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ABSTRACT

Research FPerformed by Dennis A. Boyer

Under the Supervision of Dr. R. S. Norris

This report describes the results of research intended
Eto determine the effect of variation in color on a twé
dimensional tracking task with superimvosed glare flashes. .
' The EAI 68C Analog Computer was the »rimary function
%generator with the EAI 600 Pacer digital computer performing
écontrol functions and data analysis. Tests on five subjects
;under four colors indicates that the blue filtered light was
isignificantly better than white, red, or orange-red filtered

;1light when a glare was imposed.
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cCHADPTER I
STATENMENT Or PROBLEN

Since man first began to fly at night for any great
distances, the incandescent red filtered lamp has been used
to light the aircraft‘instruments. Until only recently has |
the method of aircraft instrument lighting changed any

ppreciable amount. Most aircraft now use an electrolumi-
nescent lamp for the various secondary information displays,
while the incandescent red filtered lamp is used for the
primary instrument lighting system.

The electroluminescent sheets are excellent for use in
various displays, however. they have the primary disadvan-
tages of being susceptible to moisture and ineffective at
high levels of ambient light. This was found by H. N.
Renolds (17) in his study of electroluminescent lighting.
The incandescent lamps, however, are still used as the
primary instrument lighting system. These systems provide
no redundancy; when an incandescent lamp fails completely.
Whereas an electroluminescent lamp fails with gradually
diminisning intensity. Also, the incandescent lamp will
only provide a on-uniform lighting distribution across the

face of the instrument, thus leaving dark arcas in which a



portion of the information vital to the pilot may be
~displayed.

| An example of both incandescent lighting and of
electroluminescent lighting systems can be seen in display
~shown in figure 1. The panel shown is a standard aircraft_
instrument panel used on a current U.S. Army aircraft.*

.In some cases, a combination of both incandescent and
electroluminescent systems are used. An example of the
~combined system is illustrated by the camera pulse control
(see figure 1, number 24), in which the background lettering
is illuminated by an electroluminescent lamp, and the pulse
control button contains an incandescent lamp. As an example
0of a pure electroluminescent display see item number 12 on
ifigure 1. The lighting of the primary instrumentation is
by the red filtered lamps which 2re housed inside the lens
-caps of the light receptacles. These lens caps only allow
'light to be emitted in a small arc acrossvthe instrument
face. An example of this tyve of illumination can be seen
vat the top two cormers of the airspeed indicator (figure 1,
:number 26).

| Though these two methods of lighting aircraft instru-

ments nave been in use for a period of time, little work

* This figure was taken from the Gruman 0V-1C Mohawk
operators manual.
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‘has been done on glare recovery with respect to the
‘electroluminescent panels, or with either electroluminescent
or incandescent lighting colors.

OBJECTIVES OF RESTARCH

The object of this research is to determine if the
‘color of the instrument lighting system will affect the
-ability of a human to recover from a short duration glare
and perform a two dimensional tracking task. The effect of
the lighting color on the ability of a human to perform the
:tracking task can be divided into two separate areas of
:interest. These two areas are to delermine 1if the effect of
tthe instrument color 1) will correlate in some manner with
:the level or error produced between the reactions of the
subject and the applied signal stimulus, and 2) the time
required for the subject to return to his preglare levzl of
éaccuracy.

It is with this basic, underlying idea that the
equipment was develored and the experiment designed and
conducted. The remainder of this paper will discuss the
:literature that was reviewed, the experimental design, the
‘equipment that was developed, and the results of the

experiment.
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CHAPTER T7I

REVIEW OF FPERTINENT LITERATURE

;The Eye

| The human eye is a small svherical body capable of
transforming visual images, which have passed through the
lens (shown in figure 2, number 19) and are projected on
the rear of the retina, into impulses of energy. The
Eimpulses of energy are then passed along the nerves to the
tbrain. The human eye itself is only a®out 24 mm in diameter
gand can be divided into seven serarate areas. These seven
;areas are the cornea, the anterior chamber, the lens, the
jvitreous chamber, the retina, the optic nerve. and the

. fovia.

The cornea is the small portion of the eye which is
%transparent and which focuses the light image on the lens.
ZThe light image must then pass through the anterior chamber
'in order to reach the lens system. Contained in the
"anterior chamber is a transparent ligquid fluid called the
EAqueous Humor. The Agueous Humor is thought by several
persons to supply a portimnof the oxygen to the cornea (13).
KThe remainder of the oxygen to the cornea is supplied by

th2 contact of the surrounding air. The Aqueous Humor is

vroduced in the vitreous chamber, and is circulated to the
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;dnterior chamber through the lens surportive structure. The
excess fluid in the anterior chamber is drained through a
canal into the vascular system of the outside case of the
eye. The exterior case of the eye is called the sclera.

The lens system of the eye is composed of a small,
~transparent, yellowish tinged crystalline material of complex
:bio—chemical structure. Yellowing of the lens will continue
fwith age, and thus increase the light absorbtion and

‘scattering by the lens. This vellowing causes a loss of
1% Y <D

O]

visual acuity with age (12,18). Over the front of the lens
is a reavily pigmented memrdbrane which can contract or dilate
‘to allow various amounts of light to enter the vitreous
chamber. The lens is focused by slight variations in its
‘shape accomplished by contractions of the ligaments which
suspend the lens in the eye.

The retina, or the inner lining of the rear wall of
the eye (as shown in figure 3, number 129), contains the
rods and cones which are connected to the nerves. This
allows the light images to be changed to neurological
-impulses. The retina is covered with a brown pigment, which
reduces the internal optical scattering of the light and
acts as a support for the rod and cone recectors in the eve.
Figure 4 illustrates the variation in the horizontal
distribution of the rods and conec across the eye. Table 1

glves the numerical population of the rods and cones in
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Angular Population
Eccentricity Rods/sq min Cones/ sq mm
degrees thousands
0.00 1] 136.
0.25 o 844
- 0.80 ©7.22 57.5
1.00 34.2 413
; _8.00 88. 19.4
: 6.00 == 105. 12.1
: 10.00 118. - 8.13
12.00 125. 7.64
, 12.50 126. 7.63
' 20.00 158. 7.08
' 30.00 140. 6.52
: 40.00 132. 5.95
i $0.00 108. 5.79
i 70.00 80.4 5.47
‘. 80.00 . 57.1 6.84

s eamon wm ——— xw e

Table 1. Rod and Cone

Populations.

(NASA, 196L).
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- terms of angular eccentricity across the eye.
The basic, and most important, differences of the rods

:and cones are théir susceptibility to wvariations in light

| wavelength and intensity. Hardesty and Projector (7), in
their studies of cone to rod ratios, and Lazo (10), in his
studies, found results which were quite similar. PFigure 5
shows that the relative spectral luminous efficienecy curves
for scotopic (dark adapted) rod vision, and phctopic cone
vision vary only slightly. It should, however, be noted
that these curves have the peaks normalized, and they show
the relative sensitivity to radiant energy ot different
wavelengths. They do not give a value of the absolute
difference in the sensitivity between the rods and the

- cones. This graph demonsirates the situation that Hardesty
and' Projector (7) studied, which is called the Furkinie
Effect. The Purkinje Effect states that the spectral
sensitivity of the dark adanted rods is greater for lower
wavelengths of illumination that are the cones.

The actual conposition of the chemical action which
takes place in the rods and ccn2s is guite comznlex.
Basically as stated by Guyton (6), light enters the eye and
strikes the receptors. At this time a chotochemical change
takes place. In this chemical change the rhodopsin changeé
to what is called lumi-rhodopsin, which then decomgoses to

a state called meta-rhodopsin. The meta-rhodopsin then
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idecomposes to sctopsin, and then to retinene. When the
gretinene seperates from the scotopsin it is partially
%ionized, thus causing an electrical charge to be transmitted;
‘along the nerves to the brain. The time required for the
‘complete chemical reaction to take place is called the
flicker fusion and will only last about 0.1 second. An
approach using a method similar to the flicker fusion was
‘used for various experiments involving optimum flash rates
by Markowitz (11), and by Goodvin and Smith (4).

Webb (19) states that in the optic nerve region there
are no rods or cones zresent. This is the area of the eye
in which the nerve endings go from the rear nasal side of
the eye to the brain. More comronly, this region is called
the blind snot. Its actual position is about 15 degrees to
‘the nasal side of the center of the eye, and about 1.5
degrees below the horizontal meridian of the eye. The
'region is sometimes call=d the fovea.

The final and last portion of the eye that will be
discusred is the macula lutea. In this region the largest
number of cones are grouped together forming the major
portion of the day light sensitivity of the eve. As geen
from the distribution of the rods and cones in figure 4,
vage 9, this region is devoid of rods, which supply the
'scotopic vision when the luminescence level drops below

.CO01 milli-lamberts (ml). When the luminescence level drocs
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below the .001 ml level, this region becomes non reactive.
Therefore, in order to see an object at night, it is
necessary to look to the side of the object. This is
stated by the U.S. Air Force (15) in several of their

i military courses. The night vision, as shown by figure 4,
rage 9, is greatly enhanced by looking approximately 20
degrees to the side of the object.

Interior Lighting Systems

Although aircraft instruments today are nrimarjly

V]

lighted by red incandescent filtered lam:rs there is now
large group of people who bteli~ve that white instrument
lighting should be used. This telief is due in general to
the commercial and military high verformance aircraft in
which most of the flying that is done is solely under
instruments. The only exception, it seems, to this rule
is that of the slow flying fixed wing aircraft and the
heliccpter. In these cases the visual detection of other
aircraft, ground obstrucfions, and of unlichted airfield
- night landings makes it necessary for the pilot to use his
maximum scotopic or night vision.

In reports by Grether (5) and in a report by Jolly
and Planet (9), it was pointed out that some U.S. Air Force
aircraft during VWorld War IT were equiped with an
ultraviolet lighting system. 1In this system the markings

of the instruments were in a florescent coloring.
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This allowed the aircraft cockpit to be continuously dark.
The ultraviolet method however had several drawbacks
1) the instruments which were not treated with the
florescence seemed to disappear, 2) pilots often reported
the phenomenon of the instruments appearing to float in a
‘black void, 3) pilot eye strain and headaches and 4) fogging
of the pilots vision due to the ultraviolet light being
reflected into the eyes. This method of instrument lighting
was changed after World War II to that of oprimarly red light.
However, as stated earlier in this report, red lighting
usually results in an uneven distribution of lignting across
the instrument face.

A point in favor of the white lichting svstem over
the red system is discussed in revorts by Greather and
Renolds (5), by Lazo (10), and by Kercier and ‘hiteside (16)
that visual acuity is greater with white lichted swvstenm,
and will j;roduce a more comfortable environment than will
a red light system. Greather and Renolds found that by
using a much lower filament temperature than was normally
used that a white light system could be safely employed
with only a slight increase in the dark adaption index for .
non-glare situations. In their report the dark adaption
index was defined as the time required to adapt to a speci-
fied value of 90» of total dark adaption.

Anothar point which was discusced by Nercer and
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wWhiteside (16) was that in both civilian and in military
aircraft the use of maximum dark adaption is less important
ét presenfﬂdue to the use of radar whicn éan locate other
“aircraft long before the human eye is ablec to receive any
“image. ) , L

Color Temperatures |

A consideration of the dark adaption index is also
that of the color temperature. Tigure € is taken from.a
report by Muick (14) and is a copy of the chromaticity
diagram. This diagram shows the coordirates of the U.S.
information color limits. In this diagram the color of
the U.S. Air Force white light, which overates at
’approximately 2900° K, lies between the coordinates of
(.420,.385) and (.460,.425). These two coordinates are
that of the unfiltered white lipht and thet of the blue
filtered white light which Muickx used in his study of
aircraft instrument lighting systems.

In Greather and Renolds (5) report it was found that
by testing the luminance levels in the mesopic range the
red lighting increased the dark adavtion threshold 48%,
while the white lighting system increased the threshold 82%.
It should also be noted that luminance levels are disrlaved
on a2 log scale. The white lighting system used in this
experiment uzed a military 28 volt system which was operated

at a much lower voltage lev~1l than normal. The use of the
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lower voltage produced a color temperature which was below

1000° K. Similarly in the report by Lazo (10), it was

i found that the pure red light was better for the dark

PN | m

adaption index of the rods. Lazo also stated in his reporti

that white light, which is produced by radiant energy from
a tungsten filament includes all colors; while red light
that is specified for aircraft use is in the range of light
wavelengths above 600 nonometers, as shown in figure 7 (1).
This would tend to explain the reason that an older
instrument in which colors were fading seemed to produce a
less uniform distribution of 1light across the instrument
face. Under the narrow band red lighting system these

variations in luminance are difficult for the rod receptors

fto discern due to the fact that the rod receztors are

fairly insensitive to small variations in color. Similarly

i as the wavelength of the light increases to arproximately

" 450 nonometer (7) the rods function is decreased and the

cones becone the primary visual receptors.
Glare and Glare Recovery

Glare is generally defined as a strong veiling light

; within the subjects field of vision. The actual amount

E of veiling produced depends basically on 1) the location of

* the light in the field of vision, 2) the intensity of the

é light observed at the ey:, and 3) the ambient lighting

- conditions. As the glare illumination enters the eve the
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' 1ight will scatter according to a Raleigh distribution.

'The light focused on the retina will then cause the

bleaching of the rods and cones and will begin the process

described previously in this report on pages 14 znd 15.

- The variations in glare reccvery time when the ambient

lighting conditions are high is easily explained due to

. the fact that under photopic or mesopic conditions there is

less time required to allow the cones to regain their

:sensitivity to the variations in light. However in the

~case of the dark adanted sudbject, the amount of time to

recover can vary.

There are basically two tyzes of glare (or in the case
of this study flash blindness) these being discomfort
glare and disability glare. Disability glare can be
defined as an excess amount of unwanted light entering the

eye causing a partial loss of vision. Similarly discomfort

" glare can be defined as a larger amount of the unwanted

light that enters the eye making adartion to any srecific

~level difficult.

At vresent there are various nmethods of evaluatin
Iy . 2

- glare and glare recovery time. In the case of discomfort

" glare studies were done by Fry (3) and by Hopkinson(8)

:relating a glare index to various parameters of the glare.

" In the study by Hopkinson a modification was made of the

éGuth formula:

20



F(Bg) F(Q) 1
% FT5,) F(5;) F(0) (2.1)

where
BS is the source luminance
is the apparent size of the source

is the adaption luminance

Q

By

Bi is the luminance of the immediate surrondings
of the source

o is the angle between the direction of the source
and the direction of viewing

G is the glare constant
‘These values of the different parameters of eguation 2.1
are functions relating to the glare constant G. It should
be noted that in this case the higher the value of G
indicates a greater discomfort is enccuntered. Hopkinson
found that the general population in his experiment was
less sensitive to the glare than was an exverienced teanm
of observers.

In the study by Fry a modifigation of the Guth formula

was also used. In this case the equation became:

; LW
M=H(S 3 A
5 pj) u(s)1/C (2.2)

where
N is the total glare,

S is a constant,

21



L

is .283,

is 6.38,

is the number of luminances used in the roon,
is the position index,

is the so0lid angle subtended by each glare
source, and

is the luminance of each glare source.

iBy the use of this formula Fry included to the Guth formula

_ such things as the number and spacings of luminances, the

Slumen output of each lamo, the size and shape of the rooms,

and the relative candlepower distribution of the lamps.

In equation 2.2 the M can be correlated to the glare in

the same way as that of the G of Hopkinsons relationship

- in equation 2.1.

A relation between the glare duration, intensity, and

. the glare recovery time was developed by Brovn and reported

in a dissertation by korris (13) as

T=

where

Lo

2.7 = log L
.2 + B (2.7 - log L,) log JL7_TL0 (2.3)

is the minimum illuminance need to detect the
target by the dark adapted eye,

is the illuminance of the target to be detected,

.68

is equal to .022A sy and

is the energy of the flash in foot lambert
seconds.

This emperical formula was developed from short duration



;and high intensity flashes. However it can be seen that

as the value of—— ( the target illuminance divided by

~the minimum illuminance needed to detect the target)

- approaches zero the value for the recovery time approaches

020
In FPrys (2) study of positive afterimage and

-measurements of light and dark adaption a conclusion is

made that positive afterimages act like 2 small patch of
veiling glare luminance and will affect the absolute
threshold of the subjects vision. In his revort Fry
described 1he relationship of the »nrimary and secondary
reactions basically as shown ih firure 8.

When light enters the eve a photosensitive element (S)
is decomposed and becomes opsirn (0) and retinene (R V.
The decomposition of the S will also form the substance X
which then decomposes into substance H. The decomposition
of the element S, Fry theorizes, will also become an
element W¥. The element W is formed into another substanée
Z by part of the energy produced by the decomposition of S.
This process of dwindling away gives off energy which
decomposes M and generates nerve impulses. The rate of
dwindling of Z in the dark adapted eye is, according to Fry,

a4z = -z (2.4)
aT

where

KS is a constant



LIGHT

(s PRIMARY @

POSITIVE AFTEZRIMAGE

Figure 8. Chemical Chain.
(Fry, 1969).
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Z is the rate of dwindling of substance M
In FPry's repgort, however, he states that in his experiments
the positive afterimage has dwindled down to the measurement
of about .01 troulands it will tend to disar:iear and then
reappears as 2 negative afterimage. The negative afterimage

will last at the most about eight minutes.
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CHAPTER III

DESIGN OF THE EXPERIMENT

During the course of the experiment five subjects
tested using five different color systems. Each of the
subjects were tested using a Cathode Ray Oscilloscope
having a nreen luminesceace dot, with the cclor of the grid
being varied by placing various filters over the screen.
The test consisted of an unfiltered non dark-zdapted
control run, and the various filter colors of blue, white,
red, orange-red, having e dark sdaption period and s
glare included. The subjects were run in accerdance with
the chart shown in figure 8. The subjects number is shown
at tre right and the run numter along the tcp, with the

color for that subject-run given inside the block.

Sub ject Run

I TI IIT IV '
001 T CR =2 n N
002 R 2] U W OR
olok! QOR W R 3 U
00l W 2 ¢ y B
101019 3 U W IR R



where
B is the blue filtered light
OR 1s the orange-red filtered light

W is the unfiltered light with a glare and
dark adaption

U is the unfiltered light without a glare with
no dark adaption

R is the red “iltered light

Figure 9. Layout for the Run Colors.

The Experimental Apparatus

The sub jects staticn inclucdes tnhe Cathode Ray
Cscilloscope, control stick, buzzer, and the g lare source,
The subject is seated avproximately 20 inches in front of
the glare source, which is shown on top of the oscilloscope
in figure 10. At the .ucjects r{;ht hand is the contrcl
stick which the subject can move to cecntracl the pesition
of the dot on the oscilloscore screen. The ocuzzer which is
controlled by the Analog computer will te set off when the
dot is one unit of deviation off “rom the center of the
grid. This is essentially s difference of potentiel of
approximately 1.5 volts between the dots positvion and the
zeroed position of the dot.

The oscilloscope which is essentially controlled by
the Analog computer, displays a cross pleot of two random

varying voltages. The display of these two varying lines



Pigure 10. Subiect's Fosition Oscilloscope and
Glare Source.

resultec in a dot which will more randomly in both the
vertical and the horizontal planes.

The glare source is an cxternal circuit which is
controlled only by the operator. #When the operator places
comparator button 104 high a timer will be energized
allowing the headlamps to remain on for approximately five

ceconds. After the end of the five geconds the timer will

N
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turn off the headlamps and recycle for the next glare signal
to be initiated by the operator.
- The Analug Computer

The EAI €80 Analog Computer used in this study supplied
the random number generators, integrators, the summers, and
the time ramp generators. The Analog computer patching
diagram shown in figure 11 provided most of the necessary
.trunk lines and hardware needéd to perform the test rumns.
Two random varying number generators werc used to form
two random varying lines which when cross plotted formad
the nmoving dot which the subject was to control. This dot
was then dispiayed on the master control screen and on the
subjects screen, as shown in figure 12. The moving dot
can be seen in this figure just slightly above the center
of the screen. The cross plotting of lines is controlled
by the panel to the right and below the master control
screen. The mode controls are located below the master
control panel, as shown in figure 13. This provides the
initial condition and operate modes for the Analog computer
allowing the computer to run at the desired speed, to hold,
or to perform the initial setup of the system. The push
buttons and comparator control button are on the master
control panel. To the richt of the master control panel
in figure 1% is the patch board in which the circuit of

figure 11 is patched into the comruter. This vart of the
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31



N G ‘Wr' P A - - g YT

T ‘

32

master control panel also contains the logic circuits and
the inputs for the trunk lines to the subjects station,
as well as, the control and sense lines which go to the
digital portion of the hydrid computer systex.
The EAI 600 Pacer Computer

Included in Appendix IIZ iz the EZAI Pacer erogran
which controls the inalor~ computer throush a snecial set
of hybrid linkage routines. The prosran ~hen called from
disk will first read in all valueg to de set into the
potentiometers of the Analog cozmputer. 4t this point a
block of instructions is printed on the cathode ray tubdbe
showmn in figure 14. The Pacer shown in figure 15 will then
set all the potentiometers used in the experiment to the
values entered through the data statenent. The Facer
program then will initialize the data arrays and set the
initial conditions of the integrators to zero. At this
point the experimental apparatus is rrzdy to de placed
into operate and the test runs are ready to start. After
the operator starts the test run the Pacer will waii for
a pulse to come from comparator 99 of the Analog computer.
when this comparator sends a high pulse to the Pacer the
values of the time ramp generator, and the values of the
galvanic skin response are read into a storage array. The
Pacer will then reset all the initial conditions of the

integrators to zero arnd place the integrators back into the
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Figure 15.
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SAI 600 racer Console.
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operate mode. The Pacer will then wait until Comparator
99 sends a high pulse to the Pacer. At this point the
Pacer will then take the required readings and reset the
integraters. This will continue throughout the experiment.
Comparator 99 essentially measure the cumulative amount of
error and checks this error against a preset level of
error. At the end of the experimental run the Pacer will
calculate the mean and standard deviation of both the
time ramp generator values and the galvanic skin response
in blocks of ten and for the entire run. At this point
the Pacer will plot the time ramp values on the Cathode
Ray Tube of the Pacer keyboard.
The Experimental Procedure
At the bezinning of the experimental run each subject

received a short briefing on the system and what to expect

35

during the course of the experiment. At this time the subject

was given a copy of the instructions contained in Appendix I

to read, the test room was closed, and the subject began
the required dark adaption time of approximately thirty

minutes., The comparitor button 74 which will ring the

buzzer and signal to the subject to begln was rang. At this

time the Analog system is placed into the operute mode
and the subject begins his two minute practice period.
After two minutes of operation the Ananlog computer 1is put

into the initisl cendltion mode for t*ifteen seconds. This
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operate mode. The Pacer will then wait until Comparator
99 sends a high pulse to the Pacer. At this point the
Pacer will then take the required readings and reset the
integraters. This will continue throughout the experiment.
Comparator 99 essentially measure the cumulative amount of
error and checks this error against a preset 1eve1 of
error. At the end of the experimental run the Pacer will
calculate the mean and standard deviation of toth the
time ramp generator values and the galvanic skin response
in blocks of ten and for the entire run. At this point
the Pacer will plot the time ramp values on the Cathods
Ray Tube of the Pacer keyboard.

The Experimental Procedure

At the bezinning of the experimental run each subject

~received a short briefing on the system and what to expect

during the course of the experiment. At this time the subject
was given a copy of the instructions contained in Appendix I
to read, the test room was cleosed, and the subject tegen

the required dark adapticn time of approximately thirty
mirutes, The compéritor button 74 which will ring the

buzzer and signal to the subject to begin was rang. 4t this
time the Analog system is placed into the operate mode

and the subject begins his two minute practice period.

After two minutes of operation the Analog computer is put

into the initisl cendition mode for rifteen seconds. This
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signals the subject that the practice is over and the

test run is ready to begin. At this time, push button
number 1 is set low and the Analog computer is placed into
the optic mode and the test run is started. At veriodic
intervals into the run a glare is initiated by pressing
push button 2 high, which resets the time ramp generator

to zero and starts the counter going again. The Comparator
button 104 is then pressed high which activates the glare
source which consists of two automotive type headlights.
The glare source is coupled to a2 timer which allows the
headlamps to remain on for five seconds and then the
headlamps are turned off. During this time the.Pacer will
automatically take a reading when the level of error
reaches a preset value on the Comparator 09. Wrenever this
Comparator is tripped the Tacer records the data point
number, the value of fhe time ramn, and galvanic skin
response value.

This process of glare, recovery, and data taking is
repeated at specified times into the run, with the times
between flashes remaining constant for each subject's run.

At the end of the comnplete testing series the subject
was asked to fill out the post run questions on the data

sneet contained in Appendi- IT.
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CHAPTER IV
ANALYSIS OF EXPERINENTAL DATA

In addition to the recording of data on a printout
the data of the exveriment may also be recorded on paper
tape for later compilation or a brush chért récorder us

é shown in figure 16. The four channels of the brush chart

| recorder, depicted in figure 16, contain in channel five
the vertical error signal, in channel six the horizontal
error, in channel seven the values of Comnarator 99 énd in
channel eight the values of the time ramp generator. The.
tick marks at the bottom of the figure are graduated in
increments of one second per tick mark. In this portion
of the strip chart the line at point A indicates the point
at which a glare is introduced. It is interesting to

2 note that at.this point the subject lost control of the

; dot and, as a result, the values of the time in channel

. eight were extremely small. The responses shown in figure
16 are typical of all the subjects that were tested.

The data was ranked, then plotfed on probability
paper. This plot closely approximates a straight line.

‘ This indicates that the data is essentially from a nomrmal

population. The same procedure was repeated for the control
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runs of each of the subjects.

The data shown in Table 2 is a condensed version of
the total data of all of the runs for each subject. The
values inside the blocks are the summation of the time
values of the first four data points for each flash of
the run.

When the means of the data are found as shown in
Table 3 and plotted as in Figure 17, it can be seen that
the blue filtered light system was one of the better colors‘
for the time to reach the level of error which was checked
by Comparitor 99. The subjects also stated that the blue
lighting system produced less cyestrain and fatigue as
the run progressed. |

The ANMDAL 470 computer utilizing the Statistical
Analysis System was used for data analyzations and ocutput
was set in the form of an Analysis of Variance (ANOQOVA)

shown in Table 4. The model that was employed was

it 8

Yijk=.’ gt Cj + Si*cj + iijko
where
Y15k 1is the data point taken at the flash
s is the mean of the data
Si is the error due to the suhject
Cj is the error due to the colors
si*c is the error due to the sudbject color

interaction



1 2 2 b 5

W 28,16 ©5.296  5L.962  L6.271  26.546
51,952 77.01L 6l .65l 554597 38.556
56,188 T4 . 759 Sk« 865 317.152 35.254
52,656 78.67L 18,663 56,897 35,100
48,108 6l1.512 58,518 56,797 316,566
Color 25,605 71,701 62,917 56394 29,516
50,28 58,069 61.974 Sl 882 47.735
B 25,962 77.289 81.916 55,217 L9.820
19,59 67.212 7L .0972 £8,.850 Sl .0L7

56.137 85.803 79 652 7€ .95\ 27.527

56,622 78.1479 89,789 bly 221 29,710

" OR L0.277 72.912 77.209 L9 . 066 40,21k
1,751 68,200 66,271 22,697 52,190

28,71 62,916 61.682 6.507 9,105

(cy)

Sub Ject (S;)

Table 2. Reduced table of data,




SubjJect (S,)

L1

1 2 3 L 5
w 12.516' 18.484 12,946 12.24l 8.466
R 10,849 16,920  13.109  13.98 94293
B 12.2379 16.975 20,340 15.953 10,694
OR 10,208 16,737 16.609 9,214 11,117
Table ?, Means of reduced table of data,
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ANALYSIS OF VARTIANC™ ROR THE VARIABLE F

SOURCE o)
SI L
cJ K
SIeCJ 12
RES [DVIAL 60

CORRECTED TOTAL 1°

SS -

12558.5202

2691.6375
6250.962lL
22667.5687

MS

7199.62006

288,899°7
22l .70729
10L.18271
286.9250L

Table I, Glare Recovery ANOVA,

L3

® VALUE

20.12581
2,72286
2.15702
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Eijk is the error due to the residual.
' The use of this model indicated that the effect of the
colors of the experiment should be included in the model.
- The F statistic which resulted due to the color error term
was found to fal® ovetween alpha values of .025 and the
.010 levels. The next object was to determine if cne color
~overall was found to be significantly different from the
rest with respect +o the time to recovery after the four
flashes.,

The analysis of the individual colors was conducted
first through the use of the Scheffe Test, and then
through the use of the Newman-Keuls Range Test.

'In order to conduct the Scheffé Test the totals over
the subjects and the individual daté points was found.
The values of these totals are 1050.520, 1046.176, 1258.679,
and 1022.205 for white, red, blue, and the orange-red
filtered light respectively. At this point a contrast
between the blue and red filtered light systems was found.
By the use of these contrasts it was found that the times
vfor the blue filtered light was significantly longer than
the red filtered light, and significantly larger than the
combination of the red, white, and the orange-recd.

The Newman-Keuls Range Test similarly indicated at
the 95% confidence level that the blue filtered light was
significantly better than the red, white, and the orange-red
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1 1light. The test however indicated that the white light
' was not significantly different from that of the red light,

‘and that both the red and the white light systems were
" better than the orange-red filtered light.
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» 1
CONCLUSIONS AND RECOMMENDATIONS

Through out the testing of the subjects it was noted

?that while the subjects were all of the normal population

‘one of the subjects, who held a current pilot's license,

did considerably better than the other subjects. This

;would tend to explain part of the large variation in the

jmean.square error of the ANOVA for the subjects given in

;Table 4., Tt is possible that should future tests be run

“the subjects have equivalent pilot experience.

Another problem that was encountered was that several

“times a subjeoct would tend to look below the glare source

%and more to the bottom of the display screen. In this

iexperiment the location of the glare source with respect

%o the display screen of the oscilloscope was approximately
i22° above the display screen. The results of the
}experiment could also have been affected by this equipment
‘location problem in which the subjects were forced to look
-below the glare source instead of directly into the area

-0of the glare. 1In the original configuration of the

experiment a meater was to have been bhuilt which would

have been composed of two millivolt meaters. This would



i

i
1

have been smaller and would have allowed the glare source
to be moved closer to the display screen.

Under the assumptions made in the experiment 1t wes

shown that the blue filtered light tended to have a

:'significantly greater time before the reset error level was

reached. The level of error, although kept at a consfant
throughout the experiment, could have been varied by chang-
ing the value of a potentiometer in the Pacer program. Thisi
would yleld a higher sensitivity of the Comparitor. The
selectinn of the blue filltered light also tended to point

out the fact that all the subjects preferred the blue
filtering system over the three other colors used in the
experiment. The red filtered light, which is similar tc

the lighﬁing éystems that are used today, was reported

several times to be fatiguing and cause eyestrain during

the glare periods.

Based on the results of this study it would appear
that because the greatest portion of today's aviation

activities are using the instrument flying techniques,

- the best color selection for the instrument lighting

systém would be that of a blue nature. However, appropriate
further tests of how the blue lighting would effect the
pilots dark adaption and his abllity to go from the
instrument flying condlticns to that of a visual controlled

flight would be necessary in order to select the best color
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;system for the flight.

? As found in Chapter 3 there was no signifance tetween
;the red and the white lighting system. In the case of a
%mixture of an instrument flight and a visual flight one
;of~theSe could be selected. One possibility would be that
- the pilot could select between the colorg which would be

- appropriate for his expected flight condition.
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INSTRUCTIONS

At the beginning of the experiment you will be given
fthirty minutes in which to become accustomed to the control %
jof the equipment. .
The control stick at your right hand controls the
-movement of the dot on the scréen. If you move the stick
back the dot moves up, if you move the stick forward the
vdot will move dowm, moving the stick to the right and left
will cause the dot to move in that direction. Your
objective is to hold the dot on the cross hairs of the
~screen, Oor as close as you can.

At the end of your practice run you will be placed
in a darkened room for about thirty minutes in order to
~allow your eyes to become dark adapted. After this time
the buzzer will sound and you will be given two minutes of
practice time, and then the operators will nlace the Analog
computer into the initial condition mode for fifteen
seconds. This will move the dot to the center of the screen
and hold it there., At this time the machine will he placed
into the opeorate mode and will begin taking data.

During the run there will be from two to five flashes,
with each run lasting approximately thirty minutes. A%
the end of the run an operator will change the Ifilters on

the screen. You will then be given a short rest period %o
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}readjust your eyes to the room and the next run will begin.

H

If you have any questions ask the operator at this

itime. ‘ ?
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I. EN. 685 DATA SHEET

Subject Number Sex

Name Age

Date Tested | Does the Subject:
Time of Test Ylear Glasses
Amount of Practice Time ‘ Wear Contact Lens
Practice Sample Mean Smoke

Practice StanégrdvDeviation Drink

if yes, when was last
time
I EX XTI EE LS TR RS S ESIE SRR R LTI E BTSSRI LI EE L L TR

POST RUN QUESTIONS

Did you feel fatigued during a run

If so, when

what effect did the glare have

What effect did the buzzer have

Did you lose sight of the grid

Did you lose sight of the dot

If so, when

vas ahy color better than the other

Besgt

Worst

XTI SRS S LSS IS L EL AL S SRS AR L EREEESERERLELESE L L]

CONKENTS:
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ORI s e - e e et et et e -t & B 8 e 2 e 1 v

e o S+ st Vb g w825 24 e ey b AT A

~OB-
EXsRTFOR

- DIMENSTUN A(200,2)
DIMENSION VALL1G),PT(10)sVALUE(200)4GSR(200)

LOGICAL LUGVAL.SFT'RESET
~DATA _ICARDy IPRINT,, ITV, IKBD/Gy169142/
DATA PT(1)sPT(2)4PT(3)4PT(4),PT(S5)4PT(C)/4HPOG2Z,
14HP043,4HPG63,4HPNB244HPL100, 4HP 102/
DATA PT(7),PT(8)/4HPQO04,4HPO0S/
—-DATA _PTAS)/A4HPOLO :
DATA VAL(I).VAL(?)'VAL(5)yVAL(4)'VAL(b) VAL(6)/ 99999-5'
.l. 5’.01009999 '.23/ -
DATA VAL{T) 4VALL3)/.75,.75/
. DATA VAL(9) /.C300/
DATA PT(10)/4HPL0OB/
—DATA VAL(10)/.0010/7. . . N
DATA SET RESET/. TPUt..-FNLSE /
HPT=40
CALL QSHYINUIERR68D)
CALL GSLCLYR(2.91ERR)
INSTRUCTION CARGS
16 - .CONTINUE. .. T

TYPEL11S
15 FORMAT(33H INSTRUCTIONS }
TYPE 215
15 FCORMAT(%21H SET PUSH BUTIU“ 1 UNy FUSH BUTTON & OFF
TYPE 315
15. .FORMAT{30H PLACE I 10%%6, AND RUN MQDC )
TYPE 41%
15 FORMAT(35HTURN OM SCOPt AND SELECT CROSSPLOT )
[ TYPE 515
15 | FORMAT(48HPLACE CNOUNTERS AND MONCSTABLES AT DESIRED VALUE )
TYPE 525
25 .FORMATA{31H PLACE INTO MORMAL ANC. SECGNDS.)
TYPE 615
19 FORMAT(SOH wHEN YOU wISH TO STUP RUN PLACE PUSH BUTTON &4 ON )
TYyPr 715

1%  FORMAT(22H If YUOU HAVE DUNE THIS TYPE A 1)
READ(IKBi)y 40)JAA
o LFLSAA=L)LLbe2160 110 . .
16 COUNTINUL
0C 1) [=1,10
CALL wWwPR(PT(I)yvAL({ )y IERR)
CALL OSCLYR(300.,1CERR)
1¢C CONTINUE
CALL QSICOIERR) . ,
CALL 05LLYR(13..IEPQ)
CALL QWCLL(L,SLT.1ERR)
CALL QSULYKR{Zeo1L2R)
TO I1NPUT THE NUMPER OF SUBJECTSS PMLVIUUSLY TeSTEL
CALL QSUP(ILKR)
CALL CSULYR{13.91LRA)
WRITE(LTV, 1)
11 FORMAT (HoMLITER THL HUMBER LF SUBJECTS PREVIOUSLY TESTLOD)

AL EWLE, 1 IVICDT

e LNT.EGERHPT. e e ntrmemma o e = i e et e e e e e

GLAREOCO
GLAREODOL
GLAREQOQZ2
GLAREOO?3

GLAREQQ4

GLAREODS
GLAREUVOS
GLAREOQO7
GLAREQOS8
GLAREOQO9

- GLAREO1O

GLAREOL1
GLAPZO12
GLAREO13
GLAREQ1L4
GLARFO1S

. GLAREO1®6

GLAREOQL7
GLAREOQOLS
GLAREOLS
GLAREQ20
GLAREO21
GLARED22
GLAREVD23
GLAREQ24
GLAREDZ2S
GLAREJ26
GLAREOZ27
GLAREO28
GLAREDZ)I
GLAREQ30
GLAREQ31
GLAREQ32
GLAREQ32
GLAREUL 34
GLARED3S
GLAREUV36
GLAREQ]7
GLAREQ3S
GLAREO39
GLAREVD4O
GLAREVSG]
GLAREOQ&2
'LAREDA3
GLAREQ4«
GLAREQA4S
GLAREQ46

- GLAREV47?

GLAREO4S
GLARED4Q
GLAREOYHO
GLAREOS]
GLARLOS2
GLAREDS3
GLARLOSS
SLAREOYS



[

WRITELLTV 1 3) -

L s —— 4

13 FORMAT (38HSET PUSH aurTnNs lr
l4& READUIKBD,4U)IA

VO  FORMATL(11)
IF (1A=1)12+20+%50

Y

ih

st PORMAT (1ML 2C o4 i INTODT GF ARRAY VALUES FOR SUBJLECT NUYHRER,

CALL QWCLLUY4RESET, LERR)

CALL-USULYRL4ee LLRR) . - -

CALL QWCLLUL1oSETHTERR)
CALL CQSULYR(Z2.sIERR)

c=0
J=0

ISPT=1SPT+1

CALL.QRCPLINY,LUGVAL, [ERR)
CALL GQSULYR(2.9 I%=RR)
JE(JNOTLUGVALILL TO 1D

CALL

CALL CRLAVR(GSRE
TYPE 14JsVALOC,(GSRE
FORMAT(13yGlE.60uL18e8)
CALL GQGSULLYR{?.+s1ERR)
CALL QWCLL{LsRESLT,ILRR)
CALL QSDLYR(4., 1FRR)
CALL QuCLL{l,SET,1ERR)
CALL Q3SLLYR({Z.s IL=R)

C=C+1l.
J=J+l

URBADR{VALLCs69 1s IERR)
v Ty le 1ERR)

VALUE(J)=VALLC/VALLS)

GSR(J)=GSRE

IF(J=2C01911,%1),61C

TYPE 913

. ZLRO THEN TYPE 1 )

FURMATI4OH EXCErLeu J VALUE LIMIT

TG LTUP AFTER

30

MIvuTES

CALL WRSLLIUV,LUGVAL,y TERR)
CALL GSULYR{Zeo1ERR)

CALL URSLuLi O LUOLVAL, lerRR)
Call WSULYRI(Z2ay 1ERN)
IF(e0TL3GVALILL TC LY

CCALL QSHUEERR)

CAaLL GRBADR {81,301 JERR)
CALL QSLLYR[13.41LRY)

WRITELLIVLD)
7 FORMAT (99n it
LARRAY I3tz Type 1
READ( IKRIZgalr)
IFEIC-1)123460123

YUl oS A PRINTOUT

(c

).

BEGIN CUMPLLATIG OF UANTA

ARITx (1T Vel0)
(4200 ILATIOE IF BATA AKD PRINTUUL

FOIMAT

WRITLUIPREGT20)1SPT.

11%)

WRITEIHPT 1) J

FORMAT(LS)

20 17 121,
T=uT/VALILC)
wlife{nel,ys/)

WRIFEIPRINT 413

CF Thit VALUES UF THF

REGINNTNG)

FoVALLLEED) 05U L)
FURMATEI et 1 2ed0l 100 3)

)l.vttuFtliyubf(l).t}-i

56

GLAREOS7
GLAREDSS

GLARLOY9 -
GLAREODSHO
GLAREOS61
GLAREQ62
GLAREQS3
GLAREJ G4
GLAREODSHS
GLAREOQOG6S
GLARLCO67
GSLAREQ6SB
GLAREOS69
GLAREQ70
SLAREQTL
GLAREOT2
GLAKEOQT3
GLAREOQ74
GLAREODT7S
GLAREOT76
GLAREOT?
ZLARLO78
CLAREQTD
GLAREJSC
GLAREQS8]
CLAREUHZ
GLAREGEY
GLAREODSBA
GLAREODSS
GLAREVES
GLAREUSE?
oLAREUGH
SLAREO3?
GLAREGYQ
GLAREDI]
GLARLEVY?Z
GLAREOQY]
GLARELYS
SLARELIS
SLAREQYS
LLAKREOYT
GLARECOR
GLAREULSY
GLARE1OD
GLARELIOY
GLARELOL?
GLARELQ)
GLARE VS
SLARELDS
HLUARE 106
GLARELIC?
ol ARF 108
GLARL LQ9
GuAaRt LI
GLARE: 11
GLARELL?
GLARELLY
GL&HP\!&



i

i

4

1
1

JQ=1l

MMMa-Y

1=0

00 1000 JJJal,dv
MMMaMMM+ 10

Llalell e o

1F (l‘J)l?Z?ol
CONTILNUE

CALL SQPGULLUSReJQe 104, MMM)
CALL SOPMUI+VALUL s JQy10Ge o MMM)
1=J

CALL--SUPGL1+USReJQeCo 1)

CALL SCPR{T1,VALUF+JGsCrl)
CONT LNLE

T0 PLOY Cx CRT

WMRITELLITV, 1Y)

)2.11!1

FORMAT(SORDG YOU WISH ThE VALUES UR THL ARRAY TO Lt PLOTTED

/+2V0HLF .YES .THEX TYPE 2 ).

READ(IRBD,4D) 1D

IFLIB=-2)122,24,122

CONTINUL

PLAT PROGLGRAM

VU 6% I=led

Atl,.¥=1

All.2)=VALUELT)

CONT I NUE

CALL APLLTIA,2000]143)

CCNT IvUe

O STOP U HULD AT TS &END OF

WRITE(LITV,121)

FORMAT( &45HTYPL 1
/7 +3THZ
/7 +45H

REAUIIRBE,LO2)IA

FORMATI(IL)

CO TCIL1CC,10elL) e

SHUT DUWT S=ilE iCL

CONTIT UL

3N

P QUNTINUE -~ o o e e e

A RUN

12 YOLU WISE TU STOP THE EXPERIMENT,
IF YUUu wISH T80 START 4
3 0F YU alSH TO el wWALITING A NEWw SUBJFCT)

EW SUBJECT.,

SUBRUUT INE APLST LA N iPLUT NPAT)

PIMLNSTUNY A(L)

CALL bLEGIN(YLOL, 1)

CALL EPRASE

CALL VECTJR

AMAX2A(])

AMlusatl)

DO 3 (alenPul

LECALS) aLToxMtiiddXniN2ALL)
lF(h(l).GT.!MAY)!MAsSA(l)
covfimuL

NOXs' el

Mz AL NER)

YMALaYMI

LO YD B12LNPLGE

e 8 beelyewtt

wnxeflenel2
FECALUDAD oL T oYM NIYM P2 AINE <)
l!l&llﬂ(l.&f.V“»!l?Vﬁt*F(W"!l

S7

GLARELLS
GLARF117
GLARELLS
GLAKE1l9
GLARE120
GLARE121

. GLARELZ22.

GLARE123
GLARE 124
GLAREL2S
GLARE126
GLAKELZT
GLAREL28
GLARE129
GLAREL30
GLAREL3]
GLARE132
GLAREL33
GLAKEL34
GLARE13S
GLARE136
GLARE 137
GLAREL38
GLAREL39 .

GLARE14D

GLARELl41

GLARELG2

GLARLLAS
GLARE1l44
GLARL145
GLAREL4S
GLARELSGT
GLARE14B
GLARE 149
3LARE1S0
GLARE!S1
GLARE1M2
GLARELS3
GLARE LS4
GLARE LSS
GLARL 1SS
GLARE1ST
GLARELSS
GLARELS9
GLARL 16D
GLARELOL
GLARELG2
GLARE 1S3
GLARLE 164
GLARE LGS
GLARL 16O
GLARELGT
GLARL1GB
GLARE LG9
GLABEL D
GLAREL T
SLARELT?
GLARLILITY
OLLAREL T4



GUNT I NU e oo i it e e e
CONTINUE

XFACT=8004/ (XMAX=XMIN)

YEACT=2500./7 (YMAX=YMIN)

XDRG"( 1033."800. ),20

ITF{XMINGLT eV I XURG=2234=800 4 XXMM/ { XMAX=XM]N)
~¥YORG=2140e— . o L

ITF{YMINGLT,. 0.)YURU—140.-SOU *YMIN/(YMAX YMIl)
CALL SCALCUXFACT,YFACT,XORG, YURG)

XLUW=XMIN

lF(XMlNoGE.(). )XLUN=O.

YLOW=YMIN

XLNG= (XMAX-XM]IN)

YLNG=(YMAX-YMIN)

XTIC=XLNG/10.

YTIC=YLNG/10.

MARKX =1

MARKY=1.

CALL AXIS(XLLN YLON XLVG,YLMU,XTIC YTIC MARKX s MARKY)

DO 1000 [2=1,%PLOT

CALL VECTCR

DO 2000 T1=1,NPNRT

IFCI1-1)010e20,10

[PEN=Q

MARK=0.

G0 TO 4C

IPEN=1

CONT INUE

NDX=12%*m+11

X=A(11l)

Y=A(NUX)

[F{YMINGE Q) Y=A(JUX)~=YM]IN

CALL TPLUT{X,Yy IPEive MARK)

CONT I~ UL

CALL TPAUSE .

LONT IR

AETUR™M

LASTY

SUBRUUT INE SUPMUTyVALUE»JQeCoMNMI)

DIMEMSTOYN VALUET L)Y odQO1 ) SETa )y AMEAN(1DC) R (100)
OIMENSIUN FEFLLGO)

ASUM’O.U

SUm=a),y

0O 9122 Kanpyn,l

BiX)avALLC(IY)2e

SUMaSMeB (X))

ASUM2ASUNMeVALL ()

CONTINVE

SEJUY 25U  TEoUM={ASUMAS2) (L, /CY)2(]1./7(C=14))
AMEAN(J J)2ASUV /Y,
FRFFAJUY=2(S(IL) 222/ M EANTJN) ) *10u.

W ETE(LLoBLIS)C o STIRY G AMEAII I L) o FFRLIG)
) FURMAT(E2Ge 202 M50MLE STANLAAL LEVIATION
FLO6MSAMPLE M=a9 15 o519 L1l abAGCT 15 oFHe4)
KETURY

E i

Suvwﬂutllt Wil FoVALUZ ¢ JleCoWiN)
I R N IV B N I I o I DS R AL TN \a(h}n).!!(l\'\)

IS +Glaet,

58

GLARELTS
GLARELT6
GLARELT7
GLAREL178
GLARELT9

GLARE180 |
GLARE181 .
GLARF132 -
GLARE183 ;
GLARE184 -
GLARE185

GLARELS8S
GLARE187

GLARF188
GLAREL189

GLARE]190D
GLARE191
GLARE192
GLARE193
GLAREL94
GLARE19S
GLAREL96
GLARELIT
GLAREL98
GLAREL199
GLARE20C
GLAREZ201
GLARE2u2
GLAREZ2VL3
GLARE20¢
GLAREZ2)5
LLARE2DS
GLARE2O7
GLART208
GLAREZ(?
GLAREZ10D
GLARE21]
GLAREZ212
GLAREZ217?
GLAREZ214
GLAREZ21S
GLAREZ16
OLAREZ21T?
GLAREZLIN
GLAREZ19
GLARE220
GLAREZ21
GLARL22?
OLARLZZ3
GLARL 224
OLAREZ2ZS
GLAREZ2M
oLAREc2T
GLAREZZ2R
GLAREZ29
HLAREZ 3D
GLARE 23
GULARE22)?
GLARE ¢ 3}
oL ARk 2 1



3 e e
g L e o 4 - - JPONEEY
f
- e e e e e § e .- S -

- DIMENSION - FFR(1O0) .- i
ASUM=0,0
— —-SUM=040— RN
DO 9122 K= MNM,I
B LK I=VALUE LK) S 2

-.GLAREZ35.
GLAREZ236
--GLARE237 -
GLARE238
GLARE239

SUM=SUM+B(K)

22 CONTINUE

AMEAN(JQ)I=ASUM/C
CEREAJQ)=(SLJQ) %2 /AMEANAIQI ) X100 .
3 WRITE(16+4815)CeSUJQ) s AMEAN(JC)FFF{JQ)
> FIRMATAFL15.0+5HGSR .
114HSAMPLE McAN IS 9018 69 11HWINFACT IS 4F844)
RETURN . .. ...
END

*TCIG

TPLOT,.DK3

THRTLs o DK3 e

TRTLo .DK3

H1l950
TleeCU

CJASUMSASUMSVALUE (K ). o i v e e

SUJQ)=SQRT(SUM=-(ASUM**2)%(1./C))*(1./(C-1a))

9. 29HSAMPLE STANDARD . DEVIATION IS

PSSR

GLARE240
_.GLARE241
GLARE242 :
GLARE243 :
GLARE244 .
e . GLARE245_:
GLAREZ«&‘
GLAREZ24T :
GLARE248 *
S GLARE249 '
. GLARE250
— GLARE251 !

[PIENSR

+1Gl8s069

GLAREZ252 :

e . ... ... . _GLAREZ253 ;

GLARE254

..GLARE255 !

GLARE256

. GLARE251T. -

GLAREZ2SE |

GLARE259
GLARE260

GLAREZolg
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