms for
immedieto study. This viewpeint crises out of tho follewing consideretions:
() Pilots arc gonernlly czroed thet these are vory importamt instruments and
" refer to thom frcquently,. (b) Due to tho approocinbleo number of similar forms
for sonles of comparable rango, it 1ls poesible to make ocomparisons which in
many oases oonatituto a variction in but one major factor of dissimilarity.
(¢) As & result of the large numbcr of divisions im those scalos it is °
possible to oonduct a strictly quantitative comparison of the roletive logle
bility of two compareble dials. Any goneral oharacteristic fostering logi-

bility which oan bo idontifiod in these quartitative o-m: parisons may well bo
. applicable, in scme degrev, to instrument dials with civisions that are more
"~ gross, and would sorve-as tho bagis for tho design of improved foerms of exe
perimental dialse The matorial of this report is restricted to evaluantions
of ocertein tachometor disls,
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Experienced pilots inevitably become very femiliar with particular c1als.,

. This would tend to affect their performance .in rcading diels vhich are .now to |

them. In ccnsequence, it seemed likelv that neive subjects -ovld prov1de fore:

~ valid dats, end the presrnt study was cerricd out on cascts :’iuh, ‘or tho
' most Oart, not, mor~ than ten..(10): hours of p;i.J.ot ti»aining.. RN

e o The exbosure Epparatus conqistt' “of ‘a hagonite: panel si*{tecm -lnches (16'1)

in width by tuenty inckes (20"} 4n height “hich containe & row of four (4) ;
autosvn indiégtors covercd b individual shuttcrs (See Fig. 1). Thé center= '
linc of ‘the four €4) indicstors ie fourteen inches-(14") from thc base of the

paencl, and the dials arc spaced thro: snd *:hrex-eighths inches (3.3/8") :
center to center., The instrument pencl wcs supported on a desk directly in ... .
front of thc subjoct who was scatod during the test. The top of the desk

was epprarimetely thirty-iwo inchcs (32m) above -the floor, ard the” front

qdes of the .panel wea twolvt* inches (12%) from the subjcct's cdg_' of the! desk.

A. control box conteining = battcry of stepping switches made it possiblo
to present, sutomaticelly, a scriis of one hundred and sixty (160) diel
settings. The four (4) instrumcnts were .oxposcd in en irregular .sequence 80
thet the subicct could not anticipate with .any dogree of accurzcy which dial
was to be rcad on & particular triel, .The: contrdl mechenizm shifted the hend

~ or pednter of en instrumont just. bgforo the shutter exposcd the cdial., The
-sericg-of dial sattings were arrgnged in n counterbelenced or . MBIz #4n

order so that the fcctor of loarning would tend to be equatcr. for the varioua

o dials =

Beforo a cedet tes testcd on a pa ticular group of four (4) instrumcnts
he was allowcd tostudy the diald for scveral minutes while .boing Boathed on
th: mormer in vhieh the dial séttings wer- to bo xed., The first twelve (12)
scttings in the scrice of onc huncred end sixty (160) triels constituted o
preliminory practice scricsg, For this preliminary period the time intervel
switch was sct so thet coch cxposurc ves four (4) scconds in length.  During
thig preetice sericg the sub;octs wer. corrected for any crrdr in naming
the scelc units. Thc next sixty-cipht (68) trials constituted the first
portion of thc tcst proper.,. Thesc tricls wore given with an exposurc in:terstal

T of 1,5 sccands, . “The lest portion of the trst, trials eighty-one ¥81) through

onc hundred and sixty (160), wero.g-ven with on exposure of .75 scconds, ~ Suc-
ccssive triels were cdministered ot o rete of ten (10) per minutc, or onb (1)
¢xposgure cvery six (6) .scconds,. "w}s rote roemeined constont throughcu+ all .
portion<' -of .thc cxperiment rogerdless of the length of tho eciusl exposurc
t3¢1f, . The 'subjeet reed the 4icl ~'t+1ng into o microphone rnc. thc operetor
outs:.dc thy cxperimentol room rccorded the rceding Mo subjcect wes used for

morc then ‘onc” (1) compariaon or s & tyen morc dmn onc hundrcd ans sixty .
3160) trielg. :

5 . 3 : cew @ - : R
In mOasuring' the leglbilj ty of verious dials, the tro (2) instrument .

frees to be comprerud were always nli¢ed in the contral positions. Instrument

feces which =erc dissimiiar fram the dials being comparcd wore pleeed in the

outside positions in order to forcc the subjcct to identify the unit of the

scalo he was rcading as well es th. bumericrl value of the sctting,

H Aftcr many wecks of prcli.m:merv invcsti& tion znd the rurring of prori-
montel controla, the follor'ing points Cncrgcd as pncautions that should be

?qawc/med
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obgorvod in ordir that difforences could be Justifiebly escribed to cortain
charrctcristics of the dials, Per- 80, rather than ‘to ‘the ‘dial p03tion, the con-
figuration of tho four (4) dials, or ;cctora 1n thc gOncral yvcrincntal routine,

LT

a. The two (2) ccntral dials B ing comparcd should heve 2n cqual

numher of even-divisicon er "casy! rcadings., That 18 to si¢y, if one of the
two (2) disls ts given a lergc number of cven-éivision scttings end the '
other dial scttings fell larerly et mid-division pointd, & differcnco .mey

eppcer vhich is en ertifsct of “tho “incquality in. the two (2) scrios of
settings.

b. If thc ‘two (2) o¥bdirnei dwals arc markcdly dissimilnr, one (1) of
the tvo {2) ccntrel dials mey heve e cecrtain dgrec of ~dvantego over the
other, This docs not scom to be :ntircly a positional reletionship nor i
is it e clcer cut cffcet of serics position. EBoth factors appear to
ercetc diffcrences In the accurccy of roading the two (2) central dials

viich mev mesk -true but slight 41£f0rencos in tho legibility of thc pair
of 1nqtrumonts being cveluatcd..' ,

c. Roflcctions from the g]abe covers of the insturments ‘should be
¢limineted if tho truec:differences in difficulty of the disls themsclvos
is to bo messurcd. In certein comperisons it has beon found edvisable
to telo rcedings of the diel scttings when tho glass covars have bBecon re-

. movcd from the instruments in order to insurc. that rofloctions wore

com=:
pletcly. eliminetcd,

d., Calibretion reedings should bo taken by trained observers at cach
test scssion to csgtablish the truu velucs of the diel scttin s.

Comnarlgonglumbcr 1

Trchomoter with four (4) mid-div1sion 1inos V3. tachOmcter with
no mid-division linc,

Figure 2 shows fnll scalo nhotogréphs of the two (2) techom ters vwhich
werc uscd in thig compariser. A mrjor diffcr-nce betwcon tho, tio (2) scelcs is
thet Dial No. 1 (no typc designction) hes four (4) short mid-8ivision lines in-
diceting the twoenty (20) R.F.M. points on thc scalc, whercas Diel Fo. 2 (tysc
B-10 modified) vhich originolly hed single mid-division lines for the fifty
§50) R.P,!", points hrcs hed thesce .merkd .obscurcd with f£lat.bleck.piint, The -
accompanying photographs were tcken under direct ond intcnso lighting of the
diel. Whon thcsc dLaLs wcre mounted. on the rutosyns in thc cxnosurc .cpper-tus,
the orly lighting we~ from & coiling fixture dircctly above the imgtrument - -
panel, Under ratual tc=t conditions, throfore, the flot black pzint used to .
obscure thc mid-Givision merks of Diel Mo, 2 wes barely perce«tlblo. Subjecects
were rquired to rcad both trchomcters to the necrest twenty {(20) R.P.M. Only

the right-cneinc pointer movcd, the lcft-enginc pointer wes flxod at tho basc of
the scnle,

«

Twoﬁi&ioight (28) éﬁbjocts wEre run 6n this comperison roszulting in a2 total

_ e
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nf of four hundred end aeventy-mx, (476) readings* with en exposure time of
l 5 seconds and five hundred and sixty (560) judgments with an exposure time
£ 75 seconds. The rospective pecrcontages of error are shown just below,

Dial ; Txposurc Error Twvalue showing signlfioanco of
: ' Y S - difference in two porcontegoes.

No. 1 (l; midlines) 1.5 secmds 167 ) 3,77 Cloarly significant

No, 2 (No midline) 1.5 svoonds L1120 N at ‘tho 1% leovel,

No. 1 (L midlinss) 75 scconds L ) 3, LL} Clearly signiffcent

No. 2 (llo xudl:mo) +75 seconds 3 ) at tho 1;5 lovol.,

Zighty-two (82%) peroent of the subgocts proferred tho dial with no mid-

division lines. Fourtoon {1L7%) porcent of tho subjects preferred- tho diel mth
four (1) midlines.  'he ramainder cxprcssed no preference,

Thoso dota cloarly indicato that the dial without eny mid-diviswn lin:.g
is more legiblo than tho dial with four (L) midlines. Tho majority of tho :
subjoots expressod a proforence for tho aqopre simple diels, . .

In ad'htlon to tho major differcnco bofwoon Piael No;. 1 and Dial No, 2,
nemoly, the presonco of mid-division marke, thcre airo two minor di!‘foroncos
which m.ght be considered bricfly in evaluat;ng the suporiority of ono dial
over the othor. Dial No, 1 has slightly larger figures then.. Dia], No, 2.

This factor mav not bc of any vnracticnl significanco but in any ocaso it should
oporato in favor of Diel No, 1 which wus demonstratod to bo inforior. A :
furthor noint of diff:runce ctin bo observod by oxemining thc oxtremitios of the
scale for Dial No. le Tho figuro thirty-five (35) is so noar the thirty-
fourth (3Lth} Aivision mark thet it may provo confusing. At the othor ond of!
the No. 1 scalo, tho zoro mark imposos a special scalds for volues under four
hundrod (I;CO) R.P,M, To obviatas thesu complications tho dial sottings wero
golectod so us to oxclude eny ' roadings abovo thirty-four hundrod {3/00) eand
bolow four hundred (LI»OO)v -

* Noto: Tho tost sorios consistod of s.:.xty-oibht (68) roadipgs at 1.5 scconds
exposurc (following the twolve (12) rroliminary rcadings)- end ociphty (£0)

-roadings ot 75 scconds -oxposurc, The rondings wore dividod oquelly emong

four (l)) dials so that ton (10) subjucts, for oxamplo, would give a totel of
only onc hundrod and sovonty (170) long-txposurc rcadings on thuc contral dials
which woro being comperod and two hundred (200) short-oxposurc roadings for
oach of tho spmo dials.
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Compa,rlson Numbor 2. fw B o . K]

; Tachometer (' ) h ona (1) midlino unchangod va, tachomot.nr (E-lq)
with midline obscureds &-na anumbors ara, lori‘t intaot on both dials.
AN

Twonty (20) subjoots werc run on this companson loading to & total oi‘
threo hundrod - and forty (3L0) rondinis with an oxposuro time of 1.5 soconds
and four hundrod. (LOO) roadings with an “3xXposure timo of +75 soconds. 51.1't>:)o‘.‘lzc
wore roquircd to road both tachomotors te tho moarest twonty (20) R.P.M, Only
tho right-onginc. pointor chenged position.during tho, sariog. .Tho r(rSpectivo
porcontagos of srror aro shown below. Hulf of tho sorios was run: vit.h Dinl.

No. 2 in tho loft contral’ position and ‘nalf with Dial No. 2 ‘40, the_right

.ecantrnl position, 1'hi:s is a stqndarrbnxmmodurglusqd in ull(oompai'isons of
*’this febqrt. S ey el e

'.- -..’
weet

_ Dlel ' - . Bxposuro . ¥rror Twvaluo indicf'ting, siz,xii‘i'

cancQ. -, .

NOO_ 2 (E-].O no midlinc) . 1.5 socﬁnds alﬁ' ) .% No - sirplf‘lcmt difforence.

¥o. 3 {%-10 unchangod) 1.5 seoonds }2% )

No. 2 (B-10 no midlino) .75 soconds 513,/ ) L
No. 3 (3-10 unohangod) ' .75 soonnds h]-/ )_—' S Ogosci;guhcant &b the 54

Thorce wes no olcarcut profor.nco for zithor dial although. Dinl No, 3 appoerod
‘somolhat moro popular. '

’ ‘

Tho uxpormont'xl data just above indicatc thnt thc\ diffcronco botwoen
diels wes not significant for tho longoer cxposure perlod. At tho shorter

exposurc intorval, tho diel vith tho midlinc obscurcd omorgos as a somowhet
casior dial to road although thu sizec« of the difforunce is not as striking as
in Comparison Numbor. i, It would appcrr, thorefore, that for briof exposurcs

- the eimplor diel is somuwhet ocsicr to road then tho dial with tho fifty (50)
- R,PH, midline mrk. 2 2

Conparison I\umbor 3.

Tachomoter (%-10) with midline obsourcd vs. tachemotor (T‘-].O) with

'midlinc and small numbors obscurod.

Tw“nty (20) subjeots wero run on this comparison loading to a total of
thrce hundrod and forty (3L0) roadines ot tho 1.5 socond exposurc and four
hundred (1400) rondings at the .75 socnnd oxposure, Tho rospoctive porcontages
of orror erc shown bolow: - ' S R

NDial . . ~'..Expoau'ro. . 'Erfot . ,Ti-'v:élixc itidicatin'i signifi-

: ( '. ' 2 cANcy.,

No. 2 {E«10 no midlinc) 1.5 ‘scconds LIV

No. L (E-10 no midlino or 105 scoonds < 324 ) 56 Yo sigﬂﬁ.oant di fferonco,
: . small figures) = : .

‘Hoe 2 (2-10 no midline) ., .75 ssconds  39% ) A

i : . —— 1,18 'No signifi foct.
N6e 'l (E-10. no midlino.or M5 scoonds 358 ). .13. No s1uv1lz.ficanjt_\ofmct

sme.1l figurcs)
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' Thusc figures indicato that th. ‘prosunee or sbsonce of tho smell numbers -

in the 3-10 dinl, takon alonc, producoe no stetistically’ s“glufioz‘nt difference
in logibility os tho torm is usod in this pepore ‘/hatever difforoncc therc is

_tends to fevor the morc simple dinl, Thore was no clourcut pmferoneo {‘or

oither dial oxprcssod by the ordots,

Yo

: Compo.rlscn Numbor Lo

Tachomoter (?-10) vith midlino obscurod vs. mchomotor (B-10) with
midlino and smell numbors obscurcd. Subjocts wearing reod gogglos whilc roadlng
dial scttings,

Twonty (20) subjocts wero run on this comparison lording to e total of
thrco hundrod and forty (3h0) rondings -+t an oxposurce timoe of 1.5 soconds ‘wnd
four hundrod (hDO rcadings at en cxposurc timo ‘of +75 soconds. Rod gngglos
vhich cut dowm tho transmission’ vpproxlmatoly soven (7%) porcont woro worn by
the subjects in ordor to ”o’::umunu whethor tho minor differcnco found in
Comparison No. 3 would bo susf'aﬁx«,«l tindor oonditions of dim:mishod viaibility,

Dial : A XD osuro Srror. T-valuo inaicatin'r signifi-
o . N : CaNCcO.

No. 2.(B~10 no midlino) 1.5 soronds 524 ) \' 2,10 Significant at tho 5%

Noe It (E~10 no midline or 1.5 sccomds  &O0% )~ lovol. .

smsll fipurcs) -

Noe 2 {E~10 no midlino) «75 soconds 6025 ) .29 No si[;n'iz‘ica'nt. diffari}hqe.
Noo. ,4 (E-IO no midline or .75 scconds 61‘-"‘ ) ‘. ! o
' smell figures)

A-majority of tho.gubjucts proforred tho simplor of tho two dials,

Tho figures just ~oovo indicat. that whilo the sudbjocts aro wearing roc
goggles vhich diminish tho transmission of light, at tho 1.5 socond oxposuro
the simplor diml is road somevhat moro accuratelv than the dial with tho small
figuruvs. Thore is no significant diffcronco botween tho two (P) dials at tho
shorter exposure poriod.

Whon tho sub30:~ts wory intorvioved as to their proforunces in thoso dials
a considcrable number of thom indicetcd thet the smrll numbors tendod o cone
fuso thume when quustienod furthur, it rppoarod that thu smell figuros tonded
to attract tho attention of the subjucts end in trying to dociphor thom they
woroe slowed up in ostimating the wosition of the dial hand. On the basis of
these intorviows thi hygothosis mas ho cdvancod thet when thu subjucts wure
woaring red gogglos the visibility wus so low that, at tho .75 sccond oxposure -
tho snell numbors had no appreciahle distraction offect, and for all practical
purposce tho two dials worc tho samo. At tho 1.5 socond oxposurc intervel,
ovon with roduced vieibility, tho small numbors tonded to attrect tho subjocts!
avtontion sufficiontly to intcrfor: with their .siimating tho pointor's posi-
tion, In tho prouvious comperison (io. 3) vhore the semu disls woro road withi-
out glassos the visibility was such that only at tho short cxposuro wes the
distraction valuc of thc small rumbors of any approcisble simificanco, Whete
evor the velidity of this hypothesis, it may bo said that any difforunce that
appaars is in favor of the mors simp»lo diels Or convorsoly, it can bo steted
moro positivolyv that in nonv of th: comparisons for vithor short or long intore

.
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vals havc .the small nm:crs coht ributod significantly to oithor tho speod or
accuracy in roading tho n.-lO d*al.

LR

CompariSOn Numbor 5. ' (Control) _

. Tachomotor (E-10) no midline or small figuros:vse tho samo dial, i.e.,
tnchometor (E-10) no midllne or smedl ﬁguros. : ;

Forty {L40) subjocts wero run on this compurison londing to & total of
six hundrod end eignty {680) roadings «t an oxposure time of 1,5 scoonds and
cight hundred (800) rcadiags at an wxposuro time of »75 socondss Ralf.of ‘the
subjocts wero run with ono of tho identicel dials in the loft contral position;
the socond helf of the group was run with ono of tho idonticael diels ‘in tho !
rvght contral position. ; Comuarison Number 5 was institutod in order to mako ;
sry bhat EROFG Wasl Ak somo 8light dwffemnco in two (2) diala qf the samc .
strle and form which might load to u minor but consistont difforcnco.

Die) Ixposurae .. Wrror T-valuo 1ndioat1ng 81gn1£‘1:-
et o CE&NCCe k 3
Yoo L4 (B-10 no midlinc or 1,5 suconds  23% ) )
. small figuros) )oe. +87 No significent dififgru_nco;
Noe 4 (B=10 no midlirb or 1.5 sceonds 2654 ) i
small f:.mros) SR . _ . S

No. I (2-10 no midiine or .75 scconds  19% ) : : . “e 2%
small figurcs) ) «50 No significant difforemoe,
No. 4 (E-10 no midline or .',75 scoonds 209 )
small figurus)

No prefecrence was cxprosgsod for ono diel or position aver tho sthor . diel or nogi-
tion.

The various comparisbns which have boen considored in this papor can be

sumnarizod by stating that the fowor thoe subdivisions, tho simplor or 'cloazner?
the dial the more’ legiblo it prove., to be.

As 8 consoquemo of thoso flndnws specifications have been drawn up i‘or
four (l;) oxporimontel dials which constituto veriations of the B-10 typo of
dial. Thoso now forms will mako it possible to ostablish, under "vstc.matlc' and
contro"led comparisons, tho rclative :slgrnifioanco of thoe following fact ox_-s-

ee Leoribility of main division marks thet arc half the width of the
prosent linzs on the B=}0 dinl,

b. Relative 1ogibiht,r of division numbors thet erc lcrgror than tho
presont flgur.,,. ;

. Cs Rul*tivo logibilitv of ® scale whorc numbors somewhat smellor
than thosc of thc F-10 diael ara placzd ot all main divisicas.

nrranp'oments ‘havo now boon compleued whuh meke it possibla to have thouse:
d’ials madc up et tho mlly Fiold =r nginecring shops %0 ﬁxat they will conform N
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in style and workmenship to the stendurd T-10 diale . It is plannod to test
thsa dials undor ultravislet irradietion as well ‘as conditions of reduced
reflectad light 8o as to dotermino thc ovorall logibility of tho finor main
division lincs and othoi“hod;ﬂi¢°tions.

While thusedials and eltornatc forms for manifold pressuro indicators,
romoto indicating compass indicators, and olimb indicators arc boing cone
structod, various strlos of instrument pointors arc bouing tostod to sse if
the. aroa of fluorascont. paint: can bo reduccd without docrcasing the logibility
of the total assembly. These vointors aro boing tostod undor gonditions of
ultraviolet oxcitation as woll as rof10ctod llght. S

Conclusions:

Vorious modificotions of tho Tvpd %-10 tachomoter diel have boun compared
as to logibility at 1.5 bocond anﬂ .75 sccond ~OXpOSUross

Tho data aro consistont in dcmonutrﬁting that tho dial without any sub-.
divisions givos riso ‘to fowor: orbors, vhen -road et briof oxposuro intoryals,
then dials with onor (1) or foqr~(&) subdivision. 1inos.- e et S

"Spocific’ invostigntion has domonstreted that the smell numbors of the
E-10 diel do not improvo the loglhilitr of these types of indicator faocos..
“herc difforences de arisc thce dial with tho shall numbors tonds to bc in-
forior to tho more simplo dial.. ' ‘ "

Upon the basis of the prosont findings four (L) now oxpciimental diels
aro boing constructcd at Air Corps ongincering shops which will be similar in

. workmanship to the standard B-10 tachomotur dial end will makc it possible o

establish final specifications for optimum logibility as it is affected by
width of divisior lincs and gizo of numorals, u

Pending the dolivery of thosc nuw dials: various typos of indioatof.point-
ers arc bcing tosted to sos if the aroa of luminous paint can bo diminishod
without rcducing logibility.

Final rocommcndstions of a stemdardizcd tachometor disl will ho drgwn'upt_
npon thoe complutinn of measurcmonts ;70 those modificetions of tho E-10 tacho-
motor diel. Thosc measursments can ho carriod out in a short period of time
as all basic controls havo boun comnloted in the presont study.

Tho proscnt study has included an invoétigation of Aial pattern and thc
influonce of rolative difficulty in the spcoific sottings of dials bcing
toestode The investigetion has shown that thosc footors must Yo carofully con-
trolled if rosults aro te be escritcd tec difforonces in tho spocific diels

boing comperod rether then to artifacts of tho goncrel oxporimontal sct-up
and routine, e E

Using th.e jonorol prineipls establishcd in this invostigetion that thv
more #implc tho dial, tho moroc nglblu it provos to 'bo, modificd forms of stend-
erd menifold pressaro diels, rcemotc indicator compess dials, and climb indicetor
diels arc being constructed so that svstemetic comparisons can bo run which will

ultimetcly meke it possible to formulate swocifications for maximum logibility
in thoso tyres of instrrionts, )
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¥igure 2. Comperison Number 1. Tachomster with four mid-division lines vs.
tachometoer (X-10) with mid-line obscured.

Dial No, 1 Dial Ho., 2
46% error at 1.5 sec. exposure 344 error at 1.5 tec. ezposure
(8iguificant difference at 1% level)

44% error at .75 sec. exposure 34% error at .75 sec. exposurae
(Significant difference at 1% level)

FPigare 3. Comparison Number 2. Tachometer (E-10) with one mid-line, unchanged,
v#. tachometer (2-10) with mid-line obscured.

Dial Fo. 3 . Dial ¥o. 2
324 error at 1.5 sec. exposure 31% error at 1.5 sec. axposure
(¥o significant difference)

414 error at ,75 sec. exposure 34% error at .75 sec. exposure
(Significant 4ifference at 5% 1lsvel)



Tigure 4. Comparison Number 3. Tachometer (E-10) with mid-line obscured

va. tachometer (E-10) with mid-line and smll numbers obscured.

Dial No, 2 Dial Ko. 4
344 error at 1.5 sec, exposure 2% erroxr at 1.5 sec. expesure
(Yo significant diffecer:e)

39% error at .75 sec. exposure 35% ervecy at .75 sec. exposure
(No significant difference)

Comparison Mumber 4. Dilals 2s in Ccauparieon Famber 3 but gubjects
vearing red goggles that cut icsuamisclion of 1isht 76,

Dial No. 2 s\ Yo, 4
52% error at 1.5 sec, exposure §0% error at 1.F gec. exposure
(Significant difference at 5€ lem)

60% error at ,75 sec. exposure 614 error at .7¢ ‘ec. exposurse
(¥o significant difference)

Comparison Nwiber 5., Techomster (E-10) no mid-line or small figures
vs. tachometer (2-10) no mid-line or small figures. (Coutrol)

Dial Wo. 4 Dial No. 4
25% error at 1.5 wec. exposure 234 errur at 1.5 sec. exvosure
(¥o significant difference)

20% error at .78 sec. exposure 194 error at .75 aec. axposure
(Yo significart 2ifference)
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