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hundred of its seetllings. The differences 
are easily seen even in young plants and 
are mostly large enough to constitute new 
races. The more eonimon ones of these 
races are produced repeatedly, from the 
secd from the wild plants as well as in the 
pure lines of my cnltures. I t  is obviously 
a constant and inheritable condition which 
is the cause of these numerous nrrd r rp~a ted  
jumps. 

These jumps at  once conrtitute constant 
aucl ordinarily uniforlil races, mhicl~ differ 
from tlie original type either by regressive 
characters or in a progressive way. By 
means of isolation arid artificial feeunclation 
these races arc easily kept pure during 
thc3ir succeeding generations. 

1 shall not insist here upon their special 
characters. The most frequent form is 
that of the dwarfs, C.!Cnothera nanellcc, and 
t h e  rarest is the giant, or  0.gigas, which 
has a double number of chromosomes in its 
n~xclei(28 instead of 14) and by this marl< 
:1nd its behavior in crossing proves to be 
a progressive mutation. Other new types 
which are produced yearly are 0. rlcbm'-
qzervis, 0. ohlonya and 0. a l b i h  0. lata 
is a female form, proclueing only sterile 
pollen in its anthers and 0. scintillans is in 
a splitting condition, returning every year 
in a greater or less number of individuals 
to the original type from which i t  started. 
Besides these there are a large number of 
nlutations of minor importance, many of 
which have riot even been clescribed up to 
the present time. 

Thus we see that the experiments pro- 
vide us with a direct proof for the theory 
of evolution. They constitute an essential 
support of the views of Darwin, and more- 
over they relieve them of tlie many objec- 
tions we have quoted and bring them into 
harmony with the reslilB of the other 
natixral sciences. 

But, besicles this, they show ~xs the way 

into a vast new domain of investigation and 
afford the ixlatrvial for a stady of the in- 
ternal and external causes which deterrr~inc 
thc prodlietion of new species, at  least in 
those eases in which, as in the primroses, 
mutations are relatively abnndant. Frorn 
these we may confidently hope to come 
some day to the strldy of tho.;e rarer mnta- 
tions on wllicll the differentiation of the 
main lines of organic evol~xtion seem to 
have depended. I3uao DE VRIES 
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T H E  EYE1 


UP to the present tirne the worli on the prob- 
lem of lighting has bocn confined alrnost en-
tircly to the source of light. Thc goal of the 
lighting engineer has been to get the inaxi- 
lrlurn output of light for a given expenditure 
of energy. Until recent years little attention 
has been given to the problem in its relation 
to the eye. 11, is the purpose of this paper to  
outline it1 a general way sornc of the more irn-
portarit features of this phase of the subject, 
and to give sornt. of the results of work that is 
rlow being done on the problerns that  these 
features present. 

Corlfronting the problem of the effect af 
lighting systems on the eye, i t  is obvious that 
the first steg towarcls systematic worlr is to 
obtain some means of making a definite esti- 
mate of this cffcct. The prominent eKcctr of 
bad lighting systerns are loss of efficiency, 
temporary and progressive, and eye discom- 
fort. Three classes of effect may, however, 
1 ~ 3investigated: (1) the eEcct on the general 
l c r d  or scale of efficiency for the fresh eye; 
(2) loss of efficiency as the result of a period 
of work; and ( 3 ) the tendency to produce dis- 
comfort. Of these three classes of effect the 
last two are obviously the more important, 
for the best l i g h t i ~ ~ g  onesyatc~n is not the 
that gives us the maximi~m acuifxy of vision 

1This paper, with some changw, was read he-
fore tho Arllcrioau IJhilosophical k-oeietyof Philil-
delphin, April 4, 1913. 
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for the momentary judgment or the highest 
level of efficiency for the fresh eye. I t  is 
rather the one that gives us the least loss of 
efficiency for a period of work, and the maxi- 
mum of comfort. 

I n  1911 the American Medical Association 
appointed a committee to study the effect of 
different lighting systems on the eye. The 
writer was asked to share in the work of this 
committee. The problem presented to him 
was to furnish tests that would show the ef- 
fect of different lighting systems on the eye, 
and more especially to devise, if possible, a 
test that would show loss of efficiency as a re- 
sult of three or four hours of work under 
an unfavorable lighting system. I n  his work 
directed along these lines he has succeeded in 
getting methods of estimating effect which 
after eighteen months of trial seem snfticiently 
sensitive to differentiate between good and 
bad lighting systems with regard to these 
points. H e  has undertaken, therefore, to 
determine (1) the lighting conditions that 
give in grneral the highest level or scale of 
visual efficiency; (2) the conditions that give 
the least loss of eficiency for continued work; 
and (3) the conditions that cause the least 
discomfort. This plan of work, i t  is scarcely 
needful to remark, will involve a wide range 
of experimentation. The crux of the problem 
is, however, to secure reliable methods of esti- 
mating effect. Having these inethods, the 
factors, whatever they nlay be, distribution. 
intensity, quality, position of the light rela- 
tive to the eye, etc., can be varied one at  a 
time and the effects be determined. From these 
effects i t  should not be difficult to ascertain 
what lighting conditions are best for the eye, 
and what is the relative importance of the 
factors that go to make up these conclitions. 
Further, i t  shoulcl be poqsible on the practical 
side to test out and perfect a lighting system 
before i t  is put on the market; also to deter- 
mine the best conditions of installation for a 
given lighting system ; to inveqtigate the effect 
of different kinds of type and paper on the 
eye; to study the effect of different kinds of 
rleilx lighting, etc. In short, i t  is obvious that 

the usefulness of such tests is limited along 
these lines only by their sensitivity. 

A detailed description of the tests we are 
using has already appeared in print.2 Time 
can not be given to them here. A brief report 
only of some of the results of the work in  
which they have been employed is possible in 
the time placed at  my disposal. 

I n  the study of the problems presented to 
us in this field i t  has been thought best to 
conduct the investigation a t  first along broad 
lines in order to determine in a general way 
the conditions that affect the efficiency and 
comfort of the eye. Later a, more detailed 
examination will be made of the ways in  
which these conditions have been worked out 
in the various types of lighting systems in use 
at  the present time. The following aspects of 
lighting sustain an important relation to the 
eye: the evenness of the illumination, the 
cliffuseness of light, the angle a t  which the 
light falls on the object viewed, the evenness 
of surface brightness, intensity and quality. 
The first four of these aspects are very closely 
interrelated, and are apt to vary together in 
a concrete lighting situation, although not 
in a 1:1 ratio. For the purposes of this paper 
these aspects will he grouped together and 
referred to as the distribution of light and 
surface brightness in the field of vision, or 
still more generally as distribution. The ideal 
condition with regard to distribution is to have 
the field of vision uniformly illuminated with 
light %ell diffused ancl no extremes of sur-
?ace brightness. When this condition is 
attained, the illnmination of the retina will 
shade off more or less gradually from center to 
periphery, which gradation is necessary for 
accurate ant1 colnfortable fixation and accolm- 
modation. 

The factors we have grouped under the 
heading distribution can be most conveni-
ently discussed perllal~s with reference to four 
types of lighting systems in comnion use 

2 "Tests for tho  Effieiencyof the Eye Under Dif-
ferent Systems of Illumination and a Preliminary 
Study of the Causes of Discomfort, " Transactions 
of t l ~ eIllumitwting Engineering Society, 1913, 
VIII., pp. 40-60. 
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to-day : illumination by daylight, direct light- 
ing systems, indirect lighting systems and 
semi-direct systems. I n  the proper illumina- 
tion of a room by daylight, we have been able 
thus far  to get the bvst conditions of distribu- 
tion. Reforr i t  reaches our ~ i n d o w s  or sky- 
lights daylight has been rendered widely dif- 
fuse by innumerable reflections; and the 
windows and skylights themsclvcs, acting as 
sources, have a broad area and low intrinsic 
I)rilliarrcy, all of which features contribute 
towards giving the idcal condition of distri-
bution statcd above, nmncly, that the field of 
vision shall be uniformly illuminated with 
light well diffused arid that there .;hall be no 
extremes of surface brightness. Of the sys- 
tems of artificial lighting tho best distriblx-
tion effects, speaking in  general terms, are 
givcrl by the indirect systcmb. I n  this typc of 
rystem the source is concealed from the eye 
and tllc light is thrown against thc ceiling or 
some other din'nsely reflecting surfac>c, in slicb 
a way that it suffers one or more reflections 
briore i t  rcachrs the eye. I n  some of the 
r e s p e ~ t ~most important to the eye, this system 
gives the best approxinlation of thc diqtri-
hution eKeczt9 caharaeteriytic of dayligl~t of 
any that has yct been (1e.r-ised. The direct 
Tigliting eysterns are designed to send the 
light dircctly to the plane of worlr. Therc is 
ill n,c1neral in the usc of these systems a 
tcntiency to conccntrate the light on the work- 
ing plane or object ~ i c ~ v e d  rather than to dif- 
Iusc it, and, therefore, a tendency to emphasize 
brightness extr~mes rather than to level them 
down. Too often, too, the eye is not properly 
shielded from the light source and frequently 
no attcmpf, at  all is rnadc to do this. The semi- 
indirect systems are intended to represent a 
cornpromibe between the direct and indirect 
syitems. A part of the light is transmitted 
directly to the eye throagh the translucent 
reflector placcd beneath the source of light, and 
a part is rcflected to the ceiling. Thus, de- 
pentling upon the density of the reilector, this 
typc of system may vary between the totally 
direct and the totally indirect as ext,remes and 
shwe in the relative merits and demerits of 
cach in proportion to its place in  the scale. 

By giving better distribution this type of 
system is supposed also to be a co-tlcession to 
the welfare of the eye, but our tests show that 
the concession, a t  least for the type of 
reflcctor we have is not so great a s  i t  is 
snppoqed to be. I n  fact, imtalled at  the inten- 
sity of ilhimination ordinarily used or a t  an 
intensity great enough for all Binds of work, 
little advantage is gained for the eye in this 
type of lighting with reflectors of low or 
111ediurn densities; for with these intensities 
of light and densities of reflector, the bright- 
ness of the source has not been snfficiently 
redl~ced to give much relief to the suffering 
cyc4 Until this is clone in home, o6ce and 

3 The reflectors n e  nscd wcre snppliecl to  us by a. 
prominent lightlng corpor:ltion, inlerested neither 
iu the manufacture nor thc 5ale of ligllting fixtures, 
in  response to a request for  a representative semi- 
indirert lightlng system. Obviously, however, final 
conclusions sliould be  reserved until the tests are  
extelideil to other types of rcflcctors. 
4 Tlio seml lnd~rect system used by us was but 

l ~ t t l e  better for  the eye than the direct sys-
tcm. Tlie dlrect <ystem n c  employcd was tbe one jn 

general use throughout the building in which our 
tests wcre made. It mar jnstttlled about six years 
ago and is, tiielcfore, not of the most modern 
type. It scerny to t l ~ e  writer safe to say, l~owever, 
that r t  g i ~ e s  cdrr t s  fully a5 gooct a% most djlect 
lighting in actual use In the conntly to day. Fnr-
thermore, it 1s dimcult t o  hcliwe that any p e n t  
injustice bas been done to  direct ligl~tlng, so f a r  as  
tlns principle of lightnlg has heen commercialized 
up to t h ~ s  time, hy the selection of this system, be- 
cause of the fact  that ~ e r yllttle l e v  loss of effi-
ciency was obtained fro111 tho semi indlreel lighting 
system, mhich on xrcoiint of ~ t ss~mrlari ty to  indi- 
rect lighting represents, we have good reason to be- 
llcve from our ~csul ls ,  a greater modification of di- 
rect lrghting for  the elfa are of the eye than any 
tha t  1s found wi th~n  tho class of direct syslemu. 
However, a Gnal concliis~on ~zrll be reserved u n t ~ l  a 
rnore extensi\e in%estlgation of tlle direct s)stams 
has been made. The writer further door not wish 
to be understood as contending tha t  direct ligbting 
can not be accomplished in  a way tliat is not ex-
cessively dnmaglng to the eye. Doubtless great im- 
provement can be  mafie in this type of lighting if 
proper attentron 1s pven  to  the fundamental prin- 
c~ples  go~e rn ing  the effect of light on the eye. i t  
does not seem to the wnter, however, tha t  tho prin-
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public lighting we can no t  hope t o  get  rid of 
eye-strain with i t s  complex t ra in  of physical 
and mental disturbances. 

It is not  our purpose, however, a t  this t ime 
t o  attempt a final rating of the  merits of 
lighting systems. F o r  t h a t  our  work is still 
too young. Moreover, there a r e  relatively 
good and bad systems of each type, and good 
a n d  bad installations may be made of any  
system. What  we hope t o  do is  by making a n  
appropriate selection and variation of condi-
tions t o  find out  what the factors are t h a t  
are  of importance to  the  eye, and  from this 
knowledge a s  a s tar t ing point to  work towards 
reconstruction. 

With regard to t h e  effect of the  distribu- 
tion of l ight  and  surface lightness on  
the  eye a brief statement will be given here 
only of its effect o n  efficiency; and i n  the  
consideration of efficiency loss of efficiency 
will receive the major par t  of our  attention. 
N o  attempt will be made, f o r  example, t o  pre- 
sent the results of the study of the  factors 
producing discomfort. The study of thme 
factors has  constituted f o r  u s  a n  entirely 
separate and independent piece of work inves- 
tigated by separate rtnd independent methods. 

O u r  tests for  loss of efficiency5 show t h a t  

ciple of direct lighting offers as  great possibilities 
in this direction as the indirect; still he permits 
this also to remain an open question in his mind. 
I t  is obvious that much can be accomplished for the 
welfare of the eye in cases both of the direct and 
semi-indirect systems by using sources of large 
area and of low* intrinsic brilliancy, by removing 
them as much as possible from the field of vision, 
by employing better means of diffusing the light, 
etc. 

5 The tests were made in a room 30.5 feet long, 
22.3 feet wide, and 9 feet high. The artificial 
lighting was accomplished by means of two rows 
of fixtures of four fixtures each. Each row was 6 
feet from the side wall and the fixtures were 6 
feet apart. The reflectors were in the different 
cases 19-26 inches from the ceiling. Clear tungsten 
lamps were used as soirce. The voltage was kept 
constant by means of a voltmeter and a finely grad- 
uated wall rheostat placed in series with the light- 
ing circuit. In  case of the direct system two bulbs 
making an angle of 180" were used for each fixture 
and the distribution was obtained by means of white 

when the  intensity and quality of the light 
a r e  equalized a t  t h e  point of work, the eye 

slightly eoncaved porcelain reflectors 16 inches in 
diameter fastened directly above. I n  case of the in- 
direct system corrugated mirror reflectors, enclosed 
in brass bowls, were used. For the semi-indirect 
system the distribution was obtained by means af 
inverted alba reflectors 11 inches in diameter 
which threw a part of the light against the 
ceiling and transmitted the rest directly to 
the room, minus a rather large absorption qiian- 
tity. The daylight illumination came from 
three windows all on one side of the room and 
situated in a line parallel with the line of 
sight used when making the tests. These windows 
were so sheltered that it  was never possible for 
them to receive light directly from the sun or 
from a brightly illuminated sky. Moreover, the 
light from one of them, the one nearest the ob- 
server, was further diffused by passing through 
a diffusion sash made of double thick glass ground 
on one sid'e. The intensity in foot-candles was 
made equal a t  the ppint of work for all the sys- 
tems employed. In  making this equalization the 
light was photometered in, five directions a t  the 
point of work: with the r&eiving surface of the 
photometer in the horizontal plane, a t  angles of 
45" and 90" pointing towards the observer, ant1 a t  
angles of 45" and 90" pointing in the opposite di- 
rection. I n  installing the lights in the different 
systems i t  was impossible to make the intensity 
equal in all of these directions. Care was take11 to 
make it  equal in the plane of the test card, i. e., 
the vertical plane, and' as nearly as possible equal 
in the other planes. The Sharpe-Millar portable 
photonieter was used to make these measurements, 
also another method mentioned' in a former paper 
(op. oit., p. 49) which is more sensitive to day-
light illumination than is the Sharpe-Millar 
method. The effect of varying distribution of 
light was thus tested under conditions in which 
quality and intensity were reduced as nearly to a 
constant as was possible with the systems em-
ployed. The intensity in the vertiaal plane was 
made in each case 1.4 foot-candles or approximately 
so. Space can not be taken here for an engineer- 
ing speciiication of the installations used and the 
lighting effects produced. A full report of the 
work including detailed brightness and illumina- 
tion measurements, photographs showing the il-
lumination effects obtained, descriptions of installa- 
tions, etc., will be published in the Transactions of 
the Illuminating Engineering Society. 
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loses practically nothing in  efficiency as the 
result of three to four hours of work under 
daylight. It loses enormously for the same 
period of worlc ulider the system of direct 
lighting selected for our work and almost a4 
much under tho system of scmi-indirect 
lighting. Under t l ~ e  system of indirect 
lighting, however, the eye loses but little 
more than i t  loses in daylight. The results 
of these tests show also that  acuity of vision 
as determined by the momentary judgment is 
higher for the same f oot-candles of illumina- 
tion for the (laylight system than for the 
systems of artificial lighting, and that for the 
latter systems, it is  highest for the indirect 
system, next highest for the semi-indirect 
system, and lowest for the direct. It will thus 
be seen that  for all purposes of clear seeing, 
whetllcr the criterion be maximum acuity or 
the ability of the eye to hold its efficiency for 
a period of work, the best resulti: are given in 
orcl~r by the systems that give the best dis- 
tribution of light and surface brightness. The 
cffect of distributiop is not so great, however, 
on the ability of the frerh eye to see clearly as 
i t  is on its power to hold its efficiency. 

The loss of efficiency fonild in the above 
work seems to Ire predominantly, if not en-
tirely mnscnlar, for the test*? for the sensitiv- 
ity of the retina shorn7 practically no loss of 
scnqitivity as the result, of nrork under any of 
the lighting qstenzs employed. The following 
reasons arc suggeqtetl wlry the murcles of the 
eye giving both fixation and accommodation 
should have been subjected to a greater strain 
by the systems of direct or semi-direct light- 
ing, than by the system of indirect light- 
ing or daylight. (1) The bright images 
of the sources falling on the peripheral 
retina which is in a perpetual state of dark- 
ness-adaptation, as compared with the cen-
tral retina, and is, tllcrefore, c.stremely smsi- 
tive in its reaction to such intensive stimuli, 
set u p  n refl(.x tendency for the eye to fixate 
them illstcad of, for exaniple, the letters which 
the ol)~rr\-er is required to read. (2) Like-
wite, a st~*ongreflex tendency to accommodate 
for thew b r i l l i a~~ tsources of light. all a t  
differcxlt distances from each other and the 

lettcred page, is set up. (3) Thcse brillia~lt 
images falling on a part of the retina that  
is not adapted to them, causing as they (30 

acute discomfort in a very short period of time, 
douhtlcss inciuce spasmodic contractions of the 
mu~eles which both disturb the elenrness of 
viqion and greatly accentuate the fatiguing 
of the muselcs. The net result of all these 
causes is excessive strain, which shows itself 
in :L 108s of power to do work. I n  the illu- 
mination of a room by daylight, howel-cr, 
with a proper distribution of wii~dows, the 
situation is  quite different. The field of 
vision contains no bright eourcaes of light to 
disturb fixation and accommodation and to 
cause spasmodic muscular disturbances due 
to the action of the intensive light sources on 
the darli-adapted and sensitive peripheral 
r ~ t i n a .  As has already been pointed out, the 
light waves have suffeld innumerable reflec- 
tions and the light has become diffuse. The 
field of vision is comparatively spcalcing uni- 
formly illuminated and there are no extremes 
of s ~ ~ r f a c c  The illumination ofbrightness. 
the retina, therefore, falls off more or 1c.s 
g~acludlyfrom center to periphery, as i t  should 
to permit of fixation and accomnlodation for a 
given object with a nlininium amount of strain. 

It ir not our purpose, however, to contend 
t l ~ a t  distribution i s  the only factor of inipor- 
tanee in the illuniination of a room. SVe hare 
clilosen to begin our worlr with tmes  based on 
distribution, only because i t  has seemed to uq, 

both from our own work and from a survey of 
the work done by others, that  this is the most 
important factor mith wl.iich me have yet to 
deal in our search for the conditions that, gi-re 
rninimum loss of efficiency and maxiniunl 
comfort in seeing. The quality of light and 
its intensity at the source are already pretty 
well taken care of, apparently better taken (.are 
of, at lcast in general practise relative to their 
importance to the eye, than is distribution. 
A sg5tcmatic study of factors, however, can 
not stop mith an invectigation of the effect of 
cli.;trilrution alone. The intenbity and qualily 
of light nnlst also be taken into account. For 
example, one of the most persistent questiolls 
asked hy the illuminating engineer is, '' IIow 
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much light; should be used with a given 
lighting system to give the best results for 
seeing!" We have undertaken, therefore, to 
determine the most favorable range of inten- 
sity for the four types of distribution men-
tioned above. Curves have been obtained 
showing the effect on the efficiency of the eye 
of three or four hours of work under different 
iritensities of light, for the direct and semi- 
indirect systems; and rough comparisons have 
been made for the indirect system and for day- 
light. Detailed tests will be made for these 
latter two systems early next year. Our tests 
show, in general, the following results. A very 
wide range of intensity is permissible for day- 
light and the indirect system. For the semi- 
indirect system the eye falls off heavily in effi- 
ciency for all intensities with the exception of 
a narrow range on either side of 2.2 foot-
candles, measured at the level of the eye at  
the point of work with the receiving surface 
of the photometer in the horizontal plane. 
For the direct system no intensity can be 
found for which the eye does not lose a very 
great deal in efficiency as the result of work. 
Thus i t  seems that distribution is funda-
mental. That is, if the light is well distri- 
buted and there are no extremes of surface 
brightness as is the case for daylight and the 
indirect systems of artificial lighting, the 
ability of the eye to hold its efficiency is, 
within limits, independent of intensity. I n  
short, the retina is itself highly accommoda- 
tive or adaptive to intensity, and if the proper 
distribution effects are obtained, the condi-
tions are not present which cause strain and 
consequent loss of efficiency in the adjustment 
of the eye. 

Details of the conditions of installation and 
of the methods of working can not be given 
here. I t  will be sufficient to state that the 
work was done in the same room, with the 
same fixtures, and in general vith the same 
conditions of installation and methods of 
working as were used in the tests for distri- 
bution. Nor can a full statement of results 
be made. Time will be taken, however, for a 
more detailed exanlination of the results ob- 
tained for the direct and semi-indcirect sys- 

tems. For the semi-indirect systems, our test 
showed that the intensity most favorable to 
the eye was secured when the photome1,ric 
reading with the receiving surface in the 
horizontal pllane showed 2.2 foot-candles of 
light at  the point of work, 1.52 foot-candles 
in the 45' position, and .58 foot-candle in 
the vertical position. At this intensity of 
illumination, the semi-indirect system, so far 
as its effect on the eye's loss of efficiency is 
concerned, compares fairly well with the in- 
direct system at such ranges of intensity as 
we have employed. At intensities appreciably 
higher than this most favorable value, or lower, 
the loss of efficiency is very great. At the 
intensity commonly recommended in lighting 
practise, the semi-indirect system is almost, 
if not quite, as damaging to the eye as the 
direct system. The intensity recommended 
by the Illuminating Engineering Society, for 
example, in its primer issued in 1912, ranges 
from 2-3 to 7-10 foot-candles, depending upon 
the kind of worli. Five foot-candles is taken 
as a medium value. This medium value, i t  
will be noted, is more than double the amount 
we have found to give the least loss of t.3-
ciency for the type and installation of semi- 
indirect system we have used. The intensity 
we have found to give the least loss of effi-
ciency for this type of lighting, does not, 
however, give a maximum acuity of vision 
as determined by the momentary judgment. 
At an intensity that does give maximal acuity 
for the momentary judgment the eye nrns 
down rapidly in efficiency. That is, in this 
type of lighting, one or the other of these 
features must be sacrificed. High acuity and 
little loss of efficiency can not be had at  the 
same intensity. They could both be had only 
under the indirect system and daylight. How-
ever, the amount of light we find to give the 
least loss of efficiency seems to be sufficient for 
much of the work ordinarily done in the home 
or office. I t  is not enough, though, for drnft- 
ing or work requiring great clearness of 
detail. 

I n  case of the direct system, we were able to 
improve the conditions, so far as loss of 
efficiency is concerned, by reducing the inten- 
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sity; but the system never proved so favorable 
in this regard as even the semi-indirect system. 
In the tests made under the direct system care 
was taken to have the fixtures in the 
same position i n  the room in every case as 
they were for the semi-indirect system. The 
most favorable intensity is secured by an in-
stallation that gave 1.18 foot-candles in the 
horizontal, .S5 in the 45" position and .45 
in the vertical. At this intcnsity, however, 
the loss in the efficiency of the eye for threo 
hours of work was almost Iour and one half 
times as great as for a wide range of inten- 
sities for either the indirect system or day-
light. 

Two facts, then, may be emphasized at this 
point. (1) Of the lighting factors that influ- 
ence tho wclfare of the eye, those wo have 
grouped under tho heading distribution appar- 
ently are fundamental. They seem to be the 
most important we have yetto deal with in our 
search for the conditions that give us tho mini- 
mum loss of efficiency and the maximum com- 
fort in seeing. If, for example, the light is 
well distributed in the field of vision and there 
are no extremes of surface brightness, our 
tests seem to indicate that the eye, so far 
as the problem of lighting is concerned, is 
when the proper distribution is present, inten- 
sities high enough to give the maximum dis- 
crimination of detail may be employcd mith- 
out causing appreciable damage or discomfort 
to the eye. (2) For the kind of distribution 
effects given by the majority of ligllting 
systems in use at  the present time, our results 
show that too much light is being employed 
for the welfare and cornfort of the eye. 

The effect of quality of light on the eye has 
been the subject of much discussion and much 
misunderstanding. There seems to be a fcel- 
ing even among lighting engineers and oph- 
thalmologists that colored light givcs better 
results for seeing than white light. Some, for 
example, hold that the kerosene flame furnishes 
the ideal source of light and that its virtues 
are due largely to the yellow quality of the 
light it gives off. While the writer has not 
as yet begun a systematic study of the effect 
of quality of light, and while he is, therefore, 

not as yet willing to commit himself on this 
point, he will say that when intensity and dis- 
tribution are ecjualized, an installation of clear 
oarbon lamps, which gives a light compara- 
tively rich in yellow and red, causes the eye 
to fall off more in effjciency as the result o f  
3-4 hours of work than an installation of 
clear tungsten lamps, tho light Irom which is 
more ncarly white. I n  short, the question 
whcther or not white or colored lighi, is better 
for tho eye can not be answered until definite 
tests are inado of this point alone under con- 
ditions in  which all other factors are rendered 
constant. The effects of the kerosene flame, 
for example, as compared with other sources 
of illumination, mnst bc todied under a system 
of installation that givw tho saino intensity 
at  tho source, and, as nearly as possible, the 
same distribution in the field of vision as is 
given by other illuminants. This has not been 
done at all. Our judgment of the compara- 
tive merits of the color quality of the light 
given by i t  have been based on the roughest 
lrinds of impression, obtainecl under condi-
tions of installation in which there has been 
no attempt at control of the other factors that 
influence tho effect of light on the eye. The 
work that has been dono up to this time on the 
rclation of quality of Sight to seeing has been 
confined to visual acuity as determined by the 
momentary judgment, and even this work 
which alone can give no safe grounds a t  all 
for drawing general conclusions as to the 
effect of light on the welfare of the eye, shows, 
whencver the comparison has been made, that 
white light gives a greater acuity of seeing 
than light with a do~nirlnnt color tone. If, as 
has bccn ~naintaincd by some on the grounds 
of their working experience, the licrosene flame 
ie easier on the eye than the more modern 
sources of illumination, the writer would be 
inclined, more especially in view of his results 
on the effect of differences in intensity on the 
efficiency of the eye, to ascribe the benefit, 
whatever there may be, to the low intrinsic 
brilliancy of the kerosene flame. For, as has 
already been stated, it mag he safely said that 
for the kind of distribution effects we arc 
getting from the largo majority of our light- 
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ins  systems, too much light is being used for 
the welfare and comfort of the eye. Added 
to this is the effect of the position of 
the light in the field of vision. The kero- 
sene lamp may be placed at  the back or side 
of the person using it, and, if in the field of 
vision, i t  is usually at  or near the level of 
the eye. In  the two former cases the effect of 
concealed lighting is given, and in the latter 
case the lamp occupies the most favorable posi- 
tion possible for an exposed source. That is, if 
the source of light is to be in the field of 
vision at  all, it should be as nearly as possible 
at  the level of the eye. This is because of the 
greater tendency of a light source to produce 
discomfort and loss of efficiency when its 
image falls on the upper and lower halves of 
the retina than when it falls in the horizontal 
meridian. These facts have been clearly 
brought out in our work on the effect of posi- 
tion of the light in the field of vision. 

I n  addition to studying the conditions that 
give us maximuin efficiency, i t  is important to 
determine the lighting conditions and eye 
factors 'chat cause discomfort. I n  fact, it 
might well be said that our problem in light- 
ing at  present is not so nmch how to see better 
as it is how to see with more comfort and with 
less damage to the general health on account 
of eye-strain. Any comparative study of the 
conditions producing discomfort necessitates 
a method of estimating discomfort. As stated 
earlier in the paper, our method of estimating 
discomfort ia entirely distinct and separate 
from our method of studying efficiency. Time 
can not be taken here to go into details of 
either the method or of the results of this 
study. Tt will be sufficient to say tliat the 
effect of distribution of light and surface 
brightness, intensity, and quality are also being 
studied in their relation in the comfort as 
well as to the efficiency of the eye. 

I n  concluiuion, the writer wishes to point 
out that no one of the factors he has men- 
tioned can be safely omitted in the search 
for the most favorable conditions of lighting. 
Nor can one be investigated and a correla-
tion between it and the others be taken for 
granted. We have been content, heretofore, 

to base our conclusions with regard to the 
relation of a lighting system to seeing on the 
conventional visual acuity test. While this 
test may tell us something about the general 
lcvel or scale of efficiency of the fresh eye, it 
can tell us nothing of loss of efficiency, because 
the muscles of the eye, although they may have 
fallen off enormously in efficiency, can under 
the spur of the will be whipped up to their 
normal power long enough to make the judg- 
ment required by the test. Moreover, i t  tells 
us nothing of the conditions that produce dis- 
comfort. I n  short, the general level or scale 
of efficiency of the fresh eye, loss of efficiency 
as the result of worlr, and the tendency to pro- 
duce discomfort constitute three separably 
determinable moments, no one of which should 
be neglected in installing a lighting system. 

C. E. FERRE~ 
BRYNMAWRCOLLEGE 

CARL FUCHS 

MR. CARLFUGIIS, the well-known entomolo- 
gist, died on June 11, 1914, at  his home in 
Alameda, California. IIe had attained the 
good age of '74 years, 6 months and 17 days, 
and was a native of Hanan, Frankfurt-am- 
Main, Germany, where he was born on No-
vember 25, 1839. 1-Iis remains were cremated. 
He was always active, energetic and punc- 
tual in business, and was noted for his en-
thusiasm on all matters appertaining to his 
favorite study. His specialty was the Coloop- 
tera, and up to the time of the earthquake and 
fire of 1906, he had the largest collection on 
the Pacific Coast. The loss of this-his life's 
work, with the exception of a few boxes which 
contained a genera col lect ion~reat lyde-
pressed his spirit and alnbition for a time. 
He rallied, however, and had by unceasing 
efforts up to tho time of his death amassed 
another moderately large collection. 

Mr. Fuchs was one of the most hospitable, 
kind and lovable of men, ever ready to aid 
amateurs or his younger colleagues, both as 
regards advice and material. The news of his 
death will be a shock to his numerous friends 
both in the United States and abroad. 

EIis trade was that of a chaser and engraver, 


