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PREFACE

<The eye Is a carera* is a phrase whioh has been used for
many years. It has the advantage of conveying an immediate impres-
sion of the mode of aotlon of the aye, but It Is a dangerous phrase
to employ because after having served 1ts purpose in illustrating
the formation of the retinal image, the metaphor tends to be carried
to extremes and the seed s0 easily sown becones a belief most diffi-
cult t eradicate* There is no camera today which can simultaneous®,
resolve a line subtending 0*3 seconds of aro, a point of 20 seconds
of arc, have an overall range of sensitivity of 10000 times from
dark to light and detect sare 200 hues of colour - all this remark-
ably taking place In an organ 2*3 aas, In dianeter and in spito of
aberrations in the lens system.

As light enters the eye 1t iIs refracted at three surfaces,
at the anterior surface of the comea, ana at the ulterior ad
posterior eurfaces of the cxyst&lline lens. This lens oan alter
Its shape and therefore Its power, so as to maintain a nhaxp Image
on the fovea, whether tho object is near or In the distance.

The image which is thus formed on the retina is honever not
very sharply defined since spherical nju chromatic aberration, are
present, and since there is a limit of definition imposed by the

finite slse of the mosaic of retinal and elements - the rods and oconss.
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With a sph riocal lens 1t 1a not possible to avoid spherical
aberration but 1a the oye the lens i1c not spherical and the centre,
beiug more convex, tends to refract more strongly than the flatter
periphery ao that, escccially In the unaccommodated atatc spherical
aberration is usually reduced™ Ito extent rosy however vary greatly
from subject to subject*

The other aborration with which the eye copes so well 1s
chromatic aberration which is caused by light of different wave-
lengths being refracted to different extents* The shorter blue
rayo are more strongly refracted than the red rays so that they co®
to a focus nearer the lens* dy this difference in refraction white
light i1s woken up iInto its spectral colours® The eye naturally
focuses the yellow rays which are the orightest part of the visible
spectrun and the other colours slightly out of fbcus are superimposed
upon tle yellow imogef giving rise to a blurred white image* IT th*
amount out of fbcus iIncreases, the Image may become erther red or
blue with blue or red fringes* Those colour fringes are suppressed,
and even 1T by means of lenses the chromatic aberration of the eye
IS doubled, 1t s not normally detected*

The retina oooverts the optical image thus produced by the
comea and K3s Into a pattemn of nerve indulges travelling in the
optic nernve* The First stage iIn this process ia the absorption of
part of the light of the 1mage In the rods and ocones, andthere is
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good evidence that this absorption results iIn a photochemical
reaction In which each pigaent molecule In a rod or cone whioh
absortrs a light quantum is Itself structually altered, and that
only one such molecular alteration Is required to exoite a roo,
and only a very few to exoite a cone* In the rods the plgpiat
whioh absorbs light is visual purple, a photolabile chromoprotein
biochemically derived from vitamin A* No photolabile pigments
have yet been isolated from the oones of mammalian eyes, but they
can be found in those of birds and fish, and there i1s indirect
eviaence that the concentration of pignent in hunan oones cmmat
tie much less than that in the rods*

b'ron the retina the pattem of nervous impulses iIs conveyed
to the lower visual centres of the brain - the lateral geniculate
bodies and the sunerior collicull, and from there they are relayed
to the occipital lobes cf the cerebral cortex*

At the retina the cones are packed most closely together
In the fovea centralis, and , since In this small area, each cone
is subserved by one axon fibre of the ontio nenve, optical reso-
lution and therefore visual acuity are highest In this region* In
the other parte of the retina, however, the ntsbers of photorecep-
tors are greatly in exoess of the available number of fibres in the
optio rerve, and the oonolusion i1a that one Tibre subserves several

receptors, the ntauber of receptors i1n one field being greater as

Vi



one goes tonards the periphery. Whilst one cone Is not connected
to one cell at the ocortex, there is nono the less a "‘point to
point” relationship between a retinal stimulus and 1ts cortical
representation.

It seems Impossible that all the nuances In the apprecia-
tion of an object could be achieved through these retinal stimuli
alone, and In consequence, the retinal stimulus projected on to
the cortex i1s now said to result in a "perceptual pattem'. Inthis
perceptual patterm, the visual stimulus gives rise to a pattem of
nervous iImpulses which erther associate with other simultaneously
occurring pattems of impulses from the other senses, or which
associate with memory of the pattern of impulses received on
previous ocoaaions. A circle dramn on puper may thus be appreciated
as being the representation of a flat disc. If i1t iIs darkened at
the edges by s™&ding in pencil, It longer appears to be a disc
but rather a sphere.

In the process of seeing, It has thus to be remembered that
one 1s dealing not with a camera with i1ts man made finery of high
speed shutters and aplanatic lenses, but with a sense organ which
even with 1ts intrinsic aberrations recults not only in a more
sensitive representation of the outside scene but In on appreciation

of such properties as the texture, size, and distance of the objects
regarded.



The physioal, the physiological and the psychological
processes thus iIntegrate, resulting in a perceptual pattem which
permitc one t sees namely to appreciate, to evaluate, and to

recognise the information presented hy the visual field.

As iIn most problems of an applied nature, there arc iIn this
instance, many fhcets which have to be examined individually and
1t 1s only when all have been examined, each In tum, that it iIs
possible to consider then together so as to obtailn a comprehensive
view of the problem as a whole.

In an attenpt to Integrate the findings, discussion has

been kept to th end after the reader has been familiarised with

the different aspects of the problem. 1ince the results of ons
experiment usually suggest the next experiment, the reader has been
taken through the Investigation in the order In which 1t was tackled*
A short summary at tho end of each section togettaa with the opening
paragraphs of the next section, ensures continuity of thought. For
the sane reason, data, and iIn one case, a complete experiment not In
trie direct line of argument, have been relegated to the appendix.

An attempt has been made to reach the basio o&use of the
problems, fbr it is only in this way that one obtains a useful
Uuwer whioh explains the principles involved so that the reader

vili



may be able to predict the many effects produced by the Interplay
of the ocausal factors*

The references seleoted are 1a general key references
vihiah lead the reader who desires to follow up u particular subject,
to Xhrther papers* Much use has therefore been mads of reviews of
the literature*

The experiments described were designed and carried out by
me*  The work described In part 4 is, | believe, entirely original
whilst in parte 2 and 3 i1t is original only in that the Investiga-
tion haa been carried out In flight* There iIs one exception
"rUuninntion of the instrument panel” which, unknomn to me head
already been curried out iIn A«erica® | present this work believing
It to be the first in which iIs collected the known information
relating to the specific problemns of vision at high altitude*

Fittally, 1 hopa that | may have been able to Impart to the
reader some of the absorbing interest which this problem has held

for me*

T.C.D.W.
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Of Vising in Plight at Hkh Altitude

Definition of Title

"Flight at high altitude” iIn this thesis refers in general
t flight In the stratosphere or In the upper limits of the tropo-
sphere. It does not refer to a specific height above sea level,
but 1t alwiya means flight above cloud. In practice the altitude
at which observations were made was generally about 40,000 feet.
But the findings o&n also ke applied to flight outside the earth’s
atmosphere™

"The problems of vision'" dealt with are those whioh give
rise to immediate difficulty in seeing® Whilst some are oomson to
loner altitudes, most of the problems iInvestigated appear at present
to be peculiar to high altitude.

1th one exception the problems dealt with do not arise

from speed and so the oraft in which these problem® arise nsy be
either balloon, civil transport or high performance fighter.

The problems iInvestigated affect only those whose duties
require them to look out on the high altitude scere.



are i

laWHpttea

Little vyt kna been ourriod out on vision In flight ut
Har.h altitude and In sore pea *ets, this provide la a virgin fild.
This is Bur rifdu®, jurtioullirly in view of the luterest today iIn
the possibility of auoe flight® ™High Altitude™* In this thesis does
honvever, not rcfer to Flight outside the earth® ata>sphere, but to
flight above all oloud. It is thus not a peoiflo altitude but In

r olioo it goner ily means flight above 35,000 ftet#

TI» purpose of thio Introduction iIs to show against u
baoiground of the history of aviation, ths place of the visual
problems of aviation medicine and iIn particular, the plane of tis
visual probl teo associated with flight at high altitude™

.J -m'U-iyu-gf

There is evidewe iIn legend and fmm works of art, that nan%a
desire to fly dates fron the earliest civilisations, tndid try
t 1ly like ©)« birds, but fthiled, and in the face of his own failure,
he ondojed WLs ddtlei? with that attribute whioh Nature hud denied
ida. History and legend tell of nmuy incidents \Aiidh were probably
attempts to flya all of then ended iIn disaster, and consequently In
thouo early times, successful flight was regarded as being possible
only with cu cm-tural help.

Davy (1937; i1n his book 'The interpretive History of Slight™
points out that the more enlightened writings of John i1lkins



(1614-1672 wul firit eeretary of the Royal Jocicty) classified the
nethodc \A rrebjy uttel”to hud beou mode to fly os

(O MW spirits or angels,

@ MF th- help of fovla,

(A ty wings fastened immediately to the badlyf

@ MW a flying chariot.

ho otirios, the legerd.*, te 11 mostly of failure; failure

of taee Diochlne* The wings of lcarus melted whm he rose to
the sin because ty were made of vox, while his more prudant
father Daedalus flew to safely* other tales less spectacular, toll
of men “te>, fron the edges of cliff3, or from the top of battlements
or tover- , lawchnd thenmarlves Into the void on mechauioiu of
fedthert > silk, and waboo* Those who survived these e”orimcats
were either dissuaded from continuing or were luoap&ule of repeating
the Qx«rioeut«

To remanber that tUe’e attenpts hove token place alnoe the
lr*mincB of civilisation, maer; it ull the more remarkable that
within the |jast fifty years, progress should have brought one to t.r
stage of regarding almost as cowbnplace, flights beyond the speed
of oo nd and a c™uto to her*bta of ten miles above the surffooe of
the e\rtit*  lor can these Improvements be said to be due purely to
the development of the intemal combustion engine, or, In reoent
years, to the dev lopnt of tho Jet engine, for it i1s possible today
by the unow rod flight of gliders, t>remain airbome with little
difficulty for t&>, three, four or five hours and to travel reat

distances all & pn determined course; all this with a machine vhich



ooudd hov boon built My our forefathers*

The Xlrot successful experiments in raising man in the air vivm
made In Efcace In 1783 ty the brothers oatgolfler with a paper and
linen balloon f1iJl d with hot air®* The passenger who undertook this -
tho First huran ascent - wae a jnuag teokn&oian, J. F* Fllatre do
hosier*

b a ro3i101 of the early experiments of the outgolfler
brothoru, iiro*stigatlons and experiments had also been carrieu out
with a tyiirogen filled balloon under the direotion of the distinguished
ptysioist, J. ¥ C. Charles* The development of the two balloomi
the hot air type rjf<red o as the Ifontgoliicrs and the hydrogen
ty - referred to \s the thwliape* was thus proceeding aFf* ui xuieously»

It waa about two months after the first twr?an usoent In u
hot air balloon tint a fatsum ascent took place in a hydrogen filled
balloon, tF* pascaagcrs being the physicist Charles and one of the
brothers Robert Vo constructed the balloon* Their flight lasted
I*A] tours*

JiliIntre de Rosier, the first man to fly, was also to be tho
first Xia to die in a flying accident for in 17® he tried to cross
te HC 11 Ui Choanal from France in a balloon of his design in whioh
ho tried to oconbine the constant lift of a hydrogen balloon with the
variable oontrol of the hot air balloon, apparently without realising
the dangers of th : o&ablnation* The two sections were separ but
during the ascent a spark r-aetod the hydrogru, causing a violent
e* loniou and de losier «4d his companion Romoine were 1dlied ac tteir

oar fell ou to the rooko belowv*



Theue ox Timerits in balloons paved thr way for tha subseguent
work aa h e*vler-thk vair machines. It i1s knowmn that ld-tee were ucad
in Chire; >hr thr purpose of militaxy signalling in tim year 206 B.C«
hit the principle involved i1n mectaxiical flight by keavxor»thanFoir
naohinaa rechiv"d no scientific attention until 1r George Cal*y
brd;n >is ex*jorlmnte with model gliders In 179%&* The result of his
edxariodnt an b theorywas to place the study of aeronautics on a
scientific basis and 1t was probably as a result of Caley"s work tak<t
Henson and trin,"*fellov succeeded in pio iwoing the First euocoeaafUl
fitj)\* of a newer d esiven model iIn 1648* These experiment* with theal
glidsrs set tra some ibr the era of practical experiments in the air;

evA eats Iin tiding whioh were first neoseaxy before the a™lic™*

tlon of o r oonld be medre

Apart fa>tthe doubtful experiments of the middle ages, the
first successful glider flight seems to have ueen by m  <ris about
IS5 *he woo (sof ooatrolled flight however was pioneered In
Ger "U* ty lldlieuthal who In 1890 was making , Hucr flights ty
launching fron a small artifioal hill u<ur the otherwise
flat suburbe of tviIn*

lu dritain under the Influence of TAlienthal"s o) , similar
ex eri?il uts of a pr ictic&l nature were tok u up ty X dLloher wto
fron 1093 until his death i1in 1899 at the age of 33, *as & lecturer iIn
naval architecture and marine engineering at the thivereity of Glasgow*
IHs first jliaac were made In 1899 from a grass hill overlooking the
Clyde at aUuoetom fens near Cardross (oiloh;rfie demonstrated
ftor tho first tine, the usefulness of a wheeled and spring undercarriage



in relieving the pilot of th* shook of landing, end he actually had
under construction a k H.P. engine for his glider, when In 1899 his
experiments vmrr <Ixt short by a fatal accident caused by the breaking
of ono of the £ty tires to the toil with subsequent collapse of the
tail.

In the ey jerlments of Idlienthal and 1lc-.er, tfw control
of the glider wns effected by r>oving the boo(gr ubout, and it was left
to Uhuauto i1n America to improve thr control by wdcing the nain
su portia ” ilanr nrfublr? 1In a fore and aft direction.

Vhe <*wlo,xsoat had ueen slov, the successes few, nd ihe
fUillures ivMiy, but together, all had built up a font of knowledge
end experiment \iioh provided tie right brothers with the knowledge
necessary for ticir early gliding experiments. In a number of
Instances ttey rot 1d not agree with the *ariler data end co ly
o.irei&l x orl. lait and observation they made their own ucaauarauurtB.

Three yovrs after the oonpletlon of their first glider, the
Tfirst hoavier*thun-oir, controlled power driven blight ms made by
Orville right on 17th P«oenber 1903 at 2ttty bawk tu ..orth CurolLt =
Thatr il: tatswere lade that | , the first lasting 12 fjooo®a. he
lanfc, nade by -lber right, lasted 39 or«onds and covered feet.

SIfty years separate us ficda that hletorlo day. At toe
beginning of the fifty years, a small paragraph in the newspaper
tinpiaicad the F.uoooBaful flight. At the end of the fifty years, an
equally sdtl *trafraph “mouxuced a successful flight at 1000 iup.h.
Iy bill bridgeraan la the Ebuglés Sky Hooket.”

(D Thin doos no* fulfil the requiremcuto for official wrld record
of speed and i1a theretorc not quoted aa a record.
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Au Indication of the rate at which pra>rese has taken plan
in flying can bo obtained fron fig. 1 The data for the graph wore
obtained mostly froa Donaan (1951)* It i1s iInteresting to note thut
tho orv™ ) Trent of the jet engine merely served to continue the
trend elroaufy present in the earlier part of the ourve9 so much so
that one Tenders 1f, with the present use of rocket propulsion, the
trend may not continue In the sare twy» In whioh oaue one wvould.
rx'/ot that 1 irthin the next five yr-oro, official speed moords
a; iptouchling 1,000 miles per hour would he reached,

d_tHia rs&<es
hut eooorJiug to Alrastrore (1952) saatss to have. been tha

first physiMo™-iGM Tink with aeronautics woe made In 1874 when two
ballooni t - JSowrl and Lroee-dpinelli presented themselves at the
phghillology labor- -cry of Paul bert in order to ex erimoe droon
>Sressfjta 1a the low pressure chamber and to be initiated lu the uee
of oxygen. subsequently tode, after being fumished with a
quantity of capoea calculated by cert, a suooessflkl balloon aocent
to about 23,000 feat. In the fbllowiag year they vere Joined In
ano Jirr asc.+1t by “'Issandier, On this occasion they did not seek
auvioe aa to the gquantity of oxygen to be carried and insufficient
au. plies of o”gpn or *oaslbly too rapid on ascent caused the three
aeronauts to lu. 2 consciousness. Tisuandisr alone survived this flight,

=21)3 jor "rod flight of heavier~ti*inalr machines did not
attract A edicl interest until the beginning of orld or X and
then the later at lay largely In 12> selection and medical examina-
tion of alots, Jy about 1915, aircraft were capable of flying



above 20,C00 fort i so It was required to know more relating to the
physiolog™aol offsets of look of oxygen* Attention was also being
paid to easing son” of the diffioul ties of the pilot, such as by the
provision of windscreens, by studies on ooakpit dimensions, and later
on by tho develop cut and provisioning of parachutes and oxygen

O Xulpcnt#

n the nowv?ologioal aide, the usefulness of special
cacsnim.tiom rjod tests for flying was realised early on, oud this led
to tbh dv lopnent of special testing rothodc end techniques, and to
a special iInterest in visual, auditory and tactile reaction tines#

The early viam! _: algaa

Of the s, dal senses, the visual sense was that which
gave rise to noat of the early baaio physiological work* It is true,
audrtion rooeivod Iih atic.ition a.dwaa the subject of rialy of the
early papers an avi Sion medioins, but principally fron the oiut of
view of either deSfttses cauaed by the ailroraft noise, otitic baro-
trauol, or the provision of various ear defenders#

In vision, the early basic work dealt principally rith the
jfi ctrj of luck of ogau# In suoh a study, ilieer and terena (1916),
xnv sstigatini tceffects of lack of oxygen upon acui y, acodraodation,
convertTice, and r tinal sensitivity, concluded that the visual ay iIp-
IO taant* place during dnconpreselon or at altitude, ware due to ladk
of oxy; m and rot to the reduction of barometric pressure as had
a >nrently been claimed by some authors#



The HU" A1l >05 to performance and to the ostabl 1afimeat of
ree Tdo of cpceO i jp  Ltitule hr'd been determined largely &y failure
of the aircraft* Thuo although the pilot was cu v*ble of withstanding;
higher speeds, no o o’ ino existed which ms capable of testing him to
*is Hr!1 to of lysiolo™.cal endurance* In the 7arly 1920*8, towever,
iurine the various fao% races, qyaptoos of physiological stress began
toa.Mar* cy jm& “read meant that the aircraftfs perfbmaxce el
reached such a stage aa to be capable of Imposing upon the man, fhotnrs
so far vemvQd frr\ hto normal environment that physiological oSgpfon-
tion to them no lunger possible*

The Tirst reirtion of blackout (the failure of vision due to
incr >uoed centrifugal farce) Is attributed by Mercier A Duguet (1947)
to a pilot, G olWold, who 1u 1924 reported traunient loss of vision
during a tum*  «gho n, who won the Johneider trophy hx 1929 with a
speed of 520*63 n*p*h* noticed the same symptom during the tums he
had to offset In thin ruoe* Bauer (1926) in a chapter on the affects of
ppood, nays that in ths ulrtcer troj by race of 1922, the winner stated
that ho become ®jaxaclous when making hie tums* There lo no mention
of blackout or of other visual gynptGno In this case, but 3nuer goes
on to state that 1t in believed the effeot iIs due to blood being
oarriod away fron the head by the iIncrease In centrifugal foroe*

The visual problems which formed the basis of much of the
work on visual physiology during orld ar H appear, fron Bauer®s
book, to hove Iron for the most part alreacty recognised by 1929% Thcro
were th- jroblema of air to air search, of visual acuity, judgment of
distance, depth parae tion, peripheral vision, night vision, anoxia,
glar< , and the develop lent of flying goggles* In the early days however,



all tteso problems had merely been recognised, aud onlly tle more obvious
aspoctc had been touched* Furthermore visual problems of on engineering
nature, suoh as the design of iInstrurents, the presentation of iInstru-
nents, cockpit lighting, and runway marking had not yet received
attention™

As the machine became capable of still higher performance
throughout the years, tho effect upon the man became more marked and
3ouo mx7/ problems appeared whilst the old ones became more complex*
The new problems were principally those associated with the design of
the cockpit and the presentation of 1natnrients* They were brought
to light beocauco the higher speed at whioh aircraft travelled rendered
it still more Important that reaction times should be as short as
possiblo and that, for example, no time should be wasted iIn searching
for a particular instrurent, or in glancing from one instrurent to
another™

1th the onset of World v¥a 11, visual research received a
great deal of attention In an attengst to Improve selection, and to
ini jtovo the ability of the pilot to cope with the ptysiologioal pro-
blems with whioh he had been confronted for so many years; problems
suoh as night vision, aud glare whioh, In peacetime vesr0 a nuisance

and fatiguing, but which In v&rtime became of vital Importance™



gt ficTvino.

A nieoer of the visual >roblms which developed early 1a tl»
history of aviation, still present difficulties* Today, honever, the
vicual pr iblans are priaoipally ttoes associated with flight at high
altitude, rot because they are more Important t°tan tl» other visual
problems of flight, but rather because within reoent years flight
at high altitude has become careon, 1 cr$ and many now invade the lonely
eoptinc Js of . it world above the AOrld, the sight of whioh had been
In the post reserved for the few pioneers of high altitude flight*

hat also makeo fbr greater general iInterest In this problem
10 that tho factors present affect passengers as well as aircres,
and tim"efbro 1t i1s a problem whioh Is In acne respects at least of
interest to civil as well as to military avi tion™*

the flotors which are of coomon iInterest to passenger and
to alrcrew arc those associated with the produotion of glare* At
hi”h altitude the principal change In this respect 10 associated
with the r al of light distribution which takes plaoce with flying
above all cloud* Below cloud and at lower altitudes, light coids
fron alove, but once the aircraft goes above cloud, most of the
light reflected back Into the aircraft cabins cawxis from belo* , from
thr bri litol ud floor* dame light doss oame from the sky abowve,
but the momt of scattered light which coraes tram the sky at the
zenith becomes /rogreslively less as the aircraft goes to higher
altitudes, oo that with modemn aircraft flying &t very high altitudes
¢ now problem 10 created iIn the ox.ocaing of passengers to aa onvlroa-
mont i1n nm*1oh tut only the light distribution is altered so th-t it
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estaes ffam bslow, but the little light whioh does ooae ffona the sky
above the prison iIs greatly re< uced® There iIs thus at higher
altitudes a greater contrast between light and shade and the effects
of the reversed light distribution beaxee nuch more nrked than
they wer”™ In the past at lovior altitudes*
ben cxxjacd to suoh an environment, one realises agpdn how
mell non i1s designed tor hie terrestrial existence, for one realises
thut the recession of the eyes into orbits beneath overhanging eye-
bro\ i protects uot merely fron trams but also from the glare of sky
111 et which uorially cooes franabove> n the cheeks give no
a prcoiable restriction to tx*visual field, a light source or sly
situated klow the level of the eyes allows adventitious light to
flood Into the eyes and oast & troublesome base over the entire
vlou.1l field*® The passenger of an airliner at high altitude trying
to read a book on his knee 1s therefore virtually at the seme dis-
advantage as tha holidaytseker lying on his book on a sunlit beooh
and ttempting to reed a book whilst holding i1t up gainst the light
oouroe of the sunlit sky, the printed page being the while In shadow*
Ruicon ym of course do not need to look outside the aircraft
ind theoretic lly at least the winder.s oould be curtained over and
rtificial illrain&tJon provided within the cabin for the duration
of tho h h 1Jitude fligit* The ailrcrew and the pilot in p trtiou-
lor mu t hovever have a good view of the outside scene, which "cas
that they nuet i1nevitably be subjected to this source of glare* The
result In tfcir case, is an effect involving; not only ocular diecora-

tbrt but interfering with visibility of instrurents and controls



within the cook AU *( too frequently cmu in modera aircraft have
diets to cidcld an insiruient with their hand bnfbre being able to
discem the F. rdLugs on 1t, the hand either acting as a shield to
kee > txAjy s joaular reflections fran the glass cover to the Instrument
1Uce or else acting ug a diffuser ty reflecting light baok on to the
intrLiMiit XHece so that t\ir markings become legible*

2h thr case of the military pilot, the key note of the vicuil
problem »3variation, As his rate of dizfo 10 B great compared with
that of a civil airor Ift, there occur outside the cockpit rapid
changes i1n brightness, in the type of glare, In the direction of
L;lur€, and 1n the contrast between light and shads* Thus, within

he KOO of a fE minutes the comiortuble light and shade of a
teaorate di1 ute, may give place to a light distribution more like
that of a enow field* In addition to all these factors, the fire-
(uwcjoy with which the pilot™s eye3 must altermate fron cockpit to
exterior, fu. near to far, fron dark to light, combines to produce
a visual enviro*ent which most readily produces fatigue and diffi-
culty In ceelinNg*

In flight then, the visual drauli tends to be at opposite
ends of ths physiological range, and, especially iIn thn oaso of the
lighter pile , there is usually insufficient time i1br the visual
processes to -dipt themselves satisfactorily to the chaining conditions*
Hopro/~.mto in radar, render noro likely the possibility of dispens-
ing with visual search by day end by night* But at present it is
still nsoenoBxy, to effect at leant a visual recognition of other
aitromft, and the problems associated with waroh at high altitude,
for exarple, we therefore otiU pertinent.



tyodiar of the visual problems of flight today, wideh is
hovever BDt p oilior to high altitude, i1s ocaueed Ty tis very high
cpood of no cm aircraft* The interval of time between first
spotting another aircraft, aad finally overtaking it, is determined
fy rte.t 1j refbrr*d to as the closing speed™ It 10 greatest* of
oolE), 1br two aircraft travelling towards one another* as closing
speeds Incre ae, the Interval of time between spotting another
aircraft, aad finally overtaking it, bcccMc gradtt™ay smaller, and
at some of to ."eeds achieved today, It is possible for the Inter-
val between recignition end overtaking to be shorter @i the visual
reaction time, X that the target may be overtaken and p&sccd,
before the pilot’s motor response to seeing It can take place* At
cvoa higher doling speedo, 1nvolving a time interval shorter than
trg perceptual reaction tisn, the target may not bo “seen , until
after 1t hoc been overtaken (strughold 1949)* fhus iIn a way, tho
jJilot la flytug blind at high speeds, since the distance at whioh
he cam see another target Is limited fey his visual acdty, sad tide
dir tmoo ejta*e jed In tige, may be leas tU™M his reaction tine*

In a coBewhut similar way, during ham level flight, tho
high speed a kx: *mop reading very difficult, for since the aircraft
may be only at 50 or 100 feet above the ground, the angular speed at
which the gtm&ii goes past, become3 so great, that thero Is no time
t look dam at the mop to verify the part of road, rairlway or river,
1Uich has boon crossed*

sh s *jed flight, particularly at low altitude lo aocan-
ponlc 1 Iy sharp and rapid vibrations of tbs aircraft which are due



partly to gm ts, th.it Is, to rising air currents, traversed at very
high c oed, and partly to the flow of air over tho Burtooec of the
aror< f*

Daguct and ?Acreler (1951) point out that these vibrations
30%jotines INterfere with vision since Yy cause the eye to vibrate
at s, natural frequency which Coermaau (£1J0) places at between
20 and 60 cycle3 per second® In passing through the speed range
fran bi8goxdc to supersonic flight, an aircraft 1Is subjected to a
transient stage of narked turbulence which nay be responsible tor
the eftoct mentioned ty ymea (1950) which as reported ty ao»e pilots,
c ocito of a transient blurring of vision during flight In thin
tr *10-30t0 ranji*

J-umag;
A com . risen of the visual problems of i1lying, then and
nov, will clarify thr position os to what the trends are; what
has Iy"'an done, trd what has still to be done* The visual problems
of avi. tion ecu bo classified Into pro- arid faar Il and post— orld
or IX* Tho tormer were the problems which had been noted since the
early 1920*a and which In many cases were understood fully only as
a result of the intense re -arch effort concentrated on them during
brid x II* The post-V/orld ur 11 visual problona relate princi-
pally to light at high sseed and at high altitude, but whereas those
relating to high speed have tor a nurber of years been know and
Tv ooived attention 1u studies on reaction times, tho problems of high
altitude ore tor the most part Key, or at least aggravation of hat
have been previously tolerable effects*



The change In importance of a problem as a result of progress
Is eecaplifled in the daveloEtaent of flying goggles* In tin pre-war
period, problems relating to goggles were associated with the develop-
ment of a device which oould keep wind blast out of the pilot"s eyes*
But now, In thlo post-war period, open oookpit aircraft ere no longer
used oven In primary training, and the accent now 1a oonaequently on
protection fran glare rattier than on protection from wind as u routine
measure* Certainly, wind protection 10 required but as an emergency
measure only* This different requirement« has thus to be net wl.th a
different piece of equipment which has to be serially design dwith
this point In view* tortunately talls rather sinr llIfies matters because
it iIs very difficult to make a goggle which Is effective iIn keeping all
wind blast out of the eyes, and _fadh at the sane tier also protecto
the eye fron glare*

Although thay willl be dealt with later in this thesis, the
problems associated with lack of oxygra have lest mush of their
importance because with prorsure cabins and with the present day
oxygen equipneat, no anoxia should be present*

As a result of much work on eye movements and on the
presentation of instruaenta, nomt of the mechanisms and fistc
principles 1nvolved arc now mtlerstood* Similarly much of ths basio
work has been carried out on night vision, on ocular muscle balance,
on colour vision, on peripheral vision, visual acuity and depth
perception* Search has been studied intensively also* AcoonmodatiOn
how Jver appears to have been neglected In these studies, and In
particular thc accommodation changes during search™



Jiéry articles have been rritten on the oubj ot of vision at
high speed ggA altitude but th y refer almost solely to the problems
of high s«@d and little IT at all to ths problems of altitude*
Whilst row of the problems of vision at high altitude have already
been desoribed and investigated, many others* have never been mentioned,
and indeed, It sesoo that their existence was not suspected™

Mie present investigation 10 thus an attempt to establish
the toctoro involved, and the tmy In which these problems arise*
Although cerratially of an applied nature i1t has hen rewarded by tic
unooverinp of some toots of basic hyslological iInterest*
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SABirtB nf ri= Mil In Tntnmltr p | w4 tral Diatribatian
SIL.flight fit Hith Altitudes

Introduction

la olear air, the intencity of solar radiation from direct
sunlight iIncreases with increasing altitude above the surfece of the
ortic™  The solar radiation which reaches eea level has been atten-
uated by passage through the atmosphere the attenuation by absorption
and by scattering being greater ibr the shorter wavelengths than for
the wavalcagths* There la thus at high altitude, an extension
tonards the blue end of the u>eotnn with a relative decrease iIn the
anisst of red*  1th iIncreasing altitude ths sky the senith beoo tea
darker and at an altitude of 40,000 feet at* above all oloun, the

.y 1s white at the horizon decreasing in luminosity tonards the

zenith twt Ich point 1t appears rather dark blue*

It soaned likely, thrreforefc that at high altitude contrast
between light and shade In the oookpit would be greater than at
lover altitudes since the areas which were not receiving direct
omligl t would be dependent only upon the scattered light received
fron e rather dark sky* It was found, honvever, discussing this
question of contrast with pilots experienced in Hight at high
altitik o, that there was iInconsistency In the apparent severity
of & prablent These differences In opinion oould not be due to
factors of climate or of latitude since the flights referred to
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took place over England# They suggested rather that the cause lay
in the individual or iIn the aircraft or in a combination of both

First hand experience of flight at bi™i altitude confirmed
these observations* There was indeed usually above 10,000 feet
difficulty in disceming details and In reading mstr i-moto which
VIa*? In chadam because thr shadows appeared darker and because
Jhere a <poured to be a hare constantly present over the entire
visual field® The difficulty sametimes present at lew altitudes
as well, but there an almost Inmediate improvement rould ce effected
by sldeldiog the eyes with the hand# At high altitude similar
s ielding al u IMraed visibility but only after a measurable
Lit rvnl of xoout 1-$ seconds aad sometines more#  vru with the
In erovenent obtained however thr shadow areas In er observation
at high altitude were not seen as clearly as they ore at low
altitudet

In view of the Impression formed during throe preliminary
ebaerv tlons i1t was decided to examine first of all the ptycioal
f(votovs co os to determine whether the iIncrease In contrast between
light and chads In ths oookplt was real or whether the subjective
Honrcssias fere without a physical basis#

As 1t was thought that ti© huze over the visual Tield might
be due elLthor to fluorescence of the leul caused by inoreaee In
ultfa-violet light, or to aa Inorease iIn the iIntraocular scatter
of visible light, some additional flights were planned to examine

1"_jecif.ically the = two points#



A determination of the brightness of swlit parts in te
oockrvit might have been made from existing data on direct solar
illinination but the measurement of i1llunnation of shadow areas*
hovever, oould not be calculated froa existing data sinoe* reflected

light eaa present from so many directions*® Measurements had there-
fot? to be made in flight*
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A mtober of measurements of sky linluanoe hava boon blaxo
Aixa aircraft aau fron balloons, but uoac cm bo ~iloyod directly
1o dctrr: 1ne what contrast exists within the cockpit partloul .xly
at hich d.srtudt*

Krai the flights of the balloon Xxplorcr 1Z which in 1935
1 adxd aa altitude of 772,36 foot thero were obtained measurer* ato
of aky luainjnoe whioh Teele (1936) showed to be directly propor-
tional to atoospherio pressure, the point of sky relbrrcd to being

above te horlson and at 9CP to the sun (fig* 2)* So observe-
tions at au elevation greater than 36° above the horizon oould be
ix.d* 0eosuoo of the bulk of ths balloon above the .enfold*

The first me&jur wants of sky luminance muds tram an
aircraft fly Lug at high altitude were reported by Christianson
&)* observations wsre made from the nose seotion of a B*17 J
from whioh aircraft he recorded tn: Iminance of the horiae of
sky et an elevation of yP above the tarthon, of ground with
various types of vegetation, and of various Arts of the iInterior
of the nose seotion, suoh as the navigator®s desk, side wall, etc#
1&3 oacerva .ias were made at altitudes of 10,000 feet to 4Q#00Q
feet® e Ibmd that with a sun elevation of *£°, a point in the
sky at "5° aximuth to the sun and of elevation yP above ths

horizon hod a luminance ofl



1#1%0 oguivalart foot candles at 109000 feet

910 * w e e 20,000 »
760 - * * « 30,000 -
hQQ * m m m *0,000 »

~he hi tinane* levels recorded within the aoso of thj aircraft

In the navigator”s position were measured only at high altitude™

In the darkest portion of the uovi™.tor™s desk he recorded 3*3 «#FRH0H
whilst the brightest part of the desk was at 260 o«k«* This

figure of 26) e*fecc Iwwrver may haw* re recanted the illurimtiaa
due to direct sunlight for he reports that the luainanoe of a white
nw/fVx) of reflection factor in direct sunlight wus from

7,600 to 12,000 ettfo* The osoillosoope face oftY radar plan
pootti W indicator was found to vary from *12 c#fH#o« to 6 e.fo,

These reear.uremets v«w a useful start In the iInvestiga-
tion of the i1rdblen but since they give no Information as to bow
thr 1&Eh contrasts are produced or woAt thr effect 1o, If any, of
olouds belm the aircraft, they cannot be used as a yardstick to
evaluate the oontraats likely to be fouad on other occasions#

h a theoretical and experimental Investigation of sky
luninance To Isey and Hulbert (1947) preset a table of theoretioally
derived chtn relating to luminance levels of the aky Yo to 10,000
feet ultita* 3 for various points In the sky and for varying ele-
wuti no of aijgu The fTigures found experimentally by ~hriotlonssn
are about 2g times greater thau those presented &y Touscy and liulbere?
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£br similar elevation and azimuth of sun 1t 10 found that
Christlencen®s are about 2y times greater than tom derived
theoretically by Tousey and Hulbert#

Wording and tia bert in 1951 made further measurelicnts of
sly luninance from a De Huvilland Comet at 43»0G0 feet altitude#
In hording and 1Ebert"s observations the sun"s elevation was
yP above the horizon, whereas in Christleasen®a report the ele-
vation ma about 45° above the tmoricat™  uking an approximate
allonance ibr tbie difference iIn elevation, however, i1twas found
that lording and Lambert®™s results gore luninaace levels lower
than tajoce obtained by Christiencen, and more In accord with those
derived theoretically by Tousey and Hulbert® Thus, the results
obtained by Christienaen seem, 1If anytaling, to be too high, and not
representative of dear ky conditions™

The results of Wording and Lambert are olosely supported
by thr exr*rimental findings of Packer aud Look (1951)» who a
few nontho 1 ter reported on some measurements carried out fram
an arrcraft flying between 18,000 feet and 38,000 fwt altitude*

Contrasts between light and shade uncomplicated ty
reflections fron nearby objects or from clouds belo /7 hove been
c laulated .coording to Tousey and Hulbert’a data ty Clbis (1952)#
His calculations refer to targets of various reflectivities
viewed against a sky background at different altitudes*

Noun of these results cun be employed to determine what
contracts ora going to be encountered In the cockpit tiering flight
at highaltitude. They give Information as to sky lutflnace, as
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to the intensity of insolation* B to the brightness of the earth
seen Vo® the air (Christiansen), but they do not reveal the
factors goveming the i1llumination flailing an, say, an instrurent
panel In shadov. They do not sliar what are the iImportant charac-
terlsties of the aircraft cabin which determine the intensity of
i1llunination, and ». with regard to this particular problem they
neither provide a guide to the design of future aircraft, nor help
the physiologist to determine why contrast at high altitude should
appear to Increase on some occasions and not on others*

An iInvestigation employing a technique somewhat similar to
that desoribed later in this seotion waa used by wrr (1951)* He
waa Interested primarily In thr contrast between the exterior neons
and the iInterior of the cockpit® He fotnd that oontrast was maximum

hen the sun was at 90° to the line of flight of the aircraft™ when
the sun was erther forward or aft of this position, the oontrast
between exterior scene and the imtruraeat panel In shadowwas less*
His results refer to three flights at altitudes of 5,000 and

7,500 feet*

In view of the absence of literature ffaonwhioh the date
oould be obtained the fallowing “ork was therefore carried out In
an attempt to determine the principles goveming the contrast between
the sunlit and shadow arms of an instrument panel anu to find so™e
solution which would ease the pilot™s visual task.
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M M
Ideally the measurements should have been made from only

one type of aircraft. This was unfortunately not possible because
the aircraft fuoa whioh the measurements were going to be mods
principally was a Meteor *3u7 iIn whioh the cockpit dimensions vere
so small that the unassessed factor of stn”™ reflections within

the cockpit would have Introduced complications in the Interprets*
tion of results relating to the lisainauce of shadow areas. Measure™
meats were accordingly carried wit initl&liy in a hlnooln aircraft
and then later In the Meteor 7 There were thus two methods
employed. The Tirst to determine the intensity of Uluolnation
falling an s vertical surface at various azimuth angles to tbs

sun| the seocond to determine the 1llumination falling on different
parts of the instrurent panel whilst tho aircraft flew on a constant
heading w/rth regard 1o sub.

Method A - 1-.-1-.m. a Vertical White Surface

In order to determine whether shadows were darker at high
altitude measurements were made of the lrfainance (brightness) of
a known white ourface at altitudes of 10fQOMiIC,000 feet, and
eith the sun at various az muth angles. As 1t was believed }fnat
stray reflections from within the cockpit might Interfere with the
demonstration of any trend whioh might be present with iIncrease in

altitude, the measurements were mads dose to one of the side

window panels of the perspex canopy.






Fir. 3* "he ’hooded’ iiotometer with black baffle card.
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Fir*4* Response of photocell v/ith and without green filter.



It was decided to use physical methods of measurement rather
than the subjective natohing of the iIntensities of tro adjacent
Tfields, since in an lavestigation of what 1s until proved osherwine,
& subjective Increase In oontrast, It cannot be assuaed that
intensity matching i1\ unimpaired and ca able of giving reliable
results In a small number of observations*

As no other Instrtssent m-s available at the tire, the
photoneter shom In Figc 3 m * constructed as described in ths
appendixX* It consists of a barrier layer dverett-edgetsub
Vutophotio' cell which was used In conjunction with a nicro-
aoreter of suirtable intemal resistance to allow an almost linear
response of the cell* The photocell measured the lunnianoe of a
ciroular white target of diffuse reflection factor about 60 per oent*

The relative colour sensitivity curve of the sell, covered
a range of from 200 mu to 600 nu* To oorrcct the sensitivity range
to that appreciated by the eg, that is, between X3 au to 750 mu
with & peak sensitivity at 555 nu, the manufacturers supplied a
special green filter v.lth tre cull* The response of the cell with
and vithout the filter are shown in Fig#4, fron whioh it will be
seen that with the Filter the cell had a peak sensitivity corres-
ponding to that of the eye# Unfortunately, this filter restricted
the sensitivity so much that it was not possible to use it con-
tinuously as, when the white target WOO in shador, the response of
the photocell with the filter was too lorr to register on the



microamrter* Only one reading was therefore taken with the filter
on at eaoh altitude no that u subseguent ocorreetion oould 1T neces-
sary be rake to the other results*

The microamzaeter responded over a range of 0-50 nicroaaps
but by switching in a rhunt, its sensitivity oould be reduced 00
that the full scale deflection was 500 mloroatsps* This was found
to be sufficient to register all intensities encountered when the
photocell was used In conjunction with a hood restricting the
field to one of 30°.

Interference by reflection fron other parts of the
cockpit was reduced by the photometer hood and ty * black baffle
cord 30 cbu X 20 aa whioh was fixed behind the coll (7ig*3)« In
order to have some Indication of the value of white surroundings
In Increasing the luninance of shadow areas the observations were
repeated using a white baffle card of the sans oise* The angle
of iIncidence of the sun to the target taw measured ty the position
of the shadov cast ty a smail bolt fitted vertically to the top
of the photometer housing*

The observations verc made iIn a Lincoln aircraft, the
photometer being mounted on an improvised table 1 mediately behind
the pilotSs neat™ 1t wag placed level with the lower edge of the
draper window behind the pilot as 1t was thought that ths effect
of stray reflections from within the cockpit  <Id be thereby reduced



RITE ()
Pip.5. Fig.6.

Fig.5* Relative intensity of a white vertical suri‘ace at various
azimuth angles of sun (black baffle card”.

Fig.6. Relative intensity of a white vertical surface at various
azimuth aiigles of sun (white baffle card,,.



t a minimum The white turret of the photometer was about V*
above the ausit.,, and therefore received light froa the horizon
and from sane parte of the oloud floor#

Stages were made at every $000 feet during which the
aircraft was flomn on a constant heading with regard to sun, and
readings were tal.su vtien the sun was ctrikiug the target at asinuth
angles of 0730°* -60°, "ACP. Plue signifies that the oun was iIn
front of the target aui ninus signifies that the sun was bohind the
target. As a trend uad not absolute values was nought In this
experiment, i1t was decided that the angle of elevation of the sun
could be regarded as constant during these experiments* The flight
readings were all made within two hours of local noon, when the
solar altitude was about 50°*

BBt,..~L

Although a larger nurber of flights were undertaken, only
t*o yielded useful results. The difficulties encountered In other
flights WT? either that cloud was present up to 338000 feet and
hase present above that, or that frosting of the windows tobk
place as a result of whioh no ws" nil photometrio easurement could
be made because of the diffusion of light by the frost on the
transparencies*

Tire readings whioh were obtained are upxawn In tabular
foro in the appendix Ci  and in graphical 1om in figs 5~ 6*



Fig.7* Relative intensity of a white vertical surface at various
azimuth angles of sun (black baffle card"’.

Fig.8. Relative intensity of a white vertical surface at varioui
azimuth angles of sun (white baffle card].
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There were no great changes in luainosity of the white target at
di fferent altitudes when 1t wan in direct sunlight* This does
not mean, honever, that the illtsilnatloa due to direct sunlight did
ujt 1eereae™. It must have iIncreased, as one mould exect* Tho
reason It do<’s not show In the data is that the measurements r.erc
of total illunination, that is, of i1llumination froa direct sunlight
and from sky light® The former Increases iIn intensity with increase
in altitude whereas the latter, since the scattering particles
becone smaller and more spaeed out, decreases iIn intensity. The
luninosity of the white wertical surface iIs thus ua indication of
moan 11lunination. *Iso contributing to an increase cf luninosity
of the vhite card at lower altitudes was the doud floor whioh
reflected a considerable amount of light back upwards towards the
aircraft™ ?Ith increasing altltudu above the cloud floor tbs
i1l lunination fall lag on the white curd from this particular source
decreased#

Tho Iuminance of the target did not change much with
1ucreaslug altitude probably because light was still being
received from below when the target was i1n shado *

In Figs* 7 *nd 6 *n attempt has been mode to represent
these ¢ atig s la a three dimensional diagram, the construction
of whioh is described in appendixJ® = Perspective was introduced
INto this diagram ty adopting & vanichiog point towards wiiich all
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“parallel' Huea oouvorged* lure for the 1rregular! ties which &re
probably due to experimental errors or to the preaenoce of 1&yere
of hése, It will be acen that there waa little cliage erther In
total Intensity or iIn contrast between light and shade with
increasing altitude* Tndeeu, 1T anything, the contrast appears
to have beeu greater at low altitudes than at high altitudes* By
using a white baffle card instead of a black baffle card the
luninance of tir target in shadow vns 1nore&ned by a fhctor of
almost two times aa seen In

The results obtained with and without the green filter
OV*T tho photocell are shomn in Fg*9» It 1ill be seen that the
roa oBse of the cell with this filter, core a fbirly ounntaat
relationship to the total output of the ocell vdthout the filter*
It thus aeena that i1a these meaoure 1ets the greater sensitivity
of the photocell to ultra-violet radiation oa.not be solely
responsible for the Inertaec in intensity of light reoorded at
high altitude* The Inorease in intensity recorded in thus one

hich will be appreciated visually*

othod a - Of tu kot ru rtt

in uttempting to measure light reflected fro tthe
instrument panel i1t was found tkvt there was insuliloient light
reflected even from a white ourface to give «*oourately reauable
deflections on the mioroaometer™



Fig. 10. Measurement of light intensity at top of
instrument panel with unbonded photometer
in rear cockpit of Meteor 7%



It was therefore decided to make direct msasur meats of
Incident rather than of reflected light as In the previous measure-
ments* A barrier-layer photocell similar to that described above
was used but without the restricting hood* It Is seeu In F1™ 10~
1te green correcting filter V< always used ia conjunction vdtb Hiis
cell, 1he diareter of which was reduced to about half by a black
paper tresk s0 that the intensity of Incident light gave & surtable
reading on the mic:roauoetor‘(i . bilet these measurements of
i1llunination of the Instrurent panel were kei:\; made, the intensity
of sunlight was recorded on the hooded photocell as already
described*

HaylLug been thus compelled to use different methods for
measuring the intensity of light iIn direct sunlight and at the
I*rel of the instrurvent parel, (et! ode A measuring luminance
and a me&rtxring illissinati a) 1t was necessary In order to caompare
results to calibrate one method against the other* This calibra-
tion Is shown In appendix -

(1D This procedure ratalied the risk of causing local overloading
of the cell* According to the manufacturer8 j>edficatlon however
there wub still a large margin of safety* It would no doubt have
keen better to employ a diaphragm a frw inches in front of the cell
but the penalty of Increase In sisc of the photocell was too groat™
It was essential to employ a photocell which was as far as possiblef
Hush with the surface of the iInstrument panel™*
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It was decided to measure the 1llumination at the top and
at the bottom of the iInstrurent panel beocause there waa an obvious
difference in the luminosity of these parto* The upper part being
wore in line with tlie cloud floor below the aircraft, apparently
received more hifht than ths lower parts of the cock:lt, v.fckh,
subtended by an area of sky without clouds reoeived little scattered
light* The roadie™ were made In the rear cockpit of a Tetsor £k*7
(uapressurised) aircraft (figc10), the aircraft peixu levelled out
every $000 feet on a constantheading with regard to bur*

As will be seen fron Ig*1G, the cell was mounted on a
right ungle bracket, thr longarm of which was about an* so that
the observer oould manipulate the cell, laying 1t with 1ts beok
flat againat the instrument panel withrsut having to bring hia hands
near the sensitive surface* This waa neoessazy to prevent reflec-
tions ft'a 1kck, clothing, ana hanas fVam interfering with ths
readings*

The ocell was placed at ths top of the Instrurent parel
against a previously marked spot, a reading taken, then the
cell was placed at another mark at the bottom of the panel and
mother reading taken* The lu In&oc of the white target of the
hooded photometer was then measured in direct sunlight and the
presence of cloud or atmospheric base was noted™ This routine
was repeated at 5,000 feet intervals to an altitude of 40,000
feet® The entire flight from take off to landing took about
forty minutes*






Fig.11

ALTITUDE (THOUSANDS 3F FEET)

Fig. 12. Contrast it instrument panel (4 experiments)



Results - n

The results show that the light incident on the iInstrument
panel In shadow decreased with increase in altitude, but that the
extent of thin change was largely dependent upon the prevailing
cloud or atmospheric haze, and the altitude at whioh such cloud or
haze was present* Changes 1n 1llumination occurred more frequently
In the upper part of the instrurent panel, the lower part being
less influenced ty changec due to atmospheric base or to clojd*

dy means of tr* calibration graph in figc1l it was possible
to compare the 1lluniontion of sunlit areuo on measured by the
hooaed photocell with the 1Hunination of shadow areas as recorded
by the inhooded photocell on the Instrument panel* The oontrast
between sunlit areas and utodow arena at the top and at the
botton of the iInstrument panel was calculated thuns

Contrast a intensity in aunUjrht - Integrafr In rn Iy
intensity 1n sunlight

The results wore plotted and are shown iIn Fig*12 and Fig. 13.

It will be seen fron Mg* 12 that contract does iIncrease
with altitude ad that the lower parts of the Instrurent panel drw
a greater iIncrease i1a contrast than do the upper parts* The oon-
trast thus iIncreases especially 1T there is no possibility of the
shadow area receiving light fron haze or from cloud beneath the
airor ft* Tn Flg~13f the relative intensities of light measured
during one experiment show this trend too* The hunp shorn at
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at 20,000 feet is due to a layer of haze or thin eloud at that
altitude* It acted as a diffuser, allowing aore light to reach
the shadow areas*

These results relate specifically to one aircraft -

the rear cockpit of the c'teor 'fk*7«

>tr

In the absence of information on the luninaace of a white
vertical surface in shadow at altitude, sane measurements were
carried out*

It wae found that the luminance of the siiadow was greatly
affected ty light reflected upwards from the layers of aboospheric
haze or the cloud beneath the aircraft* If t je shadons area was
in direct line with an extensive cloud floor It often became
brighter with increase in altitude* When the shadow .as not in
direct line with either the cloud floor of the horizon and received
light only from the cloudless sky, it always become darker with
increase in altitude, the darkening being moot marked If the
shadow area rcoei™d light only from the sky near the scnith* The
shado / area could always be made brighter by the presence of a
white diffusing surface which being in direct sunlitt oould
reflect light on to ths shadow area*

Contrast between sunlight and shadow thus increased with
increase in altitude only if the shadow area was not in line with

a layer of bright cloud or haze*



Since the luminance of the aky JBP above the hurlson is
inversely proportional to the altitude of the observer above the
surface of the earth, the increase In oontrast between sin lit
and shadow areas at high altitude is greatest in the lower parts
of the cockpit which are in line only with the darker sky near the
zenith*

It is concluded that since at high altitude, only the
lower parts of the instrument panel in shadow become darker,
the greater difficulty in reading instruments in shadow must be
due to factors other than that of altered luminance of the

instrument panel at high altitude*
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luring most of tho high altitude flights it was found that
there *ns over the visual field a subjective hace which sxxned to be
responsible fbr the difficulty ia seeing iustrraents when they were
ia Blibdo?* This annqying haze was continuously present and resis-
ted all attempts to disperse it as gy shielding the eyes from the
glare of the cloud floor outside the aircraft* In fact it dis-
appeared only when one descended to lower altitudes* liarr (1930)
remarked u on a "persistent baseX over his visual field - no
doubt the jane phenomenon but without putting forward even a
tentative explanation as to its origin*

It wua thought that this subjective effect whLch seemed
to be th* principal reason for difficulty in seeing inside tho
cockpit at high altitude resulted from some inherent difference
in the light at high altitude. The first possibility considered
v.aa that of an juorease in the fluorescence of the crystalline lens
caused try tne greater intensity of ultraviolet light wiiioh wus

jrcsent i** solar radiation at high altitude*

Resume of Hre?viouB ork
The effect of ultra violet light on the eye has been

studied by niui$ worlaers, but even 7,1th the help of concise reviews
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of the literature ty Cgilvie (1953), who deals with tho general
effects of ultra violet light on the eye, and ty Klang (1946)* wbe
deals more specifically vdth fluorescence of tho hunuu lens, there
wuti obtained little infonaatlon of use in solving the problem*

The possible effects on vision of ultra violot light are not
confined to fluoresoenoe, and it is of interest to point out, tl)at
vision in the ultra violet is accou >anied ty difficulties in fbouae*
ing* Thus Goodeve (1934y has found that in order to focus an ultra
violet source satisfactorily it has had to be no further than 10
centimetres from Ills eye* De Groot (1933) has stated tint at
313 op, *ye which is emmetropic in rod light becomes 1QD
nyopio* These focussing difficulties are attributed to ths
greater refraction of ultra violet light by the optical system of
the eye*

Reviewing the literature on fluorcsoenoe of the eye,

Klang (1943) conoltided that moot of the fluorescence is in ths

lens, and that the exciting rudition is between 300 mp and 400 np

with maximum sensitivity between 330 mN and 370 mju  elativety

little fluorescence appears in the cornea which is caused to

lluore see ty wavelengths of between 315 op and 330 ~jx (Fig* 14)*
.Since naxioun fluorescence takes place between 330 and

370 mu and drops to nil at 300 on, it is evident that no increased
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fluorescence will result from the extension of the solar apectrim
which takes place at high altitude, since this extension at the
short wave end is from 290-210 rap (Tolbert 1947)e

Intensify of fluorescence however is generally proportional
to the intensity of the exciting wavelengths ( riogheim & Vogel (1943))*
According to Jtair and Goblentz (1933) the intensity of ultra violet
radiation within the band of ~avelengths shorter than 313*0 yit
increases by about 3 times from sea level to 40#000 feet altitude*
art of their tabulated data is shown in Appendix £

From the dita of Toon (1%0) it seems that ibr wavelengths
between 300 mj and 400 np the intensity outside ths earth's biosphere
is 2-3 timeB that of the Burfaoe of the earth*

It ia consequently to be expected that at high altitude#

intraocular fluorescence may. increase only by a factor of 2 or lens*

Sletnod A - Intraocular fluorescence froa olar Radiation

There appears to be no mention in the previous work of tho
effect whioh thic ultra violet 'fog* might huve nea vision:
whether in fUet the flxnrescefice would be noticeable by an indivi-
dual vho wns looking at a bright sunlit coeae* A preliminary
experiment# using a technique employed by C/Idie and r«atthews
(1944)» was carried out to obtain some idee of the subjective
intensity of fluorescence produced by the ultra violet light

present ia daylight at ground level* The experiment was curried
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out la a our room ia which tho only wiadow looking oat on to the

sky was one of Woods glass”, which transmits principally at

360 mji (Fig* 15).

Results A

In the dark room, fluorescence of the lens of the eye
was produoed by tho «jolar ultra violet radiation transmitted ty
the >ods glass filter* The fluorescence was noted subjectively
as a grey-blue haze over the entire field, and it could also be
seen in others as an apparently very bright and fluorescent pupil*
Ttiis fluorescence was noticeable on all days even when the sky was
so overcast as to be classed ty the photographers as "dull9 but
as soon as the fcoods glass filter was removed, admitting visible
light into the room, the fluorescence was no longer seen* |t
tio thus concluded that at ground level (250 feet) there was
sufficient ultra violet radiation present to produce fluorescence
of the lens, but that the higher intensity of visible light was

so great us to mask completely the fluorescence*

Method B - High Altitude Tert of Yellow filter

Several flights were made to an altitude of 40,000 feet
and during these flights a low oontrast teet object shown in
Fig* 16 was observed in thr lower part of the cockpit* This test

object was designed ty Frederik (1947) fbr use in connection with






Fig.16. The low contrast test, (from Frederik (1947))
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elight vision tests* Attempts were made to reduce the tuae vmioh
wts present over the field of vision by using a special filter
(Chance 'minus blue"), the transmission curve of whioh is shorn
in xig.17* It will be seen that tids filter transmits very little
in the band oetween 300 and 400 tji. where most of the fluoresoenne
of the lens takes place*

The procedure employed was to look at ttr low oontrast
test object, observing the amount of ha™e present, and the letter
of lowest coutr&st whioh was visible; then to bring, the yellow*
filte r, whioh was incorporated in a goggle, down over the eyes
for comparison* Any change in the haze was noted, aa well as

any change in visibility for the lov7oontrast test*

The fluuings were negative throughout* ihe haze over the
field of vision was *uite unaffected by the presence or absence
of the filter in front of the eyes, even although this filter
reduced by about 90 per cent ti* Intensity of ultra violet
light falling on the eye* The low contract test was neither
uecu setter oar seen worse with the yellow filter in front of
the eyes, as oompared vitn no filter in front of the ryes*

iliilst looking outside the aircraft, however, it seemed
that the borders of clouds were more sharply defined when

observed through the yellow filter?*
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la the absence of improvement in visibility, and In
the absence of any change in intensity of the subjective haze when
the yellow (-blue) filter was before the eyes it was conoladed that
the haze effect v.aas not due to iluoreooencr of the lens caused by

ultra violet light*

Numary

The intensity of ultra violet radiation between 300 nju
and 400 mu at 40,000 feet io about three times that at sea I"*vel*
.ince the eye, and especially its crystalline lens, fluoresces moat
strongly is response to excitation ty these wavelengths of ultra
violet radiation, it was thought that intraocular fluorescence might
be res onuible for the persistent subjective haze which fiuo already
been described and which seems to be thr basic cause for inability
to see instruments on an instrument panel in shadow when jlying at
hi h altitude*

Intraocular fluorescence in response to solar radiation
at ground level can be demonstrated only in the dark room, into
which sunlight in axti.itted after passing tnrough a filter of <x>ds
glass* The fluorescence which in the dark appears to ue strong is
none the lees completely masked if normal daylight is admitted into
the room*

t high altitude when the eyes were covered by a filter
which cuts off 90 per cent of this ultra violet radiation, th re was

no change in the subjective haze*
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It is tforrefore oaaduded first that although Isus fluores-
cence from solar radiation does take place It is so Quaked by the
visible light as to be not noticeable* eoondly, it it; concluded
that intraocular fluorescence; from sunlight at high altitude is not

respousLblc for the subjective base at high altitude*
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INTRAOCULAR X aTTSR OF LIGHT

*hfcu a beam of light passes through a transparent median
coutaiuing in sue >en3ton small particles the refractive index of which
differs from that of the surroaiding medium, the incident beam is
scattered by the small particles. As the intensity of the Incident
beam increases, the intensity of the nattered light also increases.
If, hovrver, the scattering particles are small oampé&rrd with the
wavelength of the incident light, the intensity of scattered light
*111 depend not only upon the intensity of the incident light, but
w ill vary inversely as thr fourth power of the wavelength (Rayleigh
scattering;.

As described earlier increase in altitude ia accompanied
by a slight relative shift of the Intensities in the solar spectrum
towards the blue. Along with this relative change there is an
overall increase in the inteusity of light Teom insolation or direct
sunlight, aa opt>oeed to that from sky scatter, whioh decreases in
proportion to the reduction of afr ospherlo pressure (Teele 1936).
These changes in the solar spectrue arc shjwn in Pi~>18 which is
taken from dicolet (1952).

Knowing thi-.t these changes took place it was natural that
one should winder whether the subjective base at high altitude might

not after all be due to the intraoc’tlar scatter of light, since the



previous experiment had shown that fluorescence from ultra violet

radiation was not responsible.

Resume of Previous ark

According to Van dor foeve (1919) most of the scattcring
of light in the eye takes place in thr* crystalline lens, dell,

Troland and Verhoeff (1922) refer to the intraocular scattering of
light as "veiling glarel.

The size of the scattering particles seems to be small
although it is doubtful whether they are so small as to come within
the compass of Rayleighs equation. It seems that in the aqueous
humour of young people some Rayleigh scattering may be present but
that in older people large particles scattering may increase. Thus
Koby (1930) refers to *Tyndall scattering™* taking plmce in the aqueous
humour of the anterior chamber, whilst the observation of Graves (1925)
that the scattering particles ere *belov/ the lowest lim it admitting
of solution” and that in tne eyes of young adults the scattering was
very faint, suggests that the dispersion of light in the aqueous
humour may be due to Rayleigh scattering.

The intensity of the base set up by intraocular scattering
of light in relation to either incident intensity, or to wavelengths
was not knoru, and the effect upon vision was known only in the general
terms of everyday experience. It was therefore decided to attempt to

calculate the change in intraocular scatter at high altitude and then



to carry out some observations in flig ht* The *in flightl observa-
tions ?ere carried out concurrently with those described in tbe

previous section.

Method A - Calculation of Relative Intensities of Intraocular Spatter

The term "air mass" signifies the length through the
atmosphere of tbe path of light from a celestial body. Thus when
the sun, is at the aenith, its light traverses an air mass of 1
before reaching the surAioe of the earth. hen the source is not
zeuith, but makes an angle O with the zenith, the air mass tra-
versed is approximately 1 It was assumed that air mass

cosine &
decreased in proportion to atmospheric pressure.

Since attenuation and scatter depend upon the slse of the
scattering particles, and since the larger particles are fbund
principally at lower altitudes, it will be seen that suoh an assess-
ment of light at altitude based upon the assumption that air mass
decreases proporti nally to atmospheric pressure is an approximation.
Robinson (1954) regards this approximation as permissible when ths
longer visible wavelengths are not being considered, and when the
altitude is below the ozone layers of the lonosphere.

On this basis it was calculated that when tbe elevation
of the sun is 50P above the horizon (noon, June 15th, outhern

ngland) tbe sun’s rays to the surface of the earth would traverse
an air raaas of 1.3, and at i*Q,000 feet where the atmospheric pressure

Is 140 millimetres mercury, they would traverse an air mass of 0.24*
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These values were Interpolated into a aolar energy distribu-
tion curve in which Moon (W | gives the energy distribution outside
the earth's atmoe here, and at the earth's sur ace fbr air masses of
1t 2, 3, kf amu S The modified graph is shown in i'ig* 19#

Within the eye scattering of light will take place in the
intraocular media* The conditions of the scatter!* medium, remaining
constant however, the greatest change in scattering viiicii would take
place with increase of altitude, would be that of small particles,
small with r gard to the wavelength of incident light, for not only
would the increase in intensity at high altitude be responsible for
u greater scattering, but the greater intensity of blue at high
altitude would further increase the intensity of scattered light
whioh under tho conditions of Rayleigh scatter, varies inversely
as the fourth power of the wavelength (I ¢ )e

To obtain an indication of the worst condition, it was
therefore assumed that only Rayleigh scattering took place within
the eye, and from the data in Fig* 19 tbe relative intensities of
soattered light were calculated for sea level, and fbr an altitude
of 40,000 feet* The intensities thus obtained were physical so to
translate them into values appreciated ty the eye, each value was
multiplied fay the a propriate CIS lwdnoalty factor for the standard

jye as quoted ty Houston* The values t?we obtained are shown in

Nige 0%
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and at sea level (calculated from Pig.19.)
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Results A

The dIffVreiice iu ure&a between the two curves stown in
Nig* 20 shows the 1licrease in intensity of visible light due to
intraocular scatter* It wan food by measuring the oroa of these
curves that at 40,000 feet the intensity of intraocular scatter of
light would be at the most 1*3 tines that at the earths surface*

data-obtaiacd in the r»loul™u”rrTr-f? r-+tvro 1IN Tabl e In TTk

raprrendix -

ethod B - Observations in Plight

The observations in flight were carried out at the sane
tine as the observations on intraocular fluorescence which were
described in the previous sectione T7”e same filters wore used,nJfcaoly
a yellow filter whose function was to out out the blue component of
the light, a blue filter which vould accentuate nay effeot duo to amall
partiole scattering, no filter, and an opaque visor, which acted as
a screen by keeping direct sunlight off the eyes* The la#/ contrast
test object previously described was again employed, the procedure
being to compare the visibility of the lor oontrast test when looking
through thr> various filtrs , without the filter, and with the opaque

visor which kept direct sunlight out of the eyes*

Results B
.0 change in legibility of the low contrast test object

«us found when the test was being observed through the Chance H i nus



blue" filter* hieldlug tbe eyes from the source of glare v.lth the
opaque visor did reduce the base effect but only after about 5*10
seconds* Wb difference in visibility of the Isy® oontrast object was
noted, when it mis viewed through the Dblue filter or through the
yellow filter* It vas again observed that the visibility of the
edges of clouds seemed to be enhanced when these were observed through
the yellow filter as compared with no filter* hen these edges of
cloud were observed through the blur filter tbey appeared less distinct
than they were with no filter before the eyes*

It was thrrefore concluded that increased intraocular
scatter was not per ee responsible fbr the subjective base at high

altitude*

ummary

The scattering of light which takes pl joe within the eye
is probably partly !'tayleigh and partly large partiole scattering, and
the scattering in the aqueous humour of young people may be pre*
dominantly from small particles whereas in the eyes of older people
more large particle scattering may t&ft* place* Since there is a
slight shift towards the blue in the spectral distribution of ligbt
at high altitude, the greatest increase in intraocular scatter would
take place if the totul intraocular scatter obeyed Rayleigh*a equa-
tion* In this hypothetical case whioh is probably not correct, but

which would give the most marked effect, it ras calculated that at



40,000 feet, the visible light scattered iutraooularly %ould be only
1*3 tipieu aa much aa at aea level*

Looking through a yellow filter which attenuated any
relative increase in blue in the sunlight at high altitude, produoed
no apparent difference in the subjective base* It is therefore
c nduded that increase in intraooiilar scatter of light is not
responsible fbr the subjective haze 'vhioh is seen over thr* visual
field at high altitude*

fluorescence of the eye as a result of greater intensity
of ultra violet radiation at high altitude has also been shown not
to be responsible* The impression that the subjective haze was a
result of some different property of sunlight at high altitude thus
seems to be wrong and having examined and assessed the importance
of the three most likely physical causes: light intensity and contrast,
intraocular fluorescence, and intraocular scatter, attention w ill now
be turned to physiological mechanisms which might be responsible fbr

the subjective haze offeet present in the visual field at high altitude*
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pjW ff3 AggCTMBJTIjfIIUTT OF
OdTCTS Ih EJS Til; COCKPIT

IMTROIUQTXCII

Thbe changes which were considered in the previous seotion
were purely physioal changes dependent entirely upon tI*» new ambient
conditions and taking no account either of the physiologioal response
or of the subjective sensations of the man* The new milieu however
disturbs normal physiological equillbrim and the normal responses to
stimuli are thereby altered* In this 'Bart 5* the effects of anoxia
and of glare are considered* The fbnner should of course not nor-
mally be present since moat high altitude aircraft today are tiealfpied
with pressure cabins and in those in which there ore no pressure cabins
the administration of oxygen racer pressure with counter pressure on
the chest wall ensures that up to certain altitudes thr* effects of a
low partial pressure of oxygen are fully compensated. In its general
sense, anoxia ia thus an emergency condition and should not normally
be present*

The visual sense, however, is particularly sensitive to
lack of oxygen and a lack of oxygen which might not be sufficiently

severe as to be classed as anoxia may yet produce effects upon the



visual system* Th 3, in night vision, at as low an altitude aa
4,000 feet tbe effects of lack of oxygen tnaoifV~t themselves in ths
failure to attain the lowest threshold of dark adaptation possible
under optimixa conditions* It is thus onoxia in this sense which is
being considered in this part; not the marked anoxia with its charac-
teristic systemic changes, but rather the slight oxygen deficit liich
a parently manifests itself only in the visual aystem*

Glare was defined by dell, Troland and Verboeff (1922), aa
"the sensation produced by light so invading the eye os to inhibit
distinct vision"* In coutra-distinetien to anoxia, which is not
normally present, glare lo present and has been since tbe beginnings
of flight* The glare to which the high altitude pilot is subjected,
however, is not the same as tho gl re familiar to those who fly at
lower altitudes* It is, as has been pointed out earlier, essentially
due to a reversal of light dintn oution, for whereas at low altitudes
most of the light comes from above, principally as scattered light
from the sky, from clouds, and from direct light IVom the sun, at
high altitudes most of the light comes from below; fVcwn the brightly
lit cloud floor which is almost invariably present or from the bright
horizon, and little light comes from the cloudless sky wtdoh may be
dark blue at the zenith* In addition it has been s”™en from the work

described in Bart 2 thut contrasts are increased, that the shadow is

darker and that the sunlit area in brighter* These conditions acting
together reduce an environment peculiar to high altitude and which

gives rise to a glare problem necessitating special consideration*
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Seotion X

ANOXIA

ithout firsthand experience, it ia doubtfel whether it
wrulti have been possible to t&ckle the problems of vision in flight
at high altitude* In some fields of research it ia no doubt possible
to make use of secondhand de criptxons of the phenomena, and indeed
it is sometimes accessary to do so, but in this case in particular in
?hlch so much was subjective, the value of firsthand eag>erteu3e ms
frequently evident*

One of the pushing phenomena whioh has been observed was
the husc which was present over the visual field during flight at
high altitude* fn turn it has been attributed to fluorescence of
tbe lens as a result of au increase in intensity of ultra violet
at high altitude, and when it hod been shown that lens fluorescence
was not responsible, tbe effect was tentatively attributed to a
greater intensity of intraocular scatter of light at high altitude*
As has oeen deranstr&ted, this hypothesis ms also wrong*

ith this problem at the back of one’s mind, the tLu.ale
sustained whilst reading a book in fell sunlight at sea level became
suddenly most interestix”™;* It was observed on looking up from the
sunlit page that over the field of vision there was a haze similar
to that which was noticed during flight at high altitude but whioh

disappeared within a second or two* This haze effect seen on
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looking tgj fron the white sunlit page was a positive "after inage"” of
the par®*

heu a bright souroe has been observed, and the eyes are
subsequently closed, the image of the source if sufficiently bright
remains visible as a bright image which gradually becomes darker* This
iIs the "afxer image" and as in the photographic sense It lo referred
to as being either ’spositive* or "negative** Thus a bright stimulus
f£lvea rise to a bright (positive) after image whioh is seen either
when the eyes are closed, or when one is in total darkness* This is
sometimes referred to as the "original* after image, and, in the
case of a oriel' stimulus it consists of ~ number of rapid oscillations
from the positive to negative phase, and back again to positive*

The positive after image whioh predominates after exposure of
the eye to a bright stimulLus, indicates a persistence of activity
in the visual system after cessation of the primary stimulus*

If while this positive after image is present, the subject
looks at a uniform background, he will see the afterimage as negative,
if the backrround is bright, and as positive, if the bucKrround is
dark* It is generally accented that the primary stimulus has had an
inhibitory effeot on the response to subsequent similar stimuli, but
that there has resulted increased excitability to other stimuli*

In the presetit instance however attention was drawn to the long

positive phase occurring after the orlm&ry stimulus* It was felt



tliat tbe haze efl'cct which this positive phase oast over the visual
field after looking at the page in direct smlight, resembled ao clonely
the appearance inside tbe oookpit at high altitudes that the efffect
observed in flight might well arise in a similar way; the bright

cloud flo:r, acting as the primary stimulus, whilst the dark interior
of the cockpit allowed the positive phase of the ofter image to be
visible*

This simple and obvious explanation had not been thought of
earlier because the effect observed at high altitude seemed to last
much 1 rnger than one would have expected* It was felt that if the
duration of the after image as Indicated by the dazzle recovery timo
was indeed increased at altitude, it might be due either to the
increase In luminance of the cloud floor seen from high altitude,

or possibly to anoxia*

Scaupc of Prwlouo mmodc
Whé&t inu t have bee*n one of the earliest if not the vory

firnt mention of the visual effects of lack of o* gen waa by Croee-
oiueili in 1B74, In a description of the lensationc whioh he and
ivel pt>erieoced ahen undergoing a decompression in a chamber
employed by Paul Bert during bis studies on trie effects of increased
and decreased atmoa heric pressure* Bert (1676) reports Croce-
Spiuelli'a full description of the ex erience* ith regard to visual

symptoms he writes * eeee au-desBOun de 35 centimetres, o0s regards



qui s'obscurciss&ient devcnaient tres-seaalbleneut plus neto dpres
| #absorption d’oxygene. Je voyais clair apres avoir vu noirj
1'int/erieur de la cloche semblait touté ooup devenir plus luniirfux%

Probably the majority of individuals who have experience d
sufficiently marked anoxia have noticed this effeot which is precisely
as described by Croce-5pinelli* ome however do not notice afly change
either becauce due to greater tolerance to anoxia their threshold is
uot sufficiently affected, or because they arc less observant* The
former explanation would appear to be the more likely in view of the
failure of Paul bert to cement on the effect in his other-wiue full
description of the symptoms of lack of osygen*

In tests in the decompression chamber at Faruborough it was
noticed personally that a dim ;Ing of lights was more noticeable on
some occasions than on others* In relatively crude experiments ,vith
an optical wedge MIllmer and berens (1918) found that ‘’under the
rebreathing teat the threshold fbr light has ahov.u an improvement in
20)*9f «  2*4*3F show neither improvement nor fblling off, and 2% 6
show & falling o ff in sensitivity**

The dimming of the visual field at photopic levels during
anoxia la a symptom wtdch usually appears when the degree of anoxia
ia already marked* It is thus a ruther coarse indication that anoxia
is present* A useful review particularly of the more recent vorf:
(1937 onward) on the visual effects of oxygen deficiency is given

by tic *arland, "vans & Inlperin (1971)e They state however that



"pilots have frequently reuertod darkening of the visual field
whilst flying at great heights without oxygen (16,000 feet and
above., « It should be noted that whilst this ms sometimes the
ouse in the past it should not apply today, fbr aircraft which have
to fly at these heights carry a supply of oxygen*

In addition to this change in sensitivity evident during
marked anoxia, there oocurs a more subtle change which is probably
the first detectable eymptcm of an insufficient supply of oxygen*
This change is a raised threshold of absolute sensitivity of the
fully dark adapted eye. It ms first studied extensively ty
io Kirland A Kvans (1939) who at normal atmospheric pressure simulated
various altitudes ty usll™ appropriate mixtures of nitrogen and oxyjen.
They found that even at the oiiaul&ted altitude of 791X i* ot the
threshold test light had to be mode anout I/4th brighter to be i'till
visible, and at 15,000 feet its intensity had to be increased ty
fron 1~to 2 times*

Goldie (1942) investigating the changeo in night vision
under anoxia concluded that the absolute threshold deteriorated
even at the low altitude of 4,000 feet* |lliu results expressed in

terms of reduction in pick up ranges are presented in Table I*

Tabic 1
Altitude Averagepercentage deereaeeinrange
in feet of night vision if oxygenle not ueeA
4_.000 5
(.00 10
8.000 -- - .. 15
10,000 - - 20
12,000 25
14.000 35

16.000 40



to whether th? origin of thr visual changes in anoxia 1b
froa a central nervous, ruther than a photoehenicul peripheral meohanitaa
in the retina, | cftaland, Murvich, linlperin (1943) believe that the
evidence is against the photochemical origin sincet
(a) the sensitivity of the completely dark adapted eye is
reduced in anoxia*
(b) In vitro, oxygen has no effeot upon breakdown or
regeneration of rhodopsin*
(c) anoxia produces an equal rise in rod and cone threshold
although different pigraentn are i volved*
(i) the threshold to electrical otlm<ilation whioh ty-passes
photochemical changes also rises in anoxia*
(e) thr rate of improve ent in sensitivity when oxygen is
readnittcd is more rapid than if pigment regeneration
alone were considered*
Their view is supported fay thr findings of tfoell & Chum
(1950J* In an el*ctroptyuiological investigation au the vir.uul pattmy
of rabbits, they showed that in anoxia, the inexcitability oocurs in
the following orders first In (a) cortex cerebri and geniculate
oodles of the brain, then in (bj retinal ganglion cells, (o) bipolar,
and finally (d) in tt*e photoreceptors. The photoreceptors arc most
resistant to anoxia as r voaled by the long persiotonce of the
electrore tinogrum.
In this thesis, however, the reason for tho interest in

anoxia io with regard to its possible effect upon tbe duration of the



positive aitcr-lmage* With such a subject one is in JUffardLats
difficulties, for the meotaolar of pro* uctioa of after-lraages even
in normal air and ut norml! pi®ossure io not understood, other than in
the general terms of persiatanoe of activity with regard to the
positive phase, and inhibition of response to similar stimuli in the
case of some of the negative phases*

The investigations on after-images ty McFarland et al*
(1943) and by Cellborn A .pieman (1935) deal only with the latent
period between cessation of the stimulus and the appearance of the
positive after-image* Gellhora A piesmun fbund that the latent
period was increased ia anoxia and c*arland et al* confirmed this*
In addition, they showed that in anoxia, as the intensity of the
stimulus decreased the latent period increased* They pointed out
tilut the Inorease in the latent period cannot be due to the apparent
ditnraing of light in anoxia, because when oxygen is administered the
dimming disappears in a few minutes whereas it may require up to
50 minutes for the latent period to return to it3 normal level*

Apurt from a brief note (. cGarland et al* 1941) to the
effect that longer after linages were noted in anoxia, there in no
mention of the duration of the positive phase either in normal
air or in air poor in oxygen*

I cFurland et al* (1941) state that 'Aviators and mountain*
eers h ve frequently menti ned tbe increased latency and unusual

quality and intensity of the after-iaage at high altitude™. ubscquently
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tbe authors reproduce data showing that the latent period increased
from 1 to about 2 seconds* It seems most unlikely that oo aa&ll a
change would be noted subjectively*

As a result of personal experience und in vie?." of the
fact that none of the many pilots with viiom these problem vers
discussed had noticed tills particular effect of increased latency
it seems probable that the effeot "frequently mentioned* wus not

"increased latency”™ but increased duration*

Method A - eoovBzy I'Ime from Light Adaptation in flight

As a preliminary experiment, the time was measured between
dazzle caused fay looking outside the oookpit and recovery to a level
sufficient fbr recognition of a low oontrast tent inside the oookpit*
The observations were carried out from the rear oockpit of a Meteor
ilk*7 aircraft at altitudes from 5,000 to 40,000 feet* The rate of
climb was initially 3,000 feet/minute to 10,000 Tt altitude,
2,000 fcet/ralnute from 10,000 to 30,000 feet altitude, and 1,000 feet
/mliute from 30,000 to 40,000 feet indie, ted altitude*

ifor tne duration of the experiment the aircraft was flown
on a constant heading to urds th* sun* Light adaptation was effected
by fixating fbr one lolnute, an imaginary point about 4 feet in front
of the starboard wing tip* In this Vay and with the constant course
of the aircraft in relation to the sun, variations In luminance of

the adapting field were restricted to thoso caused by (a) change in



altitude', (b) changing cloud pattern or hazo* as the total tine
during which observations were made was only 2% minutes for eaoh
flight, changes of light intensity due to alteration in the elevation
of the sun during this period were assumed to be fbr the purpose of
the ex'criment, negligible*

The lol contrast test v.ae a matt black card of diffuse
reflection factor 3*ft on which was printed a '"T" in slightly less
intense black* The size of the *T" was 6 ora* X 4 cn* and width 1 kb*
This card \as stuck on to the bottota of the instrument panel and was
viewed from a distance of about 60 oxi* e« stop watch registering in
1/5th of a second was used for timing and the results were noted aa
a knee pad*

One minute of light adaptation was fbllo vod by the low
c ntTaut perception teat, die time interval being noted between
cesaution of light coaptation ana t ecovery to the extent of being
able to make out tbe complete outlines of the "T** The time was
read to the ueurest g second after wiilch the altitude was noted and
also presence of any haze or cloud* Wden the fT* was seen immedi-
ately on looking at the test field, the recovery time was recorded
as em i*.

\kider the se circumstances luminosity not only of the lig It
adapting field, but of the "T* anu its background, naturally variet
with altitude but this was acceptable since the experiment was esstu-

tially a pilot experiment for the purpose of detemining whether tie
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time taken to discern objects in shadow in the lower part of the

cockpit was increased at altitude*

ieg.ilts A

The results are given in fig*21* It shows that the
recovery time from one mi.Mite of light adaptation uua longer at high
altitude, detween 0 and 30#000 feet the recovery timea wore all aero
with the exception of 7 seconds recovery time at 17#750 feet* The
reasonfor this isolated result io probably thatthe light adapta-
tion at thisaltitude waa effected whilst flyin; through a partially
l'orswd cloud which gave rise to a uuch brighter iipht ncLvtatlon
field. The irregularity in results between 30#000 feet and 40#(XX)
feet may be a result of the ctianging pattern and density of cloud whioh

was presented to tbe eye during light adaptation*

Otfaod B - mPoorer? TuUng fron Light daatatioa during P«OMBpreueioa

In the previous series of observa ions carried out in flight
it wus foundthat the time taken to recover frouone minute of 117t
adaptation was lon er at high altitude. The reason Ibr this finding
might be either au Increase in luminosity Oof the light adaptation
field or a decrease of luminosity of the test object# or again it
might be due to another factor affecting the rate of reoovexy from

dazzle. In order to determine more exactly the reason for the






Pig. 23. Dark Adaptoneter.



increase la recovery time at high altitude, the observations rare
repeated unucr carefully controlled conditions la a decompression
chamber*

Light adaptation was effected by looking from a distance
of about 1" at two op&l glass screens of dimensions 3+ x 3-« Kach of
these screens was illuminated by 100 att 230 volt *&rl bulb ill main-*
atmg it fVon behind at a distance of about £* and giving it a
luminance of 630 fbot Lamberts* This apparatus it* chown in fig*22*

The ud&ptoneter which indicated that the retina tad
recovered its ne.iaitivity to a given level was Liade up iVoo a batteiy
operated bulb illuminating an opal ;laas* The intensity of the bulb
was monitored by & barrier layer photocell, adjustments being raaue
by means of a variuole resistance* ith the bulb at constant inten*
sity, the luminance of the opal glass was adjusted ~ a desired
If vel bk means of a ueutrul wedge and compensator* Tills adaptometer
I: shown in fig*23* The wedges were adjusted to give a dieo lumin-
ance of 0«03 foot Lamberts*

Once a requires altitude tad been attained in the chonhex,
the procedure employed was to light adapt for 3° eoonds* As the
light ~daptomcter was switched o ff a stop watch wls simultaneoujly
started whilst the subject directed his gaze to the adaptometer*

The time laatil the disc was seen was notd on a otop watch*
he Ode of events wass light adaptation, recovery test,

rest of tiiree minutes* Triis wus repeated a various levels u>to
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40,000 fret indicat'd altitude*
Oxygen was supplied by a regulator similar to that in the

eteor 7*

Results B

As seen in Pig*24 the results show an increase in the
recovery time from dazzle during anoxiJU This increase is one
which would be expected on the buala of previous work relating
to the increase in time for dark adaptation during anoxia ( cbfcrland
A vans. 1939)*

At low altitudes, or when there was su floient oxygen the
positive after iage produced ty the light adaptation field was
clearly defined and rwaaincd bright until such time as it began to
fade* Once it had begun to fade, it v.Attished in a very short tim e
It was thus possible in these cases to give a clour out answer as
to whetner the after image was still visible or not* Onthe othrr
hand when there was lack of oxygen as at 10,000 fret the positive
affrr image faded very gradually almost from the time of itB
appearance*

The visual field Airthernore never seemed to be as free
from "etgeulichtl or what Duke-Elder refers to as “intrinsic |i *ht
of Hie retina™ as when there was an adequate supply of oxygen* Thus
one felt that the reason Ibr not being able to see the lae? contrast
test in anoxia was not that it was too dark, but rather that the

intrinsic light prevented it from being aeon*



These impreaaions were teated in the following three simple

experiments (C, D, £>e

Method @ - lime for iJasap .uartuce of ti>e Efrsltive After Image in *uroxia

la a completely darkened decompression chamber an a parutua
was set up similar to that employed by !«ol<arlu*jd et a . (1943) i~r the
production of after ifik*cs* The light source (a photoflood bulb)
was in a cox, in the lid of which w o Eiounted a niece of opal plaos
and a iphotographic shutter set for au exposure of 0*2 seconds* A
vbite diac was thu* presented to the eye at such a distance that it
subteuaed an angle ox 2 degrees*

The luminosity of this white disc seen only when the
shutter opened, wae 10,00w oot Lamberts* A 3 ra8u artificial pupil
wae placed before the viewing eye* e«tacc the oxygen regulator employed
in the previous ex eriraento gave to a sitting subject at 40f000 feet*
the sane ai*o”™nt of oxygen as he would obtain from normal air at
10,000 feet, it was unnecessary to carry out the tests at altitudes
above 10,000 feet as long as the anoxia was xnduced by taking no
additional oxygen* In order to accentuate any effects hich might be
present, however, the experiments were carried out up to 20,000 feet
indicated altitude*

The procedure employed was at a given altitude, to fixate
the shutter, and then, after the 0*2 second presentation of the

1 lurainatfd disc, the subject sat in darkness observing the positive



after image* As the shutter was operated, a stop weteh was started

and the tine in seconds was noted fro’ th”™ stimulus to the disappear-
a,ic’r of the after image* ince the e<id point was of an arbitrary native,
the mechanical synchronisation of stop watch and stutter was regarded

uUsS unnecessary*

Results C

The ueans of three observations at each altitude are given
in Table I1* The time for disappearance of the positive phase of
the after image increased with simulated altitude?*

“ble 11

Duration of
positive after

Altitude La&ge
feet sees*
0 s 17.3
5,000 1,13 %
10,000 19.

15,000 * * * 204
20,000 * * - 22%T7
It was found incidentally that if the eyes were moved, the
ima*c tended to disappear mush sooner* The after image was therefore
"fixated*, that is, it was obncrved oaref»iLly and continuously: an
act requiring 3orae concentration of attention* (it is interesting
to notr that ‘'ealc (1950) has also mentioned tuis disappearance of
the fovoal after image with eye movement* He also points out that

on extrafavcal after image is not affected by wye movement*;



Compared with its appearance at ground level, the nfter
image was difficult to discern even at 5*000 feet simulated altitude,
and the difficulty increased with increasing altitude* It dod not
seem so bright and its edges were not so sharply defined* The d iffi-
culty in seeing the after inage was also increased by the presence of
intrinsic light in the unstimuluted areas of the retina* When oxygen
v.as administered and the stimulus repeated, it gave ri e to as clear
on after image as was seen at ground level*

Whereas with full oxygen the positive after image was
clearly defined and bright, remaining so until it faded rapidly, in
anoxia in addition to being less easily seen, tin iu ircsslon gained
was that the positive after image began to fade very slowly very coon

after it had beoome visible*

Ifathpd P - lutrinBlo LInht of the Botin* during

In the decompression chamber, observations were made of the
appearance of intrinsic light at different altitudes with and without
oxyg n* The experiment was preceded by 15 minutes dark adaptation
to eliminate unwanted after images and was carried out in complete

darkness*

Results D
The observations as dictated on a taoo recorder, are
herewith reproduced verbatim and the a pearance of the changes in the

visual field ore shown in Pig*25*



~Ground level field udfomly dark with normal amount sntoptlo
light, if anythin snore in the periphery than central
field - ascending to 10,000 feet - during the ascent
entoptic light increasing and taking on flickering
pattern appearance.

10.000 feet - 5ntoptic light seems to have increased - flick-
ering pattern has now disappeared and it is now steady
and uniform - going up to 15*000.

1S.Q0Q feet - Field is uniformly bright - after P minutes
the field is s till uniformly bright and there is no
detectable difference between central and peripheral
Helds. After 4g minutes at 15*000 s till no deteotable
difference between central and peripheral fields. Field
is uniformly bright - going up to 20,000.

20.000 feet < still no difference in the fields - J minutes
nearly - slight detectable difference - central field

seems to be a bit darker.

N ttchira: cn o wm Big increas* la luolaosity of field -
central darker - like a 5 degree negative after image.
The brightness of the peripheral field lo gradually
decreasing, and as it decreases, the central dark spot
disappears. - The whole field is now much darker and
more uniform. There is no deteotable difference between

central and peripheral field but that previously mentioned
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difference mas vary marked. ¢ It la now 4 minutes at

20,000 feet and | have had oxygen on fbr about K seconds*
The peripheral Held is a good bit darker now. It is
almost black but in the central Held for a 5 degree area
there is a brighter spot wbioh is becoming quite marked*
It is now fading and becoming a vme bit darker and the
difference between the peripheral field and tho central
field is becoming less. - It is now rather difficult

to distinguish the central brighter area*

Time 5 minutes at 20,000 feet. - going o ff oxygen now*

O ff oxvren aov - The whole field is uniformly dark - some
antoptie light is gradually appearing in splashes uniformly
distributed over the field* |If anything it aeeas to be
more marked in the peripheral field*

Time 6 miuutes. - entoptlo light increasing - the lower
half of the field seems a bit darker than the ig>per half*
Time 7 minutes - The eutoptic light which was previously
stationary and uniform now appears to flioker u bit -
rather like an aurora borealis* - It is getting brighter*
lime 8 minutes* - The central field of 5 drgrcea seems

if anything to be a little bit darker than the periphery*
The flickering has now disappeared* - It was a transient
phenomenon* | am sitting at rest and making no unnecessary

movement*









Tin* 9 minutes* - The central field does seem to he
slightly darker than the peripheral, iu*3 whereas the
lover part of the peripheral field seemed darker at
first, it now seems equally bright with tte rest of the
peripojral field* The central field is slightly uod
distinctly uurkcrr than the peripheral* Feeling a hit
light headed from anoxia*

Tine 10 minutes* - Going on to oxygen - if | cun find
the control lever - got it*

On to 100. oxygen* Central field becoming very bright
with flickering lights, but now the central field IS
quite dark - peripheral field bright - peripheral field
fades and merges into central field and the entire field
is getting quite black after about JO ncomds of oxygen*
- The spot in the central firld which was dark is now
slightly brighter and the entire field has got a wee bit
greyer - less Jet block*

Time 11 minutes - the entire field is xiiform now and
slightly gray - no further change*

Time 12 minutes - Central field is unifoxmly dark ncm
and the greyness which bad been there is now replaced

toy blackness over central and peripheral areas*

o»
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Time 13 minutes - The effect of switching on oxygen was
most marked the tine and the transient increase In
luminosity was accompanied by great flickering splashes
of light® The whjla effect was over In about 30 seconds.
Tin? 14 minutes - Descending since no further change
seems to taking plaoce in the field of vision*

IT*! ~ Having desoended ftam 20,000 ftect with full
oxygen there were no subjective changes i1n the visual

field* Since the last description 1t was uniformly

dark>""

Method K - Intrinsic Light of the Retina during Pressure Ischaunia
After 3 minutes iIn total darkness at noraal atroapherio

pressure the palms of the hands were pressed over the fyes for

30 seconds so as to produce a degree of retinal isohaeola* The amount

of pressure applied was sufficient to cause temporary blindness* Tbs

visual sensations <ere noted* Pressure was released and the appear™

aooe of the visual field was again noted*

Results *

The results are reported verbatin whilst the appearance
of the visual fTield Is shown in the drawings i1u figc26* These
drawings of the appeuranoe of tin visual field (Figs* 23 sod 26)
were maos from memory and with the assistance of the observations

herewith reported™



normal PRESSURE. APPLIED

ABOUT I0 SEC. fROM

pressure: off

FIG. 26 INTRINSIC LIGHT OF RETINA - PRESSURE
ISCHAEMIA



"Normal amount of entoptic light uniformly over the field. e
Applying pressure * the field becomes brighter all over*
After about 20 seconds pressure, the central field seems
tc be u little wurkor* After 50 seoonAs is momentarily
darker, and then merges partially elth the periphery so
ib to give a uniformly bright *ield9 hut t.e difference
at the central area is always noticeable. After 60
seoouctj pressure released™
Pressure released - Vhols field clears from centre outwards
o central bright9 periphersl bright * oentral bright9
peripheral dark - central vanishes, merging intc# tbs blackness
of the periphery* - Tue entire Held is very blsck and
seems to bo getting still blacker. The oentral area is no*
becoming * little brighter than the periphery * the
periphery is still black9 but the oentral area is now
distinctly brighter* * The difference between oentral
and peripheral field liuiixxiity is increasing. The central
field is still bright but see'is to he spreading out towards
the periphery* At first the apparent ltexture* of the
central bright area was i.peckled9 but nov it is a smooth
"‘texture'™

The central bright area has now spread into the periphery9
diminisbim; in intenuity as it did so and now the entire

field is uuiforraly grey as with normal ontootio lignt*#



172

JSBEa

Attention is dram to the iaot that the visual system Is
particularly sensitive to lack of oxygen, and that even at 4,000
feet altitude, there has been reported diminution in absolute oenai-
tivity of the dark adapted eye to a light stimulus*

It is shorn by experimmts in flight and In the laboratory
that the tine required fbr the eye to recover its sensitivity after
light adaptation, is longer in anoxia, the increase in recovery tins
being evident even at altitudes below 10,000 feet.

A flight dogree of anoxia which haua hitherto been believed
to have an effect only upon night vision, thus also affects day
vision, in that, after looking at a bright cloud floor, the tine
required to recover seusttivity to an extent sufficient to enable
instruments in shadow to be visible, is increased. In flight the
Increase In recovery time nay frequently be still longer, since
the cloud floor sssn frost a high altitude, is frequently brighter
and more extensive*

It is concluded that the "3ub,lootive bans™ ob-rrvsd in
flight at high altitude, is a positive after image of the bright
oloud floor* This after laage persists far a rauoh longer tine at
high altitude, because although oxygen is being supplied, there is
nonetheless up to 40,000 feet without pressurlsation a relative
anoxia corresponding to altitudes up to 10,000 feet* The *hase” Is

ocntinroualy present beoause in flight it is usual to look inside



the cockpit for at the moBt, } to 5 aeoocads, before returning the
gase to the exterior eoene, In the preliminary observations in flight
the tine aliened for woowiy frondazzle had been only about }0O
seconds, whereas in foot from 1 to2 minutes may be required for the
subjective hase to diaa pear*

It 1s shomn that even In the absence of light stlaulus9
there appears before the anoxic eye iIn total darkness, a subjective
light which seems to arise In the retina either in respouse to
deprivation of oxygen or to interruption of the blood supply*

The experimental results are discussed later in this thesis*

Slight degrees of anoxiawhich are otherwise tolerable
apparently having no effect gpon judgment, or other higher cerebral
fmotions, thus have the visual effect of Increasing the duration of
the positive after image of a cloud floor, uad thereby producing a
oersistcnt hase over the visual field at high altitude* The effects
of the reversed light distribution at high altitude without reference

to anoxia ore dealt with In tte* next section*



teottoa-11

CLASS

7U

In this section is described &n Investigation into methods

of minimising thr ooular disoomfbrt associated with flight at high

*1tittide# The results of work mentioned in the previous sections now

enables one to describe in more precise t*ms, the condition of
*HIgb Altitude Glare™ which as a complaint provided the initial
stimulus fbr this entire investigation*

It has been shown that there is a rewversal in the normal
distribution of light in the visual field, for with Increase in
altitude the sky becomes less br'ig(ht: \'/vhilbrtrbLeIc; ’ the aircﬁraftr
there ir. frequently a very bright cloud floor* This altered light
cii trlbutlon results in nore light reaching the ujper part of the
cockpit, and in lesu reaching the lower part, vhloh i1s therefore
darker than it would be at a lower altitude* There la thus also
at high altitude an increase in contrast between the instrwent

panel in shadow and the exterior scene*

To a certain extent, the effbet of there light change a

cold be reduced by retinal adaptation to the different environBait,

but in Tony oases there is insufficient tine for such coaptation to

take place* The fighter pilot in particular IS exposed to a rabidly

changing li* ht field* Thus within 50 seconds he may be transported



froB the ooefbrtable light and shads it ground level in this latitude,
to a light field, which is a combination of higher sunlight intensify,
like that of the tropics, Mid a highly reflecting cloud floor like
the snow fields of the Pblar regions*
The essential feature of glare encountered in flight la
its variable nature* It is variable in intensity and in direction
and these variations nay take plaoe either very quickly ithin the
spates of seooutis, or on thr other Ilwnd the pilot nay be exposed to
glare from a given direction for a period of several hours*
ell, Troluui and verhoeff (1922) subdivided glare into

three types* It has been ibmd convenient to employ this classifica-
tion. The three types are aefined as followsi

Tolling ,jar? is produced by light tonewhat uniformly super*

imposed on the retinal lunge, thus reducing the contrast and

hence the visibility.m It is this type of glare which prevents

one from seeing clearly between two slylit window spaces*

"Dazzle dare is produced by adventitious light so refracted

and scattered aa not to fhrm part of the retinal imaga*' The

bsc&Lights of an onoocning car at uight give rise to this type

of glare*

"e cotomatlc "lare is produced by light of intendty such as

to fatigue the retinal sensitivity to below the concurrent

li& it for visual images** "hen searching for an aircraft in

the direction of the sun, one is subjected to this type of glare*



Tho authors regard dangle glixe as the oanaonest and most
series of tho three whilst they regard veiling glare as *‘comparative
rar=» Whilst this 1s true on the gro aid, it is aot true In the air
and the pilot, as it hixS already been showmn in the preceding pages,
Is affeoted most froouontly and most severely by veirling glare*
Telling glare which In thus In flight the comonest of the
three types Id fortun&tely the easlert with which to deal, einco all
that need be done to effect a real Impmmoverent in visibility iIs o
shield the eyes with the hand® In dai.zle and In booto 1o glare, all
that can be done short of obstructing direct vision of tis source is
t look throuyh a filter which reduces tho luminosity of the visual
field® The use of a filter iIn these circunstances does not often
produce an Improvement in visibility such as is possible whsa
shielding the eyes from veiling glare* 1ts main function o ring
merely to inwove comfort™"

1tem**-# Msmans.
Ahe discomnfort caueed by the reversed light distribution

1Iu the visual Fiela is explainable quite a»/i1y by the fact that
more light gets Into toe eyes fro* below than is possible from
above, since the loner part of the visual flolu is greater tikn
the upper part which is restricted by the orbital ridges and
eye-hrons* This reuuotion in field 1s shown diagramstically iu

ng.27
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As regards tbs possibility of differences la retinal sen-
sitivity between upper and loser parts of the retina, It is interesting
to note the results of the following investigation, after night
flying, a few pilots had reported temporary loss of visibility of tbs
hurlson on dark nights without moonlight* They bad thereafter inad-
vertently allowed the aircraft to go into inverted flighty where upon
they bad immediately again seen the horizon* The reappearance of the
sky, after its image had fallen on a port of the retina which normally
receives the image of the ground, had suggested that there night be
a difference In sensitivity between the upper and lower halves of the
rrtina* Cibie (1932) carried out an investigation into this effeot,
and concluded that there was no evidence of a difference in sensltivity
between the upper and lower halves of the retina, the effeot uiiug
explainable entirely on the basis ofretinal adaptation* Thus, the
Upper part of the retina had reached an equilibrium state of adapta-
tion suitable for the stimulus of the dark earth* Likewise the lower
part of the retina had reached an equllibriifli state of adaptation
suitable for the slightly brighter sky* hen the subject was upside
down, as in inverted flight, the image of the sky fell on the more
dork adapted part of the retina which had \ @ till then been receiving
the image of the darker earth, so that the sty suddenly U c.se brighter,

and the horizon eg&in became visible*
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Thtrt appears therefore to be no difference in sensltivity
between the upper and lower halves of the retina which could explain
the discomfort associated with the reverssd light distribution, and
one is left with the conclusion tint the discomfort caused by the
reversal of light distribution at high altitude is due solely to the
greater sise of the lower part of the visual field, and the consequent
ucfcnisslou of more light to the eye*

A visual field of high lisninanoe is woomfbr*&ble to look
at, but it appears that some individuals experience mors discomfort
than others under equal physical conditions. Complaints of high
altitude glare oaae from some pilots whilst others flying under
similar conditions apparently experienced much less dlsoomfort from
the glare* De Silva and Robinson (1938) in an ioreetigatlon on tbs
glare caused by head Ls™pa at night divided their 1200 subjects into
those with light irides and those with dark irldea (irrespective of
colour)* ffhey showed that those with "light eyes" were unable to
perform aa well in the presence of glare oe those with "dark eyes"*
Presumably because a dark iris transmits loss light they aloo found
that older people were more eueoeptible to glare than mere young
people*

Ibrone (19W?) carried out pupillographdLo studies on subjects
exposed to the light of s 500 watt bulb at a distance of 1 meter. His
puplllographlo records show a diminution in the amplitude of con-

traction In response to a light stimulus. This iforone concludes is
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evidence OF fatigue of the sphincter pupillae as aresult of the
sustained contraction w hilst trie glare source was being observ u*
It seems unlikely however that this reduotion in azgplitude of eon-
traction should be fatigue because Campbell A hiteside in an
investigation on the rate of contraction of the iris utidnwr repeated
stimulation of the eye by light, point out that they fbund no evidence
of fatigue either in the sphincter or in the dilator papillae* The
reduction in amplitude of contraction found fcy borons seems more lively
to be due to progressive |i ht adaptation with the result that the
light employed to produce the ptqpiUoxy contraction became a lot>a
effective stimulus*

-itb regard to legibility of the luotrtaaeut markings on an
Instruaent panel in shadow, not only is the task taue more difficu lt
ly the smaller amount of light reaching the instrument panel, but also
by the hi®ier luminosity of the visual field outside the aircraft
which contributes towards a decrease In legibility*

It is to be expected that the higher brightoiess of the outside
field would reduoe visibility of darker objects inside the cockpit,
for lythgoe (1952) employing a test object of constant brightness found
that visual acuity depended upon the brightness of the surrounds to
the test* (His subjects sat in a whitened cube, the brightness of
rhose walls oould = varied*) The optimtiB ucuity was obtained, if the
surround. were of the same brightness as thr test* VIhen the surrounds
were either brighter or darker than the test, visual acuity deteriorated,

the drop in acuity being most marked when the surrounds bccuiuc, as in



the resent instance of high altitude flight# brighter than the test
object*

The blue colour of the sly at high altitude *y also b >a
contributory factor in the production of glare, for Jvnaoff (1947) showed
th.it a blur eouree produced more dazzle then either red, yellow or
green. He measured the effects of these light sources by the ohangee

in the index of dazzle (V).

wnere iIs the apparent diminution In brightness of a test objeot
when the gLnre aojroc is present. Tho colours which be employed were
red, @HtO yuy, yellow 386 mu), green (525 bu), blue (473 ¥&)= Bo
found also that there was no "inhibition* In the non-da™lod eye even
when the dazzle stimullus \sus as olloee as 1 degree from the fixation
point. He concluded from this that the “Inhlol *.jcd' caused ty
dazzle 1e at a retinal and not at a oentral lewvel.

Whilst it ie tempting to think in terms of intraocular
scatter of light to explain come of these findings, particularly the
greater Hassle effect of a blue light, i1t seeus from Stiles (1929)
that when a glare source is present in a Tield of vision, the rise
in threshold in the visibility of a test ooject is due principally
to owEts other than light scattered in the eye media* He calculated

that the scattering effect can play only a minor role in the phenomenon.
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A factor which 1a unassoclated with light reversal and yet which may
contribute to difficulty i1a seeing at high altitude la the greater
sharpness of shadows cast by aualight at high altitude*

At low altitudes, the sun la surrounded fay an aureole of
very bright aky which 1a attributable to large particle scattering In
the atmosphere* At high altitude, however, the large particle scatter*®
ing la greatly reduced and consequently the alse and intensity of the
aureole i1e very much smaller* The interest this toay hold with regard
to visibility in the oockplt la that a larger source such as the aun
seen Aron a low altitude™1” will produce a more blurred shadow border
than will the relatively enaller source of the sen without aureole at
high altitude* Thus at high altitude the delineation between shadow
and sunlit area will be sharper than at low -ltit. dj*

*hen a dark and a bright area are adjacent, the phenomenon
of simultaneous contrast causes the bright area to appear brighter
and the dark area to appear darker* It seems probabls that the extent
of the simultaneous contrast may depend partly upon the sharpness of
the border between the bright and dark areas* This would cause the
effect to be more marked at high altitude and 1t might well explain
the feet that the increase iIn contrast at high altitude appears to be
much greater than that which is found on pbotonetrio measurements™
In support of this theory, Is the observation of Le Grand (1933) *ho

found that there is a drop iIn the precision of photometric matching

~  Height above ground - not solar altitude.



when a black line separating two adjacent fields becomes greater

than one minute of are* There iIs a further deterioration in Hutching
when the line iIncreases i1n size to five minutes of arc* 1th further
increases, loss of precision in matching deteriorates more slowly*
The initial rapid deterioration seems to be due to a transition from
Judging the disappearance of a boundary to the more difficult task
of judging the equality of two separate fields* The implication Is
thua that the close together are the two fields, the greater is the
simultaneous contrast*

When all these factors are taken into consideration, It iIs
evident that the cutting off of the exterior soene from the field of
view will greatly improve visibility inuids the oockplt* However, if
this is done, as with the skip of a Gz or an opague visor, the
result la a reduction in the field of view, which is not permissible

for a pilot in charge of an aircraft*

Hottofl - flight ft o tMieor

The panacea for glare of any description has generally
been oun glasses which were uniformly tinted or whiobwere graded in
density from top downwards or from below upwards so that the part
of the visual field from which moat of the glare was expected was
viewed through a darker area of filter* Singlessea w e uoed because
nothing bettor was available but they were o] no means satisfactory

for whilst they reduced the luminance of the outside scene, bringing
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Pig. 27/ = -he aircrew aati glare visor.

pig- B- Transmission Curve of 1.C.1. “Acrylic 900"



it to a comfortable Hne, they also reduced unnecessarily the luminance
of the already dark Interior of the cockpit. What was gained on one
hand was Hlost on the other. Spectacles which haw# aclear lower se&nent
are more useful forit i1a possible through the lower segment to have

an uninterrupted view of the interior of the cockpit whilst through the
upper part of the filter the luminosity of the outside scene is

reduced to & comfortable level. However, iIf, whilst wearingthug the
head 1Is turned to one side or moved nearer one of the sides of ths
transparent canopy, the eye will be unprotected from the glare coming
from below the aircraft.

Spectacles, however, have erther to be on or off and 1T they
are remov™d in flight 1t is difficult to put them back on again without
unhooking the oxygen mask and taking off the helmet. It was therefore
thought that a more useful way of obtaining protection from glare iIn
Tlight would be to provide a filter wbioh ooulld be either fixed iIn
intermediate positions over the eyes, or else pushed & out of the
field of vision whennot required. With thisend in tlew, the visor
shorn in Pig. 28 was designed and constructed In prototype form by
the author.

The visor oonslsta of a perspex transparency of approximately
neutral apearaaoce. Its transmission curve Is shown in fig. 29*The
peaks In the transmission curve are due to the dyea employed In
obtaining this colour of perspex. It is not at present possible to
obtain a saltable mix which is more neutral, that is, wbioh transmits

more uniformly particularly in the visible speotrua. Hore neutral
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11ltrrs arc of ooilarec available but tliey are not auitable for vieors
because their oolour its often obtained by * piffaeut _;hid> wu In its
ro;.it finely divided utate, Ivec riae to appreciable scattering within
the perspex when illtcrduéted frdn the side. A soluble tyct on the
other hand, does not increase the anount of light scattered within the
perspex#

The transparency ie adjustable In positionas shown in fig* JO
and fig.31* It is retained on the head by an elastic itrap and slip
buckle and can therefore be worn with or without a Ilying helmet*

The transparency iIs attached at the sides to a fTibre headband padded
with sponge rubber* the attachment being with a stiff nut which givea
a monitoring friction on one side and on the other side by a wing nut
with rhloh the friction at the atUetj *nt points can be varied so tt*t
the transparency can In effect be lo ked on any intermediate position*

The visor was designed to protect the eyes pé&rtioulcrly from
veiling glare and to improve visibility* “lien veilliig glare is “resent
the viaor sh uld be used In the half raised position like the skip of
a cap toe the wearer should look out ahead from below the lowar edge
of the transparency (fig*30). When flying directly over bright cloud
or in hase, or directly Into sun, it may be necessary to wear the
visor in the fully down position since the outside scene may be
uncomfortably bright* In this case the lower edge of ths transparency
Is desired to coincide a..proxi»iétely with the ooauiug so that the

wearer hat; an uninterrupted view of the interior of the oockplt*



The visor here described wbioh is now in use iIn the Royal
Alr Force Has a uniform transparency* To help in the high altitude
glare problem, hownver, it would orobabiy be better to have a visor
which was darker at the bottom and lighter at the top* Technical
difficulties have unfartuu* Vly up to the present prevented its

manufacture*

SsaSUe
The results of tests curried out in flight by about

40 subjects show that tho visor is more useful than erther sunglasses
or goggles iIn giving protection from glare* It was also noticed
personally In flight that there seemed to be less head movement when
Tearing a visor thou when wearing goggles*

The separate experiment described iIn appendix was
therefore carried out® It showed thiit 1n looking at objects on
either side, there was more head rotation and leas eye rotation when
wearing goggles than when wearing a visor* This flatting was regarded
as beilng associated with the restriction of the nasal field and the
desire to obtain in so fhr as possible a binocular view of the object

looked at*

Summary
The glare effects obtaining at high altitude are reviewed*
They are due (I) to the reversal of normal light distribution in the

visual field, the aright "sky® being ut high altitude below, iInstead



of above, (2) to the high In*loanee of the exterior ae oompar d with
the luninoaoe of the iInterior of the ooekplt, (3) poesibly to the
blue colour of tho sky end (4) to the greater sharpness of shadows
oast by the sunlight at high altitude la possibly increasing simul-
taneous contrast nod accentuating what has been shown to be at the
most, a slight increase iIn contrast between sunlit and sbiuiov areas
In the upper part of the iInstrument panel*

There is no evidence of a difference in sensitivity between
the u_jper and lower parts of the retina, and the discomfort caused
by the reversal of light distribution is due to the absence of
rettrietion in the loser part of the visual field* The position
of the eyes iIn relation to the boqy structure of the ftorebead, the
buue of the noje, and the cheek bones, ensures firstly that the aye
Is protected from the direct light of the brightest pert of the field
of views normally the sky auove, and secondly ensures ease of
visibility downwards where the restriction to the visual field is least*
When as in flight at high altitude the light comes mainly fr > below,
the protection of the forehead aud eyebrows is loot, and light floods
unhindered. Into the eye from below*

Since visual acuity I» greatest when the surrounds of a test
objeot are at the same brightness as the test, and decreases rapidly
as the surrounds become brighter than the test, the very bright
exterior which acta as a source of lateral glare wheu one i1s looking
inside the cockpit consequently interferes with visibility of the

instrument markings in the darker cockpit*
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The ate of uun glasses or other filters is reviewed and a
specially designed anti glare vxsor is described. It is pointed
out that except In the special circircstances of viewing coloured
test objects”™ looking through a filter merely improves oomfort
without improving visibility* An improvement in visibility is
however possible when one employs the filter as an eyeshade to
keep direct sunlight out of the eyes without actually looking through
the filter* This technique effectively combats the most frequently
occurring and most troublesome type of glare encountered at high
altitude, namely, the veiling glare due to the intraocular scatter

of light*

@) pst
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FHT3IQDOGICAL FACTORS! AFPBC13MB AIR TO AIR VISIBILITT

IMTRODPCTICW

After the completion of some thirty aortlee to »P000 feet
altitude in connection with the experiments already described i1t was
realised ihat when one had been at h gh altitude, other aircraft
had been seen on only three or four occasions, and this 1aopite of
the fact that the flights were made i1a an area in which one would
have expected the sky to contain u relatively large number of
aircraft, both civil and military. It seemed on the majority of
occasions that one wus quite alone in what is frequently a completely
cloudless hemisphere of blue sky.

This cloudless blue sky usually failed to produce asy
Impression whatsoever erther of depth or of distance so much so
that “Wen the horison was not visible, as when one was sitting iIn
the cockpit with the s¢at in the fully lowered position, the oloud*
levs blue sky gave no more impression of distance than vould have
been obtained from blue paper pasted over the transparencies of the
aitroraft canopy. The same effect wat* noted subjectively but not
quite to the same extent whan the horison was iIn the field of view*
On these occasions the effeot was ooservrd when one was searching
in the cloudless sky some 10° or ~0° above the horison*

When searching for another aircraft at high altitude, one

was told what the altitude, distance and compass bearing of the



target aircraft was bo that the direction i1Yom which 1t would appear
was knomn. Inspite of this help, when the target aircraft was seen,
it was al tost invariably detected clearly and suddenly and was much
nearer and bigger than would have been expected. One had the
Impression of being taken by surprise by not looking iIn the correct
direction.

This effect cannot have been due solely to Inexperience of
thr writer iu air to air search, Tir the apparent difficulty iIn
focussing the eyes and the suddenness of pick-up of a target at
high altitude iIs a com ou observation even amongst pilots expert-
enoed In air to air Gearch at high altitude. In e<etrohing the
cloudless hemisphere of blue sky the impression of the difficulty
iIn focussing was bj strong as to {dvr rise to a sensation of
disorientation such as sometinea experienced when one ia in total
darkness.

In meditating over this effect is was soon realised that
under these oilreunstances, accurate focussing of Infinity *ue
dependent upon the teaching that the emmetropic eye is, In the
relaxed state of aoocommodatloa, focussed for infinity. A camera
whloh has no focussing scale, IS ocusaed by observing a ground
glass plate on which is seen the 1mage of the scene to be photo-
graphed. 1T the scene contains no visible detail it Is obviously
not nonaible to focus the camera. The same difficulty vould apply
Iu the case of the eye focussing at infinity in the absence of

visible detail which could be employed as a cue to accommodation



90

unless the teaching that the emmetropic or noitosl eye, when completely
relaxed focusses for infinity iIs correct. That the normal eye does
focus fbr infinity when completely relaxed iIs however uil assumption
which has never been verified. The question to be aosvsrsd was taunt
els 1t indeed possible thr the emnetrope to ibcus iInfinity when
there iIs no detail in the field of vision which can be used as a
reference point in the process of adjusting the rrfraotive povrr of
the eye?* The existence of the phenomenon known as “night myopia*®
suggested that the effects observed during search at high ultit de
might conceivably be due to a similar phenomenon taking place under
photepio conditions.

In the iInvestigation of this problem and In a number of other
visual problems of flight at high altitude, frequent reference was
to be made to the type of visual field so frequently enoojutered -

a type of field the significance of whioh does not appear to have
been recognised by others and vfolch 1t seems has not received
special attention.

fthth regurd to a convenient say of describing this visual
fisld with i1ts absence of detail which could be focussed, the
term "stimulus free field” had been employed at ilrst. Thin terra,
however, 1e i1naccurate since the field may be bright and In this
respect not “stimullus freel*

The term “empty visual field® sms therefore ohoaen iIn
preference. It i1s defined as a visual field in \hleh there iIs no

cue upon widen accoa <od&tlm can act.



To give rise to It, there must be «o detail present whioh can
be sharply fooussed* An empty visual field iy therefore be produced
by total darkness, oy dense fbg or ay a clear blue s*y* In such a
field the accommodation mechanism might be expected to assune a
position of rest and according to current theories on aecoaaodatioa
this position would be mr Infinity Iin the oase of the emetarope™
The assumption that in the emaetrope the accommodation siesiianisr. 1S
at rest when the «ye i1a looussea at infinity has however never been
verified experimentally under physiological conditions* The ain
of the iInvestigations described in the subsequent sections of I rt k
IS to determine the behaviour of t>oco!BBodatlon In such an empty
visual field* Throughout this Part k because of the paucity of
reports directly relevant to the problem in hand and which could be
classed uj "previous work®™ the sub-sections on resume of previous
work are put together in a general reatsne whioh will contain such
previous work as is directly relevant to the problem wdcr

investigation*

General Restate of Previous Technics—

Jioce the problems associated with vision in an en*ty
visual field have never iIn the past been selected for special
consideration there is no literature directly relevant to the
problem of the behaviour of accommodation in a bright and ergoty
visual field* Under the name “night reapin® however, one finds

a subject whioh is relevant to the present problem since the
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conditions of darkness or of poor illuniifcktlon under whioh this
phenonnon shows itself, constitute iu Jaot an empty visual field
as already definede

The tccmiquee employed iIn the iInvestigations on night
myopia are in general unsuitable for the examination of the behaviour
of accommodation in an empty visual field at daylight levels of
illuTun.tion* [In a review of tho previous work on “twilight ryooia™
or night myopia, Campbell (1951) summarises the various methods
whioh have been employed to measure trie degree of night myopia,

She Tadjustable sight method® consists in asking subjects
to focus adjustable binoculars for maximum aouity of & test first
undsr ototopic oonditi nu and then under eootoplo conditions, The
difference between the two settings gives a measure of the obonge
in refraction attributable to the altered 1llumination* Such a
method might have beau adaptable to the present investigation ¥y
comparing the sotting given to the binoculars when observing under
daylight conditions, with the subjeot®s fer point, as indicated by
the greatest amount of tolerable blurring caused by altering the
focus of the binoculars so that light rays oenverged towards the
eye, Even with this modification, however, the technique was not
suitable, beoauee individuals who have been instructed in the use
of binoculars have been taught to focus thelr eyes on the distaoee
object and then to raise the binoculars to the oyws, having First
set the binoculars that there ie no appreciable change In accomo-

dation wen viewing the scene directly as compared with viewing It



through the binoc *lars. Such trained individuals would thus bare
given settings which night not be representative of wbnt was
-laterally the most oomfortable setting.

The detectability of a patch of light at thrsshold level
depends upon 1ts beilng accurately ibcussed so as to produce us
sharp an 1mage on the retina as the optical system of thu eye
will allow* 119 due to inaccurate focussing, tbs image forced
at the retina is blurrsd, the threshold patch of light will not
be seen* Ou correcting the accommodation error by meana of
spectacle lenaea, the light will tr.eu us detected >liea at I1ts
lowest iIntensity* Such a method cannot obviously be applied to
tests carried out at photopic levels.

mat in virtually a mouirioution of this cost oousluts
In measuring the minimum tom sense 1ucteud of the absolute
threshold. Am previously curried out, 1t too Is unsuitable 1In
that 1t cfeuiOt be riuuily applied to tests carried out at
photopic levels.

It 1s difficult to make a sharp distinction between the
tests of absolute throtshold and of fora sense, und tesc of
oontr&ot perception at low luuinince levels. A tec ai”“ue depend*
In upon contrast perception at photopie levels was <ncloyed by
Luckiesto and loss In an investlotion on relative
accomodation 1u smietropic subjects wishing to obtain an
indication of th» degree of accommodation exerted without giving

the aibject a test upon which he oould focus, they accordingly

»3



presented their subjects with teats at a fixed distance, and Interposed
between the test and the subject®s eye, a circular photograptdo
wedge* The subject initially locked through the densest part of
the wedge, and could not see the test* The wedge was then slowly
rotated so that i1t gradually became less dense and the point at
whioh the test suddenly became visible was noted* Convergence was
maintained throughout by a special fixation mark wtuoh did oot
stimulate ~oooimodutioa* This technique of Lucklesh and Jss is
of Interest because 1t iIs in a sense similar to the veoholque
described later In this section and whiobwas employed In the
present series of experiments*

Meas>1rement& of reftraction under photopic and sootopic
conditions have been made by employing a rod light beam so as not
to stimulate rode during measurements made under sootopic conditions*
It 1s not possible to a&apt this technique to the present problem
since under photopic conditions there i1s no way of preventing
the examining light from becoming a stimulus for accommodation™®

The reflections of li ht from the anterior surface of the
lens give rine to an image whioh an observer can sec varying iIn
Llzc as the subject alters his accommodation from far to near and
from near to far* Since the 1mage is formed *, a surface of
the lens which becxaes more convex during accommodation for near,
thi e change causes the iImage of the light source to become waller*

This reflection - the third of the Purkinje- anaoa 1*\ges — can be



photographed* Thus 1T the light sojrce i1s a very rapid flashy it
la possible to photograph the chuggec ia shape of the leas whilst
the eye was 1a darkness and before the reaction to the light flash
could take place, mswill be seen later, this technique has been
applied to the iInvestigation of the uoconoodatioa changes In an
empty visual field at photopic lrvsla*

These, constitute the principal methods which have been
employed to measure tbr degree of night myopia* Ome are subjective,
others a”e objective; some measure changes in the retinal image$
whilst others measure oh&uges 1u the shape of the lane. The night
myopia affecting vision ©y night, and what may be a similar condi-
tion affeotiog vision at high altitude by d«y are uowsvor ea an-
tially subjective conditions, aud so the technique to be preferred
In thelr investigation is a test of what Is happening at the retina;
a test of visibility and therefore a eubjeotlve test* 3ucb a teat
enables one to determine whether under certain conditions the
refraction of the eye is altered* Whether such change of refrac-
tion as nay be demonstrated are due to changes in the shape of
the leas, In the resolving power of the eye, or In chromatic
aberration, can If necessary be determined by subsequent experiment

employing different techniques, and by discussion®

1HMgy

7he technique ooneists essentially 1a giving the subject a
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bright and empty visual field to look at* Whilst he i1s looking at
this field, a test Is broutit gradually closer to his eyes* The
tcet consists of a number of small block dots which are so small as
to be about threshold size, and, beiug so small, when they are not
in sufficiently sharp focus, they cannot be seen* 1Is this test
oumes Into tho sgpie plane as that in which the subject®s eye is
fooursed, he suddenly sees the small dots appearing in the centre
of the empty fTield before him#

In this simple theoretical oase, the point at whioh the dots
are seen is indicative of the point at which the subject i1s focussed,
or iIn other words how much aooamana tioa he iIs exerting. Jy rrans of
a positive lens "optical infinity®™ iIn brought to a convenient
working distance of 25 cn.

The above i1s an exposition of the purely theoretical test.
"hilst the praotioal test retains the advantages of directness,
ease and rapidity of aiteinistratioa, It is however jJOTwrwhut
complicated by factors requiring special consideration or control.

In preliminary experiments It was tbiiad that when the subject
was observing the «oto moving away from him, he was able to follow
them furtisr than the distance at whioh he was able to recognise
tho.) when they came towards him iIn on empty visual field.

Whilst this result suggests that there wsul a difference
in the accommodation exerted ia an empty field as compared with that

exerted wheu there was visible detail present, it could equally well
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have been due to the following factors, axy one of which could have
given the same result.
(1) Looking in the wrong direction*

Vbea the test was visible, it could be fixated and its
image kept o* the fovea. Whan the test was appearing from below
threshold, particularly in this technique in whioh there was no
fixation mark, the image might not happen to fall an the fovea ia
v hich cose the lower acuity of the para-f>ea or of the periphery,
would require the test to be brought nearer before i1t became visible.

(@ Error of habituation.

There is a constant tendency for one to remain unaffooted by

small changes In the environment. It is fortunate that this iIs so

for otherwise one wo 1d be aware of every small change of movement,
of light, of noise or of temperature.

Guilford (1936) refers to this as the"error of habituation®
and he points out that 1t affoots determinations of threshold in
whioh the presentation of the stimulus Is not randomised. Thus, If
In a determination of threshold, the stimulus is presented iIn a
decreasing order of iIntensity, the subject perceives it to a lower
intensity* On the other hand, when the stimulus Is presented iIn an
increasing order of intensity the subject does not detect It until
1t has passed the threshold level. This effect can be avoided ty

using discontinuous changes in intensity of the i.tipulus and by

randomising the order of presentation of the stimulus at various

intensities.



la the preheat earttrimeat, the “habituation* web i1a one
ease to the empty visual field, whilst la the other 1t wes to e
stimulus which web becoming gradually mnaller and more blurred*

(B) Speed of presentation®

The toot plate oa which was superimposed the email teat
6?te, might hare been moved too quickly towards the subject so
that by the time he had recognised the email dote, and called
out to the observer who In turn stopped movia the teat plate,
this plate would be nearer the subject than the point at which be
tud recognised 1t* This difference would be greater wlieu the

plate was moved faster™

Before attempting to oallbrate results so us to k¥ bow
many dioptres of accommodation were being exerted when the teat
pattern ms teen at a given distance, the effect of the following
known variable factors had to be considered and controlled*

(M) Variable else of the test*

The angle subtended by the small dote of the teut plate
was not conbtant but depended upon their distance from the subject®s
eye* In the present test they were above threshold else* By
reason of their being above threshold sise the test dots became

visible before r aching the point at whioh the subject was TiKRissed™
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(5) Etooth of focus of the eye*

vithiu a certain range on either side of the point of optimm
focus there is little deterioration in the sharpness of aa image. If
only a snail amount of blurring 1™ tolerable the depth of ibcus vill
be smaller; if on the other hand greater blurring is tolerable then
the depth of fbcus iIs greater* Ucyomt toe depth of focus as determined
by the acceptable blurring, or sice of circle of confusion, the
sharpness of the wegje deteriorates rapidly. WhildTthe term “depth
of focus® is g:nrrally used i1t is more correct when referring to
the range of distanoes over which an object can move without beoon-
ing noticeably blurred, as "depth of field". In tki» technique It
was possible by reason of depth of field to see the test objects
before they actually oane into the plane In which the eye was

focusseu.

.aoaratua

The apparatus which is shown in fig. 32 consisted of a clear
glass plats u™oa \wtudb was agperimposed pboto™raphioally a star shaped
pattern of small black dots each of diameter 0.06 non. The distance
between the dots was about 3*5 unu The constructional detail of
the test plate with the email black dots is given In appendix e
This glass plate could be woved jack and forwards on an optical
bench between the subject aud the u*okgroundf the distance of the
plate fron t e subject"s eye being indicated by a ruler fixed to the
benoh ano by a pointer fixed to the middle which carried the test

plate.
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3B. Apparatus for Kymographic recording



In some experiments lo?olving the use of the small dot test
plate, It was Pound to be more convenient particularly when time \&s
a factor of importance, to adopt a slightly different method of
recording renult*. The saddle to which the test plate w&s attacked
was on these occasions United by means of & thread ttrough a Systam
of pulleys to the vertical pointer of a Kymograph drua (Fig*33)«
1irothor pointer 0a the bymograph was coraeoted to a time clock and
functioned as a tine murker. Recordings of the level of accommodation
oouV thus be made more rapidly since the experimenter did uot
require to stop in order to read and to r~*oord the distance t'roo
test plate o the lexis. A further advantage of this aotiifloation was
that the records of aocoomnodatlon sere thereby placed on a time base.

The background consisted of a single sheet of white cartridge
paper evenly 1lluninated by means of three photoflood bulbs to a
lininance of 400 to 450 foot lambertc and to colour temperature
3000° Kelvin. The bulbs were screened so as to prevcat direct light
fto reaching the subject"s eyes.

The subject’s head wap supported by a chin and forch*<ad
rest and In order to bring optical infinity within the confines of
the la oratory and at a suitable distance, the test fTield was
ouae™ved through a *4 dioptre leas 1n front of one eye. Thus the
easetrope observing the test object at a distance of 25 fifes* fiooc
the lens, was focussed at infinity and the rays of light enterlog

his eye were parallel. Also by means of the lens, &gy detail
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accidentally preseat iIn tbe background vis so blurred as to be made

invisible* In thle «y, only the test object dots were visible and

no other detail was present iIn the field of vision within 20P of the
line of fixation*

Vhe tost objeot could be seen by only one eye, and through
an artificial pupil of 2*9 diameter, the oth”*r eye belng presented
with a blurred view of tbe background through a +10 dioptre lens
without pui 11 restriction* This monocular pres®-ntution of the test
was necessary to eliniaate any accommodation cues which the subject
might otherwise tare obtained by the convergence reflex* Final recog-
nition of the test who thus monocular, but the technique none
the less essentially a binocular since up to the instant of recogni-
tion of the test dots, the subject looked at theempty field
binocularly*

*hen the snail dot test ran out of focusthere was no
recognisable detail in the Tfield of vision either withthe right eye
or with the left eye, and In thisaspect, the fTields uefbre tho tvo
eyee were identical iIn a «r7aroer. The fTields however were not
identical in sise, for Defore one eye there ras an artificial pull
of 29 nm. diameter, whilst orfor* the other eye which viewed through
the +10 dioptres <fogging® lens there was no artificial pupil to
redtice the size of the Held* Mb artificial pupil was used In thin
case, partly because It was regarded as unnecessary, and partly

because the presence of fixed artificial pupils before each eye,



by giving small fields of identical size would hcvr enabled subjects
to deteot more easily changes iIn their oil convergenoe* "hey would
thereby liae obtained information as to ohanges in their accommoda-
tion* The apparent movonent of the two field™ towards, or awoy
from, one another during oh nge& iIn convergence was of course not
eliminated by using fields of different sices out the effect v-as
not as obvious as 1t would have been with fields of equal site*

In order to reduce the importaace of the search factor the
email dots were arranged In a regular pattern and the subject was
familiarised with the appearance of the test and with the direction
from which 1t ap eared this being always the aa e*

The use of an engraver®s half tour plate had originally
been considered for a test object, since as it consisted of snail
dots uniformly distributed throughout the entire plate it Tould
have more completely eliminated the search fhctor* Praotical

difficulties however prevented the modifying of such a plate*

Sygaxaattoa of ?eohulau»

Method A. .PrcHKuuagj Zxr. rinwrtw
The subject was seated at the apparatus and the test plate
was gradually movud towards the viewl.jg eye until the test pattern
of black uots had been recognised* This procedure wit* carried out
three times, so that the subject might be fhmiliar with the appear-

ance of ttx small cot pattern and 1ts position in the field of view.
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The test plate was then moved away /Yon the ..uoject and beyond the
focus of the *4 cio jtre lens before the vier/iu, oy <«

V.hilot die subject looked at wh&t now a bright mu empty
visual fielc, the test plate was gradually brought nearer at as uni-
form a rate ubcjulu be judged by die experimenter* hen the subject
called out that the test was visible, the plate was atopped and i1ts
Cisfaoce from the lens was noted. This distance at which the dots
were recognised inuicated the amount of ucv.on:*odation exerted by the
suojeot* Thus 1n a theoretical case with no depth of focus, 1T the
test hud been recognised at 20 ar* instead of 25 ea which was the
focal length of the viewing lens, wre power of the lens and eye
combination would be 5 dioptres since the power of tie lens alone was
4 dioptres, wac eye wuu thus nocolaalodating My 1 dupvrcj the
focussing of parallel ruyu from infinity being regarded us aero
dioptres of accommodation* “?be subject however might be liyper-
netropic iu which case the 20 ulu at which tie test wuu recognised
would nujicate u re ttiw 1 dioptre of aocowi:odatiocAU If on the
other muic bo were ".yopic, by uy 1 dioptre, the 20 uu at which
the test 1*ecogu t8ed wuulld indicate that no uocoixxjdutluu wua
beiug exsetefi, aud that the subject"s eye was completely relaxed*

To know koZ;, much accoBnodailon a subject ua exerting, it
was therefore ncccs ary In every inatmce to measure his far point*

Thi.: was done as follows*



fter the subject had recognised the small dots, the test
plate was gradually moved away frait the eyes until he reported that
the siall dots could no longer be serin The distance from the plate
to the leus was theu noted* In the purely theoretical o&se this
would Inve been an accurate measure of the fhr point* hr example,
iIT the dots had disappeared at 33 aa* from the lras, the power of the
leus-oye combination would have been 3 dioptres* As t*t power of the
leuo ms >4 dioptre;, the eye iIn that case was exerting -1 dioptre
of aoconradation, that in to say It was focussing rays converging
towards tee eye, and was therefore 1 dioptre hyperreetropic* Pre-
liminary tests were carried out on a small number of subjects*

doe tests were also carried out to determine whether the
results obtained with a binocular presentation differed fraoit those
obtained with a moaocMlar presentation* The monocular presentation
being achieved singly by putting un eye shield over the eye which

was not viewing the tost patterm*

M aiiltsA

®1th all subjects tested it was found th&t In an empty visual
field thp test plate had to coroe proximal to the for point brfors
the teot pattern dots were reooraised* ahen they 1 recognised,
they were almost always seen clearly and suddenly*

The recognition of the small dots 1n an empty field took
place at a greater distance from the aye when the test was a binocular

one* This agrees with the dbi ervation familiar to refractionijts.
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'tfig. 34. Effect of monocular and binocular view of the
empty field.

Eig.35* Effect of speed of presentation of the test.



that r?tmi both eyes are used, accommodation can be relaxed move
easily than when only one eye iIs used. The resAlts are #\*rm iIn

fig. 3A4.

oo i» virajyais oi_ contflaktdm

INto one eye, b drops of homutropin® In ooocaine (aa.2, )
were instilleu a%20 minute intervale ibr a perlou of one nour
so as to pai alyse completely tie acoxatoodation mechanism. By
rrtinosoopy It was then founu that ¢1.75 dioptres were required to
correct the eye to Infinity. The range of accommodation was nil.

Being typcrurtropic the subject ms unable to see the small
dots on the tent plate, so i1br this experiment only, the +4 dioptre
lens was removed ana replaced by u +8 &I ;ptre lens. The procedure
previously described was again employed, the test plate Doing
brought tomrus the subject until he recognised the small dots.
Its distance was noted, after which it was withdrawn beyond the
point oi i1cons until 1& snail cots disappeared, the uintanoe
bcnug again noted.

It was foutti that 1If the teat plate was wrought too near
the dots again disaupeareu. A simultaneous set of measurements \ain
therefore also made at the proximal limit of the depth of field.
The test plate was brought towards the suojeot until the dots disapp-
eared and then, beginning with the teat plate very near the aubjrct9

it vatt gradually mov*dftéoy until the suujeot saw the small dots.



Results B

The r suite for one subject are given in the following table.

Table IH
Tar bint Near oint
- T -

Coming Going Coming Going
towards array towards away
16.2 @B 16.9 OB. 11.7 cov. 12.7 ar*
16.1 17.3 11.6 12.4
16.1 17.0 11,8 11.9
15.9 16.8 1.1 12.0
16.6 17.1 11.8 12.3
16«V 17.1 11.8 12.0
1C.8 17.0 11.6 11.9
IC>6 17.0 11.5 12.1
I6»i. 17.2 11.5 11.9
16.7 16.9 10.8 12.3

16,3.8 170.3 115.2 121.5

16.38 17.03 11.52 12.15

Difference 0*65 0.63 <ru

Lwalll. - - |

"ben accocnodation is paralysed there is thus still a
difference between the distance at wr-ich the test appears and that
at which it disappears* Tbe distance howver is small (%65 <»e)e

At the near point the difference is of the swne order, being 0*63



Jfethod C*  Speed of Presentation of the Teat

In the preliminary experiments it hadbeen found convenient
to move the test towards the subject at a tgoesd of approximately
2 cm per second® This test was curried out in order to det™“nain®
whether the subject would be able to see the test further out It
Its speed of presentation was reduced to 0*5 aa. per second™

The experimenter jJudged the speed of the test plate by a
centimetro rule at te side of the optical bench and by a time

marker which gave an audibl e click at second intervals.

eauits C

The record of this experiment is shown in fig©35. As
will be seen, the distance at whloh the dots were recognised when
they approached at 2 a™ per sec 1d diu not differ appreciably
from the distance at which tie test plate was seenwhen i1t approached
at 0*5 an. per sec nd* Itwas concluded from thisthat as lon as
the test plate was moved at approximately tnr some s”™eed of between
£ to 2 a* per second there would be little variation In results
attributable to variation Iit the ape®d at which the small dot test

plate approached the subject"s eye*

Method P. Calibration
The principle employed was to cause tie subject to

Itocomodate to a known extent by means of a larg? fixation murk,
and then to bring the spots towards him until they became visible*

The distance at which they cectuee visible thus oorreo coded to a
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known degree of accommodation* As ms revealed by pilot experi-
ments, however, such * simple method ms not accurate, because It
depends upon the false assumption that if a fixation nark is
presented at, say, JO eas,, and If it iIs foou sea as accurately

as 1s possible, 2 dioptres of acconsod&tion will be exerted* $hat
happens in fact, iIs that rhea the test fixated is near, iInsufficient
accommodation is usually exerted, v/hrreas when the test approach”
to the subject®s far point, too much accommodation is usually
exerted, Subjects are quite unaware of these 1naccuracies In
focussing, becuuse depth of focus of thr eye, maintains a suffi-
ciently 8harp image at the retina although the point at which the
eye iIs focussed is not necessarily iIn the same plane as the

tent object*

It ms therefore decided to employ an objective yard-
stick in the forra of an optometer which would measure the acoonxso-
dation actually being exerted when a subject focussed a tent
object at a given distance* The FInohem Coincidence optoneter,
was used* This 1s an Instrument which sends a small pencil of
parallel rays into the eye, and which measures the change in ver-
feuoc of this pencil of light as 1t emerges from the eye after
being reflected by the retina* This optometer showed with certainly
changes i1n accomodation of the order of 0*2 D and when a mean of
three results was taken, the accuracy ma probably nearer 0*1 D
which 1s the level of accuracy the manufacturers claim ibr the

apparatus™
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Fig. 36. Optical bench apparatus. \

Fi1g.37* Uptome ter apparatus.



The fixation test consited of a trauslilinitiated piece of
black painted perspex through the black paint of which the fixation
pattern had been serafoded*

As the fTixation test consisted of two vertical and parallel
bars of light, the eridlan principally concerned with focussing
them was the horicontal. Optometer readings were therefore taken
only iIn this meridian*

The arrangement of the appar tus is shorn in figs* JS and
37 As iIn ttr> case of the optical bench apparatus, the subject
had to look at thr test through a +4 dioptre lens* It was not
possible to haw the same lens to eye distance in the optometer
test so In the calculation of the amounts of aocommodatiou expected,
the offactivity of the lens eye combination was ealoulated ty
employing for formula:

D9 Dj ¢©C2 ¢ dbj
where 2) m total relYw*otioa of the lens eye combination, Pf «
refraction of the lenc, Dp * refraction of the eye (oooomaodation;
and d mdistance (in metres) from leas to eye* All tests were
carried out with an artificial pupil of 2*9 m™ diameter*

T e cege test object was fTixated first on the gptoneter
apparatus and then on the optical bench a paratun and 1n each oase
It was presented at several distances from the eye so as to require
the subject to exert several degrees of acooBaodutioo* On the

optometer apparatus, the optaroter measured the refractive change
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of the eye, whilst on the optical bench apparatus, the latinos at
which the small dots appeared, Indicated the amount of accommoda-
tion exerted*

.l}leglecting errors due to depth of ibcus eta*, If the
small dots were leeu at 20 ons* when viewed through a 1ms of fboai
length 25 eras*, the accommodation exerted wnuld be 5B « V 9 1Dt
?hiPreferred to 1In this expcrimeat as "'indicated accomodation*

where a test Is fixated at 50 caw* from the eye without
intervening lenses, 1t might be expected that 2 dioptres of acooraao-
ds tionwould be exerted* As shown by the results of the experiment
this is not necessarily so* The 2 dioptres in this case Is there*
fore referred to as "‘expected accomodat%on"*

The change In total refraction of the eye as measured by
the optometer is referred to as "real acconmodation® *

The test was set up at several distances at each of winch
the following procedure was carried out*

(1 On the optical bench apparatus the distance was found

at which the small dots appeared whilst the subject fixated

aub focussed us accurately as possible die parallel bar

fixation test* This gave the "indicated aocoontaodation'™

(@ Whilst the subject fixated the parallel bar teat at

the same distance flrao the eye as In the jrevious cas* ,

the optometer was employed to measure tie ohange iIn

refraction. This gave the '‘real accommodation =



(3 Tbe "expected accomodation* was known from the distance
between the parallel bar test and the eye*

In every case, three readings were taken in suooession®

Resalt3 D
IX subjects were tested as described, the differences

being found between ths *‘real” and "indicated’ accommodation™

The rcjult3 i1br five of the subjects were consistent, and
showed regular trends, but the results f£br the sixth were erratic*
The results for this subject have In consequence been omitted
from the calculation as it is probable that the differences ere
due to fatigue or to insufficient cooperation* Thera were no
sig-iT. or cymptocG of abnormal visual functions and a retest of this
subject was not possible us tie apparatus ms no 1 oger available
when the discrepancy was discovered™

The *real” and "indicated’ accommodation at different
levels are given in Table 4»

within the limits of the experiment, the reunite tzoa the
five subjects were compatible with the hypothesis that the
indicated accoranotiatlQn bears a linear relationship to the real
accommodation. The best line to predict real from the indicated
accomodation 10 represented by the eguation

X - 1«57y m 0*87

where x Is the real and y the indicated accomodation*
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Fig. 3. Accommodation exerted with a test at various distances.



Table IV. Vlation of aocomnodatloQ indicated on optical
beach apparatus to real accommodation exerted

r— - 1= -
1
subject A Subject B Subject 0 Subject D Subject S  Subject 9

Real Indie Real » o Real Indio Real India Real Indio Tieal Indio
o= 1

o 3 00.63 ¢1.27 1HC.2 2.6 ¢1.1 2.0 o1.1 1.25 0*15 ¢1.47 ¢1.00
¢1.35 ¢0.3 0.32 -0.2 ¢2.75 +0.8 ¢1.33 ¢0.85 0.4 -0.2 ¢1.13 40.65 I
00.67 40.12 ¢0.15 -0.5 2.2 0.5 ¢l.07 [t0.55 ¢0.3 -0.4 0.4 0.25
40.78 «0.1 0.3 -0.7 1.6 ¢0.25 ¢0.68 [¢0.37 -0.2 -0.47 #0.33 #0.05
0.2 -0.32 -0.33 -0.85 #1.57 0.1 ¢0.63 k0.15 -0.25 -0.67 40.07 -0.05
0.2 -0.I'2 0.4 -0.95 40.62 -0.13 0.6 0.2 -0.13 0.8 0.23 -0.2
0O -0.53 -0.68 -1.05 40.67 -0.25 #0.48 [0.1 _0_.57 -0.95 -0.07 -0.42
-0.27 0.6 -0.67 -1.15 ¢0.28 0.5 -0.33 -0.97 0.05 -0.8
0.3 -0.7 +0.28 -0.5 -0.83 -1.0

-0.68 -0.75 0.3 -0.57

~0.47 -0.85

-0.67 -1.03

This calibration should aprly to oil subjects tented on
this apparatus at this level of background luminance, provided these
subjects have visual acuity which is normal or which iIs capable of being
corrected to normal limits* The equation is graphed in fig. 38.

Fi1g.39 shows the relationship between re,J. and expected
accommodation. It appears that the tendency is always either to uder™
aoconnodate when viewing a near object or to ovcr-siccommodate when viewing

a distant object.
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jjacuasion on Technique

The results of snb-section B show that the factors
of "'search* and "error of habituation” (1) can account for a difference
of 0,65 o™ between the distance at which the test dots appear and that
at which they disappear during the measurement of far point* Thus any
difference in excess of 0*65 an* must be due to the factor of ococsao-
elation which was controlled In this experiment*

IT the test is being brought towards the subject, the fac-
tors of attention and reaction time of the subject and observer are
a pos sible source of error because by the time the subject has seen
the test and called to the observer who In turn stops the movement,
the point at which the test stops is somewhat nearer than that at which
It was First seen*

The results of sub-section C show that for the speed at
which the test was moved (1-2 cn. per v oond) in these experiments,
this factor produces a discrepancy which must vary only with marked
changes in the rate of movement of the test* Halving the speed
produced only slight changes in the results* As constant a speed as
could be judged by the observer was therefore well within the
permissible limits*

An interesting point shown by the calibration experiments
Is the tendency of subjects to under-aoconnodatc for near objects and

to over-ecoonaodate when looking at distant objects* By far the most

d)
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important reason for this tendency is depth of focus upon which the
subject can do cud to obtain a sufficiently sharp retinal image with
tre minimum of effort* Thus the differ uoe between the accommodation
actually exerted (real aecjrt odatlun) and tbe aocomtaodutioa which the
subject might be expected to exert by reason of the distance from t.e
test object to the eye (expected accomodation) oeens to bo u form
of economy of effort* This In turmm implies that die position of rest
of tte. accommodation mechanism in the eravetrope iIs not for a focus at
infinity but for a finite distance*

A similar economy of effort in the act of aooocmonation
hub been observed by Aaamson A Piuoheoil (1939)- On the basis of the
Iypothesis that this differe.ee between "reul and ex; cted” acoonra—
au. tion 1s due to an economy of effort it voulu be expected that when
the test wat* one requiring better ucuity, the difference between
ereal*1 and "‘expected9 uooomrodation would be less* Campbell (1952)
has nade such an observation* He fbund* on photographing the
1"urkinde-oanson image reflected from the anterior surface of the
lenB, that when rending a test card ut 6 aeters* an erasetrope exerted
more accommodation when reading the large letters than when reading
the small letters*

4.00 contributing to the difference between '‘real” and
"expected” aocanmdation is the tbovc ttarejhold size of tie soull
cots which increased the amount of blurritjg tolerated before the

dots disappear™
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The Image of the spots initially cut os to a fbcus in front of
the retina when the spots are oooing tov'ords the observer* The image
formed on the retina is thus blirrcd, but providing its sise and its
contrast ;/itb the background are sufficiently great, the stimulus will
be appreciated*

It was found during measurements on the optical b*nchj that the
distance at which the **all dots were seen, did not reach a definite
maximum such as would be expected when the fixation test was at the
far point* It suggests that in the determination of the far point
by this method, there may be some difficulty iIn making subjects relax
their acoonaodation corapletely* It seems as though, given time and
practice in looking at the distant stimulus, a subject may be able to
relax his acconscodatkm more tuaa in the first deterraination™

This does n?t affect the finding of fuv luntary aocomaodation iIn
an empty visual field, for the involuntary acronmodatioQ shows
Itself as a difference between the point at vhich the dote are reo-
ognised In an erpty Tield, and the ffer point measured at that time*
As the tendency Is fbr the far point to be underestimated, the dif-
ference measured will certainly not be more and is more likelv to be
less than the difference between the point at which the dots are
recognised in an empty visual Held and the point corresponding to

full relaxation*
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Conclusion* (Teohuique)

It ic concluded that provided our employs the same back-
ground brightness, artificial pupil, and a calibrated test object, the
apparatus and technique described are capable of giving Information
which can be iInterpreted In terms of accommodation exerted. The
subject being tested must however have acuity which if not normal,

IS capable of being corrected to normal standards*



Section 1

THS xOPIKT Or ACOOMIDD;<TXOK KXSMSti Bjyom SftRILT IM
AH B4PTT YHIte\L KPOJ>
ctbod A - gubjectlye Tecfimiqut

The subject was seated at the apparatus and the testa
were curried out in the usual w y by bringing the test plate slowly
forwards towards the subject until the dots were recognised, whereupon
the test was withdrawn beyond the far point so that the dots were no
longer visible and so that the subject was ag&in presented with au
empty visual field. It was felt however that iIn this procedure an
error might be introduced hy the fact that tis subject, having
recognised the test cots, could see them subsequently being moved
towvards the far point by the ocperlmenter iIn preparation for the next
presentation of die tent* It was thus possible that each deter®illa-
tion accompanied us it w*s by a momentary glimpse of the receding
stimulus, affected the next dctermination by helping the subject to
focus nearer ills .. point*

When the small dots had been recognised it was necessary
to remove them ifon the field of view In such a way as to give rise
to no accommodation stimuluo. dace Shis wau not possible, It was
decided to counteract any trend of acc owaodution in one direction by
currying out the experiment in such a vay as to bulanoe the possible
error by causing the teudeucy to accowaodate for distance toalternat#
with the tendency to accommodate for near* This was done in the

following way.
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7h? tent plate «u brought towards the subject from beyond
his far point until lerecnpulsed the asall dots* The plate was then
rapidly moved as close to the eye as possibly thuo causing the snail
dots to disappear) since the subject was now focusned beyond then. Thbe
test plate was then gradually moved away from the eye, and when 1t cane
to the proximal limit of the denth of field, the small dots vvre again
recognised. The test plate was tlavaoned rapidly to beyond the far
po at, and the entire procedure repeated. Thus after one presentation
of the test the tendency ran twr o *n t relax accomodation further
whilst after the subsequent presentations of the teBt the tendency wan
o iIncrease acconrcod&tiont

Results were recorded on the kymograph) and calibrated
by means of tbe calibration graph in fig*3#* The *indicated acconvao™
dation” was calculated fr>m the diatauce at which the snail dot test

pattern becatre vioiblo.

UssidjauA
In fig. 40 and 41 ore shorn two typographic records obtained

in the course of this experiment* The record shovm in fig* 40 was
made by bringing the test iIn from the far point whereas that shown

in fig* 41 wuc obtained by alternatively bringing the test from far

to near and from near to for as described In the method* On the

time oxla, marks were made at JO aeoand intervals whilst the vertioal
axii* is calibrated in dioptres of aoco&i”odatlon exerted by the subject*
zero dioptres being the subject*s far point* The Kymograph pointer

moving from below upwards corresponded to the test being urougjht ftoa
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the far point towards the aubjeot and in fig*4l the point at whioh the
subject rec >gnised the teat is indicated by a short horizontal stroke*

It will thus be seen that in fig*Vl the lov;cr of the two
vertical strokes corres »onds to the point at whioh the test was recog-
nised when coming from the flar point to\ ards the subject* It is
therefore this mark whic >gives an indication of the amount of aooonu o-
d tion exerted. The recognition of the test when 1t moved from near
to far 1s iIndicated by the upper set of short horizontal lines and
indicates the proximal limit of the depth of field*

It is seen from these two traces that the subject, in the
absenoe of any detail in his visual field, was unable to relax
accommodation to the rfer point* In fig*® 40 the tracing slews a
Tluctuation of small amplitude anu occurring at intervals of about
one minute, superimposed upon larger fluctuations occurring at
5 to 6 minute intervale* These larger Hue tuitions ore also seen
in fig¥41l and in this case the fluctuations ocauseu a corresponding
fluctuation In the upper set of 1iorizautnl strokes, thus excluding
tie possibility that the fluctuation 1b due to one presentation of
the test affectiug the response to the next presentation* The
small fluctuations are not so well seen In fig*4l probably because
the presentation of the test was not made at sufficiently close
time iIntervals*

In fig*40 accommodation seems initially to have been
completely relaxed and as the experiment progressed it gradually

increased, eventually reaching a steady level between 1 and 2 dioptres*
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In fig© 41 on te? other hand, at the start of the experiment, the
subject was exerting between 3 end 4 dio tres of aococmodatiou* In
this case, however, as the experiment progressed, accomodation
relaxed towards the far point, eventually showing little change

and fluctuating between £ and 2 dioptres*

-ethod ji - Ob".cctiMVE . -euouwnant of AocoMofettoa

The extent of accommodation exerted was determined by
photographing and measuring the images reflected from the anterior
surface of the crystalline lens. These Images known as Furlanje-
Sanson images ure ueen when an incident ray eaters the eye obliquely.
The first ima*e lbrtaed by au incident ruy (IR) (Fig. 42) is reflected
from the anterior surface of tlie comea; the second from the
posterior surface of the cornea; the third from the anterior jurluoe
of the lens and the fourth from the posterior our ace of the lens.
IT a double light source i1s used, thelr appearance iIs as ohown In
fig~c 43* The second ira.ge is not visible because of i1ts low brightness.

Attempts had been made to take a cine film record of the
changes iIn size of the third image whilst the subject looked ut a
cloudless oxy, but with little success* In these unsuccessful
experiments, the Images photographed were the images of the cun
reflected fron the anterior ourface of the crystalline lens, the
sunlight being reflected on to tie eye by means of two small mirrors
so that two images might be formed* The difficulties encounterad

were caused by the following three factors.



Pig. 1,4 apparatus for photographing Pur dnje-3anson images



The very bright and extensive sky caused die pupil to
constrict considerably so that difficulty uaa experienced la seeing
the two images simultaneously ou the surface of the subject®s leas*
Secondly with no uia hragm or artificial pupil before the eye i1t was
uncertain whether subjects could fixate 4" sufficiently well to give
reliable results. Thirdly, difficult/ *as iIntroduced by the lalntaess
of the mmage reflected from the anterior surface of the lens whioh
necessitated the use of both a fast film with i1ta concomitant large
grain size and poorer resolution, and also a wider camera atop than
wa3 permissible to retain the image in sharp focus on the film as it
moved through different planes during the process of accauntodation.

In view of the difficulties iIn obtaining photographs of
sufficient sharpness the opportunity of carrying out this experiment
in collaboration with W. ~smpbsll and of applying his technique
to tbe problem was particularly welcome# Campbell had previously
carried out experiments on night nyopia, taking photographs of the
third Purkinj@* anson image in darknesr, by means of an electronic
flash tube.

The apparatus is shown in fig.UJ* Thecamera employed was
a3 mm. * rayllex” fitted with a 30 an. ¥ 2 lens and 50 iz extension
tube. Hrctographs were tnKen at an efbotivs aperture of f 16. 5
exposures c uld be taken at 20 second intervals without reloading. The
single lens reflex camera iIs essential to obtain the accurate ibcuosiog

aut aligning wnieh the tecnnlque deaancs.

@M\ i



The photographic light source was a 200 Joule electronic
Hash tube (E) placed three feet from the eye. To facilitate measuring
the size of the reflected Image, the source was doubled by placing
mirrors (\M) above and below the tube with a screen (Her.) before the
tube, 1br focussing purposes a 100 watt compact filament lamp (i) wag
placed in front of the screen.

The size of the third Image was measured directly on the
negative isy means of a travelling microscope. The size of the I&e
was taken as tbe distance between the centres of the two reflections
formed by the double light source on the anterior .urfhec of the lens
(fig. u3 (a;).

In other respects, the apparatus was similar to that
already described, iIn that tbr same bright background, test object,
and viewing lens \ere employed.

The purpose of this series of experiments was to observe
the behaviour of accommodation when a small test object was gradually
moved from near to far until, going out of focus, i1t finally disappeared
from view. Tlie small test object was moved auuy In 2-cm. utepe and
at each stop a photograph was taken, the time interval between photo-
graphs being 20 seconds.

fl

RLve subjects were examined, but tdie results from subject
7= 1.C. were more consistent than those of the other four subjects.

Since fixation is particularly Important when tutung these photographs
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with a view to subsequently mrar.uring the size of the third image,

the reason for the more consistent reunite from subject P.B.C. may

be attributed to this subject"s greater ability (by reason of
experience) to maintain steady fixation during the course of the
experiment. Since P. «C. was myopic it was pos sible in his case

to carry out the experiment with no leas iIn the apparatus. The results
for subject F/ALF.C. are given in fig.45 whilst those for the other
suujectB arc In fig.4&.

In Fig. the degree of accommodation is indicated by the
size of the third IAxrkinje-1anson image. An Increase In the separation
of the two Images formed on the lens surface iIndicates diminishing
accommodation. As weuld be expected, the maximize amount of accommo-
dation wao exerted when the test object nr at its shortest distance
fTonm tie eye. As the test receded, so the accommodation decreased,
the minimus beilng reached In this case when the test tus at a distance
of 44 an. froa the eye. Aa the teet moved still further, It went
beyona the subject®s for point, oecnoe blurred and finally disappeared.
It Vrill be seen that as the test disappeared, accommodation increased
over a period of about one minute, after which tie level of accommo-
dation fluctuated although nrver again reaching the miiuniaa value
previously attained when the test was still visible.

Similar results were obtained on a further four subjects
(f1g.46;. In every case i1t was found that when the teat object

disappeared, leaving the subject looking at an empty visual field.






Fig. Degree of accommodation in an ew“ty visual field
& subjects)
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there was an involuntary increase in the degree of curvature of the
crystalline lens as indicated ty a decrease in aiae of the third
urkiujc- onson image* In the graph of results ibr subject T.I*
(fig* 46} at the point in brackets, TW T,aj attempting to achieve more
complete relaxation by using convergence cues* with partial success*
Tt is kxlieved that subject iKJ*a eyes moved towards the end of the
experiment* This would explain the apparently better performance*
Ibr the purpcse of calibration* the iUr point vub taken
as the position of the test object corresponding to the maximtn sise
of the third Purktnje-. anson image* This point ras regarded as
0 diop res of accommodation and from it were found the points on the
ascending curve in fig* 45 which corresponded to 0*5* 1* 1*5* and 2
dioptres of accommodation. Campbell had found in previous experiments
that the sise of the third image bore an approximately linear
relationship to the accommodation from 0*2 dioptres* The calibration
was therefore not carried out beyond 2 dioptres of aocoomodation*
The accommodation exerted ty the five subjects whilst observing the

empty visual field is given in table V*
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Tabatl

.ooonmodation In an empty Tlaocal field (5 eubJeota)

JegPtigl
Mean MuTriBIiiB

.07 .26 40

41 .68 1.32
15 .63 1.22
.26 46 .88
.05 .39 71
Mean .19 49 91

Su :nary

In high altitude flight Just as the reversal of light
distribution is the basic cause of difficulty in seeing inside the
cookpitf so the frequent absence of cloud in the sky above tbs
airoraft9 is the basic o&u™e of difficulty in seeiug outside the
cockpit* The cloudless sky at high altitude is referred to as
constituting antnpty visual field* which is defined as a visual
field in whioh there is no detail capable of being accurately focussed*
Conmon examples of an empty visual field ares total darkness, fog,
a uniformly overcast sky, a cloudless blue sky*

To examine the behaviour of accommodation in such an
empty visual field, it is not possible to employ the usual examining

methods since they usually provide the subject with a stimulus of



detail whdoh effectively prevents the visual field from being empty*

There has therefore been devised a technique whioh consists
in placing at various distances from the aubjct* a eyes, & test pattern
of dots so snail as to be visible only when thqy are sharply focussed*
They are brought towards the subject's eyes, and are not seen intil
they cjme to the point at which he is focussed, where upon they
appear sudde*4y and clearly in the visual field* Since they are not
soen before this, tbe field remains empty up to the instant of reoog-
nitinn*

A second aud objective tecaique measuriiig photographi-
cally the changes in curvature of the anterior surface of the
crystalline lens was also employed* It has the advantage of being
a* entirely objective technique, but has the disadvantage of requiring
more elaborate apparatus, and more accurate eye fixation on the part
of the subject* It was therefore only employed in an experiment
whioh confirmed the findings fay the other technique#

It was shown that, in the presence of an empty visual
field, subjects cannot relax accommodation completely* icoocsnodation
I s shown to be in a state of constant activity, fluctuating about
a level of £ to 2 dioptres; sometimes approaching the far point but
never quite reaching it*

The subject wits normal eyesight is thus unable to focus
at infinity if there is no detail at infinity whioh is capable of being

sharply focussed* Uudcr these conditions, the furthest he can fbcus
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ie o point about 1-2 raetres away. he thus becomes effectively myopic
by thie amount* Attention is drawn to the similarity between this
new phenomenon, aud that known fbr acme years under the name of

night myopia %
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RAIS QP RSLAX AYIQH OY ~QfcttOjuATIOf

aoy laveatigatora have made measurementa of the? speed of
accomodation but always from a near stimulus to a distant stimulus
or vice versa* In this particular instance it was required to know
bow long it would take a subject after looking at a near object,
to relax bis uoooo *odatiou in an an ty visual field to that level whioh
is the miniruin possible wit(out tbe stimulus of detail at infinity*

It is possible to accomodate for near in the absence of a
stimulus for uccoamotiation, but It is probable that this may be
accomplished by a voluntary convergence of the eyes* the relatively
loose nerous linkage between convergence and accommodation causing
incidentally some change in accommodation* hen the suuject has been
given a nearstinulus to focus, he may thus be able to keep accommo-
dating voluntarily even after the near otimulus has been removed* ““bou
be has been presented with a oollimated stinuluj which has subsequently
been removed, he will likewise be able to increase his accommodation
voluntarily*

hat it wus required to .now, however, wans first with tbe
stimulus near and secondly with the stimulus at the far point, how
quickly would accommodation reach the ‘resting level' vliich It had been

found to assume in an empty visual field?



After the presentation of the near stimulus, the subject
in this experiment therefore attempted to relax his accomodation ua
rapidly as possible, whrreas after presentation of the stimulus at
the far point, he attempted to remain fbcusaed at the far point as long

as possible*

liethod A - Subjective Too alone (Continuous 1poording)

By means of the apparatus already described” and
employing kymographio recording, it was possible to obtain on a tiiae
base, a measure of the changes in accommodation which took place after
the momentary presentation of a stimulus on whioh to focus*

10 subjects took part in the experiment* The subject was
instructed to look binocularly at a fixation point 15 ans* in front
of the eyes* hilst be did so, a signal was aside on the smoked drum*

he sunjcot then sat ibrward, put his head on the oidn rest, uogd
searched the empty field for the aaall dot pattern* The level of
accommodation was measured by bringing the small dot test plate into
the field of view as already described* This procedure was repeated
three times for each subject, after whioh a measurement was made of
the far point, this being the point at which the small dots disappeared
as the test plate was moved beyond tbe suoject's field of fbcus* The
smoked trace was then calibrated as already de oribed -

The function of the viewing lens was to prevent the background
from having visible texture and to bring the far point to a suitable
working distance* In the case of one subject who was oyopic, it was

D) V
() 2.



Fig. 47* The effect on
accommodation of
looking at a
near object.
(Myopic subject
with correction)

Fig. 48. The effect of
accommodation of looking
at a near object, (ifyopic
subject - no lens in
apparatus).



possible to dispense with this viewing lens, since even without it,

he oould neither 3«e the texture of the badground nor any detail whioh
might be accidentally present* This subject also sook part iu the
experiment employing first of all the viewing lens in the uou&l way,
and the., repeating the experiment without any leno whatsoever in the
apparatus*

In a few instances, a nepé&ratc detercdnation was made of
the behaviour of aooomivocation after tfrw subject had been presented with
a stimulus at the far point as well an with a near stimulus* To
do this, a special ilxatlin stimulus was set up* It oonsisted of
a piece of black painted perspex through the black paint of which had
been scratched the fixation pattern - a large cross* The perspex was
then illuminated fro | behind by miuns of a separate light and the
bright cross was seen with the left eye by partial reflection off a
glass coverslip inclined at an tangle of about 45 degrees to the line

of sight. The arrangement of the apparatus was as shown in fig* 3&

Results A

Ten subjects were examined and it was found that although
an attempt was bei.ig made to relax accommodation to infinity a mean
of 1.7 dioptres was being exerted vdt*dn 10 seconds of looking at
a point 12*16 inches awuy. Progressive relaxation took place until
after about 45 seconds a mean of 116 dioptres was reached* deyond
this there wrs little improvement in relaxation* The majority of the

subjects r?ere slightly hy.jermetronic, the mean value of the far points



Fi£» 49* Behaviour of accommodation after loss of
(a) a near, (b) a distant stimulus.
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Fig. 50# Behaviour of accommodation after loss of
(a) a near, (b) a distant stimulus.



being -0*06 dioptres (standard deviation 0*619J«

Fig.47 and 48 show the accomnodatioa changes in tne case
of the myopic subject with and without viewing lens* It is seen that
the involuntary aoconmodation in this subject Is unaffected by the
presence or absence of a leas in the apparatus*

The times required ibr accommodation to reach the ‘resting
level' after the loss of a stimulus (a) at the far point, and (b)
near the near point, can be compared in figs* 49 and 30 in which it
w ill be seen that the times are similar, being in both instances,

aoout 60 seconds*

~thod B - Objective Technique - holography of durkin.le«» ianson Image
A cinematographic record of the changes in convexity of
the anterior surface of the lens would have been useful, since it
would have enabled dome 23 measurements to be made per second*
Difficulties, caused essentially by insufficient light reflect d from
the anterior surface of the lens prevented this technique from being
used* one preliminary e”eriraente in the photography of Purkinje~
Sanson images however afforded results whioh v.we interesting sittough
not directly applicable to the present problem* These results, ioh
relate to the time course of the accommodation change in looking from
a near stimulus to a dirtant one, and hack to tbe near one, are sfown

in appendix H -



The experiment already described in which photographs
were taken at 20 neooud intervals, yielded information as to the rate

of change of accomodation in an empty visual field*

Results B

Looking again at fig .45 it will be seen that after reaching
raininur value, accomodation increased and that about 80 seclude after
losing the stimulus It hod reached its resting level. The increase
in accommodation after reaching the minimu, actually began before tlie
small dot tost had disappeared, and it w ill be suggested later that
this effect is due to the blurred dots constituting an insufficient
stimulus ibr the accommodation refle x Thus, although the small
dote were still visible at tbe beginning of this 80 second period, the
field could be regarded as being '‘empty’ by definition, from the
beginning of the involuntary increase in accommodation.

The accommodation exerted by each subject at selected
times after locs of the accommodation stimulus ?/as measured and io
presented in Table VI* It is evident that after losing sight of the
far point stimulus, subjects *erc unable to reriain ibcuased at the
far point, and involuntarily increased their accommodation by about

0*6 dioptres within 80 seconds after losing the distant stimulus*

@ Vv "2°
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Accom. odation Exerted at Lifitercat Times after Lose of the
Distant Stimulus

Subject Tine (Seconds afteimloss of stiraulusj
: s I acc#
20 JO 60 80 100 120 140 160 180 Ifean
-- L Jppe——
PIC 27 07 19 15 .AO 31 .40 .15 .40 26
PW 47 .41 54 132 94 85 .41 47 69 .68
i r
W 20 15 64 79 1.04 122 64 51 .63
l..... H
i kb 26 65 35 1.3 .26 44 <44 65 .88 48
1C 21 21 41 41 56 71 .6 41 .56 .39

f t ’.T' -
lieaa «262 .356 .328 574 59 67 494 ' @ *608 .49

.uunary

*hen a stimulus at the far point is suddenly removed,
accoumodation increases involuntarily, until it reaches the resting
level about 0.5 to 1.0 dioptre. It la possible to increase aocouwo-
dution voluntarily by causing the eyes to co.iverge, but it is not
possible to remain focussed at the far point if the stimulus there
has disappeared* This experiment measures the rate at whioh
accommodation assumes its resting level after loss of a stimulus at

the far point, and after looking at a near stimulus*



It is not possible to give rigid values, since the "‘resting
level of accommodation" fluctuates between 0.5 to 2 dioptres, but In
general, the results show that both after losing sight of a near and a
distant stimulus, accommodation takes about 6C seconds to reaoh Its
resting value* ifter loss of the near stimulus, 60 seconds are
required before relaxation can take place to the renting level, and

alter loss of a distant stimulus, although the subject with normal
eyesight tries to remain focussed at Infinity, his eyes iuevitaoly

focuB at the resting level aoout 2-2 metres away Within 60 aeoouds.
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TIE HKUIIOri OF Ttffi tWECgIVgHKSiIi OF A STE'EUE AT IHK

Wy, point to !?"wAtCTILAR pr N ::c™ nbr. THE 1WKA

non there is uo detail in the distant field of view,
which can be used as a reference point in the process of accommodation,
it has been seen that it is not possible for accommodation to be
relaxed to the far p int. This means ttat the easetrope becomes
virtually myopic. If the stimulus of detail is present, it s ams
likely that tlie greatest improvement in relaxation of accommodation
w ill be obtained If the stimulus is fixated so that its image fells
on the fovea* The purpose of tills experiment was to determine how
near the line of sight a stimulus at the fer point needed to be so
us to prevent the onset of the involuntary w*ooomodation exerted

when viewing an empty visual field*

Method
The stimuli employed were bright circles ’vhilch were

viewed against the background of the test field. Tbe advantage of
employing circles was that the necessary fixation could thereby be
achieved without having recourse to a fixation stimulus since tlie
subject fixated what lie judged to be the centre of the circle. Itour
pieces of black puintea perspex were used, through the black paint
of whioh the appropriate circles were scratched* The test in use

was llI&oinated from uehlinri and tiie bright circle was seen by partial
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reflection off a glass ooverslip inclined at an angle of about 49°
in front of the eye being tested* The circles were placed at the
subject's far point which was 28 crao. tram the viewing lens of focal
length 25 cms.

The size of the circles was calculated so that they
subtended angles of 2*5°» 5°# 7*5°, 10°¢ 'hen the centre of
these circles was being fixated, the ci cumfermce consequently mads
angles of 1.25°* 2*5°# 3«75°% 5°» with the foveul line of sight*
Although it was so snail that it could hare been neglected, the magni-
fication due to the distance of the viewing lens from the eye was
taken into aocount in calculating the size of the oircles. inco the
eye to lens distance was 3 eras., and thr> fooal length of the viewing

lens was 25 eras., the magnification was 1 * 1 » 1.136.

The far point ut whioh the circles were pl.oed was 28 ans. from the

. . 0
lens so the diameter of a clrole subtending © was

21JtealL
1.136

Whilst the subject fixated the centre of a circle, the
small dot test plate was brought slowly torordu tbe eye until the
small dots were roecogniaed. The distance of the test plate from the
lens was noted. Twenty measurements were made with each size of
circle and after each measurement, the light illuminating the circle
was switched o ff and a measurement was made of the distance ut whioh

the small dots appeared wheu the field was eupty.
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(

ACCOMMODATION

Pig. 51 The relation of effectiveness of a collimated
stimulus to its angular distance from the fovea.



Resulte

There ms very little scatter in the results which are
obtained from one subject who had taken part in a nunber of earlier
experiments* This subject, a bypemetrope of 1*5 dio tres, had
particularly good fixation necessary fbr this experiment* It was
therefore regarded as permissible to take the arithmetic mean of
each group of 20 results for each size of circle employed* 2-beee-

tilir are-tabulated~in-the appendix + The far point at 28 cmo*
was regarded as zero dioptres of accommodation, and by means of
the calibration graph, results were calibrated in dioptres of
accommodation* The results are shown in table VH and in graphical
fora in fig* 51* It can be clearly seen that a distance stimulus
of detail making an angle of 4° or more with the fovea, constituted
but a weak, stimulus fbr the accommodation reflex*

Table V I

Angles from fovea

0 1.25° 2.5° 3.75° 5°
Dioptres of
minimus 0 .19 41 528 526
aocqnwodatlou
Sunmary

The presence In the field of view of a stimulus of

detail which can be sharply focussed, prevents the involuntary
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focussing fbr near which takes place when the visual field Is empty*
Tbe effectiveness of auoh a stimulus however depends on how near It
is to the line of sight* Ahen it is in the line of sight it in cost
effective and beyond 2° from the line of sight it rupitHy beeones
less effective in making the subject focus at infinity* It loses
almost all its effect in making the subject focus at Infinity by the

time it is at 5° from the line of sight*
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Section IV

CCINAKIdQN OF THB SJOTCTIVKNSSS OF SIX (XKLDJKCSP PATTETOL,
IN aRIMSIHG AijQUT ACCOMPPmQN 9QR IKFINITT

Having found that involuntary accommodation caused an 9empty
field myopial of the order of 0*3 to 1*0 dioptre, it seemed that an
effective means of overcoming it would be to place a collimated pattern
in the subject*a visual field* The purpose of this stimulus was not
to bring about maximal relaxation of accomodation, since in the case
of the hyperraetrope this would result in the focussing of rays of
light converging towards the eye* It was desired that the oollimated
stimulus should bring about an accurate focussing of parallel rays,
so that the eye should therefcy be accurately focussed at infinity?*

Preliminary experiments had revealed that whilst all the
oollimated patterns tested made subjects focus near infinity, some
patterns were apparently more effective than others in making the
subjects focus accurately the parallel rays from optical infinity*

This experiment was therefore carried out in order to determine whether
the difference between collimated patterns was sufficiently great to
be of practical importance* The variable measured was the range at
which a distant target oould be "picked up" (detected) with the help

of various oollimated patterns superimposed on the search field*

Method
The technique employed was basically the subjective

(D

technique which has been already described ™ ¢ Previously, however,

QO t lofl-



aocomrx)elation had been measured by changing tb vergenoe of light
towards the eye. In tbe practical case of air to air aeurcb, however,
the target is always at infinity. In this experiment, therefore, to
simulate the practical case the tests were always presented ut optical
infinity &ud they were increased in angular size fron below threshold
until thoy were finally recognised whilst s till at infinity, the
variable measured being the angular size of the test when it v&s
finally seen.

If, in such an experiment, the subject can see the te ;t
becoming gradually smaller, or if, whilst not yet seeing the teat lie
has a sultaole oollimated pattern to focus, the test becomes virtually
a determination of the minimum visual «*ngle. [If, however, the
subject is not focussed at infinity as may occur when the ileld is
empty, the angle lubtendrd by the test when it io finally seen
w ill no linger be the rainlmuu visible, but the angular size at whioh
the out of focus image on the retina finally bee awo a stimulus of
which the subject is conrd o us.

With regard to tbe human eye, an object further than
30 feet may be regarded as being at o tical infinity (Campbell & Triy,
1953) so that in the case of air to air search, a target is always
at optical infinity, its angular size alone changing with its
distance from the observer. Since in the modified technique, the
test was always at infinity, it gave an answer T*hioh was more easily

inter ireted in terms of praotical importance*






Fig« 52. The collimated fixation patterns.
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The apparatus ia shown in Xlg«™4> It has already been
described The inclined glass coverslip placed before the
observiuv eye allowed the reflection of the oollimated stimulus to
be seen by the subject whilst he looked at the otherwise empty visual
field#

Six collimated ficatioa patterns were employed, one of
which was a hexagon of black dots* The diameter of e&ah dot in the
hexagon was 1*5 am* and the diameter of the hexagon was 25 mo# This
pattern, being opaque, was placed in apposition to tne small dot test
plate and was therefore viefwed directly* The other five patterns
were transillixnmated and were seen only alter partial reflection
from the inclined eoverulip. Of the five transiUuminated pattern8
four «ere scratched on to black painted perspex# The fifth was a
piece of opal glass whoso reflection when superimposed on the test
field, simulated a bright uniform cloud floor with u well defined
torion* these fixation patterns are shown diagramsatically In
fig. 52.

A selection of bioouvex lenses of focal lengths from
3 to 24 inches enabled the email dot test and the fixation pcttera
to be maintained at optical infinity whilst they were step by step
brought nearer the subject#

After a short explanation of the purpose of the investiga-

tion the subject was given a familiarisation run so that he could



recognise tlie small dots and be familiar with the direction from
which they appeared. A lens of 24* fooai length was then placed
before the observing eye (the left nye in these experiments) and
the small dot test plate was moved 24 inches away from the lens# It
was thus oollimated, since the rays from it, having passed through
the lons, emerged nrallel towards the eye# The angle subtended by
the dots varied inversely as their distance from the lens, and, at
24 indies distance, this angle was alvaya belovs threshold (less
than 20 seconds of arc)#

ben the subject said that he did not see the 3 all dots,
tlie 24* lens was removed, a 20" loccd length lens substituted, and
tbe test dots and fixation pattern moved to 20" from the lens. Again
toe subject looked and if he s till did not see the dots the proce-
dure was repeated, the distance alv«ys decreasing 'tulst the tents
were maintained at infinity by means of the appropriate lens#

Each suuject was tested with tlie empty visual field, that
is, without a fixation pattern, and then with each of the sis fixa-
tion patterns in turn# To eliminate the effects of learning and of
fam iliarisation, 18 subjects were examined and a balanced order of
presentation of the test was employed# The scores recorded when
the small dots became visible, were the distances in inches from
the s all dot test plate to the lens. A high score thus indicated

a good performance, whilst a low score indicated a poor performance#
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Hine subjects were tested with the empty field first, and nine with
the fixation pattern presented first*

In some oases the subject did not see the entire pattern
or, having seen it, it alternately appeared and disappeared
although in fact quite stationary. TJboknowmn to the subject, it was
tberefbre accepted as 'seen' only when at least 3 dots were

continuously visible.

Results
The results for the 18 subjects are givon in table ¥111.
On examination of the data hy analysis of variance, it was
;ound that the collimated pattern associated with the greatest pick
up distance “m the hexagon of black dots superimposed on the small
dot teri plate. The fixation patterns arranged in their order of
usefulness in regard to procuring accurate focus at infinity are
as fbllows.
beet * Black spot hexagon
Bright cross
Bright spot hexagon
Bright vertical bar
Bright horizontal bar

Worst - Bright cumulated cloud floor and horizon.



14

imsmi

"gan rcorea for each of the | "testa* toget,her with )ittilfloinoc
of tb* Difference u/tw”~u C» ,P ueLiT

lean Teat A Test V. Teat B Test5 Testl) TestG

core

TOLt A 18.1 HONK X XX X X X X X X
Te@t 16.6 HOKE WORK HONK X X X X
Test B Vj.k X VWANK NONE HQUS HONS
Tctt K 14#7 X X NCNK HUNS .;uns RONS
Test D 13.9 XXX X X NCVB NGUK j urn
| 1 o |

Test C 13.8 XXX X X warn nonb _  nOHX

|
M..1, m m .

m Signlfiouut difference at 5 level
X X * v

X X X - - *0.1F *

Mor.t of the subjects retried that when the small cbta
appeared, they did so quickly and suddenly* A few subjects however
reported that the small dots appeared and disappeared in a x*lactuating

manner*  tmi they .ere roade larger, they were seen with no iluctuution.



It i& interesting to note that ttone who observed this
fluctuation were usually those who derived little benefit fron having
a collimated pattern to look at* It may be that these people have
a resting position of accommodation about infinity* This renting
position they would involuntarily assume when there was nothing to
look at as vlicn they were viswing an empty visual field* On several
occasions in the empty field experiment, subjects reported that they
had moroenturily seen the small dots as they began to look into the
apparatus but that the snail dots had iinmedlately afterwards

disappeared#

Siggajg
Sore collimated patterns ure more effective than others
in making subjects focus accurately at infinity* Of six patterns
tested, the best was a hexagon of large black dots* The remainder
in order of effectiveness were?
bright cross
A hexagon of large bright spots
A bright vertical bar
A bright horizontal bar*
The least effective wig a bright simulated cloud iloor*
Tt seems in general that the most effective stinulus io
that which approximates in shapdc and size to the target finally

to be recognised#
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THB 5g{AXT OF EMPTY PIBLD IgPPla UFOM THE H3HPIBM VISUAL
ANGLE im A DISrANT TARGET

The f&llure to fboue at infinity does not necessarily
imply failure to see clearly at infinity9 fbr a small pupil which
has the effect of increasing depth of fooue of the eye may compen-
sate sufficiently for iauscoracles in focussing. |If, on the
other hand, depth of focus does not compensate sufficiently for in-
accurate fbcussing, a dietaut target which when accurately foenosed
subtends the minitumo visual angle w ill no longer be seen when its
retinal image beoomcs blurred* The angular size of that target
w ill therefore have to be increased until the blurred retinal image
becomes so lurge th~t it is oa *J>le of arousing attention and of
initiating an tcconamcdation reflex*

This experiment was designed to determine in a lurge group
of subjects what reduction in distant acuity *&s thus caused by the
acootBBodatiou exerted involuntarily whilst viewing an empty visual

field*

Method A - foormal Accommodation
The apparatus employed has already been described and is
shown in fig*32. As in the previous experiment, any one of 19

biconvex lenses of fboal lengths from 3* to 24" could be placed beibre






the eye whioh was presented with the test pattern* By adjusting each
time a different leas ms used, the distance of the test pattern and
fixation pattern fron the lens it was possible to obtain a step uy
step change in the angular size of the test pattern dots, whilst
laiiitaining them, and the fixation pattern at optical infinity*

The fixation pattern employed in this series of observa-
tions, vas a hexagon of large black dots, which could be nuperiraposed
on the test pattern of small dots as shown in fig*53* This particular
fixation pattern was employed since it hud been found to be the most
useful of six patterns with regard to procuring accurate fbous for
infinity * The diameter of each dot in the hexagon fixation pattern
vilas 1*5 mm* and the diameter of the hexagon was ?S ms*

The star shaped small dot pattern whioh will be referred
to as the "teat pattern'l has already been described* The diameter of
each dot in this case wua 0*0C im* and the distance between uots was
3*5 rao

The test oonsisted ecsentially in measuring the following
three vari-ble-.- in each subject*

(a) The far point

(b) The angular size of the collimated small dots when they
were detected in an empty field*

(cj The threshold angular size of the oolliliated a.jall dots
when tney were been beside the large dot oollimated

fixation pattern*

@ =



Of the 63 subjects who took part in this test, 54 were
pilots and 9 were either nav gators or air gunners* A subject was
first given the fbllowing instructions whioh were read to him*

»HJISHKJC?ICN3 TO smreCTS - AIR T) AI3 ~"Aggg»

*This teat is in oonneotion with the air to air search problem*
As you know it ia more difficult to piok up a target at high
altitude, than at low?r altitudes, and this investigation is
an attempt to find out why this is so* We ore not comparing

in this test your performance with that of anybody else, and the
results whioh you roore do not affect you personally, *v>r do
they find their way on to your medical doeunents, whether

you do well9 badly or indifferently* Nbuc the lesa do your
beet* Now to the test*

* The target which you will try to see is a pattern of snail
bl&ok dots, arranged like that pattern on the wall over there*
~hen you look into the apparatus try to imagine that you are
looking into the sky and that you are in fact searching for

a formation of aircraft - a formation which is dead ahead

of you all the time and at the same altitude as you are*
Sometines T shall put up a hexagon of large black dots,

similar to a gyro gun-sight pattern, and this is to help

you look in the correct direction* ith this large hexagon

in position the pattern of s a).l dots w ill appear in the

centre of trie hexagon, as T shall sttow you x"reacutly*
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hea there is ao pattern present, what you see represents

1a a way the sky at high altitude, above all cloud and without
auy visible condensation trialsto help*

ror,#t that this test ia takingplace a abort distance

from you, and remember throughout the test, always to look

away In toe distance as i1f you were searching iIn the sky**

A determination of the far point was thencarriedout as
follons* cdeltare the left eye, which in this series of tests was the
one with which the test pattern was recognised, a positive lens of
10" focal length was placed, at the focus of this lens, the test
pattern and fixation pattera were set up* When the subject reported
that he could see the test pattern inside the hexagon of the fixation
pattern, the best pattern together with the superimposed fixation pat-
tern were moved slowly away from the subject until ho reported the
disappearance of the snail dot test pitttcro* The distance through
whioh the test had moved was noted* As this movement took the test
pattern beyond the focus of the viewing lens, 1t resulted In rays
converging torarde the eye* Ifrpermetropes were therefore able to
follol, the test further out than erarcetropee, although depth of ftaos
and the angular size of the test pattern dots, accounted for the
fcid that all subjeote could tolerate some movement away of the test
before it disappeared* In the far point determination the ftrall

dots subtended about 9 minutes of arc and were therefore well above
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the miuiraim visual angle* T"ey disappeared because they became
blurred. From this determination of far point, the real refraction
was found by employing the calibration graph

Vthen the far point determination was complete, the subject
was presented either with the er£ty field or with tho fixation
patterm, and his task was to report when the a=c.ll dota of the test
pattern become visible. Kheu the test pattern was being used without
the fixation pattern, the subject was told that they would afjpear
In the centre of the field, and the area was iIndicated before the
test. The test was al ways started below threshold, that ©ft, with the
test pattern at its furthest from the subject.

In this experiment tie test was binocular as In the prac-
tical case of air to ulr search. The recognition of the test pattern
however was monocullar. The subject was helped to look in the correct
direction by being told that the test would appear in the centre of
the diffraction ring caused by the 2.9 artificial pupil.

In all subjects measurements were made of the distance at
which the target was picked up (@) In an espty field, and (b) with
the help of the collinuted fixation pattern but to cancel out the
learning factor, half the subjects were given the empty field teat
before the fixation pattern test and half were given the ec™>ly
field test lost. The order of presentation was changed after each
subject.

frequently the entire test pattern w&a not seen particularly

when 1t was uear threshold, so unknown to the subject a "seenl

(Osj HE
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response was accepted if at least 3 dots were visible simultaneously
aud without fluctuations.
An indioation of tbe subject9s experience was obtained from

the proforma reproduced below.

FLYHC BLERISHC5 fRQfCBMA
Naas @

Rank eeeee*ececccccccetfocccce*e

Jquadron o«oooo»ooooo«*ooooo*oo
Date .....occooii i

1* Controlled Interception Exercise; How many sorties of this type
above 25>000 feet since i/i/~07?
ity day ... sorties
By night eeesee«eees sorties
2*  Number of flying hours in fighter squadron since 1/I/*>07?
_essessesses hOUIS
3* Approximate total number of flying hours?
............. ; hours
4« *ere you flying operationally between 1939-1%67
Yes/too
5* Korea servicei Number of operational sorties e*eseeeeos*

Type Of aircraft «e*eecececcccce(ee*ecetfoscce

Question 1 was an attempt to assess the number of high altitude

sorties, because high altitude sorties are not usually designated

as such in the log book entry*
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eaulte ~

The experimental dita are tabulated la the appendix X o

The distance at which the small test pattera dots were
recognised la an empty field, (subsequently referred to as "no
atiQillus® distance;, was always less than when the oollimated fixation
pattern was present (subsequently referred to as "with stimulus’
distance)* This latter was virtually a determination of the
visual angle since the subject vus accurately focussed at Infinity*
The seems are given in Table XX* Tt was observed that in the majority
of oases, recognition of the test pattern in an empty visual field
was a sudden process in that the hesitation violch usually accompanies
any determination of threshold, was not present! either the test
was seenor was not seen*  hen the fixation pattern was present,

hovever, recognition was more gradual™

Table IX
(leen  standard ango
error
*Ho stimulus9 9.9 .. 4.5 - 18.0
distance
o<ith stimulus9 19.0 2*1 12*0 - 24*0
distance

Ijtatagee at which the colligated target la detected vith aafl
vdthout the help of a «werlW>WFl pollinated fiction oottm

(These distances are Inversely proportional to the angle
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subtended Ky t>j target so, whilst they are measured iu inehec,

they can equally be regarded as miles or aay other unit of length.)

The performance of each subject was expressed as a ratio of
the 'with stimulus' to the 'no stimulus' distances. A high ratio
thus represeats a ?>or performance, with a big reduction in range
when the fixation pattern is removed. A low ratio indicates a good
performance, the best possible ratio being 1.0 when there would be
no reduction of range if the fixation pattern were removed.

The mean value of this ratio for the 63 subjects was 2.21.
The Standard Error was 0.82 and the range 1.11 to 4*00. This means
that the minimum visual angle for a collimated round black target
against a white background, has to be increased by more than two
times before the target is detected in an empty visual field.

The 'no stimulus' and 'with stimulus' distances (in Inches)
‘ere found to correlate closely with the far point in dioptres (fig .54
and 35)* Correlation coefficients mre 0.80 and 0.86 respectively,
both significant at well beyond the 0.1£J level, showing thereby that
hypermctropes searching in an empty visual field detected the target
at a greater distance than did emmetropes or myopes. No correlation
was found between the ratio of 'with stimulus'/'no sti iulu3 and
for point.

No relation ms found between the ratio and ex x?rience,
as measured Lfc either age, total flying hours, flying hours on a

fighter squadron, or the number of high altitude sorties. Neither
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was there a demonstrable correlation between either the 9no stimulus9
or the 9with stimulus' values and these four variables. Subdivision
of the subjects into vari us arbitrary age groups and experience
groups as defined by total flyi.ig hours, failed to show any signi-
ficant trend.

At the distance of 20 inches at whioh raoet subjects
(20 out of 65) recognised the test with the help of the oollimated
pattera, tbe small black dots each subtended an angle of 25 seconds.
Some subjects recognising the test at 24 inches, were recognising a
blaok dot subtending 21 seconds of arc.

The order of presentation of the test nems to make
little difference, fbr wh™u the %o stimulus9 teat was carried
out ixsnediately after the far point determination, it had a mean
value of 9*8 ins. and when it is given last, it had a mean value

of 10.0 ins.

Method B - Fixed accommodation

If a test object is not in fbcus, it becomes blurred and
cousnqueutly more difficult to see, and, if it is so small as to
subtend the minimus visual angle, the out of focus blurring oauoed it
to disappear. >br such a test object to remain visible its size has
to be increased by varying amounts according to the degree of out
of focus blurring whioh is present. The effects of inaccurate

focussing are mitigated to a certain extent by depth of focus as



determined by the pupil size. It should be noted, however, that this
experiment does not measure depth of fbcus which, in the usually
accepted sense, is the range over which the power of the lens can be
changed without producing noticeable blurring of the object fbcussed.
The thresholds measured here were not at the level of 'must noticeable
blurring* but at the other end of the scale when tic blurring ms so
marked that the email object could no longer be seen.

A oyclo jlegic ms employed to fix aocaBQodation and to
exiuhle Known amounts of out of fbcus blurring of * oollimated test
object to be produced by the interposition of suitable uoectacle
leuses before the eye. The cycloplegic, iymatropine and oooaine
guttae (aa Z ) was instilled into the conju;»ctival sac at 20 minute
intervals on three occasions, so that, after 1 hour there was complete
paralysis of the acoomaodution mechanian. A 2.9 mm. artificial pupil
was used*

T~e small dot test object which has already been described
was again employed. It was always presented at infinity, and its
angular size was varied by employing collimated lenses of various
focal lengths, the test object always being at the point of fbcuB
of the lens. The size of the oollinated test could thus be increased
step by stop from below threshold until it became visible, because
of its bulk, it was not possible to employ a 'zoom* lens. Tbe vsoom<
lens frequently employed in television cameras is a lens of contin-

uously variable power and by means of whioh continuous changes in
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Pig. 56* The increase in size necessary for a small black object
to remain visible inspite of out of focus blurring#
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angular size of tbe test object oould have been obtained*

Tbe out of fboua blurring was produced by placing in
front of tbe viewldu™g eye, botb positive aud negative epherical
lenses which varied fay 0*25 dioptre steps* At each level of out
of xbcus blurring: there was measured tbe increase necessary in

angular size of the test object to make it visible once more*

Result* 8

la fig,56 dioptres of out oi' focus blurring v«re plotted
against thr increases in size whioh vere necessary for the oollimated
test object to remain visible* Tbe power of tbe blurring lens with
which the test object was seen subtejidiug the smallest angle was
taken as corresponding to the optinmn correction fbr the homatro-
piniscd “ye* iy roeano of that lens, the image was presumably
focussed as accurately as possible on the fovea oeutrails so that
increur.ee or decreases in power of the blurring lons caused tbe
image to fall in front of or behind tbe retina* This lens which
guve optimum correction was therefore regarded us being zero
dioptres, and, as ia the experiment it wus *2*5 dioptres, this
was subtracted from all measurements, the abscissa being thus
nhifted so that zero dioptres blurring corresponded to the miniram
visual nn~le*

ig. 56 shows that when the subject was focussed

accurately on the test object at zero dioptres, *0«25 dioptres of
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blurring oould be tolerated* hen there was more than 0*25 dioplres
of blurring, however, in order to be still risible, the else of the
test object had to be Increased* 'The graph shows that a given amount
of blurring caused fay th image falling in front of the retina
necessitated a greater increase in else of the test object than did
the same amount of blurri**g caused by the image falling behind the
retina. Thus, blurring Increasing from +0*5 to +0*75 dioptres,
necessitated an increase in Angular size of the test object of about
2 times. An equal amount of blurring caused fay the image foiling
behind the retina necessitated an increase of only 1*5 times* The
general foim of the curve is tnus seen to be skew*

loe graph in flg*£ECclearly j .owb thatif one considers
that the extent of involuntary accommodation in an empty visual
field is 0*5 dioptres the angle subtended by a collimated test
object of ttireshold size has to be increased by 1*5 times so lhc.t
it may remain visible in spite of being out of fobcus* 0*75 dioptres
of excessive acoownodation req ires tckt the size of a small test
object be doubled* Thus on the basis of thin experiment, it is to
be expected that a pilot searching for a targetaircraftin a
cloudless sky would detect it at about half the distance at which
he could detect it with the assistance of a stimulus at infinity

such as a baoKground of clouds or condensation trails*
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63 subjects took part in a test to determine the difference
between pick up ranges in a visual field with detail at Infinity,
and in an empty visual field*

In basic terms, this was to determine what increase was
necessary for a target subtending minimum visual angle to be s till
detectable in spite of the out of fbcus blurring caused by the
involuntary uocomnx>dution exerted on looking at an empty visual field*

It was found that a target hud to come to half the distuncc,
or in other words, it had to become twice as big befbre it could be
detected in an empty visual field*

An experiment in which accommodation was paralysed showed
that such an increase of two times is a&oociateh with an experimental
"nyopia of 0*75 dioptres* Thus the experiments confirm one mother*

(t) In on empty field the lens h~u been shown to change con-
vexity to an extent associated with 0*5 & to about 1*0 dioptres*
(2) It has been snown that a small distant target has to be

twice threshold si&e to be visible in an empty field*

(3) The findings of (1) and (2) acove are linked in the finding
that an increase of twice in the minimun visual angle is

asuoci&ted with 0*73 dio tre of "myopia' ¢

No correlation waa demonstrated between performance in
search in an empty visual field and flying experience* A strong

positive correlation exists between flar point and



(a) minimum visual angle of a distant target*
(b) performance in searoh in an empty visual field*
Slightly long sighted people are therefore better at
search both in an empty visual field find where detail is present, than

are "normal sighted* or short sighted subjects.



L>1JCU3SIOW

The visual problems associated with flight at high

altitude foil into two groups: the problems of glare, due princi-
pally to the reversed light distribution, and those of air to air
search, due principally to the empty visual field* In each case, the
difficulties encountered are peculiar to flight ut high altitude,

and especially to flight in the stratosphere* Although there are
problems of glare and of at* to air search also at lcrw altitudes, their
origin is different and they do not give rise to the same effects as

those encountered at high altitude*

GLARE

One of the first indications of tlie existence of apeciul
visual problems at altitude was the frequently mentioned difficulty
in reading iuatruneato whilst flying towards the cisi so that the
Instru ent panel was in shadow* D ifficulty in seeing iuotrimsntn
on an instrument panel in shadow is not a nev/ problem, but at low
altitude it is an effect which is observed usually only \dieu llying
towards a oun which is low in the sky, as in the early morning or
in the evening* At high altitude this difficulty vm3 rroe often
present anb was furthcrsnore observable at all times of day,

irrespective of tbe altitude of the sun above the horisosu



It was ku that with increasing altitude, shadows became
darker, and that um lit *reas became brighter, but what was frequently
forgotten in the assessment from theory of changes in contrast
between light and 3hade at different altitudes, was that & great
deal of light is reflected up from below the aircraft* Layer
clouds constituting a uniform cloud lloor are not alone responsible
for thin reflected light, for even on days on which the sky appears
from tlie ground to be blue and cloudless, the lower layers of the
atmosphere may contain a sufficient density of large scattering
particles of moisture uad of dust, to reflect back an appreciable
amount of light to the eyes of an aviator at high altitude*

IXxriug high altitude flight there is usually present a
cloud floor whioh becomes more uniform and more extensive when
seeu from higher altitudes* At very high altitudes (40,000 feet
upwards) one is looking at what is really the top of the layers of
cloud and hare whioh give brightness to the sky seen from ground
level* There is thus usually much light coming from below - more
than from tnc sly above, the effect being that of a reversal of the
usual light distribution in the visual field*

The problems of glare at altitude have therefore a simple
origin but they are in practice complicated by the interplay of
other factors which have to be taken into account in the assessment

of the problem*
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The reversed light distribution has two effects* The
first, dealing with contrast and the illumination of shadows can be
assessed in physical terms* The second, dealing sith the effect of
the altered light distribution on retinal sensitivity, hue to be

assessed in plyBiological terms*

Contract ieasurements

The use of two methods in examining the light changes
whioh took place at high altitude was necessary ainoe ’rhen the
exprriroeut was done there was no photometer ianediately available
which was sufficiently small to be used in the restricted space of
the eteor VIl cock>It, and which also had a range sufficiently
great to enable measurentente to he carrie d out of the illunluation
of a sur ges in direct sunlight and then in shadow. The two methods
employed, however, one measuring luminance of a white sur face, and
the other measuring illuralnt tion of the instrument ninel can
fortunately be compared Iluce one wee calibrated against the other*
That the units in which the light measurements were recorded are
not absolute wilts, Is a pity since it would have presented a more
complete picture, but it does not really interfere with the main
pur Jose of this experiment which was to determine the principles
governing the illumination of shadov ureas at high altitude*

~he simplicity of the solution makes one wonder whether
the experiment was really necessary* The existing literature on the

subject however suggests that it was, since in no case is fills



US standard atmosphere

Fig. 57. Change of atmospheric pressure -with altitude.



theme of "reversed light distribution” fUlly investigated and consented
upon*

The ciiauges ia illuninatiou which take place with increase
ia altitude have been examined in Section | or Part 2 iu which it was
shown that the contrast between aunlight and shadow increases with
altitude only if the shadow is not la line with a layer of cloud or
base from which it could receive nuch reflected light* ith increase
in altitude the horizon remains bright, whilst some *0° above the
horizon, the sky lirainanee decreases in direct proportion to the
afcjos heric pressure. The result of this deorease in sly Hluiinancc*
is that whilst all shadows which are not in line with ths cloud floor
below tlie aircraft become darker, this change ia more marked ibr
those shadows which are in line only with the arras of sky nearer the
zenith*

A glance at the ch&D) es of atraospherio pressure with increase
in altitude (fig.57) shows that the difference in pressure betweeu,
cay 30,000 feet and 40,000 feet is less than that between 20,000 feet
and 30,000 feet. Prom this one deduces the next foot of importance,
namely that the changes in sky brightness and therefor© tbe changes
in contrast between light and shade from 30,000 feet to 40,000 feet
are less than those occurring between 20, X>0 feet auil 39f000 feet*
The differences in light intensity thus beoonm progressively less
for equal increases in altitude*

The increase in contrast between lig ‘'t a*id shade with

increase in altitude is die principally to the shadows becoming darker.



and not to the sunlit areas becoming brighter. It should be noted
however tiu.t even outside the earth"s atmosphere, shadows will never
become absolutely black not only because they usually receive light
from neighbouring 1linninated areas but also because they receive some
light from the dark sky, from stars, and, according to Hulbert,

from the interstellar dust which is responsible fbr the Intrinsic
luminance of the night sky*

To a certain ex eat, one can experience this peculiar
light environment today, under the special conditions of high
altitude flight at dusk or at daw, Hliere, one may be flying in
sunlight whilst below, all may be dark. iIn these conditions, when
Tlying towards tfo setting sun, the instrument panel receives
light only from the twilight sky behind the aircraft.

A point calling for o>ecial attention is the finding that
there was little or no Increase in the luminance of sunlit areas at
altitude. This result does not imply that the iIntensity of insola-
tion or direct sunlight did not increase with altitude since the
measurements mode v/ore of the effect of -total i1llixsination on u
vertical white aurfhoet a surface which received light foou direct
sinlight as well as from sky scatter. The 1llumination derived
from sky scatter decreased vdth increase in altitude whereas that
derived fY-am direct sunlight increased; the two dv*.agos apparently
balancing one another. That with Increase in altitude the loss from

one source Brould be so balanced by the increase from the other thé.t



WHITE. FLOOD LIGHTING.

INSTRUMENT PANEL WITH COWLING AT HIGH ALTITUDE

Fig. 58. L~ght distribution in the cockpit*



the total i1llunination stowed little change suggests such s remarkable
effect of natural compensation that one is tegpted to extend the argu-
ment and to suggest that outside the earth®s atmosphere the 1llumina-
tion (visible) from direct sunlight may well be of the same order as
the total i1llumination received at lower altitudes from direct sunlight
and from skylight*

The essential difference iIn the visible light coming from
above on to a surface at high altitude, iIs thus that the total light
becomes more directional as the proportion due to sky scatter decreases*

The principle goveriiiog iUumination of s shadow area can
briefly be enunciated thus, and are sham in figs* 58 and 59* I*
at high altitude, a part of the cockpit Is In such a position as to
be subtended by a sufficiently large area In the hemisphere of "'sk/*"
below the horlaon, it will be sufficiently 1llmiuated even when in
shadow, to enable Instruments to be read® |If It is subtended only
by an area in the upper hemisphere of sky i1ts luminance when in
shadow will vary inversely as ttx altitude above sea level* The
effect will be more marked as the area of sky subtended approaches
to the seoith* In such a case 1t will be necessary to make special
provision for lighting the instrument panel in shadow* la all
oases, however, the luniiunoce of the ius;rua«nt panel at high altitude
would be increased by painting as much as possible of the interior of

the cock>i1t, especially behind and at the pilot™s aide, In sane light



LIGHT DISTRIBUTION AT HIGH ALTITUDE. (LOW CLOUD.)

INSTRUMENT PANEL WITH COWLING. WITHOUT COWLING
(LOW  ALTITUDE)

Fig. _.. Light distribution ia the cockpit.
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coloured paint, preferably a matt white which would diffusely reflect
light on to an instrument panel i1n shadow whilst the aircraft v&s

being flown towards the sun®s quarter*

Sisa

It might be expected that on teleologioal grounds there
woulld be a difference in sensitivity between the upper and lower parts
of the retina. Such a difference iIn sensitivity however tus never
been demonstrated, an*”one must consequently look elsewhere fbr an
explanation of the disoomfbrt caused by the reversed light distribu-
tion at high altitude*

The condition i1s like most glare effects due to the stimu-
lation of the periphery of the retina and parofovea by light, whioh
reduces the sensitivity of the uuatinulated areas of tb retina* This
effect i1s accentuated 1T one In placed in an environment in which most
of the light comes from below, becaﬂie the lower part of the field of
vision 1lg not restricted like the upper part, fay the orbital ridges
and eyebrows* The position of the eye iIn relation to the bony structure
of the forehead and cheek bones is i1deally suited to cope with excess-
ive light which normally comes from above, at the same time allowing
unhindered vision below, but when the light distribution is reversed,
what was an advantage becomes a marked disadvantage since light
floods unhindered into the eye from below. A much greater urea of

the retina 1a consequently stimulated by the cloud floor beneath the

aircraft than is normally simulated by the sky above*
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A reversal of light distribution In thia way iIs sometimes
an advantage, as i1a the case of foot lights on u stage, iIn preventing
a perfomer from seeing the audience but causes a marked disadvantage
in the air, and its effect may be accentuated by the adoption of a
prone position Noa whioh the pilot is expected to fly, search and
to land the ailrcraft visually* By comparison, the adoption of a
supine position where viaunl flight is to be curried out has marked
advantages* The head does not need to be tilted backwards in order
to see above the horizon and similarly nuoh of the lower field of
view 1T distressingly bright can be cut off by having the head more
in line with the supine trunk*

hether 1t be due to neural iInteraction, or to stray light
within tie eye, the depression iIn retinal sensitivity caused by the
glare source in the periphery accentuates these effects due to the
physical decrease in 1 sainnncc of the shadow areas ut high altitude,
for not only Is the pilot subjected to a glare source iIn the periphery
of his field of view, but his central field of view ia physically darker
than 1t would be at lower altitudes* Thus on all occasions when
flying to a sufficiently high altitude and towards the sun, the
instrument panel will become darker, and when there is a uniform
cloud floor beneath the aircraft, the ltuinaner of thcinstrunent
panel in shadow may be rendered subjectively even lower by reason
of the depression in retinal sensitivity caused by a peripheral

glare source of iIncreased intensity*
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The speed with whioh these changes in ambient light can occur
eontributes nuch to.wards producing discomfort, especially amongst the
pilots of fighter aircraft who are liable to be subjected to the
nost rapid changes iIn altitude* Less than one minute after take-off
they may be transported from an environment of light and shade normally
encountered in Britain to one which is rather like & combination of
the glaring snow fields of polar regions with the solar intensity

of the tropics*

The subjective bize efitoct whioh had been observed in the
visual field at high altitude afforded much speculation as to i1ts
cause. There seems little doubt* however, that it wno due to a
depression iIn sensitivity of the retina caused principally by tbs
greater extent and uniformity of the cloud floor when seen from high
altitude. On subsequently looking into the clr er cockpit, a large
positive after image of this cloud floor was seen to cover apparently
the entire Tield of view*

The experiments carried out in the deoominression c tarber
showed that the effect was probably contributed to fay the slight
anoxia which was present during the flights at 40,000 feet with
oitga™ Employing the o:ygeu regulator on 1tu highest setting fbr
use at heights aoovc 25,000 feet, the sitting subjeot at 40,000 feet
ip known to be under the conditions of mild oxygen deprivation widch

wo d* exist In normal air at 10,00X) feet altitude (fchufK )
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Whilst it is known that in scotopic vision the effects of
oxygen lack on sootopic vision areevident at as low an altitude as
4*000 feet* it is generally accepted that changes in photopic vision
take place only in marked anoxia. It was therefore particularly
interesting to find evidence of changes in the visual system at
photopic levels, at os low a simulated altitude as 5*000 feet.

It had earlier been stated hypothetically that the haze
effect might bo due to a positive after image of the bright cloud
floor* Experiment has shown that the positive after image in
darkness does last longer in anoxia. Thus us in scotopio vision*
the recovery of retinal sensitivity ia prolonged in anoxia, so in
photopic vision, the longer duration of the after image suggests
a similar effect*

The longer recovery time after dazzle is a symptom which
takes place with slight oxygen deficiency* whilst on the other hand*
the general depression of retinal sensitivity as crvideuce by the
common observation of darkening of the visual field, seems to take
place only when the degree of anoxia is already marked*

The experiment on the recovery time from light adaptation
during decompression (fig*24) allows a shortening of recovery times
occurring between 25*000 feet and 3!>*000 feet* At 25*000 feet, the
flow meter was switched on to high flow of oxygen* but the improve-

ment* actually took pluce before this change in flow was made*
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Grandjean (1948) carrying out teats on several functions
of the central nervous system, at about 10,500 feet on the
Jungffnujoeh, found that compared with the threshold at 2,500 feet
there was at altitude a lowering of threshold, which disappeared
after the administration of 100, oxygen, and which reappeared viien
the oxygen administration wns stopped* [l points out that the
reason other iInvestigators were unable to demonstrate a similar
effect iIn experiments carried out In the decompression chamber
is that subjects nere given insufficient time at the lowered
oxygen environment before belag subjected to tests. He found on
repeating the tests in the laboratory under low oxygen tension
(3%, ) that the lowering of threohold of cutaneous sensitivity
was detectable only after 15 minutes, and that the increase in
anplitude of the patellar reflex was demonstrable only after
45 minutes anoxia*

It seems as though the effect on diminished recovery
time whioh was obonrvd iIn the present experiment in the
decompression chamber, is similar to that observed by GrandJean™
It will be noted that iIn this experiment the time taken to reach
40, X% feet was 45 minute®, the whole experiment lasting 90 minutes.

The results obtained oould on the other hand be at
leant in part due to the fail ure to control pupil size during the

ex oer Iment*



The chan* es ia pupil size with anoxia do not show a
definite or consistent response. Duguet and I order 11952 in an
investigation of the changes in pupillary area during anoxia, found
that thr pupil paradoxically tends to dilate if in light whereas

in the dark it tends to constrict. Their findings were as follows!-

Darkness Light
Dilatation 27.7T 507
Contraction 55.57 18.8*
No reaction 16.8{ 31.2,

It is thus difficult to predict what pupillary changes
would take place in tide experiment* but on the basis of the work
of Duguet and ilercicr * it would be more likely that a dilataion
would take place whilot undergoing light adaptation and that a
constriction would take place whilst the subject sat in darkness
waiting f>r the adaptometer t > become visible. In uoth of these
oases* the effect would be to prolong the recovery tine. The
increased recovery t ime at 40*000 feet might thereby be explained,
but not the diminished recovery time between 25*000 feet and
35,000 feet*

In the experiment on the duration of the positive after
image in anoxia, pupil size was controlled* therefore in this case
the longer duration of the after image is attributable cither
directly to anoxia or to some general change taking place as a

result of anoxia.
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To refer to thr sensation of light whioh arises spontna-
eously iIn the abacooe of a physical stimulus of light as eintrinsic
light of the retina® ij ratiler begging the question since i1t 1Is
~ot known whether the origin is central or peripheral. The term
~eigenliohtld - own light - 1s thus more suitable. In #t* case of
the light sensation occurring as a result of pressure i1solaenda,
the sensation tauit have a peripheral origin, cut in the o&se of
the light sensation occurring either spontaneously or as a result
of anoxiaf the origin of the sensation has never been ascertained.

The observations of the eigenlioht In anoxia were
carried out In order to determine whether, by preventing the test
from being clearly seen, eigenlioht was a factor contributing
towards the longer recovery tins froa dazzle in anoxia. It was
found that the sensation of light did increase nith anoxia, te
effect being visible at 10,000 feet. On supplying 100, oxygen,
after a period of about 5 minutes at 20,000 feet without oxygen,
the sensation of light increased greatly within u few scoonds,
lasted about 10 seconds and than gradually decreased.

wden these changes are examined in detail 1t seems
that their origin is more likely to be reomul than cerebral. The
most striking feature is the similarity to the light sensation
occurring when pressure is applied to the eyes so us to produce

retinal isohaeaia. The similarity In the two conditions can be



seen by reference to figs. 23 anti 26.

Latham (1931) in an Investigation of the oxygen paradox
concluded that the changes occurring within 12 seconds of
administration of oxygen after a period of anoxia, were doe pre-
dominantly to a disturbance of the central rrrvaus system possibly
as a result of nomeutury increased cerebral anoxia caused fay the
fall ia blood pressure ?hich follows upon the reacts!asion of oxygen*
This ftoll in blood pressure is apparently associated to a reflex
vasodilatation and consequent increased peripheral blood flow
beginning 2-i> seconds after the return of oxygen and having its
maximum effect in about }0 seconds. On this basis tbe visual
effects could be explained in terras of the increased retinal
blood flow alone.

The picture presented by the retinol iachnoniia differs
from that due to anoxia only in the central area of tt»* retina
which cleur3 before the periphery in the recowry from anoxia, and
which clears after the periphery in the recovery from pressure
ischaemia. This difference light be explained by the different
mechanismo by which the normal blood supply is resumed.

On readndoaion of oxygen after anoxia, the vasodilata-
tion affects all the small vessels simultaneously so that the
central area of the retina with its very small blood vessels WDuld

receive its augnented blood supply at the same time as the peripheral



re tina# On the other hand, when pressure ia released from
compressed blood vessels, recovery \ill take place along the
course of the blood vessels the central urea being therefore
affected after the periphery. Tt will be seen that it is thus
unnecessary to invoke cerebral chaoses to explain the sensation
of light occurring in the recovery from anoxia, but one cannot
state that cerebral changes play no part in the phenomenon# In
fact, the findings of Nocll and Chinn (1950) that anoxia affects
first the cortex then ganglion cells bipolar cells, and lastly
the photoreceptors, renders rsore likely tlie possibility that
during the onset of ~ooxia at least wane of the light sensation
observed may bo of cerebral origin#

It is therefore concluded that the origin of the
seu&itlon of light occurring spontaneously in auoxia, *ay be
oither retinal or cerebral or both. The sensation of light on
readninslon of oxygen however is more likely to be of purely
retinal origin# The subjective light whilst possibly having
a visible effeot upon photopic vision, i« more lilcoly to bo of
in >ortanoe only in acotopic viaion, *here its presence in the
visual field would interfere with the visibility of a threshold
source by subjectively reducing the contrast between that sourco
and its background. It night thus be a factor contributing to

the raising of the absolute threshold to light during anoxia#
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During tbe bifh altitude flights it bed beeu noticed that
along with the & >pearunce of base iu tbe visual field, oolours appeared
to be desaturated and one bad the im reeoion of not being ao oouooioue
of colours oe ut lower altitudes, and that such oolours as wore visible
soerned to be more blue thaa they would have been at lower altitudes*
On one of tbe high altitude flights, tests carried out with Tst.lhsra
plates revealed no abnormality of colour vieion*

In retrospect, tbe effect s «me to have been due to the
lowered retinal sensitivity caused fey the bright outside scene and
by the slight oxygen deficit at 40,000 feet. Tbe description "cold"
employed fey artists in reference to colours describes precisely the
altered appearance of oolours at high altitude* Colours are referred
to as "warn* when they contain more red than another with which they
are being compared and they arc referred to as being "oolder" when
they contain more blue*

It has b en observed that when retinal sensitivity has been
lowered by light adaptation, all oolours in tbe viuunl field become
eoolder** This difference which ia dependent upon the colour tempera -
turc of the adupti™ light seems to be a useftiL oud sensitive test

for determining differences in adaptation between tbe two eyes*
H Ftit"rs
® An interesting effect observed during tbe tests carried out

with the "mima blue™ amber coloured filter was the apparent improve-

ment in tbe visibility of clouds* This improvement rauo entirely



1r*

subjective in that it oould not be d"“roonstrated, for, when a vdsp of
cloud just visible through the filter wan again sought but without the
aid of the filter, it was seen just as clearly as it had been through
the filter>*

Claims have frequently been put forward by the manufoctirers
of sunglasses, that their product is effective in cutting huso*
ay absorbing the scattered blue of hase and thereby improving contract
and thr visibility of distant objects. These claims have never been
substantiated and, in an investigation on such claims, Yerplanok (1947)
oouoludcd that there was no improvement in the discrimination of neutral
coloured targets at a distance of about 4 miles when those were viewed
through so culled *hasc cutting* as well as through other coloured and
neutral filters.

Viewing a coloured target against a coloured b&ckgro nd9
however| it Is possible %o Improve contrast and therefore visibility
by looking through a filter whioh transits the lighter oolour and which
ia opaque to the darker colour. Thus, th ‘contrast between a ymllow
object against a blue aeu, may be improved by looking at it ttirough
a yellow filter which is opaque to blue and therefore makes the sea
appear darker.

By looking throughaueh a filter, although brightness contrast
is increased, colour contrast is lost, and, if there are white crests
on the wuv*?a9 the loss of colour contrast between the white crests and
the yellow target, w ill be muc& greater than the udvautage gained by

the slight increase in contrast between the yellow target and its

background.
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The improved visibility of clouds when viewed through the
amber filter is probably due to an increase in contrast between the
yellowish clouds and their background of blue 3<y# The wisps of
ha3e, being less yellow, would not show tbe same increase in contrast*
Increases in contrast produced by eel ctive filters during a ilight
at 40,000 feet on a rare occasion on wtiicb there was no cloud below the
aircraft and very little ha&e, tlie authorf who was at the tine wearing
red dark adaptation goggles, found that he could ace at once* tbe entire
Belgian coast as far as Holland, the i?Tench coast as fbr as be Havre,
and tbe entire Thames estuary; a radius of visibility of about 120 niles*
When the togglos were removed, it was not possible to see so much of

the Continental ooast* The effect was attributed to the red goggles
which on this rare occasion gave an advantage by making the sea

appear black and tic yellow aondy coastline appear brighter*



178

fliH

Siaptar P iclfl 4vopift

The investigation of the problems of vision at high altitude
has uncovered the fact th”~t many of the difficulties encountered are
caused by the absence of visible detail in tlie visual field outside
the aircraft* Cloudu below the aircraft may not alwcyu be viaibls
particularly If the aircraft is fbr above the cloud floor or if the
pilot is oittiog lov in his seat* Vhilst warching the sky for
another aircraft, there is thus frequently nothing in the distance on
whioh the eyes oau focus* In the absence of detail in the sky it
also becomes difficult to scan in a regular pattern as is normally done*
This type of visual field wldch thus takes on a new importance by virtue
of the tlrequenoy with which it ia encountered at high altitude huo been
called an em ty visual field* This tens purposely does not specify
the luminance of the field but merely refers to a visual field in whioh
there is no detail sufficiently sharp as to constitute a stimulus for
the accommodation mechanism*

The most striking effect associated with viuloti in an empty
visual field is the involuntary increase in the power of acccmaodation
which takes place in spite of a subject’s attempt to relax accommodation
to infinity* The effect of this change is that the canetrope, searching

in on eu&ty visual field, becomes virtually myopic*
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Jy 'varying the brightness and the contrast of a test object*
Luckeish and '"obo (1% 0) employing a subjective technique demonstrated
a change similar to that whioh has been fbmd in these experiments*
They found furthermore that it occurred when the visual axes were
parallel as for infinity. The significance of their findings however
does not seem to have been generally realised*

In the course of the present experiments, it was found that
when the subjects were presented with an empty visualfid d they
exerted on an average, about 0*5 dioptres of aooonmodatton* The
conditions under whioh this ‘empty field myopia” showB itse If are Sind*
lor to those which give rice to the phenomenon of "night syopia”. In
the latter case, the empty field whioh is accessary to give rise to
the condition is produced either by the total absence of light or by
a reduction of light to a level sufficiently low as to prevent
visible detail from acting as an accoiasodation stimulus*

la both ttiececonditions there is thuo a similar response
to lackof a stimulus) so much so that one is led to the conclusion
that there is a common physiological basis for the refractive changes
whioh occur under both photopic and acotopic oonditi us*

The enjpty field myopia occurring by day has never before
been described* In the case of night myopia, howsver, it has been
known ciucc 1883 that vision in twilight can be improved by placing
before the eyes negative spectaclo lenses* This phenomenon has been

independently rediscovered ou several occasions and the extensive



literature on the subject has been reviewed by Knoll (1932) and by
O'Brien (1953)* "be opinion generally held today is that the total
effect of night myopia is contributed to by spherical aberration, by
chromatic aberration and by an accommodation change* There are

iM rly large variations in the estimations of thr extent ofnight
igyopla by various authors, but it seems to be generally regarded as
being between 1 and 1*5 dioptres*

The chLuigo in illuraination from high to low involves a shift
in s >eotral sensitivity from cone to rod vision* The effect of
this change acting in conjunction with chromatic aberration of the
eye is to cause the eye to becomevirtually ayoplc by about 0*9
dioptre# Yald and G riffin (1947 estimated that chromatic
aberration would account for 0*4 dioptres of eyopia*

As seen from the work of Tvanoff (1947}» the extent a*id the
type of spherical aberration can vary greatly between individuals*
There is little doubt, however, that under scotopic conditions
when the wider pupil exposes the outer sones of the lens for which
the ibcal length is leos than fbr paraxial rtjya there results an
effect which con account for about 0*9 dioptres of the total
night yopia#

In the present instance the interest lies mainly in the

third condition, which is the change ia refractive power of tbe lons*



Moat of the work on this aspect of night myopia was carried
out originally try Otero ana his collaborators* By employing a flash
technique of photographing Pur JLnJe-Reason linages from the anterior
sur.ucc of the le is, tlicy made measurements of the refractive
onanges occurring in tlie lens in darkness* Otero (1951) concluded
that 1*23 dioptres of accomraod&tion was involuntarily exerted by
the eye iu darkness* Campbell (1953) in a report on discussions
with Oterot points out, however, that Otero's results related only
to the highest readings of a group of 3 subjects* Headings slowing
a lower degree of myopia hud apparently been excluded on the grounds
of being unsatisfactory* so that Otero's renults are probably closer
to those oat&ined in tbe present series of experiments*

The most obvious critioionsw hich can be levelled at the
experimental findings of involuntary accommodation exerted v/hilst
search an empty visual field is first* that this is not a special
effect due to the empty field, since it is common knowledge that
most people, on looking into an apparatus containing a lens, accommo-
date involuntarily from the knowledge that the objects they are
looking at are near* ccoudly, it may be said that kit has been
determined iu tie laboratory may not apply in the field*

| tic first of these is a ontioiao frequently levelled* and
the ex&a”le cited is the stroif negative setting which students
unaccustomed in tbe use of the microscope select in Xx'ocussing of

that instrument* The accommodation of which this is evidence is
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however not caused by the knowledge of the nearness of the object*
became a similar negative setting has been found to be that which
was most comfortable in the setting of binoculars (Wald and G riffin
(1947))* The findings of aid and Griffln refer principally to the
setting of binoculars at night, but to a lesser extent there is a
similar trend in the optimum setting by day. Xfoi, as has been already
pointed out, the usual practice in focussing binoculars is to observe
the distant object directly, and then to raise the binoculars to the
eyes, adjusting the focus so that no obvious accommodation change
should take plaoe when ohanging over from direct viewing* The tests
by G riffin and aid may thus not have been purely of the optiaua
setting sinoe the setting obtained may have been influenced In this
way by previous training. It would thuo seem that if anything s till
more negative setting s would have ueen obtained under conditions In
whioh subjects were net permitted to view the distant objects fay
naked eye.

One can thus see that the first critidm B thus consists of
two distinct parts which are sometimes mistakenly believed to be
dependent upon one another. The tendency to accomodate when
looking through a lens system shows itself only in the sel otion
of a negative setting when thr focussing system of th” apparatus
is a variable one. That such a change in accommodation does take

place under these eirousnet ncea Is undisputed but whereas the critics



make this aooosmodatioa cliuiige the primary oauos, theevidence of
experiment and observation slows that it is merely the effect, the
prinary o&use being the absence of a stimulus for the accommodation
mechanism. This tendency to accommodate w hilst being put forward

as a criticism is thus rather a point in support of the findings
since it indicates that the accosanodatlon raechanims takes up u
position of rest not only in the absence of a stimulus but also
when the position of rest can be adopted without detriment to the
sharpness of the retinal image.

There is no direot evidence that the knowledge that the
stimulus is near is not a factor responsible fbr the involuntary
accommodation. However, since this involuntary acco unodation
hao been found to be present in the viewing of distant objects
(night myopia ana binocular settings) it cin be but a contributory
factor at tlie most. Tven so, if it does indeed contribute, its
effeot is likely to be very slight in these experiments because
the extent of the refVootive change in day myopia was found to be
of the same order of that occurring in night myopia w hilst viewing
distant objects. The knowledge of the clistauee of tlie test object
could hardly be responsible fbr the iWlureoi* the myope to relax
completely in the absence of aay lens or correction before his eyes.

A point not made by the critics, however, is that the failure

of the myope to rdlax accomodation completely when viewing the test



object directly without intervening lenses might have been oaused by
convergence and the associated accommodation link, The test however
was presented ronooulArly and furthermore the "xpcrinents of Ltlokelsh
and .loss (1940; show tkut someinvoluntary accommodation tookplace
veil when the visual axes '.ereparallel*

The linkage between accaanodation and convergence Mould lead
one to believe that trie adoption of the resting position by the
accommodation mechanism v.ould be acrompouied by a oonvcrgruce of
about 1 prism dioptre* Experiments using the small dot trohn+<$ii0
stjiowed that when the eyes are allowed to relax In the way referred to
as "gasiug into apace" as when one ia tired, accommodation goes to
the resting position* It seems likely that this resting position of
accommodation Mould be adopted in anoxia too and In this connection
it is interesting to note thatlIfcely (1933)found that in anoxia
there was a tendency forthe visual axes to converge (is would be
expected if accommodation were increasing* He found tb t in anoxia
cxopbores improved, tbe exoptioria dirappearing and the visual axes
Ik coming more parallel* Eaophoris on the other hand became ore
marked causing the? (subjects to suffer from diplopia in anoxia*

Tiiere is tliue a teudoucy for the visual axen to converge irrespective
of whether they are or tend to be divergent, parallel or convergent*

Although it does detract frrm the completeness of the

investigation, the failure to dr sonstruts involm tary uooormiod&tlon



in a field experiment Ib not a srious failure, since data ONn the
reduction of pick up r&ttgee in air to air search at high altit tdes
amoixit to a confirmation in the field of the experiment carried out
in the laboratory* Tt is found in practiom at high altitude that
the range ut which the target aircraft is detected is In general
aoout half the range at which toe same target is detected at low

altitude*

Hatwr* of - asss”™aim

It thus appears that irrespective of whether the environment
be bright or dark an involuntary accomodation occurs if there id
no visible detail wkiah can be suarply focussed* The aocxmiodatlon
mechanise in other words adopts a position of 'physiological restl.

It has been shown x**iepenucnUy by Fincham (1951~ and by
Campbell and ifimroae (1952/ teat the stimulus ibr the aoco mxmtion
reflex is one involving cones* |lu the absence of such a stimulus
it is not possible ibr the accommodation mechanism to relax com-
pletely which ia the ouse of the ermnetrope would be for a focus
at infinity*

The nature of tbe accommodation stimulus itse If io however
not certain* finchan., for example, believes that his findings are
in favour of a mechanism whioh usually depends upon the detection
of chromatie fringes in order to assess whether accommodation has

to be relaxed or increased in order to focus an object* bmo of
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his subjects apparently d>not rely on this procesc since they are
able to focus targets without r gard to whether the light illuminating
the target is monochromatic or polychromatic, but of an identical
hue* This group of subjects, lincham says, obtain a clue as to the
direction in .vhlch the aoco rodation change must take place so as

to focus the target Xj small involuntary scanning movements of the
eye* It is difficult to believe that the eye could detect the small
changes in graduation and in distribution of colours round a
focussed image and interpret them correctly without hesitation so as
to determine in rhich direction the correction has to be mfe to
bring the image to a sharp focus. |If one sets up a small screen on
an optical be.xh and focusses an image of a black object on to this
soreen, by means of a simply lens, chromatic fringes are oul/iouii,
but if the object is pl&oed out of foous, looking at tbe appearance
of the chromatic fringe upcn the screen gives no indication as to
v/ihether the object is falling In front of or behind the screen* The
doubts expressed here are not vitb rega d to the findings but viith
regard to the hypothetical explanation put forward by Finehum* The
writer in fact tins been a subject for Mr* Fine*jam in this type of
experiment and has experienced this difficulty in focussing a teat
object wtiioti was illuminated ly monochromatic light whilst no
difficulty was experienced when the same test object was illuminated

by polychromatic light of the same spectral hue*



Finctaara*s other hypothesis however - that of the part played
by eye movements is supported by the personal impressions gained during
the course of the investigations on accomnodatiom It was noted that
the small dot test sometimes beoane visible apparently at a greater
distance if one scanned slightly iroc side to side* -he raeohunis©
howver seems unlikely to be associated with, as Pinoham suggests,

a retinal directional effect. loo hum bases his hypothesis on au
observation that when his subjects were presented with an out of
focus Image, there were no detectable oscillations of aoconr odatlon
which might be classed as trial and error cringes in ucconnodatiou
in order to deter ine in whioh direction to focus* |Ills observation
Ib not supported by the findings in tne experiments in Part 4* In
figs and 41 it is seen that accommodation doeu fluctuate about
the resting level* Jmall fluctuations are seen superimposed upon
much larger fluctuations oocurriar at about one minute intervals*
Theoe larger and slower fluctuations whioh occur in &u empty field
are probably of little use in determining ia which direction to
change aoooTomouation so as to focus with little delay an out of focus,

Oysi)

Arnulf® however, haa demonstrated snail fluctuations of the order of
1 of a dioptre occurring very rapidly, ihese fluctuation' whioh are
normally present, would not be seeu on the optometer employed by
Pineham since they are of such a snail order, but tbero seems to be

no reason vty they should not ai'ford the clues necessary to uring

to a sharp locuu an out of locus reti.™i image*
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TAjrther evidence of the existence of micro-fluctuatlons ia
afforded by the observation of Tlelmholts on the appe&rauce of con*
centric circles when these are observed raonoc ilarly at reading distance*
3ono >arto of the circle appear darker, the darker lines together
forming a diabolo shape* Helmholtz pointed out that this was evidence
of the effect of astigaatiara on accommodation. Ja re-investigation
it was personally noted that this diabolo is seldom stationary* It
moves now in one direction, now in mother, giving an offset similar
to that obtained when observing a rapid moving spoked wheel with an
inaccurately tuned stroboscope* The diabolo appearance io due to
astigpiatisft so the movement of the diabolo can be rogarded as
evidence of fluctuation of aacomnocL*tion*

Two further observations are mode which support the view
that the movements of this diabolo were due to changes in accommo-
dation. The first is that when the circles were observed through ft
stenopoeic diBC whioh introduces great depth of focus the apparent
movement ceased* The second in that when a +2D cylinder was placed
before the eye, the diabolo was much more easily seen and waa fixed
in the axis of the cyliiider. When a marked accommodation effort
was thru made the diabolo was seen to move rapidly through 900
remaining stationary in its new position as long as accommodation
was maintained*

In the course of the experiments with the snail dot test

flue tikitions in the visibility of the receding teat were often



noticed before tlie test eventually disappeared and in the oases in
vrhich the target was being inoreased in else whilst being maintained
at infinity similar fluctuations in its visibility usually took place
before it was clearly seen* This effect was noted particularly by
subjects v/tjosc lasting coition of accommodation was near the plane
in whioh the target was situated* This fluctuation of aoccssaodution
could wellls the link in linoham's observations of the difficulties
experienced by some subjects in fbcussing a target illuminated by
mouochrozoatio light. The fluctuations in accommodation would have
the same effect as moving the screen either towards or away fVoa the
point of optimum focus* -hen one introduces movement in this way
to the screen, tne direction in which one must go to correct tbhe
blurring becomes ut once obvious brcause the fringes from spheriojl
aberration and from chromatic uuerration immediately reduce in sice
wiien one goes in the oorrect direction* |If the target is Illluminated
with maachromatic light, the fringes due to chromatic aberration
disappear and the movement of the screen thereafter results in less
marked ctmngoa iu the degree of Blurring*

The work of Campbell (19>4) on the light minimum required to
e licit tb- accommodution relaxation in darkness might suggest that
the stimulus required for ace ,nwx>datiou was one of light alone, but
the ffcet that a uniform light field does not elicit reflex relaxation
of ucconuaodation to the far point, shows that it is a stimulus of

detail and tlierefore more probably a perception of brightness difference
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v/hioh le necessary to elicit the reflex* Brightness difference at
threshold level is an insufficient stimulus as d&nonatrated by the
fluctuations in sharpness of the barely dLsoernible email dots9 and
by Canpbell's findings of a sub-threshold light stimulus at photopic
and at *00topic levels is thus evidence that a stimulus of detail,
although visible, taey yet be sub-threshold in mediating relaxation
of accommodation to the fir point*

The conclusion to be drawn is that fbr the stimulus to be
effective iu producing a reflex relaxation of accommodation, its
retinal image must be sufficiently oiiarp to shor changes in sharpness
with alterations iu the refractive paw.r of the eye* |[|f the retinal
image is so blurred either by inaccurate focussing or by a blurred
stimulus us in the experiments of Knoll (1992) that it is not possible
to detrot differences in sharpness of the retinal image in response
to changes in the refractive newer of the eye, the stimulus of detail,
although visible, w ill be ineffective as an aoooeraodatlon stimulus*

The im plication of this deduction is that acoonmodatioii is altered
in the correct direction in response to a simple process of trial sad
error* The find* Ig that some very blurred stimuli do not stimulate
tbe aooonmodation reflex suggests that reflex relaxation of accommoda-
tion can take place only when tbe retinal image shows changes in
sharpness with the small trial and error fluctuations* |If the retinal
Image is already very blurred, it w ill obviously not show an appreciable
change in response to these small fluctuations and it w ill therefore

not act as an accommodation stimulus*



In this hypothesis, what seems to be a discordant note is strusk
by the fhot that the small fluctuations of aooomnodation of the order
of 0*1 D which are being invoked to explain the process, do not give
rise to subjective blurring since they arc within tbe range of depth
of focus of th© eye* In a way not yet clear chromatic aberration of
the eye may play an Important part in the meohanlsn by which the
slightly blurred image Is brought to an accurate fbous, fbr it has
been shorn by Campbell (1974) that the eye is most sensitive to out
of fbcus blurring in the v**velength of light about the middle of the
visible spectrin, even when one canpares different wavelengths of
apparently equal luminosity*

Fixation Pattern

The tests carried out on the suitability ofvarious patterns
with regard to procuring an accurate fbeup at infinity? revealed the
interesting fact that some collimated patterns were Isas effective
than others* The pattern which In general was the most effective, was
the one whose shape resembled most closely that of the small threshold
target; in this case, a round black dot*

This Is really quite understandable because if there is an astig-
miltic error in the eye, the accomodation exerted when looking at a
horizontal line, v IIl not be tbe same as that required when looking
At a vertical line* It is therefore conceivable that tbe subject who

Is fbcussed on a vertical fixation mark, at Infinity would yet not be



focussed at infinity with sufficient accuracy to see & n a il horiscro-
tal line of threshold size*

It any seen strange that depth of fbcus or more properly depth of
field of the eye, should not nem it fin test object to be visible in
spite of inaccurate focussing* The reason however, is probably to be
found in one of the observations made during the calibration experiment
This was that there is a fbrra of economy of effort in the act of accom-
modation in that the accuracy with whioh an object is fboussed, depends
partly \g?on its a5se, and partly upon tbe distance at whioh it Is from
the natural resting point of the accommodation mechanism* |If the test
is a large object there w ill be a greater permissible margin of error
in fboussing, and if it is a small object, it w ill require to be more
accurately fboussed* If It ia near tlie subject's far point, be w ill
tend to fbous too near and if it ia at hie near point, lie w ill tend to
fbcus beyond it*

Thus with all test patterns at infinity, there is a tendency for
the enraetropes to focus too near; the larger the pattern, the greater
being the inaccuracy, and of course if the subject is asti oatfc it
now becomes evident that w hilst he may be fboussed with sufficient
aoouraey, on a vertlcal fixation mark, he nay well os so for from en
accurate focus in the horizontal meridian that a round target of near

threshold sise would not be visible*



otter findings in this section require alternative explana-
tion* They are the difference in effectiveness between the vertical
and the horizontal stimulus and between the black dot hexagon and the
bright dot hexagon* In tne first instance the difference may be rela-
ted to physiological &j tigmitxaro which, according to Duke-Slder \1949)
is almost invariably present being a corneal astigni tiara attributed
to deformation of the oornea by the pressure of the i“per and lower
lids* The lesser curvature is thus frequently iu the horisontal axia9
as a result of which the eye w ill tend towards hypermetropia when
viewing a horizontal line target* Tte accommodation exerted by the
emmetrope, in order to see a horizontal line target w ill therefore
differ from that required for a small round target to be within tte
circle of least confusion*

In tte second oase, in which tte target was a hexagon of luninous
dots, the difference may be relate d to tte fact that a point source of
light is detectable against a black background not by reason of its
angular size, but by reason of the amount of light reaching t he eye*

It is in consequence evident, that the fixation mark employed in
any test roaiiring accurate focussing, should be as similar in form end
in size to the final test as is permissible. The similar fbrra being
necessary so that the same circle of least confusion should be adopted
by the subject, and the similar size so that there should be least depar-

ture from accurate focussing attributable to eoonomy of effort*
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Angular distance of a pUoulub fro. the JSSSSt

The results obtained relating to the relation of the effectlrene
of a colira ted stimulus to its angular distance from & fovea show a
striking sim ilarity to the graph of visual acuity at various angular
distances, from tbe fovea (Fig. 60), the similarity is to be expected
sinoe the aoootsmodatlon reflex is mediated through the stimulation of
cones.

Bsoty field myopia and ecuitar

The most interesting of the accommodation experiments however
was undoubtedly the final one, In which were assessed the effects of
empty field syopla upon the minimum visual anple for a distant target*
It must be confessed that this experiment had been carried out in the
hope of demonstrating a correlation between flying experience and the
ability to search in an empty visual field* No such correlation was
demonstrated and the main purpose of the experiment turned out to be
the demonstration of a strong correlation between the subjects for
point and his acuity at infinity*

It la felt that the failure to demonstrate a correlation between
experience and the ability to search in an e”pty visual field la rather
a oritioima of the method employed than an indication that the two fac-
tors are unrelated*

It has bean seen teat in the measurements of tbe extent of tbe

involuntary ”“ocoraoodation exerted in an eqpty visual field there was



a great fluctuation in results not oalv from subject to subject but

la one Individual, and the Icrraograpfdc tracings liave shown that aoooia-
naodation is seldom stationary but fluctuates. When a subjeot searches
in an aspty field, the best he oan do 1c to relax his accommodatioa to
this fluctuating level, fie can however increase his accommodation,
unwittingly thinking that he ia achieving a greater degree of relaxa-
tion. La the experiments in which the optometer was being use** to
onliorate the apparatus, it wen noticed on a number of occasions that
subjects, even thosefam iliar with visual experiments were quite unable
to determine whether they were increasing or decreasing their scoukio-
d~tion if there was no target visible*

The significance of this ooe<rvation is that if uU over anxious
subject makes a distinct efitort to rolax his uooocmod ;txoa to infinity,
he inoy well merely succeed in increasing his acoosimodatlon. It thus
seems likely that those who are unfamiliar with search in an mnpty field
may thus unnecessarily accentuate the difficulties, whereas their more
experienced colleagues, by making no distinct effort, would allow their
accommodation to reach normal resting level, thereby achieving the best
performance possible without the help of a collimated stimulus*

The correlation between the 'ﬁ]’point and the pick up range ia aa
empty field, sho”s that the subjects who can pick up a target furthest
are those with a more remote for point. It would thus seem that hyper-

ujtropes of about 0*3 B 'would hove the greatest advantage, in that when



196

looking at an «mpty visual field their involuntary accommodation would
bring them to a toons at infinity* W hilst the relation between the
far point and the pick up range is easily followed la the light of
knowledge relating to the resting stats of accommodation, the relation
between the fbr point rind the minimum visual angle at Infinity whna an
accomodation stimulus io preemit is less obvious*

That ettaetropee should perform better than ayones, requires no
elaboration, but the better performance of hypovmetropes at first gave
rise to surprise for there appears to be no reference to higher distance
acuity occurring amongst low hjpermetropefe* As w ill be shown the
explanation of this finding probably liec in what has already bean
referred to as the economy of effort in the act oi* aooomrodation*

li a auojeot is presented with a oollimated teat of noar threshold
email dots, aurrounood by much larger dots, and if he deoicfc'8 to focus
primarily upon the easily seen larger uots, he may find that whilst his
resolution, by roaoou of inaccurate focussing, la sufficient to -'How
his to see a large stimulus, it may yet be insufficient to allow him
to see tbe threshold stimulus* Unless Just detectable blurring is
different for b&g and fbr small objects, the Implication is thus that
when a large object is being observed, there Is some blurring which,

w hilst being detectable is suppressed at a higher level* hen the task
ia one requiring More careful focussing, as when attention is direotsd

to some detail in the large test object, or to a small test object
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beside it, the suppreufcion must be owroo ie, and the accuracy of
focussing be d 'termined by the level of just detectable blurring*

11lms eons subjects who ooild not see the snail dots, on being
told to look oarefUlly at tbs large dots, frequently exclainrd that
they could suddenly see clearly the near threshold pattern of email
dote*

In observing a stimulus which gradually beoaae smaller it vae
found in many oases that as the end point was reached, subjects repor-
ted that although they v;ers fixating tho small dots, these became blur-
red and shortly afterwards, without further red*totion in 3lse being
necessary, they reported that the m all dots had disappeared* This may
be because as the dots become smaller, they reach a critical oise at
whioh, as was pointed out above, they may be still visible and yet not
constitute a stimulus for tne accommodation reflex* In uuoh a oarj®,
oven if the stimulus booomea no analler, it ia only a matter of time
(less than a minute) oofore accxMfaodatloa, in tbs absence of its stimu-
lus conee nearer then the optLmua focus for the far point*

Such a sequence of events is well seen in Fig* 1*5, iu which tbs
objective measurement of accomodation showed that as the test object
went beyond the fbr point and became m ailer and more out of fbous,
acooanodation began to come towards the resting level although the test
was still visible, though blurred*

In an empty visual field, the drt~tion of asall dots seems to take

place first of all by the blurred image falling on the periphery and
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initiating a fixation reflex whereupon It is brought on to tbe part of
the retina capable of initiating the aooocnoditlon reflex*

In view of the way in whioh the snail dots are seen whim there is
other larger detail present, it is thus to be expected that low hyper*
metropes should perform better than cranetropes by reason of their more
aocur&te fbcussing at infinity, and, more basically, by reaeon of their
restine level of aocomaod&ticn being nearer infinity* ?hus, for a task
neoessitatix™ good acuity, one would eipect that the beet performance
vould be by hypfrnetropes of 0*6 D», irrespective of whether the visual
field wae empty or not*

With this point in mind one may look again at Figs* 54 *«nd 55
snowing the oorrelatlon between #ar point* and *no stimulus distancel,
and between *far pointl and 'with stimulus distance’, and it w ill be
seen that, perfobormance ooes deteriorate nith for points above and below
0.6 D.

Because of the economy of effbrt In ooooflaod&tion whioh tt.us
results in too little accommodation being exerted when the near body
is observed, it is probable that tbe figures fbr amplitude of accommo-
dation obtained by Duane (1922) with a codified :Vinces rule, ore in
excess of the real amplitude of uooonraodation*

It appears that enaetropia defined as the condition in mdeh the
unaccommodated eye focusses at Infinity the yellow»grcen corresponding

to the maxlmim of the photopic lumimosity curve is not the condition



most favourable to taeks involving a high degree of acuity fbr distant
objects*

From this there emerges an interesting point. The chromatic
difference of focus between the yellov®-green at 5500 Au and the blue at
4500 Au is about 0*6 D (ivanoff 1%7)* |If one considers depth of fbcus
which ibr a 3 ran* pupil would bo 0.1 D (Campbell and Weir 1352)# this
difference could be reduced to 0*7 12 Thus the subject who in his
uxiacoommodated state can focus the entire visible spectrum at infinity,
is incidentally also the subject who is most suited to oarvying out
tasks demanding high degree of acuity for distant objects.

The luminanoe of the background with which these tests were carried
out was of the same order as that of the daylight sty in whioh there is
no cloud, but some base prescut. In flight however, tlie light would
have been coming from all directions, and the glare effect would have
been toore marked. This was ram out uubjeotively in that there was less
ocular discomfort in viewing the test field, than was usually experienced
in flight. Under these conditions of equal luminanoe of field in tte
practical and in the experimental case the reduction of the field angle
caused by the apparatus effectively prevented light fxom entering the
eye from the periphery, so that the uncontrolled pupil siss in the experi-
ment might have been somewhat larger than that obtaining in flight. The
use of the 2.9 23% pupil# whilst helping to standardise conditions, may

thus also have node the experiments more like the practical case with



regard to resultant depth of field*
Other Probloca of ISa*ty Visual Held

Much has been heard recently of the phenomenon known as arctic
white-out which is a fbro of visual disorientation which nay arise when
travelling over enow fields. It is said that for the phenomenon to be
experienced, the sty must be unifbrmly overcast and merging into tbs
ground so that little or no horizon is visible* Uder these conditions
all sense of depth is lost and detail present in the distance, disappears
with the result that ipart from objects which Itc extremely close,
nothing else is risible. One pilot reports in a colourful way that is
is "like flying inside a ping-pong ball « ,0 satisfactory explanation
of this phenomenon has been put forward, but the description of the
sensations, and of the predisposing weather conditions, strongly QMggeat
that the casual factor may be an empty visual field la whioh loss of the
visual cues at infinity has resulted in the establishment of a day ayapLa*

Ttodcr these cirantstunces and indeed when search is being carried
out in any enpty visual Held the ftcooraaodation mechanise v.ill adopt Its
state of rest at about 0*6 dioptres, and it w ill not be possible for
less accommodation to be exerted as long as the field of vision remains
empty* It is probable however, that oore accommodation then this cnyr
frequently be exerted particularly fay an individual who is over-anxious
to do well or who feels strongly the difficulties of focussing under

these conditions*
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Fig. 61. Restriction of the visual field by reaction times, at
high speed.



Reaction time alone, has little practical significance and only
when it is linked to tbe speed at which the enviro:*fliat 13 changing does
it become a useful meantnvment* It is thus obvious that reaction time
becomes *or« important at higher speeds, but it must beremembered that
to the reaction time of the man there must be added the time required
fbr the machine to respond. One might tins refer to 'useful reaction
time' which would be the reaction tim,* of the pilot plus the time taken
for the aircraft to reap nd, the two together constituting a time short
enough to result in a successful outcome whether it be avoiding a co lli-
sion or intercepting another aircraft*

Since aouity Is least in the periphery, and improves as the stimu-
lus cornea nearer to the line of sight, the eusefulreaction time" during
whioh avoiding action may be taken io less fbr peripheral than for
foveal stimuli* The effect of greater speeds is thus effectively to
reduce the angular alee of the visual Held within whioh the appearance
of a stimulus may result in a useful reaction* These effects are accen-
tuated by the occurrence of empty field ryopia*

Pig. 61 anoms the reduction in ndrdmtta visual angle with stim uli
at various angles from the fovea* The data of Craik and 'aefherson
was employed, the reciprocal of the minir.ua visual angle being plotted
since it can thus be referred to asthe range at which the target is
seen* A correction was made In foveal acuity to allow fbr empty field

myopia*



If an object appears in the periphery of the visual field, it has
to arouse attention in order to initiate a fixation reflex and finally
to be fixated, all of which processes require tine* |If an accommoda-
tion change ia required the total tine w ill be longer.

As the stimulus goes towards the periphery, the total time bsfhre

it is fixated will be longer partly because the perception time Is

(0O* It is not yet know but it nay be that sons accommodation change
doss iuam place diaring the eye movements if one knows ty previous
experience where to focus. Thus it was occasionally tbuaft in tbs
course of the experiments, that on looidi®; Into an empty field after
looking near a subject exclaimed tost he saw or had momentarily seen
the snail dot pattern* This oould be cue to the point of focus, on
being released from the near stimulus, travelling rapidly back towards
its resting point and overshooting towards the fer point, befbre
eventually reaching its resting level after a number of mnall oadUs*
tioae. Pig. £~ (the analysis of thr* film record) seems to show
such a change even when a visible target was present. Tbs existence
of a rapid and momentary overshoot in this V¥, after looking at a
near stimulus was suggested by some of the unpublished dutu on the

speed at which aoooiywdation reaches its resting lerol.



lunger fbr a peripheral stimulus and portly because the eyes hove to
more through a greater distance*

These total times to fixate a peripheral stimulus ‘were calculated
from the datn of Strugtold and of Byrnes (1951)e “~hey urere expressed
in terms of distance travelled at various specdo*

The effteot of the higher speeds as shown in Fig* 61 is to
rastriol the field of view in which it is possible to be presented
with a target andS till have sufficient time to initiate avoiding
action* The time taken tor the aircraft to respond to the movement
imparted to the control ojtudu has not been dlowu* In one case, it
ii&s been shown that if r ecognitioa of the target is considered, the
effect is greatly accentuated™*

It is obvious that as ti* flelus become smaller, there w ill rveu-
toally be reached a speed at which the time for the reaction w ill be
lo;iger than the time taken to reach tho t argot* In atioli a oaae, there
would oe no poe dbility of taking useful avoidlop action unless the
visual range were increased by artificial fileana*

The empty visual field also impairs the judgseat of distance,
speed, and else* One would expect that the clearness of the atraos-
ohere with consequent absence of arenl perspective weald make objects
such as other aircraft appear to be nearer* In fhet they appear on
the contrary to be further away and consequently when approaching
another aircraft one is frequently surprised by realising that one ia

rapidly approaching on aircraft which was much nearer than it wsua
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thought to be* The illusion is probably similar to that whioh results
in the moon appearing smaller when it is near the zenith, and IAftgor
when near the horizon*

Since there is no detail either beyond the target aircraft or
between it and the observer, there is no parallactic displacement to
give a clue either as to the distance or to the speed of the target
relative to that of the observer*

One of the racst important factors in the perception of depth
or distance is that of parallactic displacement* When an object in
tl« middle distance is fixated whilst the observer is moving, that
object w ill appear stationary whilst objects behind it appear to move
in the same direction ac the observer, and objects nearer then the point
fixated appear to wove in a direction opposite to that of the observer*
The relative distanoes of the object observed with regard to the detalil
in the near plane and in the distaut plane oan thus be accurately esti-
mated* The oat raising and lowering its head in preparation to leaping
on to a lodge may be employing such a mechanism.

If the visual field contains no detail other than that of the
object fixated, these clues obtained from parallaotio displacement w ill
be lost, and consequently judgement of distance, relative speed and size
w ill be seriously impaired* The difficulty in oatelling a ball, seen
against a cloudless sky is no doubt associated with such an impairment

of depth perception*



The cloudless sky at high altitude la then responsible not
only fbr difficulty in focussing when the Held is empty but also fbr
the difficulty in judging the distance of another aircraft once it

has been detected*



PART 6

CUfIChUSIOHS

With the background of the experimeatal wrk and observations
described in Fartaf Il, 111, and IV, one can now integrate the
findings and paint the picture of tlie visual problems of flight at
hx#i altitude# The entire problem is now seen to be quite simple
although the interaction between tbe roauy different factora makes
the problem appear to be complicated*

There are two basic physical causes for all these problems# One
is the reversal of light distribution at high altitude where the
bright sty formed by clomi and base is below, and the darker blue
sky is above. The other is the clear blue sky which is frequently
present in the hemisphere above the horleonj a sky frequently
without trace of cloud and constituting an empty visual field.

The reversed light distribution ia responsible fbr the glare
problems particularly with regard to visibility in the cockpit,

w hilst the clear blue sky is responsible for the problems associated
with vision outside the cockpits Judgement of speed, sice, and
distance of target, and particularly air to air ecaroh#

Some individuals tolerate glare better than others, but varia-
tions in severity of the glare problems ore due largely to the
variations in tlie cockpit design of different aircraft. As is seen

in the diagram of i<*ig. , iIf none of the light from oelow can



reach the instrument panel, it Trill be very dark when in steutow and
consequently difficult to see* The remedy is simple (at least to

the phyiologist) it being merely necessary either to raise the instru-
ment panel, or lower the coaming, or have a transparency low down in
the side wall of the cockpit# |If this io not possible, the interior
of the cookpit behind the pilot may be painted v/hite thus allowing
direct sunlight to be reflected on to the uarker 3hadow areas. Addi-
tional electric flood lighting might also be employed the sources
being in the lower parts of tlie cockpit, and directed upwards so as
not to constitute a glare source#

The glare problems of vision outside tte oockpit are almost
solely due to the high brightness of the lateral parts of the visual
field. This sets up the intraocular scatter of light whioh oasts &
haee over the entire field of view# A visor 01 eye shad™ bo disposed
as to keep both direct sunlight und the reflected light from the
cloud floor out of the eyes effectively removes or reduces the intra-
ocular scatter, and improves visibility# These glare offfects arc
aooentuatcd and their effect prolonged by even the slight dsgrea of
anoxia which results after rapid d©compression to 10,000 feet altitude#

The empty visual field caused by the oloudless blue sky
reduces considerably one's chances of fbcussing at infinity during
air search fbr a yet unseen target# The slightly longer sighted
individual IS most likely to perform well since his eyes may come to

a resting focus about infinity# Even he however, may be handicapped,
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Tot the empty field gives no sensation of depth or of dLst&noe in
consequence of whioh he may make a conscious effort to fo» uo in the
distance with the result that he focusses even nearer than the
resting position* Under these ciroiansta”™jcesv the pilot searching
the sty may suddenly realise tha®, his eyes are focussed not in the
distance* but on spots of dust on the Tdndscreen*

D ifficulty In picking up other aircraft at high altitude is
thus doe essentially to the fact that the visual field contains no
detail which can be used ae a guide to fbcuo the eyes at infinity*

Sven when it has been recognised however* the estimation of
the distance* slse, and relative speed of an airoraft at high altitude

is Impaired by the absence of the clues from parallactic displacement

in the cloudless sky*



AFPiaimn. ft

Construe lion of the rViotocell

Tbe photooe Il employed was a barrier-layer "~vere tt-2dgotinbe
cell (autophotlo)* The loner the resistance of the moving coil instru-
ment recording thr current output of the cell the more exactly pro*
portions! to illtvaination ms the current output of the cell. The
resistance of the microammetcr tnployed was 200 ohms whioh allowed
a very nearly linear response to 100 miUiamp current output after
v/Llcu the current output of the cell became relatively less than the
iucreases in illumination felling on tbe cell. Tbe constructional

detail of the cell is nhown iu
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APP3HDH &
oallbratton SEmtc oflutco»lty mgasuf»itp (itooOed aad
Tfahoodad 4k to
So that the photocells should have the same spectral response
us during taeusureraents of light ut altitude the calibration was n*ue
iii sunlight* The green correcting filter mto uyed with the hooded and
with the unhooded photocells*
The procedure employed ms to measure tlie luminance of the
white circular target used with the hooded photocell and then to
place ti<? unhooded photocell over the white target and record fron it
tbe intensity of light falling on that area* The results were plotted
and further observations were made at different intensities of sunlight
obtained by partially shielding tbe sun from the target and fron the
cell*
The results were plotted and as the distribution within
the range measured appeared to be linear the points were Joined by
eye as shown in fig*H e« This graph ms employed to compare the
intensity mcesnrenent made at the instrument panel with neasurements

of luminosity tade in direct sunlight with tbe hooded photocell*



NPPKHDIX C

lalaance of a Khlto Verttoel Serfage

hite Baifle Card

Altitude (foet)

10,000

15,000

20,000
25,000

30,000
35,000
40,000

Block Baffle Card

10,000

15,000

20,000
25,000

30,000
35,000

40,000

90
17

36

59

40

40

44

40

13
25

11
12

15
18

18

-60
35

30

39

34

38

38

15
26

10
10

11

15

15

.Degrees oi Sin

-30 |

20

28

26

24

25

27

30

15
28

11
12

12

16

19

0

55

29

32

27

29

30

30

+30

220

2

20

215

210

220

200

220

29

18

21

18

25

24

265
1

215

210

210

210

200

.sinutp
*60

280
280
300
315
300
300

260

280

280

295
310

295
310

260

+90
335

280

335

340

350

320

285

340

290

3*

335

211



212

Construction of "“hree-:iocnsional Graph

A right square prism v.uo drawn iu perspective by adopting an
arbitrary vanietdng point towards which all parallel lines converged*

ith this "three dimensional* driving as a base tar* graplis shown in

figs* 7, 8 *, and C3 were coastrueted* Such gr&piia have been employed
by others but without the introduction of perspective and this has
the disadvantage of making equal valueo at either end of the graph
appear to differ in th”~t the more distant appears to be greater than
tbr nearer value* The introduction of perspective into the diagram
eliminates this impression*

Tbe plotting of points was rather tedious in that each
point was on & different scale* However, by the use of proportional
dividers it was possible to interpose accurately all intermediate
values irrespective of tbe change ia scale* The construction of
each diagram took about one hour but it is regarded as being u
useful method of presenting three reluted variables in suoh a way
that the relation between the three can easily bo remembered fay the

reader*
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rltra Violet ol&r Intensities
(shorter than 315 mul

(ftram itolr A Cobieats (1938))

Altitude Intensity
(thousands of feet) /0B

o .. . . .. 88
4 * . . .. 114
8 _. L X J

12 ee

16 .. X

20 .

D* o

28

52 . .o

36 .. .. . .. 208
20 ¢+

22%

52* e

56 .. oo

60 .. . . .. 342



AFPSHPIX F
Head movement ~ud obstruction of the naaal Tfield.

Introduction

As it ted been observed th -t when a visual search was being
effected in flight, the amount of head movement involved seemed to be
greater when wearing flying goggles than when wearing a visor, a
simple eagporlraent was arranged in order to measure tbe amount of bead
rotation which took place when a subject was instructed to look in
various directions in a given horizontal plane .bile wearing (a) goggles
and (b) a curved perspex transparency which did not restrict the
visual field in anymy*

Method

A circle of radius 3 feet was constructed frum brass atri ,
and on it were marked o ff 5o arcs extending to 125o on either side of
a oonrion origin* A cursor was made from cardboard, and ou it as &
fixation point was a black circular spot , inch in diameter* In
order to reduce the rotation of the trunk, tip* subject was seated In
a pilot type seat and tightly strapped in with the seat harness* A
flying helmet with a pointer fixed to the crown was worn toy the subject,
so that toy sighting along the pointer tbe observer oould o tain a
reading for the amount of head rotation in a horizontal plan *

The subject, having been strapp'd In, the position of the
perimeter was adjusted level with hie eyrs, so that tte mark (0°)
wus directly in front of the oentre of tte seat, and the 90" narks
were in line with tte vertex of his head as he sat looking at tte OP

mark* Tte helmet and pointer were then put on and adjusted so that
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when the subject looked at the Oomark, the pointer was also in line
with it*

Ten subjects were observed, and the procedure adopted in
each case was as follows* Tte head pointer having been adjusted, tte
subject wus told to look at tte fixation nark always in such a way as
to distinguish its outline clr irly* He was told ttevt head mownent
was permitted* In each case the fixation point was placed at 10°,
20c f kCPf 6P, 80°, 100P, 125° on one or otter side of the 6° nark*
The order of presentation of these positions, and the side of presen-
tation were randomised* “ach subject was tested while wearing an
experimental visor type B, and then with IH*8 flying goggles* ifllve
of tte subjects vere te ted first with the viaor, and the others
first with the goggles* This was to eliminate any difference between
the first ftud second sets of results for one subject, which night
arise as a result of fam iliarisation with tbe experiment*
eaiilta

Tte results were oiearained statistically for each of the
at™lec of prescntatim in turn, the hypothesis being that in ouch
subject ibr tte ar™le of presentation in question, there was no
difference in the results obtained with tte visor or with goggles*
or angles of 20° and over, this fypothesis was disproved, the neon
of the differences differing significantly from zero as shown iu

Table I*



nomal field

Left u
e with goggles

Fig.63 * Restriction of the nasal field by goggles
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fvble |
Mean head movement Lift, in Value of Level of probability
Goggles Visor Head Movement at whioh sim ifloant
10 1.4 1.4 0 0
20 7.4 4.9 +2.5 3.33 0.01
40 27*2 19.5 07.7 2.305 0.05
60 41*7 33. <-7.8 3.066 0.02
do 55.7 47.9 +7.8 2.933 0.02
100 67.5 61.2 +6.3 3.839 0.01
125 85.5 82.5 +3.0 3.67 0*01

The difrereuoes between the results ~re seen in Column 4»
It will be noted that when looking 400~F’CO to eltijer side, if gogglea
are worn, the amount of hoad aovctaeot is increased by about EI°.
Disousgioa

Thr reaeon for these cn&ngco iu the amount of head rotation
ie orobably that they are thr result of an effort to keep seeing the
cursor or the area of search biaooul&rly even when there is & restrict
tlon of the visual field on the nasal side* Pig* nbews the visual
field fbr the left rye of a subject **earii¥! Mk.8 go*3glef» a*ad also tte
normal field. It w ill be seen that, although the peripheral field
is only slightly reduced, there is a considerable infringement on the
nasal side* Obviously, therefore, the wearer lookLig to one or other
ride, mu”t either obeerre a target roaocttlarly, or he must rotate his
h«ad more than normally so as to retain the binocular presentation
which he finds more satisfying* The results support the latter view,
thus demonstrating the in ortance of avoiding in the design of eye

protective devices restrictions in the nasal side of the visual field,

as well a* ia the periphery*



AAPRDIX Q 2

Construction of t* adall dot test nlate

In a piece of sheet altniniun 10 ams* square, 17 :«nall boles
were drilled ia a star shaped pattern* The diameter of each hole was
about one millimetre, and the separation between two holes was
about 5 centimetres*

The photon ruphing of this plato, *hioh iuvolvud a reduction
in size to 1/I12tb of the original size v,as carried out by the 'Yinting
Department of the Royal Aircraft Establishment*

The metal template uus ill minuted from behind so that tbe
holes appeared as a star shaped pattern of small light sources* The
photographic plate with the redtoed negative image of the pattern of
lights constituted tne test plate used in the experiments on aocoano-
dation* Several plates -;w: made and rejected before one obtained
whioh was sufficiently free from visible defects such as scratches or
eseedl (small bubbles in the glassy In the area of the test*

"rter exposure and develo».fnent of the photographic plate the
else of the dots was reduced by imesrslOR the plate in a mild reducer
of sodiian thicsulphate and potassium ferricyanide* This caused a
reduction in the dianeter of the dot whilst the reduction in thickness
wtll so little that the dots after this treatment re-miu~rd apparently
quite black*

The test plate proved easy to handle and keep clean an” ftree
fro' dust* Light surfhee scratches and smears on tne emulsion 'vere

invisible to the subject*



NEAR-ACCOMMODATION-FAR

Fig*

Tne accorcnodation changes on
near to far (cine film).

looking alternately from
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Olne 4 meroorl of chwro sflze of the tbirfl i urkigje-aaueou in m
on focuasing frog a near to * distant stimulus

The first Purkiaje-i-auson imsfo - the reflection from tbs
uatcrior uurf&ee of thr cornea was emplqyed as a control. It thus

gives an indication of the amount of scatter In readings, which is

attributable to difficulties in making measurements.
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Ratio No 3tt». Ag6 H»Alt. Plghter Tdtal 1939  Gboorreoted

MfltuAOt Sortie ltours Hours 1946 I*r Point

1.11 18 36 30 806 3100 * 6.5
1.11 18 34 500 mn 2700 . 7.0
1.11 18 20 3 m 260 5.5
1.2 15 21 63 294 590 5
1.25 16 23 6 72 350 75
1.25 16 29 116 900 1700 N 7.0
1.25 16 20 15 120 400 10
1.29 14 30 10 - 3500 6
1.53 12 25 - - 1650 5 5
1.43 14 27 4 - 500 6
1.43 14 28 30 - 412 5
1.5 12 21 22 194 536 5
1.5 16 31 m 135 212 5
1.5 10 29 60 6 « 1090 6.5
1.5 16 26 110 860 1480 9.5
1.6 10 21 . m 600 2
1.6 15 30 90 - 2600 6
1.«7 12 27 12 - 650 5 5
1.67 12 26 110 191 550 95
1.(7 9 24 75 346 667 5.5
1.67 12 27 100 640 1425 5
1.71 14 24 3 70 1501 4
1.8 10 20 23 152 650 5
1.8 10 37 12 250 3500 ¢ 6
1.88 8 28 70 740 1200 6
1.88 8 39 55 . 4150 ¢ 3
2.0 6 22 m - 400 2
2.0 12 24 - m 1200 6
2.0 12 29 15 200 1300 I 6
2.0 12 28 71 675 1078 7.5
2.0 8 26 124 633 1365 1
2.0 10 20 18 86 393 5
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Ratio Mo Jtim. Age fUAXU Fighter Total 1939  Ttoeorreeted

Dlstbooo ortie Hours Hours 1946 Ikr fbiat
2.0 10 31 95 907 2050 *
2.0 12 29 160 160 3000 ¢ 3*5
2.0 12 21 . 100 300 7
2.0 12 21 . . 350 6.5
2.0 10 22 100 . 675 8
2.18 11 28 30 250 1400 11
2.18 11 31 e m 1100 R 10
2.25 8 42 22 95 1900 ¢ 5
2.33 6 21 . - 650 3.5
2.5 6 24- 5 51 440 5.5
2.5 8 25 81 - 630 3.5
m
2.57 7 30 70 2875 N 7
2.57 7 29 150 800 1700 2.5
2.67 6 26 250 297 1370 2
2 (7 6 22 38 206 518 25
267 6 30 50 760 1917 . 5.5
2.67 4.5 31 « . 2050 . 4.5
2.86 7 19 . . 160 6
2.86 7 25 5 42 407 5.5
3.0 6 28 140 500 1500 75
3.0 5 20 3 52 326 2.5
3.0 6 22 14 160 6.5
3.2 5 20 25 204 530 3
3.43 7 29 i - 3813 * 6
3.56 4.5 29 60 480 1720 5.5
3.56 4.5 29 - 2400 4
4.0 4.5 31 10 150 3100 ¢ 5
4.0 5 22 5 69 352 7.5
4.0 4 21 50 350 600 4.5
4.0 5 21 m 650 11.5
4.0 5 20 60 . 470 6.5
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The Problecms of Vision in Flight 4t High Altitude

by
Thomas Charlcs Douay ‘“hitesice

In flisht at high altitude, the visusl robleis arc
caused estentinlly by the reversal of lignt distribution
in the visual field.

The brightness of the daylignt sky is causcd by the
seattering of light by small carticles in the ntmosohere.
The bright part of the sky is thus a layer asproxinately
of the thickness of the atmosphere, the brightness being
greatest near tne surface of the earth and decressing s
the atmoupheric pressure cdecrenses with inerense in
altitude.

During asccnt from the surface of the earth, onec partly
trofverscs this bright layer of atmosphere. At high
nltitude, therc is consequently a reversal in the nornal
lisht distribution, for, not only is the bright "sky"
below the aircraft, but the clenr blue sky above becomes
nrogressively darker with inc:rease in altitude.

Th= visunl problems to which this reversal gives rise,
£all into two parts. The problems of glare associantcé
vith vision inside the cock»it ~ro caused »rincinally by
the brisht cloud floor =nd layers of haze below the aircrift

whilst the problzus of senrch, and percention of size,



distance, and s»eed of other aircr~ft, nrec coused nrine
cipnlly by thoe ~boznce of ecloud in the sky 2bove the
horizon.

The glare probleas ~re caused only to =« ¢lisht extent
by physical changes in lighv intensity. It 1o shown thnat
in an aircraft cabin theve ooy be only slight increases
in contrast between sunlit and shadow arcas. Shadow arcas
do not become very blnck, nor would they do so even outsice
tne carths atmnosphere, bwecnucc they always reczcive some
reflected lignt frow adjacent sunlit arveas., A& shudow
becomes darkest when it is prevented from receiving direct
lizht from the cloud floor, or when there is little
reflected light as when the interior of the cabin is painted
black. |

Ihe physiological effects of the glare are for the
most part responsidble for the difficultiecs in seeing inside
the cockpit, These effccts are nccentuated by the absence
0L restriction in the lower visual field, Thus, whereas
light from above i3 oreventced from reachinz the oyes by the
eyebrows, light from below and from the sides can flood
unhindered into the cye. This adventitious lisht not only
loﬁers retinal sensitivity, making an instrunent in shadow
even more difiicult to see, but is also seattered in the eye,

cavwiing n haze over the entire vicsual field.
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Looking outgide 2t tho bright scene ~lso lowers
retinal sensitivity, and this effect is accentunied by the
finding that even the slight oxyvgen deficicency crused by
being nt 2 cabin *'altitudet of 10,000 fc;ﬁ Qithout oxyg&en
is sufficient to prolon.; anireciably the roecovery time
froa c¢azzle caused by looking at the bright scenc outside
the nircrnft. This gives rise to 2 sensation of haze which
is a prolonged nositive after image of th: cloud floor.
This haze gives the false imnression of beingz sersistant
becnuse it may take onc or two minutes to disannear, wherens
a 7ilot usually spends 2t the most only a few seconds in
scanning inside the ¢ ocknit,

The rangze ~t which another aircraft is oicked un
visually =t hish a21ltitude is uzually leos than a2t lower
altituic nand this in spite 07 the clearer atmosnlieres When
it is detected without the heln of condensation trails,
or glints of lisht from the fucelnze, iﬁ is nlmost inva~iably
seen clearly and suddenly. It i shown that this is due to
the intbility of thz: emmctrope to focus at infinity if
there is no detail =t infinity which can be emnloyed as a
focuazing cue. Such a visuil field wvithout detail ¢, ble
of being focussed has been called an "emnty" visual field.

Since the brightness of the field is not sjpecified, it may

occur in total darkness, foz, or in a clcar blue sky.
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In an ennsty visual field,vfrom % to 1 dioptre of
sccomnodntion is exertsd involuntarly. Under these
conditions, the emmetrone with ~ far point at infinity,
will although attempting to focus 2t infinity, merely
succeed in focussing at 4 voint 1 to 2 metres away. Desth
of focus nartly comnensates for this in~ccurate focussing,
but even so, with 2 rupil of apparent diametcr %ma. such
25 would probably obtain in flight, this involuntary
accomnodation reduces the pick uo range by one half in the
case 0of the emuatrope.

The involuntury accommodation is exertsd when there is
no detail within 4° of the line o? sight.

On looking 2t an enpty visuil field after having
focussed a distant object, the emmctro .ic eye c¢an rcmain
focusscd at infinity for less than one minute, after which
time accommodntion returns involuntarly to its resting
position at one dioptre.

I'ealising that there is difficulty in focussing, the
untrained subject, searching in an emnty visual field, may
further increase his accommodation, believing th:t ﬂe is
relaxing his fo_.cus more towards infinity.

In an emnty visunl field, the abscnce of detnil robs
one of the clues affordcd by rparallactic disnlacement so
that, even when the target has finally been detected, the

estimation of its reclative speed, its size, and its distanc:

is scriously impaired.



