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I h .  S. I~II)EAI,  tlioiiglit it woiild Iic iiitcrcsting to IIC nlilc 
to coinpire thc diffcrciit iiioiictnry viiliies of osygen, frcc 
iiiid coiiibiiicd. Ire woiild tlicreforc iisk tlic iiiitlior to givc 
tlic iiicctiiig, if lie coiild, soiiie iliitii :is to the i i ioi ictqv wlac 
of osygcii i is  nii oxitlisiiig iigciit. They woiiltl this Iic nblc 
to jiidgc wlietlicr 1ile:icliiiig 11s pcrfori~icd by Iiy-drogcn 
perosiilc woiild lie clieiipcr or dcwcr *tlinii irlicn diic to 
blcachiii~--po\vdcr or otlier osidisiiig agent. 

Air. Iin-omm, i n  reply, siiitl tliiit the rc:isoii Iic lincl 
rclircsciitcd oxygen 11% citlicr triiitoiiiic or tctriitoiiiic iviis tliiit 
it coiilil iiot possilily lie di:itoiiiic. I f  it irere ilintoiiiic tlic 
two oxypii :itoiiis in tlic Iicroxidc of hydrogeii iiiolcciilc 
woiiltl lie ci~ii;iIly iissocintcd with eiicli iitoiii of Iiytlrogcii, 
riiitl coiiscqiiciitly of cqii:il stability, wliicli wiis iiot tlic ciisc, 
scciiig that oiic ntoiii oiily was so easily dissociiitctl. 
Clieiiiienl eoiiiiiioii SCIIFC c1c:irly sliowcil that thc two titorits 
coiiltl iiot 1i:irc the siiiiic cniiiliiiicd viiliic iii pci-oxide iis the 
one iitoin of osygcii It 
followed, therefore, tliiit it iiiiis.t lie eitlicr triatoiiiic or 
tctriitoiiiic. 1.1~ iiicliiicd to tlic riew tliiit it wiis triiitoinic, 
liccaiisc it iiiitloiilitcdly iriis so iii ozoiic. A s  to tlic 
chciiiicnl cqiintioii on the d i t e  which Iiiid been referred 
to iii coiirse of tlic ilisciissioii, lie wislied to dischiin r i l l  
responsibility for it. It miis tliic to the l’rciicli cliciiiist, 
13crtliclot, iiiicl rcprcsciitcd tlic iiiiiilytic:il rcsiilts of liis 
invcstigntioii its coiiiiiiiiiiicntcd to tlic 11cUf/C&! tlcs &ictrccs. 

Ih. Sqiiire’s rciiiiirks ivcrc cspcciiilly riiliiiilile, liccniisc of 
his liirgc espcriciicc in tlic iiiiiiiiifiictiirc of perosiilc of 
Iiydrcgcii ; niid Iic hiid hit tlic riglit iiiiil oii tlic 1ic:itl.wlien 
lie siiitl tliiit tlic iictioii of tlic ether tlelieiidctl Iiirgcly iipon 
how the liydrogcii peroxide itself 1i:id Iiccii Iircp:ire.c“I. 
Tlicrciii h id  the criis of tlic mittcr. If it wcrc ciirclessly 
prcp:ircil, if it wcrc citlicr acid or iilkiiliiic iii cliiiriictcr. or 
if it  coiitiiiiied ccrtniii iiiipiirities, no iigciit woiiltl prevent 
it froiii decoiiiposiiig witliiii ccrtiiiii h i t s  ; Init if it were 
properly prepnrcd, 11s it coiiltl Iic by tliosc wlio iiiiilerstood 
thc siiliject, tlicii the siibst;iiiccs wliicli lie hi111 iiiciitioiieil 
wcrc c:qi:ible of prcserviiig it froiii iiintcrinl loss of streiigtli 
for 12 iiioiitlis or iiiore. \\‘it11 respect to tlic strciigtli of 
Iiyilrogcii pcrosiilc soliitioiis lie kiicw tliiit tlicrc ivcrc 
iiiiiiiiifiictiircrti liere, dislioiicst ciioiigli-lie i isctl the term 
ndriseclly, fur it w i s  dislioiiesty-to rclwcseiit tliiit their 
five-volume soliitioiis were 10-ro1iiiiic soltitioils, relying on 
tlic qiiiiiitity of osygcii i i s  o1)t:iiiied by the so-ciilled 
pcriiiiiiigiiiiiitc test. Iii Aiiicricn they iilways tlid so ; h i t  
of coiirsc tliiit coiild 110 got over 1iy testing the soliitioii 
with iiciditled iodide of p~tiissiiiiii, it1111 cstiiiiiitiiig the iodiiie 
tliiis set free iii tlic iisiinl iniiiiiicr. 

I)r. Stciiiliiirtt lind iiiqiiircd :is to the . specific cliciniciil 
nction of iilcoliol, nnd I ind siiggcstcd tlirit the stnbility of 
tlic peroxide, 11s prescrvcd by tliiit dist i i i icc ,  iviis due to 
thc foriiiiitioii of iicctic ticid iiiiit tlic Iiroiliictioii thcreliy of 
it11 ncid rcnctioii. Tliiit coiiltl not be, for if I)r. Stciiiliiirt 
woiiltl refer to ‘l’iililc :3 lie woiild fiiiil tlint iii tlic first two 
cspcriiiiciits (which \ ~ c r o  iii;iile with st:iiidiird soliitioiis) lie 
Iiiid iiddcd 1 per cciit. of siilpliiiric ircitl to oiie of tliciii oii 
the 46th diiy, iiiiil it woiild lie weii tliiit the rcstixiiiiiig 
iiifliieiico of tlic cicicl reiictioii w i s  csprcsscd by the fiict 
thtit OII the 405th driy tliu iiiilirotcctcci soliitioii hiid lost 
83 per cmt., \rhcrciis tlic protected solutioii (v;hich for 
4C diiys was iiiaiiitiiiiicd iiiidcr tlic siiiiio coiiditioiis) Iiiid, 
owiiig to the ndditioii of tlie siilpliiiric iicid, lost only 
GO per ccrit. ‘hrcforu  the restniiiiiiil:iictioii of tlic siilp1iiiric 
iicitl vi is  iibour 23 per cciit. It woiiltl rilsc be sccii f1.fJlIi 
the sniiie tiiblc (cspcriiiiciit ‘So. 6) tliiit iicctic iicid ccrtiiiiily 
escrciscd iiii c ~ c i i  grciitcr restriiiiiiiig iiilliiclicc tliiiii siilpliiiric 
cicid ; so iiiiicli so, tliiit oii the .10stli diiy the loss wiis oiily 
50 per cciit, ‘l‘hcrefore it I i i d  ii greittcr cRcct pcr sc. 
Wlictlicr tho eflccts of the siilpliiiric iuid iicctic iicitls \reru 
to tic rcgnrdctl iis diic iiicrcly to ‘‘ iicid rciictioii,” or ivcrc 
to l iu vic\vcd iii tlicir iiidiviiliiiil cliiinictcrs, tlicro coiild 
bc iio qiicstioii Ijiit thiit :ilcoliol ccrtiiiiily rcstrniiicd w r y  
iiriicli iiiorc tlinii did citlicr tlie oiiu iicid or tho otlicr, 
11s WIIS r ~ ~ e i i l e d  liy tho tlgiircs siiliiiiittcd. I t  \YIIH tlicritforc 
it11soliitcly iiicredililu tliiit tliu Iircscrviitivu cflcet of nlcoliol 
is iliie to tho gciicriition of iicctic ncid tlicrcfrolii. 

Imtly,  ns to tho iiioiictiiry viiliio of oxygcii iii its riirioiis 
foriiis, Iic ~ i i s  ~ r r y ’  iiol to IJU iiIiIu to give niiy csiict tliitii, 

l i i id  in II inolcciilc of wiitcf. 

.- . -- . . . . . . __ 
Air ~ : i s  cliciip ciioiig11, h i t  it wns not cnli:ililc of proiliiciiig 
tllosc tlccoloiirisiiig iiiitl oxidisiiig cffccts \vliicli hid to lie 
o1it:iiiictl i i i  tlic coiiiiiicrci:il 1~lc:ichiiig of silk, cottoii, ~i:ipcr, 
boiie, Iiiiir, &c. Atiiiosplicric osygcii, tlicrcforc, Iii it l  iio 
riiluc iii  rchtioii to siicli :ippliciitioiis, iior w i s  piire osygcii 
illy iiiorc ~:i~i i : iI i~c,  so fiir i is  lie kiicir. IIyilrogcii I)crosi;lc, 
i i id  tllnt irloiie, lint1 11 distiilct vitliic for siicli piirposcs. 
~~~ I I I I I~ I I  nir i i i i t l  oxygen, were of no iitility, citlicr, for 
iiitiscptic Iiiirposcs, w1icrc:is peroxide of Iiytlrogcii 11:id ii 
inost proiioiiiicctl vnliic iii t1i:it respect. \Vitli regiiril to 
~j~e:ic]iiii~-~io\~’iIcr lie lint1 st:itcd iii liis piper !hit peroxide 
3f Iiytlrogcii w i s ,  so far 11s G~~I I I I I I I ~  :iiiil I?niiicc were 
:oiiccri~ctl, Iiclievctl to lie riiliiilly rcpliiciiig lilc:icliiiig-~io\vtler 
Tor 11Ie:1cliiiig \voollcii, silk, niitl otlicr pootls, prtly iii 
: o ~ ~ s e ~ p c i ~ c c  of tlie destructive clIect of cliloritlc of liiiic mi 
tlic tissiics of siicli iii:itcriiils, nricl :ilso liccaiisc pcrositlc of 
Iiydrogcit gnre hettcr rcstitts. f Ic heliered tk i t  the adoptioii 
if ItcrositIc woiilil follow more Iiirgely i i i  Eiigkitid iii tiiiic ; 
I I I~ 11s to the coiiip:iriitirc cost, the rcsiilts wliieli Iiatl 1)ccii 
pii1ilislied jiistiiietl liiiii iii siiyiiig t h t  pernxitlc of Iiyilrogcii 
lviis ]lot inorc cspciisivc tliiiii l~lciicliiiig-~~o\vilcr for siicli 
Iiiirposcs, while its prorliiction w i s  coiistiiiitlg bciiig 
:I~c:ipc~~eil iiiitl its cfIcctivc iictioii iiicrcascd. 
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iili cncli tube to the eye of tlic obscrrcr, giviiig :i clew \*ic\v 
of ciiiy o~~i iqi ie  lintlien \vliicli iiiiiy lie pliicctl oiitsidc, or of 
triirisliiirciit Iiotlics iiisitlc tlic tiilics. 
'Ih sides iiiitl  cciitr~il 1i:irtitioii iirc grooved i i i  order to 

liitis the edges of tlic iiiciisiiriiig gliisscs, iiiicl of tllc giuged 

vcssels for coiititiiiiiig ' tliiiila. Stops nrc pliiecil iit con- 
vciiiciit ilistniiccs to elit ofF light reflected froiii tlic sides, 

Iiy iiiciiiis of diiipliriigiiis to siiit siiiiill or irrcgiiliirly sliiipctl 
i l l l d  the sixc Il l l i t  slmpo of tlic Il~lcrtllrcs I) Cfll l  Ire 1illerctI 

sl\mples. 

'/'h $/trritfrtrtl S~dc.-- '~Iic  secoiitl csscritiiil piirt is the 
stiiiiiliird sc:ilc, which coiisists of sets of coloiirctl glass slips, 
1111 tile gliissrsof eiicli sct Iiciiigof tlic siiiiic coloiir, I i i i t  eiiqli 
gliiss cliircriiig iii tlcptli of coloiir, the ilifFcrciicc Iiciiig i i i  
ilcgrecs of cqiiiil viiliie tliroiiglioiit tlic sciilc. 

I n  till coiiiliiirisoiis of 11 siiiglc coloiir, tlic stiirtiiig poiiit 
liiis liccii tiikcii iis 11 piire white. 'l%c stiiiitliirtl white iisctl 
iis :I Ii;ickgroiiiiil fnr tlic gliisscs is piire liiuc siilpliiitc for 
stn:ili siirf;iccs, r i i i d  for kir& siirfiices, iis for the rcflcctors, 
tlic siiiootli sitlc of Xlessrs. C1i:iiicc's opd gliiss, biit wliicli- 
ever is iisctl slioiiltl lie qiiotctl. 

1 iii:iy Iicrc siiy tliiit !I coiiiliiirisoii of prcssctl liiiic 
dp1i:itc iigiiiiist siioiv slio\r.s iio free colonr iii the liiiic 
siilplintc, wliicli is only ' 2 5  of ii tlegrcc of iiciitriil grny less 
white 11i:iii the snow itself. 

Colorti- Sccilc.-'I%c reliitivc positioiis of two-teiitlis, oiic 
dcgrcc, tcii tlcgrces, iiiid twenty degrees iirc iiiiirkctl oii tlic 
coloiir sciile of priiiurrics licfore you. 

'J'lie crliiiility of tlic scnlc c:iii lie tcsteil iii tlic liiiitcrii by 
pliieiiig ii siiiglc gliiss of 20 degrees viiliic on ciicli sitlc, niiil 
tlicii iiiiikiiig 50 dcgrccs by :iny coiiiliiiiiitioiis froiii otlicr 
1i:irts of tIic sciile :is 12 + 7 + 1 cqiitils 3 +- 8 + 9. 

Il'lrc Ud.-lii the c:irly tlnys of. tlic iiistriiiiiciit, bcforc 
the estciit of its iippliciitioii for iiiiirlyticd prposcs \VIM 
fiilly rc:iliscd, tlic iiwcssity of tlivitliiig tlic coloiir sc:ilc 
iiito rlcgrccs of cilii:il viiliie licforcc' rclinlilc work coiiltl lie 
tloiic, \<iis cvitlciit. 'l%c stiirtiiig poiiit i i i id  viiliic of tlicsc 
tlcgfc1-s \ r .cw qiicsticiiis of the grciitcst iiiipnrtiiiicc iiiiil 
nllslcty. 

It wis tlccirled to l i s  ii1ioii ns II stiirtiiig Iioiiit ii tlcliiiitc 
11cprc.c of coloiir, tlic iitltlititiii of wliicli slioiild l i e  pcrccptililc 
i i i  tlic deeper sliiitlcs, niitl tlivirliiig this tlcgrcc into tciitlis 
i i i i t l  liiiiit~rctltlis for tlic ligliter sliiitlcs, \r.licrc tlic Iicrcclitioii 
is keeiicr, tliiis liiiiltliiig tip the sc:ilc Iiy siicccssivc ~itlditioiis 
o f  cc~~l:il v:lluc. 

I t  \rill lie sccii tlirit tlic stiirtiiig ~ioiiit fop cncli coloiir WIIS 
:irbitriiry, tlirit tliu V I I I I I ~  of the tlcgrcc iii  ciicli sciiIc iviis 
ctliiii1 tliroiiglioiit its ciitirc Iciigtli ; biit the iiiipiirc coloiir 
iii tlic ghss tlicii :iv:iiliiliIc iiiiidc the tising of 11 niiit of 
coiiiiiioii viiliic for ciicli iiriiiiiiry coloiir iiliiiost I i t i l i c l c ~ ~ .  

A Iictter tpility gliiss, iiiitl  iiinrc rccciit ivorlc, Iiiis, Iitiiv- 
ever, rlcvclopctl 11 possililc h i s  for cqii~ilisiiig the riiliic of 
tlic iiiiit fnr tlic tlircc Iiriiiiiiry coloiirs, red, ycllo\r, ni i t l  liliic, 
i i i it l  wliicli tire iiloiic ftiiiiiil iicccssiiry for iiiost niiiilytic~il 
work, i i i i t l  cvcii lioltls oiit ii Iiolic of coiistriictiiig II coloiii 
iioiiiciicliitiirc with soiiic t l c p x  of' sciciitilic iicciiriicy. 

I i i i i i  ii\viirc tliiit tlie,coloiir in iiiy priiiiiiry stiiiitliirtls, re11 

yet oliti~iii~ililc, arid :is liy their iiieiiiis iiiost o f  the eoloiirs iii 
iiiitiire :ire iiiciisiir~ililc, 1 will iisk tIi:it, for tlie piirposc 01 
illustriitioii oiily, they iiiny Iiccoiisitlcrctl 11s tho tlircc Iiriiiiiirj 
coloiirs iii gliiss. 

Il'h Ncrt/rtrl Crtty.-'l%u iicw ilclirirtiiru is foiiiitlcil oil 
the fiict tliiit iicutriil pity iiiiilcr ccrtiiiii Itiiowii coiitlitioiis i, 
iilwiiys iiiiitlc by II coiiiliiiiiitioii of 1 rc.11, 1.2 gcllow, ii i i t l  
!?*.I 1iI11e iii tliu origiiiiil sciilcs, iiiid these propoifioiis liold 
pioil i it  1111 tlcpt 11s. 'I'iicii, 1iy iissiiiiiiiig tlicse c~iiiiliiiiiii,~ 
viiliies of red, yclloir., i i i i i l  liluo to lie tliu iiiiits of tlicii 
rcqicctivc coloiirs, II siiiiple rclntioiisliip of cqiiiility Iictwccii 
t l icw!  tlirce Iiriiiiiirics is cstiililislictl, lit lciist so Iiir IIS tlic 
prtitliictitm tif iieiitriil givy is coiicei*iictl. 

lliiviiig csti~l~lislictl this cniiiiiioii ciiiii\wlciit iis ii iiiiit of 
coloiir iri rufcruiieu to iioiitriil pxy, 1 y  rciiioviiig tlie ycllorv 

yellow. 111l11 Illuc, lire IlOt ~"lrc, llllt I I S  t h y  lire I l l C  piircsl 

~cliiivrileiit II iioriii:il ~iiirplc is left, iii~irlc i i p  of oiic cqiiiriilciit 
if reti :uid one of liliic. 1 % ~  reriioriiig the I)liiceiliiirtiIciit,s 
ioriiiiil oriiiigc is left, iiiiiilc iip of oiic ccliiiviileiit of rctl i i i it l  
iiie of yellow. Iiy rciiioviiig tlic re11 cqiiivnlciit it iioriiiiil 
p c i i  is left, iiiiitlc iip of oiic ctliiiv~ileiit of yellow i i i id oiic 
~rliiiviileiit of Iiliic. 

I!'iirtlicr, 11s pliiciicg 10 iioriiiiil OI:III~C on ciicli sitlc of the 
,crccii, iiiir[ iitltliiig i t  siiiglc dcgrcc of red to one side, :iiitl ii 
;iiigle clcglrc of ~-cllow to tiic other, we Iitivc :I I0  iioriii:il 
ir:iiigc +- 1' red, iiiiil II 10 iioriiiel or~iiigc + lDycllo\v. Tcst 
his fiirtlier with liiglier diffcrciiccs, i is 5 on eiicli side, iiiitl 
ilro with iinriiiiil piirplc iiiitl iioriiiiil grccii. 

If liiiiivy coloiir is tiikeii to lie tlie siiiii of diiy two coloiirs 
!oiiiposiiig it, tlicii iiiiy ilcpiirtiirc froiii tlic iioriiiiil towiirds 
:itlicr priiiiiiry ciiii bc iicciiriitcly iiiciisuretl iuid dcserilicd. 

\\'Iicii ii coloiir is eoiiiposect of the tlircc Iiriiiiiirics, the iiiiits 

loolrcd iqioii iis frcu coloiir. Let iis see Iiow this works 
mt liy iiiiitcliiiig i i  soilillre coloiir, siicli 11s browii piilicr, on 
h e  screen, Iiy, sny, 5 rctl, G':1 yellow, iiiitl 4.4 bliic. Tlic 
:qiiiitioii iiiiiy lie writtcii t h i s  :- 

R. Y. B. S.G.  R. T. 
Ilrowii pinper 5 + G.3 .t 4.4 = 4 . 4  + O ' C  + 1'9 ; 

,f nelltnll gniy mny Ill! dcdllctcd 11s SllCll, :Ill11 tlic l l : i l~ l l lc~  

the hitter p r t  of thc ci]iiiitioii, 4 ..lo iieiiti7iI FIX)-, * G o  of 
frec red, iiiitl 1.9'' free gellow, is ILII iicciinitc tlcscriptioii. 
niitl coiivcys iiii iiitelligililc itlcir iiiiil record of tlic colour 
itself iii  this particiiliir Iirowii payer. 'Yest this furtlicr 
Iiy sep:irntiiig the freo eoloiir from the iiciitnil griiy. 'rho 
iiietliotl is :iviiiliilile for tlic iiieiisiirciiiciit of 1111 siitl-coloiircd 
Iiotlics. 

It iilso follows tlint, by tlic cotistiiiit iidditioii of iieiitnil 
griiy tiiits, II sciilc of cqiiiil tlcgrccs, riiiigiiig froiii white to 
Iilnck, iiiiiy Ire cstiililisliet1, i i i i t l  iiviiiliililc for iiicirsiiriiig tliu 
Iiciictnititig po\rcr of light. 

Sortie iireciiiitioris fire xicccsstiry in seicctiiig the proportioil 
of Iiriiiiiiry coloiirs for tlic coiiiliositioii of II triic iiciitriil 
griiy ; for iiistiiiice, II pcrsoii whose sight is iilinoriiiit11y 
strong or wciik, cvcii for 11 siiiglc 1Iriiiiiiry, woiiltl i icver 
pgrce with i i i i  iivcriigc sclcctioii, iiiitl this dilliciilty is 
iiicrccisctl wlicii t l ~ a  iibiioriiiiil coiiditioii iipplics to oiie 
c p  oiily, 11s thcii ciicli eye gives i i  t~isti~~ctly tliircrciit 
re:idiiig. 'J'lic eoloiir of tho light iiiiiat nlso lie coiisi<tered, 
11s tliiit froiii i i  Iilitc sky, t i  diill sky, or II rliitc cloud gives 
dilYcrciit rcsiilts, Tlic iiiiglc iit wliicli tlic cliiyliglit is tiiltcii 
Iiiis nlso [ in iiilliiciicc, tho light giiiiiiiig iii red IIS tliu 
iiistriiiiiciit or rellcctor dccliiics froiii tlic pcrpeiidiciihir to 
the. Iiorizoiitiil. 

'l'lic Iiroportioiis of 1iriiii:iry coloiirs for tlie iiciitriil giny 
stiiiitttird I Iitivc Iiecii tlcriliiigmitli is the rcsirlt of observiitioiis 
tiiltcii iii  the open air, ~i i i r lcr  it diill gniy sky, with liglit 
iis iieiirly Iici'Iiciitlieiiliii, iis 1iossilile, rcllcctctl froill Arcssrs. 
Cliiincc's o~iiil gliiss, iiiitl is tlic nvcriigc of : ~ . 1  obscrvzitioiis 
iiiiitle Iiy iiiiic pcrsoiis of iiiy IJIPII titirfY, iioiiu of W ~ I O I I I  
iiru coloiir-1Jliiitl in tlic ortliiiiiry seiise of tlie word, but rill 
Iiiiru iiiorc or less i~liiioriiiiil pcrccptioiis for oiiu or IIIOTU 
priiiitiries iii oiiu of tlieir y e s .  I hiivc not, liosvcvcr. 
rciiiovctl iiiiy of the obscrriitioiis froiii tliu tiiblu of iivc.nigc~ 
oii this iiccoiiiit. 

A refcrciice to  tlic '~ i i l i lu ,  So. :I will sliow tliiit of tlic 30.1 
iibscrviitioiis, 1:111 WCIU Iiroiioiiiicetl iiciitriil griiy, 91 eliglitly 
tiiigcil with yellow, 80 with liliiu, iiiiil ?:I witli rctl. 111 iio 
CIISO Iiiiil tho obscr\*cr I& kiiowlcilp of whiit IIU \nis jutigilig, 
iiiid the jadgiiiciits w r u  fraqiicutly chcckctl r i p  111id tlotvii 
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for troth. Iht it is qiiitc possible tliit  niorc cstcndcd 
iircnigcs niny nltcr tlic proportions givcii. 

't'lic difliciilty in fisitlg on t i  atiuitlnrd of ihsolutcly I I C I I ~ I I I ~  
p i y  iiriscs from Iiavirlg to work iqi to 11 tlicorcticiilly perfect 
nciitrnl ~ n y  by iiienns of cliiyliglit of n onriiiblc qiinlity. 

Ikiirgc of Dityliglil iiviiiliillc for Utttyortii Jtc(idiiigs.- 
Tliesc oliscrvntions w r c  iiiiidc on I\ clear winter tliiy lifter a 
Iiciivy fnlt of SIIOIV ; the liquid used for iiicnsitriti~ wiis slierry 
in tlie 1-in. vessel, iiiiil tlic gliiss stiiiiiliirils wcrc from Coloiir 
Scrics So. 50, ivliich is ii bright iiitilicr. 

TAllLE xo.  1. 

Slicrrx 
in  1-in. 

Coloirr 
Scriev 2, Yesessol. -. 

North I$it froin opnl idlcctor, 9 f t .  

North light from wliitc blottiug papcr, 

Sunlight from ~ R L ~ I  \vnII, 80 It. Imni 

Suitliglit from ~'cliorv rvrll. 30 It. Iroin 

Uimt liglit from cloud ovcr t ~ i c  sun . . 
Snnlight mflectcii froin \vliitc blotting 

pnpr ............................... 1 . 11'35 
Siinli~lit rellectcd tliroiigb wliita 

blotting pnpcr... ................... 1 .. 10'39 
Sui~liglit h n i  snow 3 f t .  froin instrii- 

North IlgliL from snow 10 It. oll., ..... 1 .. 10.75 

Ironi iiixtriiinciit ................... 1 iiintclicd by 11.Z 

2 It. Iroiii instruincnt ............... 1 .. 11-i; 

iiistririncnt ......................... 1 .. 11-75 

iiistrument.. ....................... 1 .. 11% 

(112 ll'G0 
1 

mcnt ............................... 1 .. 10'35 

This tiiblc ~lio\r-s, i n  coniinon with Tiililc Xo. 9, iitid iilso 
iiccorils with gciienil cspriciicc, tli:rt 1111 kiiiils of ordiiiiiry 
i1:tylight Iictwccn tlic first iipliroiich of twiliglit niid direct 
mys froin tlic si i i i  lire nvnilnblc for orclinury work, RO tlliit 
wiriiitions in tlic coloiir of ilii~ligl~t witliiii widc liinits do 
not alter tlic rcw~iiigs altere the sii~nc light is irsetl for 
Iiotli sides. 

Tlic Mcristtrctticitf of Itrerittr~c8cciif Jlodics--For tlic 
~ ~ i c ~ ~ ~ i r c t i i c i i t  of coloiir or iiitciisity in  incnndcscciit Iioiiics, 
wlictlicr froiii n iiirkcd fliiiiie, iiiolte~~ mctiil iii n fiirliiicc, or tlic 

No. 1 enniltiel, 1 per cent. solution in j-h. rcsl;cl ....... 
So. 3 ), 1 )  3, 8 ,  ......... 
Xo. A h i i t t o ,  1 per cent. solittioil iii  1411 vcsscl ........ 
No. 1) ,, ,, ,, 1 9  ....... 
Wiitc niiricnil oil ............... I-in. vcsscl.. ..... 

Sli.Gr.'890 ................. 1 . . . . . . . . .  
Wiitcr-wliite pi i i~t f lh,  .......... 3.1 ......... 
No. 1 glycerin. ............... 13 

No. 2 glycerin. .............. 13 ......... 
. . . . . . . . .  

Syrups froin cliiirconl piwilier No. 1,  f i  . . , . , . , 
2 , +  . . . . . . . .  
3 , B  . . . . . . . . .  
4 4  ,.I . . I . , . .  

.. 

.. 
GI0 \'ullow. 

1 G - G  

8'3 

.. 
* .  

GI0 Yulloir. 
0'510 

.. 
GOO Ycllotr. 

0.75 
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Aillintto ~ ) I I S ~ C  A ............... .. 1) ................ 

lIro\vii plll'cr. ............... 
No. 1 writiiig piipcr. .......... 

l ' , \ IWt : 

No. 2 ........... *, 
l~.\lllilcfi : 

lied r:ltccli .................. 
l'llrplc velvet ............... 
l igh t  I h c  siitiii .............. 

l?\lSTS : 
Cliroiiic yellow oil piilrer. ...... 
Oiniigc cliroiiic . . . . . . . . .  

1?1.0un : 

2nn fJ10 
Hcd Serics. Tcllorv Scrier. - 

13'6 
15.75 

6'6  
0-27 
0.33 

28.8 
3 6 ' 0  

2.7 
9'8 

- 
+ 11'8 
+ 7'25 

+ 8'3 
+ 0.45 
+ 0.51 

+ 6 ' 1  
+ 3.3 
+ 1'2 

+ 12.0 
+ 1 ' 5  

11iiiigi\rinii lE.O.l'. NoO, Lofty growid ................... 
,9 1) Il'iiic ...................... 

Spriiig whciit floiii* .................................... 
1Englisli super.. ...................................... 

CaslrLxs : 

l'lltclit xo. 1.. ....................................... 
Pliterlt so. 3 . .  ................................... 
CoacZtrtrioci.-Iii siiliiiiittiiig this iippiiriitiis ~iiid riictlioil to 

yoiir jiidgiiiciit, 1 IIIII  fiilly coiiscioiis t l i i i t  tlicro n i l l e t  Ire 
iniiiiy qiicstioiis wliicli time niicl  iiiore csliiiiistive work will 
cliicidiitc, Init I iiiii iiot coiiscious of Iiiiviiig Iiidilcii 11 \veiik- 
iicss or csiiggcintctl II streiigtli, i i i i t l  feel siire tliiit ~r l ic i i  the 
weiikiicsscs iire poiiitctl out, t h y  will iict 11s II spur to fiirllicr 
iiivcstigiitioii. And in c o ~ ~ c l ~ ~ s i o ~ ~  I wish grntcfully to 
iickiiowledgc tlic nrsistiiiicc rcccivctl by tile froiii iiiiiiiy 
quiirtcrs ; it will Ire iiiipossiblc for iiic to ciiuiiicriite 1111, 
iiitlccd, iii noiiie iiistiiiiccs I I r ~ c  iio Iiiio\vIcdge evcii of tlic 
IIIIIII~~ of gciitleiiicii who Iinve iiiiit~e'viiliiiilrle siiggcstioiis. 

I i i i i i ,  I iowwr,  sliceiiilly iidclitctl to 111.. It.  Le Nevc 
]foster, wlio worked oiit tlic iiietliod of cliiiiiititiitivc cstiiiiiition 
of cnrlioii iii stccl ; to Mr. '1'. Jobsoii, jiiii., of tlic Stocks- 
Irridgc \\'orks, iiciir Slicflicld, who ovcrc~~iiic II dilliciilty iii 
steel soliitioiis of II retlilisli tiirgc ; to Professor I I i~~ i i~ i i c I ,  
of the I'orltsliire College, Lcctln, who siiggcstcd I\ iiii.tliod 
IJf Iwiiigiiig siirfiiccs iiiicvcii iii tcstiire or iciloiir to ;I siiitiiblc 
caiitlitioii for coiiipiiriso!i by throwiiig tlierii out of fociis 
with II leiis nt tlic eye-lriccc; to I)r. I<iicclit, of the l'ccliiiiciil 
College, Ilriitlfortl, for sonic coiiipiirisoiis i i i  'l'tir1iC.y rctls ; 
to Ihvertoii Itctlwootl for co-opcriitioii i i i  \vorliiiig out 
stiiiiiliirds of coloiir for pctrolciiiii n i id  cocoii-iiiit oils ; to 
1h.. 3liiiiro, of the 1)owiitoii Collcge of i\griciiltiire, for 
iiivcstigiitioii iiito the iiictliotl of ~iiiiliiiig iiiiiiiioiiin cstiiiiii- 
tioiis, iiiid for soiiic qribciiil work 011 thr coloiir of \rntcrs. 
'l'lie fiiic ilivisio~in i i i  tlic htiindnrtl sciile is riiiiiiily tlic work 

l'he worltiiig oiit of tho iiciitriil. griig cqiiiitioii is the 
direct rcsiilt of coiiverniitioiis 4 t h  I'rofcssor Croolics, 
I'rofcssoi* Chiircli, nwl Ciilrtaiii Alriicy, grcntly iiitlccl Iry 
tlic Irrilliiiiit leetiires of tlic Iiittcr tit tho Society of Artr 
Iiist scssioii. 

of oiie of Illy dllllglltcrs. 

11sq 
liluo Scrics. - 

5' = 
2.25 = 

Aiiihr, 
Series t?. 

2 ' 0  
1.75 

0 .5  .t 

.. 

Nciitml FrM Frco 
ILcd. It . lIO\c:  IlIuc. Gnis. 

5' + 8.6 + 6.8 .. 
3'25 + 13'5 + 5 :  .. 
5.4 t: 1.2 + 2'9 .. 
0.27 1- 0'0.1 .. + 0.04 

0.33 + 0.18 .. + 0.17 

5'8 + 23'0 .. + 0'3 
3'3 + :E'7 .. + 6'3 

Ilm!rii. Clpy. 
Scrics to. Surres YO. .. .. 

.. .. 
.i. ' iB  + 0 '05 
3-75 .. 

Sericr GO. Serics GOO. 
1-75 + 0.375 
3'5 + -75 

jiiilgiiig of coloiirs, iiiid 1111 hiid ii  profoiiiitl coiivictiori of the 
Ircrfectioii of tlicir iiitlivithinl coloiir sciise. Xvcryoiic 
Irrcsciit kiicw how 11clic:itc i i i i t l  difliciilt II iiiiittcr it WIIS to 
liiiit to ii friciid tliiit his eyesight \riis riot cliiitc wlint it  
slioiiltl Ire. \\'it11 regard to tlic sc~isc of sight, everyoiic 
coiisidcred Iiiiiisclf lrcrfcct. IIe Iinppciicd to iinvc riiiiribcr 
of rcliitivcs so fiir coloiir-bliiiil IIS to Ire ciipiible of iiiiiigiiiiiig 
eiiieiiilils to be riibics, i i i i c l  cicc ucrsci. 111 iill his cspericiicc 
i i i  this direction, however, lie liiitl ricvcr met with ii coloiir- 
IiliiitI ivoii~ii~i,  riiicl tlirl not Iwlicvc tlriit tliclu ~ v i i s  OIIC. IIc 
~roitltl iip~rciil to 3Ir. I~ovilioiid on tliiit Iroiiit. 

BIr. 1;ov111os1i siiid tliiit lie coiild ngrecwitli tlicCliiiiriiinii's 
cspcriciicc to this cstciit, tliiit tlie oil))' nlrsoliitcly iioii-coloiir- 
bliiitl lrcrsoii lie liritl cver i i i c t  w i s  11 WOIIIIIII. 

Tlic Ciu imus ,  con1 ii)iiiiig, siiitl i t  wiis ccrtiiiii tliiit ns II 
riilc woiricii's eyes were fiir iiiorc iiccii~iitc tliiiii  iiieii's. We 
oiiglit to rccogiiiae the fiict tliiit it grbiit iiitiiiy of 11s tvere 
iiiore or less coluiir-lrliiid with rcslrcet to ccrtiiiii tints ; iiiid 
if cliciiiists iii piirticiiliir did SO t1ii.y woiilil siivc II grcnt deal 
of iiiiicciiixtc work. Ilc I~clicvctl tlint .it wi is  iii tliiit rooiii 
tliiit I h .  Tidy Ii i i i l  rcliilctl his esprierices in tcstiiig tlic 
iivcriigc egc for iiccuriicy. Ile coiilcl iiut reciill the csiict 

those tried coiiltl, for iiistiincc, sort oiit tweiity sliiiiles of 
I)rowii with iiii iiI'Irrosiiiiatioii to  iicciiriicy. Xcv(~rtIicIc~n.', 
it \vns possible try ciirefiil trniiiiiig to p~tit ly  tlcvclop the 
power of the cgc iii this respect. To do SO oiic iiiiist Iiiivc 
iieciiriitu iiistriiiiiciits niul ~i ict l iods ; iiiid i i i  >It*. IAovilroiid'n 
iipl~iiriitiis niiil his iiietliotl of giiiigiiig tlic tlilrcreilt dcptlin 
of coloiir, tlicre scciiied to liiiii  to be tho iiiciiiis of triiiiiiiig 
the eye to the work wliicli tlic eyes of cliciiiists wcrc ciillccl 
iipoii to do.  l'lie rii~it~cr wiis oiic well worthy the study not 
oiily of tlioso to vvlioiii it wiis II Liiilrjcct of tyeciiil iiii~~oriiiiicc, 
11s to tliorc ciigiigcd iii  tljciiig, Init of every cliciiiiht. 'l'li~y 
I ind to tliiiiifr ttiu I t o p t  I r i s t i t i h i  for the laiiii of tliu 
Iiiiitcrii, i i i i t l  JIr. IIciitli for iitteiitliiy to csliiliit tlic viirioiitl 
colollrs 011 t l w  IcrccII. 

ligllrcs, I)l lt  lie rclllclnbcretl tllllt II very lill)llll ~lcrcclltngc of 
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hlr. l l ovmros  I:lsrrwoo~r \VIM glnd to linvc ni i  oppnrtiiiiity 
of lreiiriiig tcstiiiioiiy to tlic rduc for ccrtiiiii tccliiiicnl 
Iriirposcs of the iiistriiiiieiit wliicli X[r. I~ovilioiitl liiitl tiikcii 
so iiiiicli troiiblc to csliiliit niitl cspliiiii to tlic iiieetiiig. 111 
coiiiicsioii with the clnss of products with wliicli Iic lii it l  to 
dciil, it Iiiitl lrccii his lot for 00 yciirs pist to Irc nliiiost 
clnily eiigiigecl iii cliroriionictricnl tieteriniiintioiis, iiiid c o w  
seqiiciitly wlieii 31r. 140vilroiid Irroiiglit the tiiitoiiictcr iiiidcr 
his iioticc soitic two p r s  ngo, lie esnriiinctl it with grciit 
interest. IIe lint1 nlrcntly lint1 tlic opportiiiiity of cspliiiiiiiig, 
iii t h t  room, the prii)ciples of coiistriictiori of the i~~striiiiiciit 
with wliicli, iii tlic ~ietrolciiiii trntlc, tlicy were i i i  tlic Iiiilrit 
of tleteriiiiiiiiig tlic coloiirs of soiiic of tlieir ~rrotliicts. l'liiit 
iiistriiiiiciit lint1 ccrtiiiii defects ; i i i i i l  Iic Iii it l  iicrcr foiiiitl it 
well ndiiptetl for the registratioit of tlic coloiir of siicli oils 
11s were eiiiploycd forliilrricntiiig piirposc~. Ilc Ii i i t l  sii~gcrted, 
tlierefore, tlint t h e  iviis nil olreiiiiig iii tlint dircctioii forsiicli 
iiii iiistriiiiieiit IIS tlie tiiitoiiictcr, :iiid Iii it l  gliitlly coiiciirretl iii 
Nr. Loviboiid's ~rroposiil that they slioiiltl together eiidciwoiir 
t o  :irniiige II scnlc of stiiiidnrtls siiitctl for coiiiiiierciiil iisc in 
the Iiilrriciitiiig oil trndc. 1Ic iiiiglit siiy t l i i i t  i r i  liis 1iil)onitory 
fnr iiciirly t \ w  yciirs pist they litid lieeii iii tlic Iiiild of 
testing with ilie tiiitoiiicter wid recordiiig the coloiir of II 
two.iiieli st nitiiiii of crcry sniirplc of 1iiI)riciitiilg nil s~il~iiiittcd 
to tlieiii, iiiitl tlicrc h i t 1  tlius I~ccii cstnlrlislictl n iiiiiricriciil 
senb of eoloiir which nlrciitly posscssetl sonic sigiiilicnmx. 
'fiicy litid of coiirsc cs~icricricetl cIitKcultics nt tiiiics iii 
c o ~ ~ s c ~ ~ ~ ~ c ~ ~ c c  . of tlic viiri:ille cliiinictcr of tlic tliiyliglit 
i i v i i i l i~ l r l~~~ l i l l i c~ i l t i c s  wliicli 1111 who \vcrc i i i  tlic Iiiilrit of 
wcirkiiig iii 1.oiitloii woultl npprcciitte. 11c t l i t l  iiot refer to 
siicli cscelrtioiiiil cases iis tlic diirkiicss which liiitl  recently 
ciivelopctl the city ; h i t  itpirt froiii siicli cnscs 11% tl int.  
1,oiitloners lind to work iiiitler ntiiiosplicric coiiditioiis mliicli 
woiild nfford Ah. IAoviboiid food for serious study nftcr tlic 
iiiorc tniiizpiirciit iitiiiosplierc of Salis1)ury. Ile Iiiitl rensoii 
to Iiopc that iit no clistiiiit clnte sonic iirtilicinl light 
cqiiinileiit to ordinary diiyliglit, or cnpzilile of 1)ciog 
eiiiploycd iilteriiiitirely, with soiiie dcniiitc correction, iiiiglit 
lie provitlctl. 111 tlint ciirc tlic tiiitoiiietcr woiild coiiic iiiorc 
1:irgcIy iiito iisc tliiiii  iiiider prcseiit coiitlitioiis. l'lic cspriciice 
t h y  Iiii11 lititla of the iisc of nrtilicial light tlint evciiiiig \vns 
tiat ciicounigiii;: ; iiinl, 11s oiic who lind h d  soiiie espericiicc 
in the iisc of the iristriiriicrit 1ry dnyliglit, lie sviis boiiiitl to 
sny tlint tlic iiiilrressioiis to I)c clcrivctl froiii tlic tlciiioiistrn- 
tioiis jiist givcii were less fiivouriiblc tl i iui  those wliicli woiiltl 
result froiii it short use of the instruiiiciit by ortliiiiir~clsyliglit. 

JIr. W. Tiioiu. felt gnitefiil to ah. h v c r t o i i  Itcilwootl for 
tlic ciicoiirngciiiciit coiiveyctl by liis coiicliitliiiy rciiitirks. 
1Ic lint1 ofteii to csperieiicc the difliciiltics dua to tlic grciit 
~rcciiliiiritics of whi t  ivc wcrc plcnsctl to ciill iliiyliglit iii 
I,oi~doii. It \viis iio iiiicoiiiiiioii tliiiig for :t p ir t  of his work 
to Ire set iisitlc for tliiys, or cveii wrcks, i i i  coiiscqiieiice. 
Ilcfcrriiig to tlic Cliiiiryiuii's rciiiiirks, he tlioiiyht tlnrt nny 
irlio l i i it l  II diort cspcriciice of II coloiir works \voiiltl sooii 
Iiiivc iiiig itlciis of tlic Ircrfcctioii of tlieir OWI eyesight 
kiiockerl oiit of tliciii. There ~ w r c  ccrtriiii iiieii tit tlic works 
with \vliicli lie ~ w s  coiiiiectcd wlio Iind cspeeiiillj* good eyes 
for ccrttiiii coloiirs, nntl \vIicii 1111 csniiiiiintiori of tliose 
~~iirticiilnr coloiirs IYIIS reqiiircil it ~ v i i s  tlonc Iiy tliosc iiicii. 
Ile liiiiisclf Iintl, lie tlioiiglit, ii good eye for soiiic coloiirs, 
Init ilrcre NWC others thnt lie would not ilrcnirl of judgiiig. 
Uiitler tlicsc circiiiiistoiiccs tlie iiistriiiiiciit before tliciii oiiglrt 
to prove viil i i~il~lc.  I t  ~voultl ccrtiiiiily be useful i i i  giviiig 11 
iiiiiiicriciil viiliie for tlcptli of coloiir. 1Ic \viis iiot 60 clciir 
IIS to its viiliic for giviiig i i i i  csiict rc1ircsciitiitioii of tone or 
t i i i t ,  csl~eciiilly iis it seciiicd to Iiiiii, jiitlgiiig from the 
cslrcriiiiciits just iiiiitlu iiiiilcr iirtilicinl liplit, tliitt tlic tiiits 
~irodiicctl by ttic iiiistiircs of gliisscs irere not ~v l i i i t  coiiltl Ire 
ciillcd p ~ r e  coloiirs. I l u  Irclicvecl, iiitlcctl, tliiit Mr. I~oviboiitl 
liiitl referrctl to tliiit poiiit iii his piper', iiiiil 1iii11 wid 11iii1 
they \rere iiot piire. I t  w i s  oftcii i t  iiiiittcr of grcnt iiiipor. 
tiiiicu to dccidu wlictlicr II coloiir WIH rich or poor, iintl Iiow 
the iiistriiiiieiit v;oiild tleiil with such 11 poiiit iiti tlirit Iic 
coiild mot sny. Hiit ~vliile lookiiig tit the pieceti of ~ I A W  
urliibitctl, it horrilrlu doiibt occiirrcd to Iiiiii 11s to tlicir 
pcriiiiiiieiicc, iiiicl 110 \voulil liu glad to know front the 
iiiveiitor wlictlier lie liiitl coiisidcrctl tliiit, I'coplu \rere vcrj 
apt to  tliiiik tliiit coloiircd gliiss w i s  Ircriiiitiiciit, yet prolriilil~ 
iiiost of tliose Iiresciit liiitl seeii ~qrcciiiiciiri of gliiss wliicli Iiiiil 
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icgiiii tlicir csistciicc 11s coloiirlcss, i i i id  which licforc loiig 
i i i t l  :icqiiircd nii  iipprcciiiliIc coloiir. IIc rciiieiii1)cretl scciiig 
oiiic glnss diicli iii IS iiioiitlis lint1 iittiiiiictl iiii iiitciisity 
vliicli woiild be rclrrcsciitctl oii. tlic sc:ilc lrcfnrc tliciii by tit 
enst 3 degrees. I f  cliniigcs iiicrciisiiig or tliiiiiiiisliiiig in 
leptli, or vnryiiig, were to Iic fciirctl, it woiiltl Ire ii grciit 
inlrcdiiiiciit to tho iipplicntinii of siicli iiistriiiiicnts. IIow 
8iicli n clilliciilty \rns to Ire iiict lie tlitl not see, hiit it wiis 
!crt:iinly II p i n t  \vortliy of ciircfiil coiisitleriitioii. 

Dr. Ai.i)m ~YIIIGIIT raid tliitt tlicrc iverc oiic or t w  
roiiits i i p i  wliicti Iic w d t l  be gliitI to Iiiirc Siirtlicr 
iiforiiintioii. Iii the first ~il:icc, lie did tint iiiit?crstiiiitl whit 
riis iiieiiiit lry oiic, (cvo, or tlircc tlcgri-cs. Ditl  it iiiciiii tliiit 
lie gliiss wns, for esiiiiiplv, tiiitctl with oiie, two, or tlircc 
:niiiis respectively of soiiic coloiiriiig iiiiiteriiil pcr ~ r n i i i i i 1 ?  
~ecoiitlly, how fiir were the colciiirs wliicli \rere triirisiiiittctl 
liroiigli the gliisrcs iiioiio-cliroiiiiitic ? I n  other words, if 
lie glnrscs were vicwctl tliroiigli II slrectroscqrc, ~voiiltl oiic 
:ct ii siiigle line iis tlic tihsorptioii spcctriiiii, or :I Iiirgc 
)ropnrtioii of lriiiitls ;it otlicr p i r t s  of tlic slicctriiiii? I f  
Iicre were niiy coiisitleni1)lc Iiroportioii of otlicr coloiirs, it 
voiiltl I)c dilliciilt to eiisiirc tl it it  riiiy coiiilriiiiitioiis of gltisscs 
voiiltl give crcii iip~rrosiii~iite1y piire coloiirs. Ilc sci~q~nsi~tl 
t woiiltl be iiliiinst iiiipropcr to iiiqiiirc wliiit tlic iiiiitcriiilr 
verc s i t l i  which the gliisrcs \vcrc tiiitctl. lhit if the iiiitlior 
,oiiltl give iiiiy itifnriiintioii wliicli wroiiltl'rciitl to ?;Itow tllat ii 
~ciilc coiiltl he rc~irtrtliieetl with ncciii~icy nt II fiitiirc pciiotf, 
t w d d  Ire of coiisitlc~:ililc iiitcrcst to nll possible iiscrs of 
lie iiistriiiiiciit. 
Mr. l?lulss~:-GiwEsls wislicd to ask the iiiitlior wlietlicr 

ic lint1 tiikeii into coiisidcivtioii tlic clIcct tliic to tlic riirfiiccs 
)f the gliisscs iiscd. I t  wii i  olrvioiis tliiit i is lie iiicrcnsctl 
lie ~iiiiiilier of glnsscs iii I~ i i i l t l i~ i~  i i p  his coloiirs, lie w o i i l t l  
:ct iiiorc siirfnccs ni i t l ,  ~ ~ I ~ ~ c I ~ ~ I I ~ I I I ~ ~ ,  iiiorc rellcctioii tliic to 
lie brciikiiig up of light iill  iiloiig the tliflerciit iiictliii. llis 
iwi i  csl)erieiice iii pliotognip1iy let1 Iiiiii to tliiiili tliiit this 
~ i i s  II p i i i t  wliicli iiiiglit be of coiisitlcnilrle iiiipnrtiiiice i i i  
[lie ciisc of the iiiatriiiiiciit iiiitlcr iioticc. Agiiiii, it iviis 
ivcll kiiowii tliiit tlic eye i i i  goiiig froiii oiie coloiir tn 
iiiotlicr nlwiiys ciirrietl with it 11s it were the toiic of t l i t !  
iirst coloiir; ti1111 not oidy PO, lnit ilicrc WILS :L l t iut l  of 
qqrositioii set tip 11y thc rctiitn ciic1c;ivoiiriiig to iiriitnilisc 
.lie coloiir. Coiirciliic~iitly, if tlic eye ~r:issetI tliiickly froiii 
m e  coloiir to iiiiotlicr, tlicrt! wiis ~rrotliicctl oil tlic rctiiiii i t  

.iiisturc of the first colorir or tint wit11 the sccniid. '1'1iiit 
iviis ii iiiiittcr \vliicli oiiglit to Ire tiikcii iiito coiisitlrriitioii. 
I t  iiiiglit Ire iiiet by tlic oliservcr goiiig into the t h k  i i i i t i l  
Lhe toll: Wiis iiciitrii~iscd. iiiitl th!ii Iookiiig lit the coloiir. 

I)r. 1,. Tiioiisls siiitl tliiit lie Iii i i l  Iiiitl oiic of Jlr. 1,ovi- 
Iroiitl's tiiitoiiicters ill' ~~r~icticiil iisc for soiiie tiriic, niid 
coiiltl fiilly corrolroriitc Xlr, Itctlw~oil's rciiinrlcs iis to tlic 
i~tlviiiitngcs to I)u tlcrived froiii it. 1Ic Iiiitl iisccl it for 
cstiiiiiitiiig coloiir i i i  oils, i i i i i l  iilso with rc~iirtl  to tlic coloiir:, 
of iiiorc or less I~lciiclicil w t i i r i i l  prodiicts, iiiitl Ii i it l  foiiiitl 
it viiliiiilrlc iii either e~isc. 1:cfcrriiig to wliiit lie iiiiglit 
will. tlic optieiil ~rirrt of the iirstriiiiient, lie coiisitlerctl it 
11 greirt :idv:iiiee oii tlic iip~iiirntiis Iiitlierto iisetl. Ccttiiig 
tlic oiic iilrsoliitc licltl split 1111 i is  it were liy iiiciiiis of tlic 
\vetlgc-sliiipctl tlivisitiii, so tliiit with tlic siiiiic eye oiic coiiltl 
pet zit the siiiiie fociis the t w  licltls iri ccliiiil pliysiciil 
coiitlitioii, ciiiilrlctl oiiu to obtiiiii 1111 cstiiiiiitioii of coloiir 

11s to 
tlic ~~criiiiiiiciicy of tlic stiiiitliircl coloiirs, iio tloiil)t A h .  h v i -  
Iroiitl \voiiltl Iiiivc soiiictliiiig to  siiy. Iiiit iissiiiiiiiig tliiit 
poiiit to lie siitisfiictory, lie coiilil stroiigly corrolroriitc wliiit 
Iiiitl becii siiitl IIS to tlicir viiliic for fiitiirc ivork. 11 colt~iir 
Iiiiviiig oiicc Irecii iiiiitclicd, tlic stitiitliirtls rctliiircd for it 
coiilcl Lu iiotctl, ii i it l  tliu coloiir coiiltl Ire rclrroiliicctl with 
iibsoliitu iicciiriicy tit iiiiy fiitiirc tiiiic. Ile Iiiic'l iiot 111i11 it 
liirge riiiigc of coloiirs to ~rtrrlc with, Iriit tliosc sliicli lie 
1i1111 tested lie 111itl foiii~tl to IIC iiitltcliiilllc with CIISU ; 
occiisioiiiilly it wry briglit tiiit woiild be it  little ewkv;artl 
to iiiiitcli, Iriit trot ofteii. To Jiirii the lrniiit of slrcciiil 
iiovclty i i i  tliu .qriqrcr wiis tliu Irortioii rcliitiiig to tliu 1iri)- 
tliictioii of iicutrtil gniy~.  I t  \YIIS t i  iiiiitter o f  tlie petitetit 
iiitcrcst froin the tlieorcticiil pt~iiit of view tliiit tlie griiy~ 

tliiit tlillcrciit ilcptli~ of griiy woii l t l  Iru ~Iiiiivii Iry csiictly 

Illllcll Illore Ilcc~lrlltcly 11llUI by illly otllcr ~"'"ecss. 

collltl be lllrltlu l i p  froill tlloso tllrco sllllldnrll colollrs, li l lt l  
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tlic siiiiic Iirolioitioiis of tlic tlircc coloiirs. Tliis let1 oiie 
to stipposc tliiit tlierc WIS ii Iiossiliility of getting wliiit 
iiiiglit lie tiikcii i is  iiiitiiriil st;iiidiird wi t s  of toiic i i i  tlic 
tlifrerciit stiiiitlnrtl coloiirs iii pliicc of the Iiiircly iirliitriiry 
units iit prcsciit ciiiployctl. Ilefcrriiig to I)r. ]\'right's 
remiirks, lie lielievcd it liiitl liccii iiiciitioiicd tliiit tit Iir&sciit 
the sciilcs of coloiirs were csseiitiiilly iirliitriiry oiies. Oiic 
stiiiitliirtl-ii piilc coloiir-wis tiikcii 11s ii iiiiit i i i  ciicli tiiit, 
m i l  tlic oilier sliiides w r e  h i l t  r i p  froiii tliiit Iiy iictiinl 
trial with the gliisxcs. So far iis liis OIVII cspcriciicc liiid 
poiic Iic lint1 3oiiiitl tlic tiiitoiiictcr ciipiilile of doing very 
good service iii tlealiiig with both liquids i i i i t l  solitla. 

hlr. .I. .I. 'I':.\STICIZ ?;tiid t h t  Iic IiiitI IiiitI oiic of Nr. I,ovi- 
ltoiitl's iiistriiiiiciits iii i i ~ e  for the Iiist tlirce yciirs, i i i i t l  h i t 1  
foiiiitl it siiiiply iiiviiliiiiblc. IIc Iind, Iiowcvcr, cslicrit!iicctl 
oiie or two tlitliciiltics. Oiic wis,  tliiit soiiic of the coloiirs 
of  tlic suliitioiis which lie tcstecl \vcrc liriglitcr iiiit1 iiciirer 
tlic liriiiiiiry coloiirs tiiiiri the yliisscs tlieiusclvca. h o t l i c r  
tli~lictitty-or rather he iiiipht siiy 11 wiiriiiiig-wis t h t  if 
iiii observer wiis loukiiig tliroiigli iiii inch of coloiir iii 
ccrtiiiii liqiiitls, iiiitl tlic coloiir WIS, for c~iii i iplc, 20, if lie 
tlicii looked tliroiigli two iiiclies of tlic siiiiic liqiiitl the tiiit 
woiiltl iiot Iic .lo, i is  iiiiglit be eslicctcd. IIc tlitl iiot kiiow 
wlictlier that w:is the ciisc with 1111 coloiirs, but it ccrtiiiiily 
\viis so with scvcriil. Ilc liiid Iicnrtl with prciit plciisiirc 
the iiiiit tlirowii oiit by 3lr. Ilovcrtoii ltetlwootl 11s to the 
possibility of overcoiiiiiig. tlie diDieriltics of i\rtitieial light. 
lhwi if tlic Iiroiiiisetl light \vas iiot so perfect :is tlic 
retlccticiii froiii ii white cltiiitl, it woiiltl still lie :I Iiooii if it 
\YIIS 1111 iiiilirtivciiieiit iipoii tlic prcseiit I ~ ~ I I I I S  of ciirryiiig 
oii opcmtioiis cluriiig II fog or iiiglit. 

I)r. hIvSitu ilcsiretl to i i d t l  II few words iis to  the iisc of 
the tiiitoiiivtcr for iiieiisiiriiig tlic coloiir of wiitcr, iis lie 
tlitiiiglit it liliely to tic c?ilieciiilly iiscftil to clieiiiists iii t1i:it 
dircciioii. I i i  'l'iililc G he hi l t1  givcii, iis IIII illiistriitioii, 
soiiic iiiciisiireiiieiits of ii iiiiiiilicr of aiitcrs froiii oiic 
~ieigli~itiiirliootI-:riill tvithiii liitlf ii iiiilc of it co~iiiiioii centre. 
It  ivoiiltl lie sccii froiii the ligiircs i i i  the Inst coliuiiii tliiit 
!Iiesc wiitcrs riiiigctl froiii scvcii-tciitlis of ii dq, "ILL of colollr 
iii i t  2 ft. tiilic to 5:j tlcgrces, wliicli IYIIS ii iiiost ostriiordiiiiiry 
vtiriirtioii. Ilc liiicl foiiiitl the iiiatriiiiiciit wry nsefiil iii 
followiiig ccrtiiiii ciiiiiigc.s iii tlic l~is~1ooiiviiriiii siilpliiir sliiis. 
l'lic twiii siilpliiir sp i ,  i is  sho~r.ii iii tlic tiililc, iiliviiys lint1 tlic 
siiiiic coiiipsitioii ; Iiiit iiciir it wiis the Gowliiiiii spit, froiii 
the siiiiic foriiiiitioii, \vliicli \viis siibjcct to cstniortliiiary 
viiriiitioiis iii streiigtli. I t  WIS to lie i i o tcd  tliiit ilicre iviis II 
ccrtiiiii viiriutioii i i i  coloiir nlso ; i i r i t l  SO there wiis ~iroi)iihIy 
soiiie coiicicsioii Iict\vceii tlic two tliiiigs. Tliiit ciiiililetl 
tliciii to foriii ?ioiiic idrii of wliiit wciit oii iiriilcr tlic yroiiiid, 
for tlic viiriiitioii i i i  strciigtli ~ v i i s  ~icrliiilis tliie to tlic 
Iicrcoliitioii of w t c r  ; niitl tlioy coiiltl iii tliiit CIIRL' iiscertiiiii 
Iiy tlic viiriiitioii in  coloiir w h i t  piirticiiliir witcr wiis gcttiiig 
iii .  11c Iiiitl Iiiitl iiii o~iportiiiiity of scciiig A h .  Loviboiitl's 
iieiitnil griiy by thylight, iuit1 11s fiir IIS lie coiild jiidgc it 
wiis frcc froiii iiiiy Iiositivc tiiit. 

11r. I r ~ v i i i ~ s i i ,  iii reply, snit1 tliiit iii rcfcrciicc to 
hfr. I h w t o i i  Iletl\vood's rciiiiirlis iis to tlic biitl qiiiility of 
1,oiitloii light, it I i i i t l  Iiccii foiiiitl ii grciit tlitliciilty t i t  first, 11s 
tlic riiiiill siirfiiccs cuiiiiiiiuitlctl by tlic two iipcrtiircs tlitl iiot 
iitliiiit siifliciciit light to illiiiiiiiiiita tlic olijcct. lhit lie Iiiitl 
rccciitly ovcrcoiiic it to ii grciit cstciit Iiy iiicliitliiiy t i  rcllcctor 
iit II I~JW iiiiglc, so i is  to collect tlic light from i t  liirgc siirfiicc 
i d  throw it into tlic coiiiliiiixtivcly siiiiill  spice. h i i  illiis- 
triitioii of  this wuiiltl lie secii iilioii tho tiililc in the foriii 
\vliicli liis iissiatiiiits eiillctl the Isill'cl tower. IIc Iiatl not its 
yet givcii iiiiicli iittciitioii to tlic iisc of tho iiistriiiiiciit with 
iirtiliciiil light, Iiiit lie lint1 iio Iicsitiitioii i i i  siiyiiig tliiit, givcii 
the snit1 light lint1 Iicriiiiiiiciit cliiiinctcristics, tlieru woiiltl 
I ic iio tlitliciilty iii cstiildisliiiig its reliitivc viiliic coiii~iiirctl 
with tliiyliglit, i i i i t l  this iiiiiliiiig it nviiiliililc with ii acrtiiiii 
coiistiiiit correctiuii. \\'it11 rcfcrciice to 311.. 'l'liorp's iloiilit 
11s to the csiict rc~ircsciitiititiii o f  tiiit-tliiit ~ v i i s  the atroiig 
ptiiiit of the iiistriiiiiciit, i i i i t l  I i i i l f  1111 Iioiir's ~vorlc Iiy tliiyliplit 
woiiIt1 coiiiplctcly siitisfy the iiiost sccpticiil oii tliiit Iitiiiit. 

to I I W  piirity of the coloiirs, he IYIIH very iiiiic11 tit fi i i i lt .  
I[u hid oiily it certiiiii riiiitcriiil to deirl with, iiiid Iiu i i i i i t h  
tlict iiiost lie conltl of  it. 110 Iiiitl ii Iiliic, foi. itistiineLklic 

ciilletl i t  t i  Irliic, Iiiit it wiis really II piirlilc; ,for it w i s  11 

coliiilt piit oii white gliiss. To seek for iibsoliite Iiiirity of 
coloiir i i i  gliiss, tiilciiig tlic spcctriiiii coloiira :is his stiiiidiirtl, 
woiild tic fiitilc. Ilut for ortliiiiiry cololir iiiensiirciiieiit, nll 
tliiit iviis iicetlctl \viis to ciiiploy so iiiiicli iiiorc or less red, bliie, 
or ycllow to coiiipciisiitc for tlic deliortiire froiii purity iii the 
stiiiitliirtls. This \YIIS !lo rciil detriiiieiit to the vnliie of tlic 
iiistriiiiiciit for i i ici is~~ri~~g coiiiiiierciiil coloiirs ; Iiiit it would 
lie f i i t d  to tlic iiicitsiircniciit of piirc coloiira cZOrcf~y-tl~o~~gli 
they coiiltl lie rriciisiirctl ;tt&rccily by toiiiiig the piire coloiirs 
dowii Iiy t i  series of iieiitnil griiys. A s  to tlic Iicriiiiiiiciicc 
of tlic coloiirs, lie Iiiid tlic iissiiriiiicc of the iiiiikcrs, tlic rctl 
lieiiig oxide o f  gold, the yellow silver, iuicl the blue colinlt. 
Uiitlcr tlicsc circiiiiistiiiiccs lie coiiltl not piiiiriiiitcc their 
Iicriiiiiiiciicc ; h i t  if iiiiy cliciiiist woiiltl estiililisli the vnliic 
of ii iiiiit for iiiiy coloiirctl cliciiiiciil coiiipoiiiid, lie woiild 
Iiiivc tlic p n c r  of testing for liiiiiself its ~ ~ ~ ~ I I I I I I I C I I C ~ .  
A s  16 tlic viiliic of  II tlcgrce oii his sciilc of tints, tliiit iviis 
purely :irliitriiry, i i i i t l  it w:is fisctl so tlact tlic cliffereiicc of II 
tlcgrec l i p  to :KI iiiiglit lie just pcrccptililc. It stiirtctl tit 1 ; 
tlicii tlie o iviis ct~iiiiI to two 1's. If lie liiiil to tlciil with two 
gliisscs iigiiiiist ouc. Iic iitlilctl II wliitc glnss to tlic oiic, so IIS 
to eqiiiilisc tlie iiiiiiilicr of siirfiices on ciicli side. A s  to tlic 
spcctriiiii viiliic of tlic coloiil;~, Iic hiid iilrciitly wit1 tliiit the 
two were not coiiipiiniblc. If lie Iiiitl to coiiipiirc his 
coloiirs with tlic spcctriiiii coloiirs, lie slioiiltl tone tlic 
Iiittcr dowi  to liir coloiirs iiiid get tlic iiidiccs oii tlie spectriiiii 
side. 1Ic sitid this to slioiv tlic cliisticity of the iiistriiiiiciit 
to iiicct iiiiy qiiestioii tisketl of it. The iicciiriiey of tlic sciile 
of coloitrs i v w  iii tlic liiiiitls of tlic cliciiiist ; i i i i t l  if iiriyoiic 
foiiiitl n P C I I ~  iiicwict lie Iiolictl they woiiltl Iiriiip it to his 
iioticc. So  rciil tlifliciilty csistctl i i i  griicliiig tlic coloiirs 
Iicyoiid tlic iicccssiiry liilioiir, wliicli wiis cscessively tryiiig. 
As to rclirothiciiig the sciilcs, Iicliiid tlcliositeil stiiiitliirils iit the 
collcgcs of Liv~qiool, Lceds, iiiiil Ihdford, oii the coiitlitioii 
tliiit niiyoiie iisiiig tlic tiiitoiiictcr slioiiltl lie tit lilicrty to tiikc 
his pliisscs to tlie college i i i i t l  test tliciii with tlic stiiiidiirds. 
With referciicc to A h .  Pricse-Grceiic's rciiiiirks 11s to the 
iiitcrfereiicc of coiiiplciiiciitiiry co1011r sciisiitioiis, tliiit w s  it 
scrioiis tlitliciilty i i i  jiitlgiiig tlic viiliic of iiiiy oiie coloiir ; 
liut wlicii jiitlgiiig tlic tlill'crciicc bctivceii two coloiirs Iiliicctl 
sitlc by side, iis iii tlic tiiitoiiicter, it coiiiitcd for iiotliiiig. Ii i  
iiiiitcliiiig two coloiirs iii tlic iiistriiiiiciit with oiic eye, niiy 
iiitcrfcreiicc eqiiiilly iil~cctetl Iiotli sitlcs, iuid \\+atever coloiir 
iiii~ircssioiis iiiiglit lie coiivcyctl to tlic eye Iiy tlie iiiterfcrciicr, 
tlic iiiciisiiriiig gliisscs rcqiiirctl to riiiilic 11 iiiiiteh were tlic 
siiiiie. 'l'liiit WIIS prowl by tlic tliiipiiiis wliicli tleiilt with 
the jiulpirip of crrtiiiri coloiirs iiiidcr tliircrciit coiiclitioiis ; iii 
which it woiiltl IJC sccii that nltlioiigli the lights viirietl, tliu 
siiiiic rcwlts iverc olitiiiiicd 1iy ii coiisitlcriililc iiiiiiilicr of 
1iersoiisr tliiis sIio\viiig tliiit the qiiestioii of outside iiilliieiices 
(iirisiiip froiii iitljiiceiit coloiirs) tlid iiot iipply. Tlic oli.wrver 
iviis siiiiply jtitlgiiig of tao  tliiiigs liefore liiiii ; i i i i d  if oiic 
oliscrver ciilletl it ii green, \vliile iuiotlicr siiid it iviis XI red, 
tliiit ~iiiitle iio tlilfcreiicc wlicii tlic two sides were cqiiiil. 
IIic glnsscs \ ~ e r e  tlic iiitlices of tlic tlil~crciicc ; iiiitl 11s ~ l i e  
glnsses \vcre iil\viigs tlic siiiiie, they reduced tliese hitlicrto 
iiiiiiic:isiiriililc cIill'c.reiiccs to it iiiiittcr of coiiiiiioii iiiitlcrstiiiitl- 
iiig. Ilc l i i i t l  iiot 11s yet iiict with iiiiy tlifliciilty IIS to tlic 
rclirtitliictioii of his sciilc. If tlifticiiltics tlitl iirisc, d l  lie 

Soliitioiis liriplitcr tliiiii tlic gliisscs \wrc tit oiic tiiiic II soiircc 
of tlitliciilty which wiis oiily ovcrcoiiic liy tlic discovery of 
tlic tlieory of tlic iiciitriil pinys. If tlic oliscrvcr hiid ii 
soliitioii Iiriglitcr tliiiii tlic pliiw, Iic ~voiiltl first ndtl iiii ctliiiil 
iiiiiiilicr of pliisses, iiiiil  if thiit were iiot siifliciciit, it \TIIS 

cviileiit that lie wiis tlediiig with :I p r c r  coloiir tliiiri tliu 

sitlc iuitl Iiriiig tliiit ilown to tliu iiii~iiirc. 111 citlicr ciise tlic 
y l i i ~ s e ~  rcqiiirctl woiild bo tlie iiidices of the dif~crciicc. 

,- 

collltl siiy \VIlS tllllt they \vollltl Ilnvc to lie OYercoIIIc. 

g!lIsscs tllcllliclves. 110 woliltl t l l C l l  l ld l l  glnsses to tllc ]Illre 




