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hr an extensivc plrPcl on "'rhc Lr-rnririous Equii'alcnt of Racliation,,,
Ntrttingt thus stLtnmarizcs sorne of thc niole irniroltant clinlactcristics
.of the visual lesponse to radiation: ; '

l. "Sensibiì.ity to Slight Diffeleuces in lVave Length, has trvo
plonouncecl maxima, onc in tire yellorv ancl one in tÌre gÌeen; ancl two
slight maxima in the crt'e're blne ¿-r,ncl lecl. These marima vary
consiclelably rvith the incÌivichial ancl plobably also rvith the intensitv
.of tire ladiation usecl."

II. "Sensibility to Racliation of \rar.ying Intensity:
sensibility falls off steaclily *'itir i'o.casi'g i'tensiiy. It is aplrro\-

irnatelf inr.e.sel)' pr.opoltion:r.l to the intensity 01¡er a rvicle r.ange.
The r'¿-r,tio of optical intensity to intensity of lacliation incleases rnole
rapiclly for lecl than for, biue and green (Pzrz'lcinje phettontetzon).,,

iII. "Sensibility to srnall l)ifferences in fntensity,,:
The least pe.ceptible inc'ement measri.ed as a fraction of the

rvhole is a,pplorirnately:
(1) Inclepenclent of Intensit¡' (IÌcch,ner,s Luu). It is ¿l,bout .016

for moclelate ancl hig^h intensities ancl gleater for ver.y lorv ancl extlernely
liigh intensities.

(2) Inclependent of Wave Length (Ik)nig,s Lazu) at consranr
lurninosity, ertlemes again exceptecl.

(3) Indepenclent of the fndiviclual."
with the exception of number r the above characte'istics of the-

visual lesironse to lacliation have been velifiecl by sevelal oJ¡setvels.
Bnt concelning the sensibility of the letina to slight changes in the
rvave-length of tlie iight no investigation of a very exhaustive natru'e
âpllears to have been condncted. Perhaps the best Ìecent clata ale tirose
clue to Dr'. Olga Steincller';f b't even thei:e a spect.um of only one
intensity appea's to have been consicle.ecl. \\rith a view then, in the
fir'st place of r.etifying results ah'eacly ol.rtainecl by Steincllcl al-rcl othels,

':"Io be printed aiso in the Physical Review.
TP. G. Nutting: Bulletin of tlie Bure¿u of Stancla.cls, 1g0S, Vol. 5, No. 2, pzr,ge

265.

fWien Sitz.: IIa, 115, pp. 1-24, 1906.
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ancl in the second place, of investigating trre behaviou'of these maxim.
rvith changes in the inte'sity of the r.aclia,tion nsecl, tlie foìlorving obser._
vations rvei'e rnacle.

\\¡he' it u'as founcl that ¿ill of the chief character.isúics might be
investigeted by the appai'at*s to be usccl in tlie case <¡f nnm]¡el r, ancl
in viel' of the fact that it appezr.iecl to be a. o.igi'ai ructliocl, it vas
deciclecl to investigate all thr.ee cases. rt ¡r,as thought that the o.,.r,ro.y
ri'ith rvhich the *'eiì l<norvn phenomena ¡r,ei'e establisliecl might i¡clicate
thc leliability of the r.esults oÌ¡bainecl in the fir.st casc.

Ifistoricdl ¿,

rlanclelstammt appear's to liarre ì:een the r1'st to i'r,estigate tire
colo' scnsitiveness of thc hnna' eye foi slight cliffe.cnces in tir" rva'e
length of light ol¡selvecl. By shifting the 1..Lates of an oplitha¡no'retei.
so as to give a j'st pc.ceptible color cliffere'ce, he obtainecl a rleans of

, obse.ving sensibiiity in cliffe.ent parts ancl obtainecl in this rva,y'raxima
of sensibility in the reg.io'of tlie D ¿-r,ncl F li'es. Dob.o¡,olosi<¡,f came
to the same conclusion by similar. rì1earìs. peir.cer in'estigatecl the
se.sitir.e.ess of tlie eye to sliglit cliffe.ences of colo. by liivi'g trvo
iclentical spectral ba^ds o¡e immecriatery ar¡ove trre other', the 

'ppe'one of lvhich rnight be sliiftecl. The object of the expclinient rvas to
see horv small a clisplacement coulcl be infallibll. cletecticl ancl t¿anzecl in
clirectiotz bl' 6h" obscrrrci in cliffelent palts of the spectlum. FIe founcl
rnaxima situatecl similaliy to those founcl ì:y othel, in'es'r,igätoi.s. ùIore
accLrrate lesnlts rvei'e iir.st obtainocl lt¡. 1ç5ut* anrl Dieter.ici.r I;hthoff6
also iir'estigatecl the clifferences in *,âr.e length for just obse'valrle
colo. ciifferences. B.odhnn,? himserf coror bliicl, gives measulemcnts
after the rnethocl of r(ö'ig fo' 

'rean 
intensities. Èxne.r also gi'es a

single selvice of rneasni'ernents on a r.,'iclely clispe.secl specrr,um. i'this
connection also steincller'0 r'epolts ol¡selvations uiron twelve sr-rbjects.
;\ spectlurn t'ith a clispelsion of ar¡out g5 cll. r-r,t tlie point observecl l,as.
ol¡tainecl by mea's of a' aic light a'ci a conc¿ì\¡e g'ating. The ligrrt
fi'om the specti'run at this point feil 

'po' t*o totaliv reflãcti'g pl.is's
placecl vertically one above the othel ancl aftel lcflections fi.orn a seconcl

'r-ürstoncÍìl I'eletenccs t:¡ken from Dr. Steincller.,s paper.
fGrafe's Alchiv: Bcl. 18, p. 3gg.
{Ebencle, Bcl. 18, p. 90.
a Ame¡ican Joulnal of Science, Vol. 26 (lgg3), p. 2gg.
õ Annalen cler PhJ'sik und Chemie, Bcl. ZZ, p. ¡7g.
0 Grefe's.A.r'chives, Bcl. 84, 4, p. i.
? Zeitsihr. für' Psych. uncl Phys. Bcl. 84 (1gg2), p. gg.
8 L. c. p. 875.

'gl\¡ien Sitz.: Ifa, 115, pp. 1-2:t, 1g06.
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largel plism tt'o acljacent fielcls appearecl in the eye-piece. Since the
upper of tire trvo smallel piisms tr'ùs tttot'eal¡Je along a hoi'izont¿rl sc¿.,Ìe

liglit of the s¿me ol sìightly cliffei'ent wave length might be viervecl in
the ficÌcl. In this way tlie amotint of change nccessary to ploclttcc a

just pelceptible but clistinct colot' clifference wâs measnlecl. \'-alucs

tlius obtained rvet'e nre¿In values for'.at leas'r, ten obsci'vations macle by
the sane person on the same 1:or'uion of tlie spectt'utl.

D escriptiotz oJ''lpptn'uttLs.

One allangement of app¿It'¿ìttls ï'âs forÌncl sufiìcicnt fol ali inr-csti-
gations ancÌ is essentially thzit usccl by '\llcn 

r' to nteasule tlie luminositl'
of the spectlunì. 'lhe genelal at'i'angemcnt is sitou'n in I¡ìS. 1. 'I'he

light flom an acetyiene flame A afiet' concentlation .by lenscs B ancl

81, passecl thlough tlie opening C froin a light ploof chlmbel M; tÌren
thlough two nicol iriisrns (Jl ancl F) allangecl rvith theil plincipal

F io-.t.

sections holizontal; theuce tht'ough the spectlometel G and rvas
finally vier'ved in a Hilger eye-piece H in rvhich all tlie light of the
spectlnm except a narÌo\v centlal band rvas cut off by means of acljust-
al:le shuttels. The obselvel rvas thelefole able to subject his eye to a
light stimulus of any clesiled r,vave-length. A constant gas pressut'e
rvas taiien to inclicate a constant luminosity in the sout.ce of light. The
intensity of the spectlum li'as controÌlecl by lotating the polaliser'.
Tlre plincipal piane of the analysel lemained holizontal fot all investi-
gations in olclel that the clisplacetrent of thc light rvaves as ther¡ rnet

*Frank Allen: Phil. Mag. 1911, Yol.2l, No. 125, page 604.
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the plism might be pelpendiculal to its face. In this way it was thought
to avoid a valiation in iutensity of iiglit thlough l'eflection flom the
sulfaces of the plisms.

'Ihe spectlometei'used rvas of the Hilger' Àutornatic type rvith four
plisms equivaieirt to thlee sirty deglee plisms ancl giving a dispelsion
slightly in excess of twelve deglees.

,r.
Each chalactelistic of the visual lesponse to lacliation as outlined

in the corlìmencement of this paper', r.vas tleatecÌ as a separate investi-
gation. Obselvations lvele rnacle to shor.v:

1. Whethel sensibility to sliglit cliffelence in rvave length has

trvo plonounced rnaxirna, one in the yellor'v and one in the green, and
two light maxima in the extleme blue ancl led.

2. \\¡hethcl these maxirna valy rvith the intensity of the radiation
usecl.

1. In tlie investigation concelning spectla of valying intençity,
othel oonclitions remaining constant, spectra of sir clifferent intensities
r'r'ele ex¿r,minecl. Olly obselr.ations macle r'r'ith my own eye (the light)
l'hich seems cluite nolmal as to colol sensations, ale consicleled in this
papef. IJpon the spectltim of maxirnum intensity in ail palts, rvhich
fol plesent llrlr'Iroses, has been leplesentecl by unity, ancl upon a spect-
lum of intensity .25, ol:selvations vele m.aCe to cleterrnine the minimtirn
clccrectse in intensity by which the initial intensity was changecl in effect-
ing a change in sensation that l'as just irelceptible. In the case of
spectla at all othel intensities consiclerecÌ, the minimum ina'case in tlie
oliginal intensity rlecessaly to ploduce a just pelceptible change in
the sensation was detelmineci.

XI eti¿ocl oi proceclwc.

The plincipal sections of the nicols rvet'e holizonb¿l anci so gave

the briglitest spectrum obtainable rvith the chosen allangement of ap-
palatris. Ol¡selvations $¡ele mecle niron thilty-trvo pot'tions of this
spectlnm; these ale given in Tal¡le I.

Light of wave length .42p was fir'st observecl. This I'as allorvecl

to act npon the retina for foul seconds. Then the polarisel lvas lobated
at a uniformly rapicl late; an effolt ¡vas macle to heep the late ¿rt which
the polalisel rvas lotatecl, applorimately constant fol all observations.
As soon as a change in ihe sensation of light rvas pelcei-recl the rotation
was stoppecl. The angle thlough r'vliich lotation had talçeu place rvas

notecl. This was denotecl by a; since unity iracl been talçen to lepre-
sent the amonnt of light passing through the prisrns befole the polaliser



lr

li
t:

[vror,rx] THE SDNSITIVENESS OF T]IE EyE TO LIGIJT 225

was rotated, the dif{e.ence between 1 and cosz ø i.e., sin2 a will r.epr.e_
sent the amount by whicir the oliginal intensity of tlie light ìvas
diminishacl in effecting a change of sensation that ,çvas just perceptible.
The 

'eciprocal 
of this value (si^2 a) taken to r.eplesent thã sensibilitv

of the eye has bee' plottecl as a function of the cor'espondiag 
'"urälength. This is shown in curve 1, Fig. 2. The other. cliose,r por.tions

of the spectlum 'n'ele obser'\'ecl in rapid sLrccession in a sirnilar rvav.
¡\ climmei' spectr,m n'as next consicle'ed. This 

'r,as 
obtai*eci by

setting the pola'isel befo.e each ol:ser.vation so that its pr.incipal planl
made an angle of 51o with the ho'izo.tar, i.e. rvitrr trre prane of trre
analyser. This initial a'gre *as ctenoteci by p. since cis 2p:cos,
51o is equal to .395, it was consiclelecl. i;liat each portion of the spectlum
chosen fol investigation was Bs.|a/o of the intensity of co.r.esponcling
portions in the spectr.r.rm at maximnm intensity. \\rith this initial
a|r'angement light as obselvecl in the eye-piece was, as befor.e, allorvecl
to act upon the t'etina for foul seconcls. Then the pclar.iser' .rvas r.otatecl
so as to ir,crectsc the intensity of tlie light. ¡\s soo'as ihe inte'sity had
jr"rst noticeably i'cleased the lotation r,vas stoppecl. The angle betrveen
the planes of the nicols was lead ancL crenotecl by ø. sinle cosrSlo
leplesents the intensit¡. of the stimulus at the begining ancl cos2 ¿ the
intensity of the light affecting the eye at the moment of perceptible
change, cos2a-cos25lo s'iil'ep'esent the amo'nt by *4rich ilre origi'al
intensity (rvhicli fo' each obsei'vatio' is zg.5/6 of the maxi'rurn
intensity of the spect'um at the chosen poi.b) rvas ir,*eusecl in affccting
n change of sensation that was just pelceptible. ;\s ìrefor.e, the r.ecipr.o_
cal of this valLre t'û,s taken to iepieseut the sensibility of the eye ancl iras
been plottecl as a f'nctio' of the co'r,espo'cling 

'vâve 
terrg*tlr. The

lesnlts aLe shor.n glaphically in curve II, Fig. 2. 'l.lie portiãns of the
:p.jti]-__obser'r'ecl a.cl the ol¡se.r'atio's macle 

'pon each a'e gi'en
rn lûr)le 11.

upon the spect.r-rm of i'te'sity .25 oJ¡servatio's rve.e macle to
cletermine the least pelceptil:le clecrcr,tsc in the initial stirnulus ïrecess&f)¡
to p'ocL-rce a noticeable change i' trre sensation of light. This rvas

u clone ìry following the methocl cresc'ibecl for. the spectruin at maximnm' i'te'sit1'. The l'es.lts a'e gi'en in Table rIr and ire shor,vn g'aptricaily
in cru'r'e IrI, Fig.2. The specti'urn of intensity .25 was oËtaìnea by
setti'g the pla'e of the 1:ola.ise' at an a''.gle of 6c" r-,-ith the plane of
tÌre analyser'.

In the case of other spectr:a investigatecl obsel,vatio's rve'e macle
foÌ the least pelceptibre ir¿crectse in trre initial stirnulus, follor,ving the
method used upon the spcctlnm seconcl in or.clel of bliglit'ess, as cle_
sc.ibecl above. These spectì.a we'e of relative intensitús .060; .025
ancl '0054 r'espectively,-the spectrurn of rnaximnm i'te'sity being
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consi(lcrc(l rìs eq'.rnl to r.rnit¡'in lll palts. Thc initiel cotr(litions to givc
spectr'â of such inteusitics fol each obselvation \\¡ere the inclination of
the piincipal planes of the nicols to each othcr.at angles of 75o 45t;
80" 45' ancl 85o 45' respectively. 'I'he results ale given in Tal¡les IV,
\r ancl \¡-I ancl shown glaphically in CLrrves 1\,¡, \r aircl \¡I, fig. 2.

'l'ttblcs oJ' tluLtt.

In 'Iables I to \rI À inclicates the I'ave lengtli of light ol¡selvecl.
The cohrmn heaclecl "Scale Iìeaclings" gives the obselvecl leacling on
the attacliecl sctl,le, elfter each t.otation. l\¡ith each nerv intensity tlie
zero of the scale n'as obser,vecl ancl talien into acconnt to find the angle
beürveen the pi'inciple sections of the nicols. These values rvill be founcl
in the column heacled (a) . Since p denotes tlie initial angie betl'een
tire piincipal sections, in the colurnn undel cos'1€ r'ill befouncl the intcn-
sity of the spcctrr-rm consicLelecl in each case. In the columns uncler.
Sin'?a Table I ancl nncler Cos 'B-Cos 2¿ 'Iable III .n'ill be founcl the
anroi"rnt ìy l'hich the initial intensity was clim,inisltccl to efect the
minirnnm noticeable r:hange of sensation. In'l'ables II ancl i\¡ to \¡I,
nnclel Cos: ¿ -Cos'p ale gir.en thc arnor,rnts lty u4rich the ot'iginal
intensity (as showir r-tnclcr Cos,B.¡ hacl to bc incleasecl to eÍfcct a change
of sensation ji-rst perceptibìe. Ilncler' "Sensibility" alc the velues of
the lcciplocals of tlie arnounts of miuimum pelceptible change in in-
teirsity. in oi'clel that the valions cut.ves might be plottecl in one fignle
these leciplocais, rvhich ale the oi'clinates for. the cliffcrcnt cLri,\¡es,
have J:een multipliecl by albitla,r'y const¿lnts as inclic¿rtccl in the figr-ri.e
ancl then plottecl to the scale shorvn.

. 2. A Spectru.nt o;l' Eclual Lu,ntinosity .in all pcn'ts.

Wlren rneasuling the luminosity of the spectlum ;\ilen'r tooli obscr-
vations upon nineteen portions clf it, cleterinining in each case'r,he angle
l,hioh the pliucipal plaire of the polai'isel shonlcl malie vith the hor.izon-
tal, i.e., rvith the plane of the analysei.'in olcler.that each por.tion as
viewecl in the cye-iriece should have equal. luminosity. 'lhcrefor.e since
the appnlatus usecl in the pleseni; investigatiort rvas also r-rsecl lt1'.\llen
in apploximateiy the sanle ¿ì,r,rangement with the s&ure gâs jet, g:is
plcssure anr[ slit u'iclth, it rvas consiclelecl tìrlt, by ol)sci,virrc- lllcse
sarle poltions ancl setting the plane of the polar.iser at thc coi'i.es1:oncling
angle foi'each, eqrlaliiy of luminosity in tlie parts obselvecl wonÌcl be
obtainecl. TLris I'onlcl it rvas bhought be eqr-rivalcnt to obsei.r'ing a
spectl'nrn of equal Ìr"rminosi'r,y in all par.ts. The nert pr.oblem consicler,ecl,
then, n'as that of cletelrnining tlie sensil¡ility of the et'e to sligìrt

'r'Phil. Mâg., 191i. Vol. 21., p 604.
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cliffelences in intensity rvhen the iight stimr"rlus nas of equal intensity
at each point of obselvation. Fol this plrïpose obselvatiãns sirnila. in
plilciple to those already desclibecl, r'ere made upon this ,rEcluivalent
of a Spectrum of Equal Luminositl'.,'

lI[ eth,od of ¡tr oceclw. a.

The methocl of plocedule r,vas first to acljust the telescope of the
spectlometer. fol light âs Ìteat' the ultla-r,iolet as it rvas possible to
nrake an obselvation. 'rhis rvas of \r.ave length .460p. .I.ire plane
of the 1:ola.iser rvas acljusted to rnake an angle of 35" ivith tlie plane
of the anall.ss¡. This gave to the right as viervecl in thc eye-piece a
luminositl' eqrial to the ir-r'rinosity of the spectrnrn ¡vlre.e ttre ught
wa\res $'e|e .414/-¿-the plincipal sections of the nicols then being
parallel. 'lhis lattel luminosity rvas tahen as the stanclalcl of br.ight_
ness since all portions ol¡selvecl rvei'e fiist reclucecl to tliis luminosity.
-aftel the ma,nnel of fo.mel obselvations the light as viervecl in
the eye-piece l'as allorvecÌ to act upon tìre letina, the polalisel lotatecl
and the angle afbel .otation notecl. This angle rvas clenoted by a.
If p clenote the initial angle (B5o) between the planes of the nicols,
then since ø rvas talçen to denote the angle betlveen the planes af,oel

'otation, (cos'a-cos'p) l'ill be propoltional to the arnoturt of light
by wliiclr the initial iritensiúi' was i¡-tc¡.ectserl to effect a noticeal¡le
clrange in the'sensation. 'l'his cnnott¡tt or' tigttt (cos2a- cosill), toitt
be a, J\'cr'ctiott' of th,e totctl intctzsity ctt tlte,¡toint co¡zsiclerecl. Bui; since the
luminositv of each palt t'as leduced to that of the stanc{ai.cl, it is
leasonable to expect that, at those points rvhele the spectmm is
blightel ancl thei'efo'e rnole intense, a srnallel poi.tion oi tlru totol
intensity will be 

'ecluilecl 
to p.ocluce a 

'oticeable 
cha'ge in tþe se'-

sation thair lvill be lequilecl r.hele the total brigÌrtness is much iess.
That is: tìre brighter the spectrum at trre point of obselvation the
smallei' the fi'action of total intensity necessaly to effect a noticeable
change in the sensation. Hence ï¡e lray sa)¡ that the luminosity of
each palt of the spectlnm is invelsely pr.'opottional to the poltion of
total intensity i'equi'ed to effect a noticeable change in tìre sensation-
the sensation in each case being tire result of a ligirt stimuius varyiirg
only in rvave length. Tirelefole, plotting the leciplocals of the various
val'es of (cos2ø-cos2B) as functions of trre co'r'esponcling w-ave
iengths a lumi'osity cru've fol the spectrum should be obtairrecl- This
is sirown in Fig. 3.

rn the above case the recil:r'ocals of the various po'tions of total
Iight aclcled cannot represent sensibility because in one lnstance \ye may
take the 

'eciprocai 
of a la'ge quantity of right at low inte'sity anä
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Figule 3

in anothel the Ìecip|ocal of a small quantity at high intensit.v. ¡\ncl

while the lecipt'ocals cliffel vastly in value the actnal illuminating
power of the trvo quantities may be indentical. In the one the incre-

ment of ligÌrt rvas aclclecl at lorv intensity and therefore lllol'e of it was

requiÌecl; in the otheÌ it rvas addecl at high intensity and less of it rvas

l
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fequit.ecl. FIe[ce befo|e calculating I'eciillocals f oI the pulpose of

shår,ing sensibility, the I'at'iotts inclerlents of liglit l'eie fi|st recluced

to a common staDclar.cl of intensity. This $'as the intensity of the

stanclar.cl. of bi.ightiress, \,i2., the intensity of light of I'ave iength
-. 

nl+' u. obser.Lcl in the e),e-piece n'liile the p.i.cipal sections of the

nicols ¡'er.e par'¿llel.

tr,Iethocl oJ' ßeclucitl'g to u, Conlttlol.l' Stu,n'darcl oJ' Itúetl'sity.

\\,-c mâ,y assunle that the luminositS' of any poltion of the spec-

t|run is p|opot.tional to its intensity. But the luminosity is invelsely

f,'opo.tiåtu,i to the f'action of total intensity, at the point consiclered'

it ^i 
o,itt give a lr.rrninosity equaÌ to the luminositl' o¡ ,tt. standaÌd of

b'ightncssl But this fr,action of total intensity is propo.tional to the

,,rår" of the cosine of tlie angle betwcen the pr.inciPal sections 
_of 

the

nicols-the light going th'o'gli giving a lumi'osity eq'al to the lurnin-

osity of o.r,' ãtonrto.J of b'ightness' That is: the luminosity of any

portion of the spect|urn is inìelseÌy pr.opo|tional to the squale of the

äorirr. of the angle betrveen the p'incipal sections of the .icols rvhen

t hc light going tiu'or-igh fi'orn that poÌtion gives a luminosity eclual to

that oJ thã stancla'cl. 'fhelefo.e, taliing the luminosity of the stancla'd

o, .,.rrity, the lurnilosity of the spectrum at any point consiclerecÌ in
,uerrns oÌ this stanclarcl is given ìry 1/ cos']B rvhele p is the angle betrveen

the pr.incipal sectio's oi the 
'icols 

rvhen just sufficient of the light

.orrrid.r..ri is going thr.ough to give a lurninosity cqr'ral to the i.rni*-

osity to ttre 
-stanìarcl. And since intensity is assutnec1 pl'opor'-

tional to luminosity, the intensity of ligìrt at any point in the

,p".ir..rr,' i' te.ms of'tlie inte'sity åf the stanc1ar¿ is given by 1/Cos'p'

'\gain, a denotes tlie angle betrveerr tlre pr.incipal sections. of tlre -

nicols aftel the r.otation aiïeacly explainecl' 'Ihet'efot'e, the f|action

of total intensity by wiiich the initial intensity i.e., that Ìept'eseutecl

by Cos'p, t"o. it .t'.urecl to give the least pelceptible changc in the

sãn.ation, may be I'epleseniecl by (Cos'ø-Cos'p) ' 'lhe intensity

of any gírr"n pot'tion of light clepencls upon iis position in tlie spec-

t'tim. ilrerefãr'e, the f'action of totai intensity will ha'e an intensity

clepencling upon the position of tlie point in the spect|tr,rn at I'hich it
'was ucì.1e.1, ì.". a"p."aing llpcn the value of the angle p' But it has

beenslrorvnthattheintensityofliglitfromanyportionofthespec-
trum rnay be expressecl in telms of tlie stanclaÌd of briglitness by

muttidying by 1/Cos.':p. I-Ienceit was- thoughl' that by multiplf ing

iCor'å-CÃ'Éi ¡v 1/Cos'p the .¡a'ious incrcments of light addecl to

pì.oã.,." o plrr.ptit le change in the sensation in each case woulcl be

ãi ..1..ot int.rsiiy i.e., they *,ouicl- have an i'tensity eclual to the in-
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tensity of the light in tìre stanclalcl. 'rhe leciplocals of this ploduct
it was thought rvoulcl .ep.ese't scnsibility. 'I'hc poi.tions of the

spectlurn obser'-¡ecl rvith the coi'rcsponcling clata ancl calcuiations aie
given in Tal¡ie X\¡. 'fhe sensiÌrility in each case rvas piotted as a
function of the cou'esponcli^g *'a'e le'gth as srrorvn i'curve 1,Fig. 4,

bo
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thus shorving sensibility to stight ciiffeÌe[ces in intensity using the

equivalent oi a spectlum of unifolrn ltr'rninosity'

'l'ctble oJ' tlcLta.

In 'Iaì:le X\r, ¡ inclicates the portion of the spectllull lUlolÌ

which obse|r,ations was rnacle. "B'', clenotes the inclination of the

ftun. of the poJ.aÌiseÌ to tire plane of the zl'nalyser" In the colnrnn

iurcler, ,, a,' will be founcl the inciination of the plane of the polalisel

totlreplaneoftlreanalyser'c('terrotci'tion'h'astaken,plct'cc.Cos,Brvili
r,.pr...tt the amount of light going tlu'ough thc nicols .befole tite

Ìotation of the polar.i."r,, un.f Corio the amount of light going tlu'ough

rvhen this t.otation rvas comlrletecl. In the colnmn uncler' "Least

Per'ceptibÌc IncLements,, rvill be founcl tlre r,altre of (Cos,a-Cos,p)

rvhichrvill ÌepÌesent the f|action of total intensity which liacl to be adclecl

to the initiai intensity (cosrp) to effect a change of sensation th¿t r'r'as

just per:ceptible. Tlre ,:e.ip.o.als of those vaLnes plot'r,ecl as a function

är trrì colì.esponcling ,o,ur" length gave thc luminosity cnÌve founcl in

Fig. 3. r\s ãrplainecl above those inclements rve|e Ìeclucecl to light

of înifo.m intensity by cli'icling by Cos'p in each case. The 
'eci'r'o-

cals of these latter. l'e.i,lt. r,vele talien to lepi'esent sensibility ancl l'ill
be founcl uncler. ,,sensibility." uncleÌDi/(I+DÐ rvill be founcl the

value of the least pe'ceptibie inc'ement diviclecl by the total intensitl'

(aftel lotation) 'which was usecl to get ctu've 2, Fig' 4 to dernonstt'ate

I(önig's Law.

II.

Sett'sibil'ity to Racliuttot¡' oJ Varying Intensity'

Àsademonstr'ationoftlresteadyfattingoffofsen3ibilityrvitlr
incleasing intensity and' to show that it is approximately 

. 
invelsely

pr'opor'tio"nal to t]re interrsity ovel a rvicle r'ange, observations lvere

made as follor'vs:
Thesameappar'atrrsasrrseclintlrepr'ececlingr'vasrrsedinthis;

ancl the sâme al'r-angement' First, the telescope of the spectt'o-

mete' lvas acljusted tJt tlgltt of a given lvave le'gth, for: example '420 ¡t

(see Table VII), and rigictly fixecl' 'Ihe nicois I'el'e then clossed so as

ìo excl,.rde all tight trJ* in" eye-piece. The ang'le indica-ted on the

attachecl scale was reaä ancl this reacling was taken to indicate an

irrclinationofg0obetweentlreprincipalsectionsoftlrenicols.The
polariser'wasthenrotatecianclatt]refi'r'stsensationoflightex-
periencecl through the eye-piece, rotation was stopped' The angle

indicatecl on the attacheci scale vas again read. Let o,r clenote this
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angle which is necessarily less than 90". Now Cos?g0:O and Cos2¿,
which is slightly greater than 0 will, as explained in the fole palt oi
this paper, t'eplesent the amount of stimulus necessaÌy to ploduce a
sensation of light. This amount of light (Cosza,), as an initial stimulus
was allowed to fall upon the retina and the polaliset further rotated.
As soon as the sensation of light as experienced flom the initial stimu-
lns was pelceived to change rotation rvas again stopped, and the angle
indicated on the scale read. ff a, denote this angle, Cos,a, will r.epre-
sent the amount of light going thlough the nicols whon rotutiotz was
stoppecl. But Cos2ar, represents the amount of light going tluough
the nicols before tha last rotation began. Therefore (Cos2ar-Coszør)
will lepresent the amount of light by which the initial stimulus
(Cos2ar) was incleased to ploduce a change in the sensation that was
just perceptible. Obselving again the amount of light norv in the
eye-piece (Cos'a) and further rotating the polaliser until as befor.e
another change of sensation was expelienced we obtained the angle
a.s. Since in this case Cos2 o, r'epresents the initial stimulus (Cosrø,

-Cos2or) 'will represent the increment of light necessaly to produce
a change of sensation that was just perceptible. In this way the light
going through the nicols at the end of each observation was the
light upon which each subsequent obsorvation was made until firll
brightness.çvas reachecl. That is: the intensity of light used for.any
obselvation is represented by Coszoo and the increment added by
(Cos2ao * , - Cos' øo) whele n represents the number of obser-
vations made from the clossing of the prisms. In this .lvay several
portions of the spectt'um wele examined. The I'adiation obselved in
each poltion varied only in intensity and hence the sensibility to ladi-
ation of varying intensity rvas obtained. The recipt'ocal of (Cos2ao * ,
-Cos'øo), tahen to represent sensibility, tvas plotted as a func-
tion of the colresponding initial intensity, Cos2 c¡. The te-
sults ale shown in Fig. 5. The ladiation used in obtaining the
diffelent curves is indicated in the figure. The poltions of the
spectrum obselved v/ith the data obtained and the calculations
made from them ale given in tables VII, VIII, X, XII, XIII
and XIV.

Stalting with the spectlum at maximum blightness and obser.v-
ing the least perceptible declease in intensity at each step till com-
plete darkness was reached, data were obtained flom which the culves
indicated in Fig. 5 as " curves of declements," have been plotted.
These data are to be found in Tables IX and XI. These curves
seem to indicate that the inuease in sensibility with decreasing
intensity foilows the law fo'- deueasi¿o sensibility with increasing
intensity.

Sec. III, 1913-15
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Tables of Data'

InTablesYlltoXlV"o"indicatestheanglebetweentheplanes
of the nicols fol each obse'vation; "CosÌd"' the intensity of the light

upon which the o¡se"'atit''' ou^' *utl"' In Tables IX and XI "Least

pelceptible d.eclemenl'i i' tltt arnount by which the intensity of the

Iisht {'Cos2ø" was d'imiiisltecl tn effecting a change in the sensation
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that'çyas just pelceptible. In the other tables of this palt,,Least
pelceptibie inclement" is the amount by'which the intensity of the
liglrt was inueased in effecting a change of sensation that was just
perceptible. "sensibility" is the value of the r.eciplocal of the least
perceptible increment, ol decrement, as the case may be.

III.

Sensibility to snzall difere.nces in Intcttsiity.

1. \\rithout fur:the. obse.r'ation it may be shown f.om the data
in Tables vrI to Xrv that the least pe.ceptibre inc.ement or d.ecre-
ment measured as a fraction of the whole is apploximately indepenclent
of intensity.

rt has ah'eady been shown (Ir) that, rvith any constant rvave
length, the intensity of the light used for any obser.vation say, the
nth, may be represented by cos2øo ancr the reast perceptibre incre-
ment by (Cos'eo * , -Cosrao). Let

Cos?ao41-Cos'ao

Cos2ao * ,
:lc or Cos'ao * , - Cosr4o :k Cos2oo * ,

The.e appears to be a difference of opinion as to whether the de-
nominator hel'e should be oos2ao o. cos2ao * , . substituting the
pt'opet' values for co, cut,ves have been plottect as _shown in Fig. 6.
rt 'was impossible in some cases to mark all points on the cu.ve be-
cause c¡f their coming so close rvhen the intensity was low and so repre-
sentative points ale shown.

2. Again, fi'om the data given in Table XV it may be shown
whether' "the least perceptible increment measu.ed as a fraction of
the rvhole is approximately independent of the wave length (I(önig's
Law) at ionstant ìuminosity." For since the data given in this table
wele obtained by making observations upon different portions of what
was thought to be the.equivalent of a spectrum of unifolm luminosity,
we may infer that while the r,vave length varied .with each obselvation,
the intensity of the light as observed in the eye--piece of the spectr.o-
meter lemained constant for all observations. 'ral<e for example, the
data fulnished by the thild observation in the iable lefelr.ed to uúo,re.
rt is shown there that the amount of right goi'g through the nicols
at the beginning of the obse.vation is represented by .1170, while
the amount of light going through at the end of the observation is
represented by .1849 shorving that .0679 of the total intensity of the
spectlum rvhele the wave length equalecì. .4gtp, hacl to be addecl to
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.1170 of total intensity to p.oduce a change in the sensation that rvas
just perceptible. This portion of light reduced to the intensity of the
standald of b.ightness at tire polariser rvas found to be rep.esented

by '58 as sholv' in the table, which gives us the least pe.ceptibre in-
clement rvith an intensity at the polalisel equal to the intensity of
the standard. ltloï!', as ah'eady stated, the intensity of the right uncle.

o

b4
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obselvation is leplesentecl by .1170 of tjre total intensity of tlie spec_
trnm in po.tion obse.ved. Brit this f.action of total i'tensity gives
a luminosity in the eye-piece eq'ar to trre stancra'cr of b.igrriness
rvhich in this paper is I'epresentecl by nnity, a'cl all po'tions of the
spect.um, as obselvecl, we'e of equal b'ightness. Theirefore, lve lnay
rep.esent the luminosity of each of those po.tions by 

'nity, ánd hence
also thei. intensities as obser,vecl in the eyeliecã fry u"lty. Now
I(önig's Larv stated mathematically is of the iorm Di/ G;DÐ 

jì. rlrereDi .ep.esents the least perceptibre i'cl'eme't a'd r a constant i'-
tensity in the soru'ce of rigrit as fir'st obse.vecr. Hence marcing trre
prope' substitutions in the above formnla fi'om data in Table XV a'dplotting, Cr-u've 2, Fig. 4 ¡,yas obtainecl.

Discussion of Results.

rn general, we may conclucle that the exper.iments d.esc¡ibed inpa.t r of this paper strongiy suppo.t the vierv ihat, except in the caseoï spectra from light at very rá''v intensity, trre g.n".uì crrar.acte' of
the sensibility cu.ve d.oes not vary witrr var.ying i'tãnsity of trre source.rf, ho*ever', the spect.um is one of very row intensity th" truo p.o-
l9ury_".I maxima, one in the yellow ancl one in the gleen tencl to
climinish ivhile the t.'vo sright maxima in the brue and. r,ãd apparentÌy
maintain thei. prominence. when the spectrum is of uniform-intensity
in all parts these maxima appea. eitrrerj to disappea. enti'ery, rea'ing
a nriform c'r've parallel to the horizontal axis,-o. to becomL sca.cely
mo'e than noticeable. Refe''ing to Table xv it rvill be iroticecl thatin.the regions of (:.564 anJ p:.64g slight maxima still persist.r do not kno* r'vhethe' these indications haù a rear physicar'sis-nin-
cance or are clue to inaccurate observations. r am inctirie¿ to acloptthe latte. r'eason fo' trrei' a,ppearânce. 'rrris courcr o'ry be settied
absolutely by the rvo.k of seve.ar ol¡servers upon unifo.m spectra atdiffe'ent intensities. rf, indeecr, trrese maximì realy exist in rrorv-
evel slight a degree, rve âr.e forcecl to conclucle that i(rinig,s Law as
interpretecl in this pape. is not absorutery co*ect, fo' these maximastill persist as is shorvn under Di/(I+DÐ, Table Xv. Conclusions
reached .egarcling the steacry fall in sensibiÍity rvitrr increasing inten-sity, and the application of Fechner's Lar,v, a'e quite in accorcr ¡¡¡itrr
acceptecl lesults.

r desire to acl¡nor'vledge my increbtedness to trre r<incrness and.
valuable aclvice of P'ofesso' F.ank Alren, di.ecto' of the Depa'tment
of Physics, IJnive.sity of Manitoba, at irrose suggestion trre investi-gations clescribed in this pup". nu.r'" u'crer.tarien; arso to Dr.. Iì. K.
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llcOìung of the same department for vaiuable discussions and kind
intelest shown. The method empioyed is also due to Plofessor

,\1len.

Depaltment of Physics,
IJnivelsity of ilIanitoba,

\\¡innipeg, Manitoba.

Nor¡.-A most comprehensive study conducted by Dr. H. E. Ives and several

assistants, has lately appeared in a series of five papers (Pliil. Mag', Yol.24, !912,
pp. 149-188; 352-370; 744-751;845-863) under the general title "Studies in the
Photometry of Lights of Differenb colors." Because of the fact tliat the rvriting of

the present pâper wâs completed before the publication of Dr. Ives papers no

reference has been made to them. I should like to point out horvever, that, though
in obtaining the Luminosity Curve for the Spectrum, I rvas dependent upon other
means to get a spectrum of unifo¡m lu-minosity, the human eye rvhen undistuÌbed
by the presence of a second color is capable of dislinguishing changes in luminosity
to a very ûne and uniform degree of sensitiveness as is shorvn by the smoothness of

his luminosity curve.

TABLE I.

Scaìe
Re.tding Sin'?¿ Sensibilitv

6.04
6.55
6.31
D.O1t
6.31
7.44
8.55
9.L7
I .46
9.94
I .46
9.17
8.55
8.16
7.8
7.25
ö. ÐÕ

I .46
10.48
11.11
77.73
aù. Ðù
II.IÓ
10.48
8.55
9.46
8. 16
7.80
7.44

6.04
4.54

.42p

. +'5

.44

.45

.4D

.47

.48

.45

.50

.51

.52

.53

.Ð+

.ÐÐ

'56
.57
.58
.59
.60
.61
.62
.63
.o+
.65
.oo
.67
.68
.69
.70
.tl

.73

a Ào

òõ
00

ÓI
30
29
29
28
to
29
30
30
ùI
32
30
29
28
27
27
26
27
28
30
29
30
31
31
32

38

30

30

30

30

30

30

30

23
23 30

23 30

2L 3ù

20
19 s0

19
1g 30

19
19 30

20
20 30

2l
22
20
19
18
1n 3o

t7
16
77
18
20
19
20 30

2L
21 30

22

28

.1648

.t521

.1584

.1780

.1584

.1339

.1169

.1108

.1056

.1004

.1056

.1108

.1169

.1225

.1281

.1398

.1169

.1056

.0954

.0900

.0852

.0756

.0852

.0954

.1169

.1056

.t225

.1281

.TðDY

.1398

.1648

.2199

30

30
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TABLE II.

Scale
Reading CossP

Cos2¿-
Cos'gp

(

.43p

.44

.45

.+o

.47

.48

.49

.Ðu
'Ðl
.52
.53
.Ð+
.55

.56

.õ7

.58

..)v

.60

.ol

.62

.63

.o+

.oð
'66
.67
.68
.69

'42p
'tó
-44
.45
. 4to
.47
.48
.49
.Ðu
.51
.52
.53
.54
.55
.DO

Åao

50
50
49
48
49
50
ÕI
<2

Ð+
Ðo
Ðo
55
Õu
Ðl
Ðl

DI
Ðl
Ðò
ðò
Ðl

.fo
56
ðo

700
69
69
tv
IU
70
68
67
oo
oÐ
65
oo
67
67
66
65

700 ,
69
69 30

70
70 30

70 r0

68 16

67 30

66
bÐ
65
66 30

67 15

67
66
oÐ

30,

30

30

a0

30

t5

30

IO

30

30

55

lo
20

30

38o aor

4l
4L
40
39 30

40 30

4L 30

42 30

44 rÍ

45 30

47 10

47 30

,+o

47
48
48 r5

48 30

48 50

4g 55

4S 10

4S 20

48 30

48
47
Àa

47
45

30

30

¡o
16

30

30

16

.611

.568
'õ68
.586
.594
.577
.559
.543
.512
.490
.461
.455
.481
. 4r)¡)
.447
.442
.438

.aðt

.426

.438

.447

.465

. ¿]oÐ

.465

.499

.534

.1169

.t28t

.L225

.1169

.1108

.1149

.1369

.1459

.1648

.1780

.1780

.1584

.1489

.1521

.1648

.1780

.216

. r7B

.773

.191

. 100

.782

.164

.148

. tt7

.095

.066

.060

.086

.070

.052

.047

.043

.037

.036

.031

.028

.033
-UDZ
.070
.070
.070
.104
.139

.1331

.1219

.r275

.1331

.t392

.1i1Ðr

.1131

.1041

.0852

.0720

.0720

.0916

.1011

.0979

.0852

.0720

Sensibility

¿I.o

tÁ

o.
6.7
8.5

10. 5
15.1
16.6
11 .6
t4.2
t9.2

23.2

27.7
32.2
óÐ. t
30. 3
19.2
14.2
L4.2
t4.2
9.6
7.1

t.í)
8'2
7.8
7.5
7.L
7.4
8'8
9'6

Lr.76
13..8
13 .8
10. I
9'89

10.2t
tt.73
13.88

TABIE III.

Cos'B %îlrt I sensibilitv
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Cos2ø-
Cosrp

.097

.087

.089

.095
.090
.087
.086
.085
.084
.083
.082
.081
.080
.079
.081
.083
.081
.079
.077
.07õ
.077
.080
.o79
.077
.087
.092

.037

.027

.029
.Uói)
.030
.027
.026
.025
.024
.023
.022
.02I
.020
.019
.02r
.023
.027
.019
.077
.015
'077
.020
.019
.0I7
.027
'032

27
õT
34.4
28.5
33.3
Ð/.
38.
40.
4I.6
43.4
44.9
47.6
50.
52.6
47.6
43.4
47.6
52.6
58.8
66.6
58.8
50.
52.6
58.8
2a
7.2
Õ

64
63 30

oó
62 45

62 r5

62õ
61 õ0

62 ô0

64
64 3õ

64
oÕ
ot
69
II

o+
OJ
63
62
62
62
61
62
64
64
64
oð
67
69
.L
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'45p
.46
.47
.48
'49
.Ðu
'51
'52
.Ðó
.54
-55
.56
.57
.58
.59
.60
.61
.62
.63
.04
.oD
.oo
.o/
.68
.69
.70
.77

.052

.046

.044

.048

.044

.043

.042

.041

.040

.038

.038

.036

.037

.038

.038

.037

.036

.035

.034

.136

.038

.041

.044

.042

.038

.041
-077

47
K'

Rq

58
62
oo
76
83
90
90
83
76
91

100
111
125
91
83
62
Ão

ðõ
76
62
19

760 qs,

77 30
,7'7 4õ

77 15

aa 45

78
7g r0

7g rõ

7g 2s

7g to

7g 45

7g 65

7g 50

78 45

78 40

7g 60

79
79 r0

79 15

7g 65

7g 35

78 r5

77 õ0

7g r0

7g 15

78 r5

73 46

860 t

86 45

87
86 30

87
87 ls

87 2õ

87 30

87 40

g7 ôõ

88
88 r0

886
88
87 55

gg5
88 rs

88 2s

88 30

88 10

87 50

87 30

876
87 2ô

88
87 30

83

g3 16

84 30

84 15

g3 r5

84
845
84 ¡õ

84 20

84 3õ

84 30

84 35

84 10

84 35

84 30

84 35

84 i0

84 15

84 50

84 55

84 15

84 26

84 15

84
84 30

82 4ó

79 45

93
93 15

93 30

93
93 15

93 20

93 30

93 35

93 40

93 43

93 50

93 ð5

93 60

93 15

93 60

93 5ó

g4
94õ
94 r0

94
93 40

93 30

93 16

93 15

92
89

Cos2¿ Cos'?p Sensibility

.025

Cos'zp Cos'?ø- Qgs'?B Sensibility

.0054

ScaJe
Reading

.45

. 4to

.48

.49
'Ðu
.51
.52
.53
.D+
.ÐÐ
.Ðo
. cI
.58
.59
.60
.61
.62
.63
. o4t
.65
.oo
.67
.68
.69
.70

.0116

.0090

.0100

.0116

.0108

.0106

.0100

.0096

.0094

.0090

.0088

.0084

.0088

.0090

.0088

.0084

.0082

.0081

.0077

.0082

.0094

.0100

.0108

.0090

.0158

.0313

.0062

.0036

.0046

.0062

.0054

.0052

.0046

.0042

.0040

.0036

.0034

.0030

.0034

.0036

.0034

.0030

.0028

.0027

.0023
'0028
.0040
.0045
.0054
.0036
.0104
.0259

Ib. I
27,7
2L.7
16.1
18.5
L9.2

23.,8
25.
27.7
25.4
0ù.ð
29.4
27.7
29.4
Ð0 'ð
óD. T

37.0
43.4
35.7

27.7
lð. Ò

27.7
9.6
3.8

TABLE V.

.027

.02L

.019

.023

.019

.018

.017

.016

.015

.013

.0t2
' 011
. 011
.072
.013
. 011
.0r0
.009
.008
. 011
.0r2
.016
.019
.077
.013
.016
.052

TABLE VI.
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TABLE VII.

Ï,east perceptible increment as observed upon light of varying intensity and of
wave length:'42p.

Least percep'ble
Increment Sensibility

oo
90 30

88 30

85
81
/o
68
57
4L

o

Scale
Reading

-0210
.0L21
.0249
.0374
.0567
.1131
.1823
.2716
.2809

Least percep'ble
Inc¡emeit

.0004

.0008

.0013
'0029
'0055
.0722
.0166
.0188
.0260
.0324
.0369
.0364
.0448
.0457
'0983
'1559
.2150
.2391

47
82
40
26
77

8
Ð

ð
3

Sensibility

.0210

.0331

.0580

.0954
'L527
.2652
-+*tÐ
.7191

1 .0000

TÀBLE VIII.

Least perceptible increment '.'':iiïitriï i¿:nt 
of varying inrensfty and of

90
88
88
87
85
84
81
78
76
tõ
70
oo
o4t
61
Ðð
52
43
30

o

99
97 .6

97
96ó
94 16

93
90 16

87 30

85
82ð
79
75tr
,ö
70
67
61
52 15

39
15

.0

.0004
'0012
.0025
'0054
.0109
.023L
.0397
.0585
.0845
.1169
'1538 ,

.1902

.2350

.2807

.3790

.5349

.7499

.9890

2500
L250

769
ðffi

181
81 .9
60.2
53.1
38'4
30.8
27.
27.
22.3
2r.8
10. I
6.4
4.6
4.L
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TABLE IX,
Least perceptibre decrement as obse¡ved -upon light of varying intensity and ofwave lengthl.4Sl

Scale
Reading Sensibility

30

1

.8470

.5867

.óö/ô

.2313

.1169

.0506

.0193

.0076

.0033

.0022

.0015

.0010

.0005
'0002
.0

Cos2ø

Cos2¿

.1530

.2603

.1992

.1562

.LI44

.0663

.0313

.0177

.0043

.0011

.0007

.0005

.0005

.0003

.0002

asr percep'
Inciement

.0001

.0003

.0004

.0004

.0008

.0008

.0010

.0010

.0013

.0015

.0016

.0022

.0036

.0069

.0054

.0723

.0085

.0169

.0125

.0233

.0237

.0282

.0327

.0300

.0347

.0790

.0842

.0955

.1457

.L796
'1358

3.8

6.4
ö.Ð

15.
31.
ðD.

232.
909.

1428.
2000.
2000.
3333.

10000.
óóóó.
2500
2500
1250
t250
1000
1000
769
ooo
625
+í)+
277
745
TòÕ
81

717
59
80
42

36
30
33
28
12.6
11 .9
I0.4
6.8
5.6
J.ù

5000.

Sensibility

30

0
23
40
.)l
OI
70
77
82
ðÐ
86
87
87
88
88
89
90

0

40

'61
77
82
öÐ
86
87
87
88
88
89
90

90
89
89
88
88
87
87
86
86
85
85
84
83
83
81
80
78
77
75
¡ð
7t
69
o/
64
62
60
55
50
44
óo
oÀ

10

90
89
89
88
88
87
87
86
86
ðÐ
òÐ
84
83
83
81
80
78

7T
69
67
o{t
62
60
55
50
44
36
,¿
10

40

i5
l0
40

10

10

45

10

ao

10

TABLE X.
Least perceptible increment as obse-¡ved_upon right of varying intensity and ofwave length-.52 pì

Scale Rearìing

30

3U

30

30

30

30

{5

45

30

30

t0
45

30

30

30

.0

.0001

.0004

.0008

.00t2

.0020

.0028

.0038

.0048

.0061

.0076

.0092

.0114

.0150

.0219

.0273

.0396
'0481
.0650
'UI TÐ
.1008
.1245
. 1527
.1854
.2t54
.2507
.329I
.4133
.5088
. oÐ4Ð
.8341
.9699

30

1â

15

30

30

t0

30

30

30

Le?!t percep'ble
lJecrement
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TÄBLE XI.
Least perceptible decrement as observed upon ìight of .r'¿r)'rng intensity and

of wave length :.52p.

Scale Reading

30

30

8

30

õ

5¡

4õ

30

t0
30

50

Scale Reading

45

20

2

5

33

26

5t
¡3

23

30

32

30

20

6

Least perceptible
oeclement

.160

.t22

.7t2

.074

.053

.043

.038

.026

.0r8

.021

.015

.013

.010

.015

.012

.007

.008

.003

.002

.004

.003

.001

Least perc'ble
fncrement

.0004

.0006

.0008

.0011

.00L2

.0015
'0017
.0020
.0032
.0037
-0047
.0056
.0070
.0082
.0091
.0110

6.25
8.2
8.9

f ó.Ð
18.8
23.2
26.3.
38.4.Ø
55.5
47.6
66.6
76.9

100
oo 'o
83.3

r42.8
125.
ÐÐÐ .

500.
225.
Ð0D.

1000.

Sensibility

Sensibility

2500.
1666.6
1250.
909
833
I .l+
588
526
312
270
2t3
L78
r42
722
109
90

29
39
+o(t

60
Dó
66
68
70
72

74
76
78
70
81
82
83
84
ðÐ
86
87

39
'45

ðo
62
67
70
JÔ
76
78
80
82
83
84
86
88
89
91
92
93
94
95
96
97

90
88
88
88
ót
87
86
86
85
84
84
83
82
81
80
78
78
76

90
97
97
o'7

96
96
95
Vð
94
93
93
92
91
90
89
88
87
ðÐ

30

30

?a

30

õ

55

5

45

30

l0
30

õ0

.763

.603

.481

.369

.295

.242

.198

.160

.134

.116

.09õ

.080

.067

.057

.042

.030

.023

.015

.0r2

.010

.006

.003

.002

.0004

.0007

.0011

.0017

.0025

.0036

.0048

.0063

.0080

.0100

.or32

.0169
-0216
.0272
.0342
-0424
. uÐ-t5

TABTD XII.
Least perceptible increment.as obse¡ved upon light of varying intensit¡r and

of wâve length :.97¡2.

l5
20

35

õ

33

20

5l
l3

23

30

32

30

20

6

50
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Least perceptibre incremenf,i"""T".ii;-,ffÍËi; or varying inrensiry andof wave length !.57p.

Scale Reading

IO

õ

5

5

40

30

5

5

1õ

Least percep,ble
Increment Sensibiiity

80
66
61
52
ró.o

,7.o
23.8
20
-tð
f*.ó

11
7.8
6.8
6.9

Cos?¿

30

5

3!
õô

l5
90

15

15

45

30

30

30

5

32

5C

20

.0625
'0750
.0900
.1062
.1256
.1482
.1747
.2052
.2470
.2830
.3329
.3994
.4692
.5595
.6872
.8335
.9781

.0125

.0r50

.0162

.0191

.0229

.0265

.0305

.0358

.0420

.0499

.0665

.0698

.0903

.1277

.1463
'.1446-\

35

50

i5
45

JO

teast percepúibre inc¡emenr^".--åf."tLXi:t; 
^risrr or varying intensity andof ¡vave length':.9¿p.

Scale Reading
Sensibility

tõ

{5

10

5

5

10

5

45

5

6

t5

30

30
30

30

Tõ
74
72
70
69
67
oð
63
60

RÁ

50
Ito
4l

24
8

84
83
81
'70

78
76
aÀ

72
69
66
63
59
ðõ
50
tð
ÐÐ
7.7

30

30

l0

88
87
87
86
òÐ
83
82
80
78

76
74
72
7T
69
67
oo
o4
62
60
ÐI
54
OI
47
44
39
óÍ
,o
24
16

30

30

l0

s7
96
96
95
94
g2
91
89
87
86
ð,)
83
ðl
80
78
76
75
aù
IL
69
66
oó
60
56
53
48
45
38
0ð
o<

1666.
833
625
344
775
772
92

I12
88

120
tÐ
60
ÐT

44
64
+Ð
37
óo
0ð
2l
DÅ

19
13
17
72
11
12
13
11

Least Percep'ble
t¡crement

.0009

.0015

.0027

.0043

.0072

.0129

.0187

.0295

.0384

.04s7

.0580

.0712

.0876

.1049

.1274

.1428

.1648

.1918

.2199

.2500

.2959

.3364

.3868

.4610

. Ð10y

.5944

.6789

.7603

.8335

.s235

.0006

.0012

.0016

.0029

.0057

.0058

.0108

.0089

.0113

.0083

.0132

.0164

.0173

.0225

.0154

.0220

.0270

.0281

.0301

.0459

.0405
'0504
.0742
.0559
,ut t5
.0845
.0814
-0732
.0900
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TAB¡E XIV.
least perceptible increment

Scale Reading

as observed upon liehú
ot \ra'e length:.6g2. of varying intensiúy

Lea_st percept,ble
rncrement Sensibiìity

and

Cos2ø

99
91 zo

89g5 4ó

81 ao

77 30

73
6g 30

63 30

ot
48
38
22

.0

.0169

.0299

.0524

.0900

.1339

.1918

.2570
. ùóo{¡
.tÍtt õ
.5867
.7638
.9486

.0169

.0130

.0225

.0376

.0439
.0579
.0652
.0794
.1111
.7392
.t77L
.1848

.)v.l
76.9
44.4
26.5
22.7
17.2
15.3
12.5
I
7.2
5.6
5.4

J
I

90g2 30

80
76 .s

72 30

6g 30

64
59 3o

54 30

48
40
to
r3



.460p I es.480 | 0s.491 | 70.500 | 76 ,u

.515 I es

.564 | 87.593 | 87 oo

.601 | 87 40

'62L | 87 16

22
57
64 30

73 r8
g0 30

83 r5

85 .6

87
87
86%
ðD
82 rs

ta)
68 30

45 30

T7

.648 I S0.663 | 84.677 | 79

.772 | 55 21

'733 | eZ 30

.8593

.2959

.1849

.0826

.0272

.0138

.0052

.0027

.0027

.0038

.0076

.0179

.0665

.1339

.4900

.9139

TABLE XV.

.6711

.2060

.1170

.0525

.0148
'0079
.0033
.0016
.001ô
.0023
.0048
.0109
.0364
.0816
.3224
.6295

Least Percep'le
lncrement

.1882

.0899

.0679

.0301

.0124

.0059

.0019

.0011

.0011

.0015

.0028

.0070

.0301

.0523
'1676
.2844

Luminosity

Ð.rJ
11.1
14.7
33.2
80. 6

169.5
526.3
909 .0
909.0
666. 6
357.L
L42.8
33.2
19. 1

5.9
ó.D

fnc.
Cos'z É Sensibility

E

z

3.56
2.29
r.72
L.75
L.20
1 .35
L.72
1.47
L.47
L.54
L.72
r.ðo
L.22
1.56
r.92
2.22

Di
I+Di

ts
tc

a)
H

z
v)
È

-<z
a)
a)

Fj
H
H

H

:ì
Fl

ri
H

E
ts


