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SUPPLEVRNT Y NRART

This report supslemenis our rejort on tracking. It may be considered
as addenda and corrigerda t. the detailed report subaitted in July,

The pres:nt supplement i ccncerned principally with the topics of
accelerational following and magnificatien. There is also presented a
revised and more complete analysis of psychologieal results,

Ae Acoeler:tional Followers
Fig A 48 a echematic cireuit dia;ran of an experinenial tracking
mechanisa whoen hehavior is descrited a;n rocizately by the operitional

ejuition

; a_
H:(d-&*’é‘ﬁ'bt)x)

where x 1s the oontrol vol 2,e conlng from a control poi.ent iometer mani-
pulated by the tricker and y s the reeulting tracking volla e, d, v,

and a are the direot, velocity and accelerational truckin: comvonents
resyectively. To hie sure, this anmaratus dovs not duplicite the operatiwne

indicated in the eyuatien exactly, Actually, as in our previcus experirental
T [N

D1 [ ] ‘D’p)" (]
are the coeratora which deacrile the charging of a conienser throusgh a

followors, the operatcra are more a:irly of the for: These
series resistor, !lowever, Ly means of a vacuum tue arranzesent, it iw
possible to ceduce the nusher S (the recisrocal of t e tims e-netant of

a resistance~capaciterce elecent) to sush a low vilue that the manipulatione
rejuired of the trackers are not noticably A4ff:rent from what they would

be with the operators trictly sjual Lr% and %;_.







The brgie clreult elenent by which the loaz tize eonstant La achieved

is the eare a3 in the followers 5 and 6 desc~ived in mr arevious report,
a4

and may he sesn by rsferring o page 19 of that repcrt, 7he orwrator b

i3 achiieved by =o loying tw: sueh circuits successively. Iileferring to
Fige A, the eireuit containing "1’ 'Jl, and the control potenticmetor,

togsther with the tube T, ecnstitute n lonz tiwe cangsiant circuit, such

that tie rate of chauge tt potantial differunce ncross cl is nvarly
proportionil to the retential difference from the coriral potantionater,
The elevents i,, C, are related to tube T, in a sizillar manner, but

the vollape that here contrils the rate of change of voltazs acroass Ca f T
proportionil Lo ths voltaze butw:en the catholes of 11 and T, which is te
& high degr @ of aceuricy a linear funotion of the potential across C,,

The proportion may he ndjustad by meane of the tapped reeistor R,, which
thus deternines the accelerational component. liow since the voliaze across
Cy is given by Dx, the voltage across G, is gu where m and n take account
of the vario s projorticnlity factors, %he voltaye of tie eathode of T

18 a linear ccobination of t ese two voltages, nawmely

(%+r &)y,

to high aceuracy because ef the strong degensration of the circuit, Ths
direct comporent d is added direetly to this from the tanned resistor iip.

The velocity component is thus fixed in this cireuit, and the other
two =ay be v.ried sufficiently to give all the desired sxperimental

ratiocs.

The re=ainier of this follos+r is much like the previc:e followers




5 and 6, It need only be mentioned that a D.C, amplifier stige h'e been
added to ircrease the cu-~rent variations in the output,

Jwitek 37 1e to facilitate the measurerent of course amlitude, and
55 to facilitate getting oa, by bringing cl ard Cz to approximtely the
risht voliages -osentarily, 7his is a time sivinz convenlence.

Be CTynanieal Analysie of Acceleratimal Tracking
Adplication of the dymamical formla

€= KDL (2) (See page ton previcus report)

(where L ie the follover orator and e is the target motlion) tothe
scceleration-velocit =direct followar sives

D*
C= KD_a_;-vb_+d02—(t)'

Dy appraxization,

e = k D’

A comparison of thie formula sdth actual trackin; results (as
recorded on £ilz) for the sum of five in‘ividual runs, follored with the
taking of three point running sverages twice, is shown in Fig. 7,

Thie dingrax end the one presented jrevicusly for velociiy traciirg
give striking evidence of the approxizate validity of the hypothetieal
assunption that tlie error i3 the greatest wwn the subject is required

L turn the cocntrol the fastest; l.e., anprocimtely

€= Kx,

wvhere x is tLhe control coordinate,
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Ce Acoelerational Tracking Results
A study of the effect of an accelerational term in the tracking duviee
was :ade in the manner outlined in the previous repert., With ths velocity
component held fixed, Lhe acecelerational and direct couponents werc varied.
The resulte of ties: teits are shiom in Figs. C and Do In the diagrame
the abscissa gives the direct component and the ordinate Lhe aceelerational
comp:nent, The error for a test is written in at the proper place for
that test,
From the dingrams it may he goncluded thats
1. The uee of an acceler:tioml component reduces the errar eunsideradly.
2, The most sivantageous direct cazponant (an! consejuently ¢ ratie) is
fairly indepenient of the asceleratiomsl term, g
The advaniapge of an acoelerational component is most readily anpsrent
for epsed L. In this case the sudbjeet has the sensation of tracking a
mach slover course with s velocity follewer. In the ease of spesed 3 we
feel that the residual "noise® in the a paratus (slight voltape fluetuations,
an imperfect course, mlerophonic tuhes etc.) oba:ures tie true advantage
of ncoeleration. PFurthermore, the sacothnesn of traking with aceeleration,
as mentioned previo sly, is particularly Lmportant in prudiction.
In the 1laboratory it has been lifficult to gat cn the tarpet
because of the fact that Lhe tracker could net tull where he was relative
to the target. e have concluded that thia difficulty wWill net ecour ia
tho field particulurly for trackers experienced in accelerstionsl fellowers,

DP. The Visual Problean

As pointed out inr tae previo a report the visual equivalence of the
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laboratery ainisture and tracking in the ficld is questionsble, In order
to gain some insight into the probles in the ladberatory a puvber of
experiments were conducted with small field (opera) glasses. Two groups
of subjects on siuccecalve weoks ran the sime teost without opera glasses,
with glasses of m 1 ard with glasses of m 1. 7The average results were
as follows:

drror Error
Speed 3 Spoed &

without glassee 107 223

with classes
25 % «113 0226

with glasses
o X olss 0310

d#ithout glasses the waynification was 30x, The results show Lhat an
increase in magnification to 75x with opera glasses is not helpful, (mn
the other hand, a reduction of masnification to 12x is definitely a hindrance,
This suggests a threshold for optimim magnification monewhere between
12x nnd 30x for ordinary nided layinz with ¢ w .17 sec. It my be,
however, that tho illuwination in the 1|bor:tcry was so los that when
the negative slasses vere usnd insufficient clarity of vialon for sone
subjects resulted; ~1tho:gh the"e ceszed to b v:ry little comnlaint of
eyestrain on the part of the subjects,

in ordor to investipgate the nroblem further~ tvo groups of subjlects
ran tLests 22 followa: one group tracked at a distance 2,5 greater from the

screen then normal anl the other tracted at this sase distance (2.5 normal)

and eaployed the 2.5x opera glasses., The results were as follows:




Error

noraal 0128 om

at a distance
2.5 normal 75 « 306

at a distance
2,5 normal
with 2.5x glassees 145 N0

A teat of the effect of using sipghting tubes shows that they have
a "nuisance” value of J02 =il e npeed 3 and on speed he This exrlains
soze of the anonolies in Lh £l rat a=t of dala nresentad sLove. The
above descriled experirental ~anul%a can reughly be ex»lained in the
following termes Tne humin nechanisa has a dynarical visual resclution
1isdt w.ieh is greater timn the ebatic resclution usually defined in a
stuiy of visual acuity., An examinaticn of our experinental results
geems Lo indicate that fur oud group this rosolution falls between 2 and
3 1.Mee visual eils for ardinary alted laying on speed e lowever,
with speed b, this 1i=d% is raised to the range from 3.5 to 6 mile.
(hvicusly the limit of a;na~ieal resclutien “apands on Lhe apeed of Lhe
gourse, Our axoserinental Tesults on acceleratiom) fellowing would
indicate that the visual resclution is petter in this caiej this would

eorpespon’ to the more leisurely rate at jeh actien musl be taken

in acceleraticral folloninge.

¥, Faycholo 1eal iResults

In the previous report it was entioned that & nuser of ~aychelogical

teile were Veln- given. {esults wers ottaired for each of the operators




in each of the folloing testa: streazth prefer—ed hand, strength non
preferred hand, percont diffarence of these strength measurezsnis;
tapplng proferred, nou preferred, an'! difference; dexterity preferred,
non preferred, anl dlfference; atepping preferred, ncn prefarred, and
difference; time of reactien from a ziven sinal; clerieal testa; and
drivers teste From this group of £iftesn te-ts only three showsd anything
but trivial correintion with the excellence nuster (slow speed) for the
fourth weeke In the previocus repori it was stated that the sample was
homogeicous, There i3 an indication that this statement 13 questionalle
asoucially siice our =en and wonen oper:tors seaz to zive differsnt
peychological reactions,

Rasults on the tests exhibiting sarawiat significant eorrelations
with excellence nuthers are as folluwal

Test ¥ernw Correlation domenis Correlation

streagth preferred hand =222 «015
»differsncs of strenzih »180 =239
stepping preferred mnd oloisl «016

(ut of the talrty correlativns made only tihal botween thu valus .'13
and stepping preferred hand for mea proved highly significant, A mltiple
cerrelation wae compubed witi Lhe excellence nuzber as tho dependernt

var.able anl Lhe “beove ieaticned values as independent for each of the

sets of values for mun and wazen, For the men this value was rl 2% =
L ]

«519, anl for tie sirls, *) 2%,

coefficiont gives a high level of significance, lio<ever, the valu

w 22, Por the boys this correlaticn

for Lhe girls 4s such that it might bo sesured ahout ons time in t hree due




to randon aampling.

“ach of the operators was alsc tasted on a direct meschanical follewer,

The photosranhs, Figs. & nnd F shows this testing apparatus which it was

hoped wo.ld give high correlation with the results on Lhe electrical
follousrs, It is essentinlly a si plified mechanicai rolel follewer,
enploying only ths direet ecmponent, The crank A makes one revelution ia .
sbout tweity seconds pulling a etring hack and forth with a proximate
sinusoidal ~otion. The stripg goeec around 3 pulley mounted on the

piveted mredle B and thense back around (wlley © to a drua 1’ on a shaft
which the tracker turns. This ccnstitutes a si:ple kind of differsntial
by wnich the difference between tho driving motien and the mobliocn put in

by the subject appaars as a displacemsnt ol L'e ievdle, The Jifference
actually is maznified ahout six times by lever action.

A meagure of tha error in trylng Le kve) the newile on a fixe! center
1line is obu} ed by an clectric tinins device wnich rwcords the tine the
needle is outside -f certain bounds, That 45, when the needle meves nbout
1/8" to left or right of the senter lins it canas inte rontact with cne
of the leag snrings 7 and ¥, oloaing the cleok circuit, The genaral
principle is t'e aame as thal of the er-or co nter on Lthe electrie tracking
azparatus,

kach subjeet uaa given only one Lost with Lris mehine, since the
purpose was caly to investigate the possibility of cerrelation between
this sinple anchine and the rore intricate electricil davices, not to plot
new learning curves, ate, After about three minutes cf practice, each

subject took five sho~t tests in juick succession, enzh test consisting of







two revolutions of the rdriving crank. The averages of the readings fer
the last three trials were used as a measure of the individual's ablility;
these wers found to he generally conslatent within about 10f, whereas the
Lirst two readings ware considersbly poorer.

The scatter dlagrax between the ¢ rcollencs nurbers and these scoeres

is ehown n Pig. G, The correlaticn turned ost te be .54, which was quite

significant, liowaver, it would be wise to mmntion the fact that this
device was tried out mostly on old uvperalors since tLize did not allew the
training of A mw group. Thus the hijgh relationstiip ohtained in this case
way in part te the result of their previous traiming.
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