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PREFACE 

My aim in the preparation of this thesis has been to determine 

the effect of variations 1n iris pigmentation upon visual adaptation . 

I have endeavored to determine t he effect of variations by selecting 

equal numbers of dark-eyed and light - eyed h i gh school students and 

testing t heir ccmparative abilities a s to the lengt h of time it takes 

to perceive an opening in a Landot ring when passing from darkened to 

lighted conditions and visa- versa. 
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CHAPTER I 

INTRODUCTION 

The writer became interested in variations in visual adaptation in 

relation to iris pigmentation by observing the ability of his wife, who 

1. 

has brown eyes , to see more distinctly than he , who has blue eyes, when 

exposed to car headlights while driving at night; and her apparent ability 

to distinguish objects more quickly when passing from lighted conditions to 

darkened conditions . It was also observed that she has a smaller pupil dia­

meter as well as higher sensitivity in lighted conditions . The diets for 

both have been practically the same for several years , the visual acuities 

are normal, and there is very little age difference . The writer became inter­

ested and curious to learn whether the variations in visual adaptations are 

due chiefly to diet 7 photochemical processes due to visual purple degeneration 

in lighted conditions and regeneration in darkened conditions , or due partly 

to iris pigmentation. 

The importance of pi gment cells have been s tressed by Zikulenko and 

Adler1 who testify that t he rod and cone cells are not in t hemselves the 

fundamental light receiving unit. One of these rod or cone cells funct ioning 

in connection 1ith a pigment cell forlll3the light receiving unit. 

/e are aware of the fact that dark objects absorb light better than 

light colored ones and if light, as in the case of eyes, does affect the pig­

ment chemically, as pointed out by Wald, 2 1 t 11ould surely have to be absorbed 

to be effective. 

1 F. H. Adler, "A Camparitive Study of the Rol e of Pigment in the 
Physiology of Vision.n Arch . Ophth •• LVII, 346-359, 1938. 

2 G. Wald, "Carotenoids and the Visual Cycle . " Journal .2! Gen . Physiol. , 
xnc, 351-368, 1935. 



2 . 

Guilford3 has observed the threshold of visual sensitivity for light 

eyes to be greater than for dark ones , thus it appears that dark eyes should 

be more sensitive to light . 

At this point t he distinction betweon visuals nsitivity and visual 

acuity should be made clear . The visual sensitivity experiment as performed 

by ~elson and Guilford talces as the threshold measurements the amount of 

light necessary to evoke sensation {light minimum) as asainst the ability to 

distinguish the object clearly (form vision) used by Hecht, Jeghors and others . 

The relation of the retinal and choroidal pigment to iris color is 

almost one to one . 4 The pigment of the r etina belongs to the stratum pigmenti 

or third layer , while the pigment epithelium of t he iris beloncs to the tunica 

1terna or fourth layer; the relation between the t wo is so close that a 

lightly colored iris will have a less pigment ed fundas and visa- versa for the 

darkly colored iris . 

Fran Cajal 's5 sketch it is shmrm t hat between the stratum of rod cells 

and cone cells and the choroid is a layer of pigmented cells , processes from 

which extend between and envelop the rods and cones . 

1Ielson and Guilf'ord6 have Ahown that albinos and light eyed subjects 

short in retinal_pigm.ent are less sensitive to light than are dark eyed sub­

jects. It has also been found that a diaphragm placed in front of the 

albino' s eyes raises the threshol d of visual sensitivity, whereas for normals , 

or darker eyes, no appreciable difference could be cited within certain l imits . 

3 J" . P . Guilford , "Fluctuations of flttention with Weak Visual Stimuli . " 
AmArican Journal£!. Psychol ., XXXVII.! , 434- 454, 1927. 

4 n. Helson and J . P. Guilford , ~The R lation of Visual sensitivity to the 
"' Amount of Retinal Pigmentation . " Jotir • .2f ~ - Psychol. , IX, 58- ?6, 1933. 

5 J . D. Lickley~ The Nervous System, p . 92 , fig . 82 , Longmans Green and Co., 
New "ork, 1920. 

6 H. Helson and J . P. Guilford , op . cit. above . 



The darker tho eye, t he less transparent the iris . Tb.is leads one to 

believe that the iris :pigment of albinos and other extremely light- eyed 

subjects is, to a certain degree , transparent . The variation in pupil 

diameters as sho¥m by eeves7 is probably due to iris absorption , stratum 

pigmenti absorption and iris transparency . 

Jechers8 has shovm that vitamin deficiency causes night-blindness 

but that is common to all subjects regardless of eye color . The quest ion 

is ; "In which type of subject , light or dark-eyed, will night - blindness 

and light-blindness be more prevalent?" In Jeghers' experiment iris 

pigmentation was not taken into account when improvements, due to Vitamin 

A t herapy , were made . Another quest ion one might ask is, "Which group of 

subjects would respond the better to vitamin A t herapy'?" 

Helson and Guilford9 have shown that the critical ratio or statisti­

cal reliability is 2 . 39 in favor of the dark- eyed whites as against the 

light- eyed whites , computed by the mean . This tells us that the chances 

are about 992 out of a 1000 t hat the true difference between the dark eyes 

and the light eyes i s greater than zero . The critical ratio is 1. 6 in 

favor of the dark-eyed whites as against the medium colored eyed ihites . 

This tolls us that the chances are about 945 out of a 1000 that the true 

difference in this comparison is greater than zero . The statistical relia­

bility in the peripheral areas are of much less significance but the heavil y 

pigmented eyes are favored, especia lly the necroes over the whites . 

DeSilva and RobinsonlO have shovm that light eyes are on the average 

7 Prentice Reeves , "Rate of Pupi lary Dialation and Contraction. " 
Psychol ogical Review, rxv , 330- 340 , 1918 . 

8 H. Jeghers, "A Degroe and Prevalence of Vitamin Deficiency in dults . " 
Am. i~d . Association , CIX , 756- 761, 1937 . 

9 H. Helson and J . P . Guilford , op . cit . p . 2 . 
10 H. R. Desilva and P . Robinson.~Light Eyes and Glare Sensitivity. tt 

Science , LXXXVIII, 299, 1938. 
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more susceptible to glare than are dark eyes . They did not consider eye 

color only as lightness and darkness of eyes , but classed the light - eyed 

group as light gray , blue , and green ; and the dark- eyed group as brown , 

dark brorim and dark blue . There were 620 subjects used in the l ight- eyed 

group and 618 used in the dark- eyed group . 

Bayer11 has found that fat i gue and pain are produced ilhen the eyes 

ar~ suddenly changed from darkened condit i ons to brightl y l ighted c ondi ­

tions but that no pain or fatigue is suffered when the adaptation i s 

changed fran lighted conditions to darkened conditions . Re observed that 

the eye s ot light- eyed subjects watered more t han the eyes of dark- eyed 

subjects when changed fran darkened conditions to brightl y l ight ed condi ­

tions . He also found that l ight- eyed subjects on the aver age are s l ower 

to perceive objects against bright lights . 

L . A. s . Wood12 , 1n a talk to the Safety Council at Benjamin Frankl in 

Hotel , Philadel phi a , Pennsylvania , 1937, said : 

Within six years daytime autcmobi le fatalities have decreased 12 
per cent. During the same period , night fatalit i es have increased 
57 per cent. During 1936 , 37,800 people were killed ; 22,000 
( over 60 per cont ) met death during the hours of darkness, when 
there is only 20 per cent of the total traffic . 

The foregoing facts indicate that night- blindness is perhaps r espon­

sible for a large percentage of the fatalit i es even after defects such a s: 

faulty brakes , inattention , negligence, alc ohol, etc . have been accounted 

for . 

The above data signify the importance of good vision in night driving . 

jeghers and others have shO!/tn that improvements in visual effec t i veness can 

11 E. Bayer , "Dark Eyes See Bett er in t he Light· " Indust. Psychot echn., 
X, 207- 209, 1933 . 

12 "Dark Adaptati on in Relation t o vitaminosis A an4 
the Fel dman Adaptometer . " American Optical £2.•, 1938 . 
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be made through vitamin A therapy. This hypothesis has been confirmed by 

t he use of the Biophotometar . Af'ter improvements in visual effectiveness 

have been made, the question arises whether the critical ratio between the 

light- eyed group and the dark- eyed group will remain the same after vitamin 

treatment as before treatment . 

Guilford, Helson and Desilva found t hat it takes more light for a 

light- eyed subject to detect an object in lighted conditions than for a 

dark-eyed subject . 

According to experimental and statistical evidence , it has also been 

shown by Helson and Guilford that dark eyes can adapt slightly better than 

light eyes in darkened conditions but not to an extent to be of statistical 

importance . 

The presont investigation is concerned with the determination of the 

effects of variation in iris pigmentation upon visual adaptation and to 

further substantiate the findings of others by using a greater number ot 

eases . 
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CHAPTER II 

METHCDS 

J\ppa.ratus 

This experiment was conducted in two adjoining rooms o'f' the Cushing 

high school, Cushing, Oklah<XI1a . Each room was darkened by heavy black 

blinds in wooden frame$ which were constructed to fit each or the inside and 

outside windows so that all sources of illumination could be control led. 

Light Adaptation: 

--. ,, 
,' 

' 

Top V 1e"N' 

llOY. 

A !<efleclors 
B I3ox 
C Top Board 

C G 

tnd 
r 

In the experimental room ( 32'- x 24' ) the apparatus shown 1n figure 1 

was located . Two reflectors {A) 20 inches apart were placed on a tabl e at 

one end of the r oan. Each :reflector contains a 300 watt clear incandescent 

lamp . The light from the lamps is control led by a variable rheostat on a 

110 volt circuit . A box {B) , eight inches square and eight inches deep and 

open at one end, contains a thin metal Landot ring painted white . The 



inside of tho bar is p.a1:ated black.. The outside diam0t3r of th~ ring is 

seven inches and the inside diameter is five and one-half inehes. 

Prelilriinary teats sho;,s;red that ceiling and floor rofleot.ions ea.used 

unequal illumination on the ring. To eliminate thia. a dark clo~h was 

spread on the floor between the subject and the reflectors and the board 

( C) wao placed over the reflectors. This a.rrunee.ment resulted in equal 

illumination around the ring. 

7. 

Bight and one-half. feet directly in front of the reflectors and tac ing 

them. is a chair on which the subjects sat. This distance was used because 

the reflectors are set so that the light from them is focused at this point. 

Darl::: Adaptation: 

At the oppostte end or the oxporimenta.1 room the dark adaptation 

apparatus is located. !t consists of a low dark table with a black back 

board 24 inches wicle and extending upward SO inches from the :far end of the 

table. In the center of the- boa.rd is a thin motal Landot ring painted 

\Vhite with the same dimensions as the rms; described above. Both rings are 

supported by a. eireular track of small black nails,. 

Facing the ring and 16 feet back is a chair. Reeht, mild, and others 

have found this to be the optimal distance for dark adaptation experiments. 

Ti.10 teet to the right of the chair .is an opaque screen 40 inches vlide 

and 36 inches high that projects vertically from the floor. Directly behind 

the screen is a box 12 inches high which contains four l:} volt dry cell 

batteries connected in series which operate a six volt bulb that projects 

above the box. This bulb is controlled by a variable rheostat and is 

covered with a. translucent pa.per cone. The position of the box and the 

screen is kept constant as is the position of the ~hair for the subject. 

A General Electric sight meter for checking the constancy of illumin­

ation and a stop vrateh for determining the adaptation time 1,~re also used. 



a. 

SUbjeets : 

The subjects of this experiment ~ere 32 boys and 58 girls, 12 to 18 

years of age, :t'ran the junior and senior high school classes. Fort y- five 

of these have light eyes, light blue and blue ; and 45 have br own eyes. 

SUbjects with grey and hazel eyes wer e not used as they can not be pl aced 

in either of the above groups . 

Procedure : 

Before the experiment was performed blinds were constructed and put 

in the vlindows , the reflectors were set , and t he positions for the refl ectors 

' end the subjects chairs were determined.. The Landot rings were made and 

painted, the low intensity light was set up , and arrangements were made with 

Dr . R. • Leatherrock , an oculist of Cushing, to make the visual acuity tests 

for each subject used in the experiment . 

One hundred twenty- eight subjects took the visual acuity test . Ninety 

of these have aeuties of 20/20 , and none less than 20/20-1. Thirty- eight 

subjects were not used because of low acuties. 

The experiment was performed during the latter part of April and the 

first part of May , 1939 . During this period four to seven subjects were 

tested dur1ng each experimental period until the 90 had been tested . 

As each small group came to the laboratory, they were given instru­

ctions . They were shwn where the Landot ring was placed for each 

adaptation . They were instructed that the break in the ring was to be set 

at different positions corresponding to the hour hand of a clock. The 

hours 12, 1 :30 , !3 , 4 :30, 6 , 7:30, 9 and 10 :30 were used to el iminate guessing . 

For the light adaptation tests the group as placed 1n the adaptat ion 

room in the dark for 20 minutes . Piper1 has shown that this is suf'ficient 

1 H. Piper , "Over Dark Adaptation ."~· t . Psychol. XXXI, 16.l.-214, 1903. 
as quoted in Carl 1urchison , Outlines E.f. Gen . Experimental l?!!I.•, 1934 , 
Clark University Press , p . 725. 



time fol" the eyes to adapt themselves to the dark. While the subjects were 

in the dark room., the 300 mitt lamps in the experiment.al room werc1 adjusted 

to 25 foot eandles of illumination at the ap:pro21:Lrnatlfo point v:llere the sub­

ject 1 s eyes were to be. This light wan controlled by a variable rheostat 

an.cl vras kept cons-ta.h'1t throughout the entire experiment. 

One at a time tho subjects were brou;glrt directly from the adaptation 

room into the experit.1,ent~l room w:b.ich t'lJaS totally dark. There was no :possi­

bility of any lieht adaptation l)ef'ore the test began. The subject was then 

placed in the chair directly in front of the reflectors and facing them., 

the eyes being in the same :plane as the reflect.ors. 

Further instru.ct:i.ons were given here.. The aul:ijects were told not to 

blink, squitd;, nor close i.;hetr eyes and not to .shield their eyes with their 

hands nor look a5:Jt!J.Y as that would delay adaptation, but to look directly 

into the box for the ring t;md the position of :i.ts break, a_qd t;o call its 

position as soon as it could he distinguished. If the subject eulled otit the 

position of the bri,ak correctly the timer said, "All rightt1 ; if 1ti!'ong, the 

timer said nothing. 

The subject was then exposed to 25 foot candle1:r of direct illunrln.ation. 

At the same instant that the light was turned on, a stop watch was started 

and t;he time required for correct identi:ffoation of' the Lan.dot break 1".'as 

detern11ned. 

Atter i.;he subjects in each small group had been tested for littht adapta­

tion, t}H'l;T were s1:;nt back to the adaptation i'oon1 i'o:r five to ten m.inutes .. 

The roa:a was then illu.m.:tnated to 15 foot candles. 

One at a time they were again brought into the axperim.,':'lntal room a:nd 

seated in the dark adaptation chair. The subject was then eX"posed to 20 foot 

candles o~ illllll1ination. 

The lights were switched off' with only the lm:r intensity light bi.trnine;, 



10. 

rthis light sives: :l.'iv-e foot candles at a. distance of one inch from the SID.all 

bulb. 'I'his light is behind the screen and is kept corrntant by a variable 

rheostat. It allm:s only .0001 foot candles of illtm1inat ion on the ring. 

Adaptation is, th!Jrefore, rather slow. 

As 'tile lights were sv;ritehed o:ff, 1:1 stop ... tmteh was started and the tit-ne 

in seconds and tenths of seconds for identifying the position of the break 

in the ring was determined. 
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CHAPTER III 

RESULTS 

The results of both groups for light adaptation are shown 1n tables I 

and III . Table I sh~fls that there is a mean difference or nearl y l O seconds . 

The critical ratio of 2 .06 in favor of the dark- eyed subjects tell s us that 

the chances a.re about 980 out or a 1000 that the true difference is greater 

than zero . This critical ratio is not statistically reliable . l The mean 

of the distribution was used for the computations . 

Table t hree shows a median difference of 2 .9 and a critical ratio2 of 

. 51 in favor of the dark-eyed subjects which tolls us that the chances are 

about 695 out of a 1000 t hat the true difference betvreen the t wo groups 

is greater than zero. 

The results of both groups for dark adaptations are shov.m in tables 

two and four . Table II , using mean scores, shows there is a d ifference of 

only .06 of a second. The critical ratio is only . 0147 1n favor of the 

dark-eyed subjects . This tells us that the chances are about 506 out of 

a 1000 that the true differences between the two groups is greater than 

zero . This difference is vrhat one w::mld expect if chance alone were the 

ca.use . 

Table IV, using the median scores, shows a difference of six seconds. 

The critical ratio of . 875 in favor of the dark-eyed subjects tells us that 

the chances are about 809 out of a 1000 that the true differences between 

the tvro groups is greater than zero . 

1 To be statistically reliable , using the mean, the 
difference should be: to 3. 

(S1~i .f. Sigm~2 )'.i 
2 To be statistically reliable , using the median, the 

difference should be= to 3 . 
2 2)i 

( S1gmaMdn1 .f. Si~OI12 2 



Fram dark ada.ptat ion to light adaptation 

Light eyes Dark eyes 

Mean in seeonds 

Standard error 

45 

29.25 

27.6 

45 

19.93 

13.71 

standard error o:t the 1VIean 

Standard error of the difference of M1 !t!Iz : 4 .. 58 

Difference/ sigma diff. or c ri tie al r-at io = 2.06 

1from lig1lt adaptation to dark adaptation 

2.04 

Light eyes Dark eyes 

Number 

Mean in seconds 

Standard error 

standard error of the Mean 

46 

53.7 

15.99 

2.59 

Standard error of' the dif'f'erenoe of J4i Mg'.':; 4.07 

Diffarence/si.groa dif'f'. or oritioal ratio : .0147 

45 

53 .. 64 

22.2 

3.31 

12. 

\ 



From dark adaptation to light adaptation 

Number 

l;!adian in see onds 

Standard error of the Nd:n:. 

TABLE IV 

Light eyes Dark eyes 

45 

21.4 

45 

18.6 

2 .. 55 

Front light adaptation to dark adaptation 

Light eyes Dark oyes 

Number 45 

Median in sooonc1s Sl 

l3. 
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For light adaptation the critical ratio,; computed from. the means, 

of 2.06 1s greater than the ratio of .51 which is computed trorn the medians. 

This difference is :probably due to tho last three light-eyed subjects 

( a:ppend ix I'- 17) who u:re extrem.ely slow to o.dapt • The forty-third and 

i'orty-fourth subjects have very light eyes and the last ona has .many char-­

aoteristics of an albino.. These extreme oases would caus·e a significant: 

varie:tfon 1n the mean, while they would :not alter the value of the median .• 

For dark adaptation tha critical ratio, ca:nputed. from the means. of 

.0147 is less than the criticsl ratio of .875 which is eanpu.ted from the 

medians. 'l'his gives a reversal of the critical ratios established for 

liglrt e.tlaptation. This difference is probably due to the last. seven dark­

eyed subjects (appendix: p. l.?') who are slower than the corresponding seven 

light-eyed subjects.. These seven who are slow to ad.apt would eausa a signi­

ficant variation in the mean., while they 1.rould not altar the value ot the 

.median. 

l'Jhen comparisons o.f the ten fastest and the ten slowest subjects. in 

each grou:p are made (appendix p .. 18) for light and dark adaptations, no 

relation can be established between slow adaptations in darkened conditions 

and slow adaptations in lighted conditions. No rela·tionahip is round when 

rapid adaptation in lighted oondit ions is CO!l'ipared vrlth rapid adaptation 1n 

darkened conditions. 
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SUMMtil?.Y AND CONCLUSIONS 

Yorty-fh·e dark-eyed subjects and 45 light-eyed subja.ettl of high sehool 

age were dark adapted for .20 miJ:l.utes,, then subjected to 25 foot. candles: 

of direct light.. The time in seconds requi.red to identify the opening in 

a. white :t.andot ring nas doteminad. They w·ere then light ad!ipted a.ft.er 

which they 1,1ere exposod to darkened conditions. '1'1a time in seconds required 

to identify tho opening in the Lan.dot ring trm.s determined. 

T11e results of this experiment are treated by two different rn.ethod.s. 

When the mean scores are used a critical rat.io of 2.06 in favor of tha dark• 

ey-ed subje-ets is found for light adaptation? and a eritioal ratio of .014'1 

in favor of the d.ark•eyed group for dark adaptation .. 

Whan the median scores a.re used a crit1eal ra.tio of .. 51 1n favor of the 

dark-oyed group is found for light adaptation and a critioal rat;i.o of .875 

1n favor of the dark~ey-ed group for dark adaptation. 

These data snr-:,geat. the follouing oollclusions: 

l. 1fnen the data m•a treated by the mean, a fairly reliable ratio is 

found in favor of the dark-eyed su'bjeots over the light-eyed subjects in 

light adaptation and 011ly a cha.nee difi'ei~~mee in dark adaptation .. 

2. l'Jhen the data a't'e treated by the madian, an unx·elb.ble ratio is 

found in favor o:f the dark•ey-0(1 subjects ove:r the light-erect, subjects in 

light adaptation and only a slight.ly reliable ratio 1n favor of the dark­

eyed subjects ove1~ the light-eyed subjects in dark ada.ptat.ion. 

3. :tthe results obtained depend on the method of treating the d.ata.. 

The data also lead to the f olloi1ing implicatiqns; 
,,• 

While not statistically reliable, the critical ratios·~ 1n the 



direction of' the dark...ayed subJeets in both dark and light adaptation. 

but to a greater extent in 11€",ht adaptation. These critical ratios are 

so small that they are hardly more than chance dlf'fe:renees. 

16. 

Extremely light .. eyed subjects show slowness to adapt as eanpared with 

dark-eyed subjects in. bright lights. 

Slowness to adapt in the dark is slightly more common among the 

dark-eyed subjects. 

More cases would probably determine the outcome since a few extreme 

eases .modify the mean based oa a small number of cases more then does: the 

median. 

The results of this experiment are equivocal. If table I 1a used, 

. the conclusion is that dark-eyed subjects adapt more rapidly. It table II. 

is used, t..l:i.e conclusion is that chance determines whether dark or light·­

eyed. subjects adapt more t"a9idly. If tables III and IV are used, similar 

equivocations accrue. 



Light-eyed 

tight to 
De.rk 

8 
10 
11 
13 
13 
14 
15 
16 
16.5 
l? 
19 
20 
21.2 
23.4 
24 
26.8 
27 
28 
29 
29.4 
30 
50 
31 
32,.2 
33 
34 
36.5 
37.5 
38 
40 
41 
41 
43 
45 
46 
47.4 
48 
48 
49 
50 
52 
58 
65 
66.2 
95 

Ch:.t~o-nolog1cal Order of Data 

Adaptation time 1n ,Seconds 

subjects Dark-eyed. 

Dark to LigJ1t ·to 
Light Da.:rk 

3 3 
4 9 
4 12.2 
4.5 13.5 
4~ .• :.:5 15 
4.8 16 
5 17.2 
6.5 17.6 
6.8 18.2 
9 18.4 
9.2 18.4 

11 18.6 
11 19.8 
13 20 
13 20 
13.5 22 
16 22 .. s 
16.3 2::5 
17.4 25 
18 23.2 
18 24 
20 24 •. 6 
21.4 25 
24 26 
26 26.8 
29 29 
30 50 
51 32 
31.2 35 
31.6 36.5 
32 '37 
32.6 40 
35 40 
43.5 40.8 
45 41.5 
47 44 
49 45 
49 !5l. 
52 65 
52 65 
60 65 
68 71 
87 71.2 
90 72 

145 125 

17. 

subjects 

Darlc to 
Light 

3 
f"J ,t) 
.:J.j(i. 

4 
4 
4 .. 8 
5 
5 
5 
5.4 
6 
7 
'7.5 
8.5 
9 
9 
9 

11 .. s 
12 
15 
17 
17.8 
18 
18.5 
19 
19 
19 
20 
22 
25 
25 
26 
27 
28 
30 
31 
31.5 
33 
35 
53.5 
36 
38 
38o2 
50 
50 
55 
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Data of the Entire Experiment as Aetually l?erf'onwd 

Lieht-eyed subjects Dark-eyed subj acts 

Light to Dark to Light to Dark to 
Dark Light Dark l,ight 

20 31 3 9 
16 45 40 25 
48 24 29 33 
43 lS.5 23 19 
15 49 22 7 
15 16 45 5 
13 9 41.5 11.8 
10 20 18 .. 4 l'7 
17 32.6 44 18 
31 13 25 7.5 
40 1'7 •. 4 24 a .. 5 
14 52 65 5.4 
29 18 65 5 
41 49 28.8 5 
29.4 31.6 65 50 
46 ll 30 18.5 
34 lG.3 125 17 .. 8 
50 35 25 31 
50 52 40 55 
37.5 29 18.4 15 
33 51.2 51 35 
58 90 24.6 19' 
65 145 20 27 
27 26 40.8 38 
36.5 13 71 22 
19 18 71.2 12 
41 45.5 9 38.2 
11 5 12.2 4.8 
26.8 e .• r; '72 s.2 
16 .. 5 4 17 .. 5 50 
43 4.8 18.8 S5.5 
24 9 ... 2 23 36 
52 32 32 91'! ..... o 

. 45 50· 25 .. 2 30 
38 21.4 20 20 
30 6S 22.8 31 .. 5 
8 6.8 17.2 25 

47.4 5 36.5 28 
32 .. 2 4.5 1a .. 2 4 
21.2 4.6 1.5 19 
95 4 J.8.6 5 
66.2 11 16 9 
23.4 47 26 9 
28 60 37 5 
49 8? 1!3.5 4 
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