
Maxwell's Color Photograph 
A hundred yeα日αgo the greαt ph，r.ふicist projected αphotoglα:ph 

Ùl/ul/ Cο/οr. How this wαs done hαs beell 80川ething 0/αpuzzle 

'17w mxste1y hαS now been c/eared "p bX repeαting lús はperùnent

r 酬the gre:ll山physicist
jamcs Clerk �laxlI'el1 cxhibit吋
the \Vorld's fìrst trichromatic oolor 

photograph during a lecture before the 
Hoyal Institutioll in Lぷond加Using sepa 
川te projcctors， he s礼'1光rposeJ three 
IITIag'目i訂以Juced by photographing a 
colored ribl>on sepnrately through rcd 
g問en ancl blue Iìlters. Each image was 

1"咋cted in the color in which it had 
been pholographed. I1 appears thal ;-.13x 

、同1I illvoked pholography 10 dernOIl 
strate thal a full spectnllll of colors could 
l児p帥d，ぽ叙I by using lig!】t ()f jl1st three 

凹lors. whìçh wotlld刊pport the trichro 
matic theory of凹1m visioll pul fOl"ward 
by Thomas、O\lllg nrO\lnd 180()， It a150 
seems he wisl、以110 prove Ih;11 the叫)pro
priate 四101"5 f01" slIch a demonslralion 

、I'ere red， blue川ld gl田町同1 red， blue 
and yellow (“おnumber of inveslig川ors
Ihen believed). �Iaxwell suggesled Ihal 
Ihe images on his pholographs repre
sellled "Ihe red， Ihe green， and Ihe blue 
parls [of Ihe colored riboon] separalely， 
as l11e)' \\'ould be seen b)' each of Y飢川s'，
th陀e scls of nervcs scparately 

rh釘e 凶 one puzzling thing aoout 
M日lxwel1's {lelllollstrat剛it should not 
have worked. It is <]\lite cerlain Ih川
Ihe photog日phic emulsions <lvai1able to 
�Iaxwell in 1861 were sells川"' ω11}' 
to the extrellle blue end of the spec 
trum and Ilot sensitive at all 10 spectml 
g陀en， ycllow and re{1. Hoぃ then. did 
�laxwell get the "green" 礼n<l ‘問d"
separation images (actll汁Iy black al川

、vhite positive transparencies) to put in 
his "green" and "re<l" pro戸"0内P

rhere is no doubt thal �[axweJrs 
向llOllstral刷、 was sllccessfll[ enollgh 10 
dt'light川、d im1'ress his alldiel陀e. �Iax 
well's 0\\'11 a田ount，∞nfìnned by others， 
凶that“when these [projected separa 
lion posilives] \\'ere SlI]lCrposed， <l col 
印lred illlage was se臼1， wh忙k if the red 

118 

br Hal]】h .\1. E‘IlI1S 

and green images had been as flllly pho 
lographed as Ihe bllle， would 1川町b田n
a tml}印刷附1 imagc of the ribbon.' 

Thereb}' スlaxwell九，k附叶edged鈎me
defìcienc)' in Ihe red川d g陀en llnages， 
blll a laler generalio目、of pholographic 
剖pcrls叫s left m戸lifìed as 10 how he 
回uld oblain all}陀d川d greel、llnages
al al1. Bccenlly my associat目的叫I at 
Ihe Color TcchnologぅD;、.'isioll of Easl
lllan Kodak reproducecl ;..laxwell's ex 

IlCrilllent a白山{ling: 10 Ihe records of tl同
day， and we believe we C，lIl a目O\lnl for 
the illlages tha仁川principle， it should 
同1 have been possible 10 make 

The pholograph陀details of Ihe ex 
periment were陀凹吋ed Ilot b)' �[nx\吋11
bllt byThomωSUItOIl，乳leacher川d lec
Illrer 011 pholography 10 whom ;..[axwell 
lurned for lechnトcnl nssistance in pre. 
paring Ihe leclure. During his cnrccr 
SultOIl was， for a per剛:1， editor of n 
lively publicalion 四I1cd Photographic 
Notω， nnd he Inler dcsigned a 、円d，

川gle lells Ihal、叫s remarkable for ils 
tilllC 

SuttOl内subject was "a bow made of 
ribbon， striped with叫nOllsωlour5，"
which 1砲placed on a baι:kgrollnd of 
b1ack刊l、叫and photographhl in brigl叫
s\lnlighl. 1'he pl山tographic elll\llsion 
I醐1 by 51山川川s wet collo{lion in 
四rpOl川mg s日恥er iodide as the sellsilive 
malerial. 5ilver iodide is sensilive only 
10 rndiatioll havil1g a wnvelength sho吋"
than abollt 430 mil1imicrons， n wave
Icngth that li白川thc extreme blue re. 
g山、 of the vi訓ble s円ctmm. 1"he nonnal 
eye is sensilive 10 radiat的n Iyillg be. 
tween 400 and ïOO 11lillim陀刊IlS. The 
∞lor (rnoγe prc刊)er1y Ihe h\le) we re四g
nize as green 1ies roughly belween 480 
and 5制) mil1imトcrons， yellow bclween 
5似1 <lnd 59n，伽川ge belween 590 an{1 
6却， and 陀d bc}"羽ld 6訓). 1'0 all Ihese 

川、，'e1cngths silvcr iodide is inscnsitive 
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For red， green ・nd blue fì:lters 511tton 
附ù g:bss四11，釧led、、 ith凹lored solu 
lions of metallic salts; for a yellow fì:ltel 
he Ilse{1 a pie田 0' “Icmon一心olomed
g:b凶 ， \Vc cannot iζ]cntify Ihe yellow 
g1ass， but ils exacl nat\lre is not crucial 
to thc cXl'crimel】t. 5utlOlú own descrip 
liol1 of his刷lers川ld expo叩問S IS as 
foll。、、"

1st. A plate.gl岬b，rlh，剛山ining the 
ammOl川田1 s\llphate of ∞pper whjch 
chemists use for the bll1e soll1tion川the
oottles in their wil叶o\\'s， was fìrst 1'1泊四"
11llmCιliately in front of the le旧、Vith
an exposure of six se削uls a perf.阿
川gativc was obtained. This expOSl1問

、vas about dOl1ble th川町quired when 
Ihe coloured同IUlioll W，ISγemovecl 

"2nd. A similar bath was lIsed問、
t九itling a green sollltiol、of chloride of 
copper. \Vith an exposllre of twelve川川
utes 1トot the slightest trace of a nega
tive was obtained. althollgh the image 
was dearl}' visible lIpon the grollml 
glnss. It was therefore found üdvisable 
10 dilllte the solulion【町、si(lerabl}'; and 
b}' doing this. 川1d making the green 
linge of the walcr附!j mllch palcr. a 
tolcrable negalive was eventuall}' ob 
tained in twelve minutes 

Jrd. A sheet of lernon-coloured gt出
、叩S間対placed in front of the lens.川、d
礼good negative obtaine{l with 川田
posure of two rninutes 

"4th. A plale-glass balh， similar to 
the others.四d 四ntamll刊g a strong red 
solution of sulphoc}'anide of iron was 
nexl use<l.削1<1 a good negative obtained 
with an expo仰向。f eight minutes 

"The thickness of Huid through which 
the light had to p時s was about tluee 
'jllarters of刊inch

The neg川ives taken in the Illannel 
described 、刊問 printed b}' Ihc Tan 
nm pr叫回目Ipon glass. and cxhibitcd 
as transparencies. The picture taken 



FIRST THREE-COLOR PHOTOGRAI>H was “hibiled in 1861 
by J山醐Clerk 1\1ωweJl. lIe I'roje�led il・regisler Ihrough M:仰r3le
red， greell 3nd blne lihen bl3ck 311d while lr3nòl'''rencies Ih31 h吋

MAXWELL'S SEPARATION P051TIVES look like Ihis wh巴n
P円IIled ill hlue. green and red ink 10 silllllble lighl 01 Ihe color in 

whidllhey were origilHllly I，rojec同d. The I'hotogrul，hs were lIIode 
31 1\10対well's requesl by Thollla� SUHon， a wriler and leClUrcr 011 

"1'010，，r叩hy. FQr fohcrs SUItQII 115吋初IlItions Qf 111刷lIic sahs 

heen 111;団de by I'h似ogr31'hing a rihbo日Ihrough制"刊。f the刷m<

Ihreeωlorl. This rejlrodu�tioll W:I� l11ade by 11・e調ulhor 01・Ekln
color Pri川町"凶from copies of Maxwell・S original IrunSllllrell("・<.

:lmmonialed cUl'rir 51・Ifule for blllC， cUl'ric chlor・de lor greell und 

ferric 11，・oryanalc for red (see 60flO'" iIIuslrarion On neXfρage). 
Ullheknown 10 51111011. his ]lhOlogr"IJhic emlllsiollい，'31 ill$Cn剖li\"e

10 green ond red lighl. HQW hc was細川e， nc\"enheJcs8. 10 QhlaÎn 
"'gree"" 3吋“r吋“開lar31iQn negali\"es is 開I.Jained ill the I制E
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MAXWELL TYI'E OF COLOR PHOTOGRAPU ""品川�de by lhe <Huhor ...i，h jnterlerenfe 
削lers 10 ;;iUlul:Ole Ihe lif]uitl制何回IIsetl by 511110阿 The :U1l.hor'，刷111， like 5UlIOn'ã， \\':08 

."刷t;，'c only 10 Ihe e�lreme 11111" end 01 the句碑flrum引.e IIb，-k und "，hile誕1'''<<山'"
neg，UÍ\'ei 010川附1 with lhi叫11" ...ere vrinted句山rOllgh刊，，，日hers， 011蜘acolor Pr川町'm

� 

St:TTO!\"S FII.TEHS ...er.. 901"lion島。1 rne'四lIi，'制hs ;n glnso句11.. for hJlIe he "setl四m
1I10n;"I".1・IIprir ."1(:0，，， (j，“r /..1けfor red. ferrir Ihiofy"n�le \.....，刷d Iro"， Ie/Il. ，，，，，1 for 
greel1. ""I'ri，' doloride (rem川川"8 "'''''111".，. The 50101 iona iu lhe 同l Ia represe叫叶時附n，'en

tr"lions I1S駅I hy 5ω110'恥The I\\'o nasks 5ho，，" ho，，" ""lld，' rhloride shif・510 bluish唱reeu 011 
dil"，ion， For Ir"n�rnis討。11 fhar:Ofleri叫if� 01 Sotton's f，lters see 101' ill"5I<:1lio，・。n 11同ge 122 
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through thc rcd mcdium 、\'<1$ at the 
lect'ure il!uminalcd hy red ligl叫， that 
Ihrollgh 1I淀川UC 1llcdiulll hy 1，1問lighl.
Ihal throllgh Ihe yello\\' llledil11l1 hy �'cl 
low 1ight， .llld that through Ihc green 
mc，lil111、h)' grcell light;泊nd when thesc 
dilfl'rentαJ1011陀d im.!g回\\'crc su戸;r
pn剛I ll[>on the sc開制泊SOI't of phOln 
g'叩h of the striped r出版州、\'as pro
d川河ed in the natural四lour5，"

ln sl別te of Sutton's stnlcment it悩
quitc. c!eür fl'om other 5011陀目t!tnt t!tc 
positivc from tl問、e1!ow自1II;'r w凶t10t
川以I bv �I 問、問11 al his lectぃre. In fact. 
'"日時parale demonstration he lIsed col 
ored lightsωshow how 1'("<1川1(1 grel'n 
romhine tσcreate \'e!!ow 

1" 同40 D 叫las A. Sp戸"削e引"、凹凹r of Ko伽刷刷o飢吋叫【d;山:Lい‘礼l
Lμ3川'"附n刑ite凶G“，1 l'凶e初r川t吋 t山h】川日川， "山h柁" "吋g酢"川1内山1a叫孔d1 

似円3釧叫t山"、!白 '"舵4ゼ以吋2弐川d b}' λ:\"1，\:\\丸Fぞ，，'口i 、n、刊刊噌官e町r陀e sti!! Ì!川 " 1 
U凹xi5te創削"陀ce aはt the C油i品，e、V刊1也山"'トdi5h Lnbo 山tory 
nf thc Univc!引ty of Cambridge. SpC1K"<，! 
OOrrOll'cd t hese pυsltl\'es川、d刊lb!ished
a ωlor I'cprudllct剛山wing how the 
projecte<1 1羽ctu同might h礼\'c 机門下enre(1
10 lhose ，ltl酬Jing :\[.I.�lI'el!'s lecture. In 
this rcprcl(ll1ct仰n onc can see 陀ds.
g陀el1S， 1，lucs al1，1 purplcs，刷，，1 the bnck
ground is dislinctly green 

ln pl1fs\ling thc pruhlem we wcrc 
nble 10 nhlüÍl】‘mnll】印刷ぱ凶py r剛I
"町s through the Cfl\川es�' nf Spen白人
thc Ca\'endish LaOOr.、tor\' nnd Kodak 
Limited， A new rolo町rl'pl'ot!uctioll mndc 
fn，ll1l these posit】ves nppcnrs at the top 
of the prccedíng pngc， C01山dering Ilml 
the orig川流1 e111u!si01凶 lI'ere 5enslllvc 
onl\' to bll1e. it凶rath印刷!l'l，川s Ilml bll1c 
does !1{バ引TIt'rge \'ery prom川町村l\，]n thε 
pictllrc. Sincc th;! originnl rolors of Ihe 
rib1，o!1 nre llnknown one cnl1l1ot say 
II'helher t!児lnwα川tent of hllle is n n  
品川ifnctυr not 

It sむcmcd t!川the hcsl川V tll 501四
Ihe myst町!日f the附lωld green imag;!s 
wnuld he tn attem]叫10 rcpeal Sllttnn"s 
]11'旧制Ime. Tu do this it 11'<15 ，lcsirab1e 
(though llot esωnlial) \0 Im\'e a photo 
grnphic mülerial with Ihe snme sel・siti\'
ity as Ibal Ilscd hy Slltton， A m店tcrinl
lI'ith " sensitivitvαltolf乳1 nOOul 430 
mi1!im山ons w.必speda!!y mnde for thc 
目l予eriment b}' myα)!!eaglle ßurt H 
C:\1'ro!! of the Kndnk Hcscarch Lnbnra 
tortes 

rhc new emlLIsiol1、山s of曲urse mllc!t 
1、Ister'" 111:111 that同ed lJV S川tOll， bul 
this 1羽町ente<1 110 di何加1!t)'. The prolト
IC111 \\，，\S to re'Cl削e、川pl'oper stl'叫gth，
lhe chemicnl so!"tiolls t!Jat SllttOll had 
Ilscd (15削除問 His叫co刷、， ù側諸llOI dc 
scriJ:、c t!問rωllcentratiol1. Ncverthc1css 
hc P的、j<led t!tc one esscnlial ctue need
ed \\'hel1 he slnte(1 thnt \\'ith the Ll\lC 



1illuid fi1tcr Ihe e文po削rc was Iwi町、、 1);11
il was wilhnut anv自llcr 引町長eeollds♂ 
叩mpar吋wilh thr配seC(1I1(!s

Ac<:ordingl)、\'C made I1p so1111岡山川

dîffe仙、1凶此:cnlratîulls. uSÎng the samc 
melallぽsalts that Sullon lmd tt鉛d， ulltî1 
our凶posur回for red. grccH nnd blllc 
II'cre in Ihc srllnc川tωωSllllun's四
戸山陀s. To P附，.帥l11c "hl\lc" imagc 
Ihc叩n町ntratÎon of a11ll!1ollÎatcd削p巾
sulfute ("ammonÌ<w<ll削lphate of t'Up
pe1"') W，lS礼djllstcd until a piclm官taken
thl"ollgh a Ih問e'lJ川rter'Îl1ch目11 of the 
sωllltl01l pmdl山d fI "perfcl't". ncgatÎvc 
WhCH thc凶pusure was twi回what it 
、刊S WhCll 110 fi1lcr、山山IIscd. '1'0 prndllt't' 
thc grccn Îmage IlIe四円酎ntralÎon nf 
cuprit. chloridc 、吋当dCC1'C<lscd IInli1 a 
"tolerablc ncgalivc wns evcHtuully ob 
lain�l�叫t 1111 C叫)Osllrc 12.0 timcs Ihat 
lI'ilh lhc blυe filtcr. Thc dilution w品開
g問al Ihal the叫lutioll 110 lol1ger !ookcd 
dcep g1'eCII 1川t was b1肌"】 grC('l1. Ch('Ul 
Isls 11日刊 IIJug kl10机'11 t11川the t'olor of 
cuprie dllorid(' changcs 111 th凶W吋1梢
the solu!ion 凶di1111Cd円川l1y we prc 
pare{1 a叩d filtel" from fcrrk IhÎ凹'yanatc
("“"sul鈍叩叫tい川I1p凶3汁山山山\"加"附叫《ω'隠cy'川l叫f 叩n")川tリ山h】 .t 叩p
"匂g'附附2ω肌凶0“吋d，吋n山t"叩e 、w刷v引川t叶山h :l川" 刷凹s訓山川1円川"附re S (υ } 
tim 出 t山h礼川t 、m、t泊川t叶h thc 】]c h、，，， 包 fi1tcl' 

、\lhen we川ed thC5C fìhers 11.1 pht叫o
grapll a 剖il1 1ifc山川川nìl1g ，1 varìcty 
of ("{)lored fabric.s and projectcd Ihe in 
dÎl/idllal 1IIack-:tm].while positハe trans 
i川町udcs Ihmllgh colorcd自ht'l王 山S
i\bxwcl1 did， thc n摘。Iting pict日開札明お
1 smpnslI喝lyωlorflll rcp附d川lîol1 of 
the Origimd s田川It is 山c that拍mc
ollhe htlcs we1'e t'0l1s1derab!v shifted 111 
'1ua1iI}'; ncvcrtheless， wc \\'crc nblc 10 
obtain hlue.s 足印刷IS. yel1ows. fcds 'l.Ild 
Jllllll'田H dcsircd. thc叫l<lrat山l llcga
t"明(01' pt附liv酎) e:lll be 1川，t吋山
.stamlard 1.'0101' fi1m to ('1"c:lle a α)101' 
t川町lllrcn早SlIch n Inl11sparcl1t"γIS I"t' 

produ四d allhe top of page 12:0. In Ihi5 
山st' thc鉛parat山1 negatil/cs II"crc madc 
with inlcrfC1enc.-e fi1ters th川SI1l】lI1atc<1
th也dFcel u!" Sl1ttou's lilplid fihcl'S 
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訴刻。 “1Il 
WAVElENGTH (川tlMICR印唱)

SI'ECTltt、ιSEN51Tt、'I1"Y uf 511l1UII着付IO!"lr�l山i，' ，，1m制wns

lionilCdωuircJy 1(1 ，，'羽町elenglh，; I.elo，，' 430，・lillimirr川凶Tt時計UI<I.，d
wω. ，Iefoned j"ド・.1 hy Ih� lr川川崎�i..il)' ..1 11・... 1，，1時 計山5 11，，，， 

州，>clc"gtllO llml師，，1<1 nfTe"1 5'"10"盃1，1a1.，..lfis自ItC1"O t旧同.J ..:It.y 
illg ""l<JlJlI[;; ，，1山e拘 W川elel鴨川IS r:ltlgl・I� Irolll uLtr:o..i..lcl I<J blu匂

，曲
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一 …一 間割 問
ーーーー凱\.I� 'II'E� 

刊
一一‘町.・ " 

\00 
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�O 

;\.1 0W fOI" the田planall011. 1 t is c1eal" 
五 、 Ihal加r film， 1ikc $lIttOll'S. was 
相lsitil/e附1)' to白t附問blllc川d 1I!tl";1 

I'iolcl . Thc fact thal imag凶wcre oll 
Inin紙] 110t 0111y、、 ilh t1時bl"e Iì1ter b川

lllso、叫け1 the grecn and red filtCl窓口ldi
t'atcs thal nl1 the帥'utions 11'<ln訓l1itted

1ight of川velenglhs shorlel" thall -IJO 
mil1imicrons. 111 other II'IlHIs. thc削'y
l�ldintioll舵tillg 1m thc cmtlbillll川"
light 111 Ihe cxtrcmc !Jluc t'll{1 of Ihe 
vîsi!Jlc sp白川1m alld sti11 shorler w，we.. 
lcngths of il1l'附hlc l"udintiOll cxlcllding 
ll1tO the 1I1travÎolel， 0111" lclls. which、\'llS
1111陀11 likc SutltJIú. Inlllsmillcd u1lr" 
violet out tωalxll1t 325 mi11il川町山IS. Thc 

制

.500 60。
W州出NGTH (MIltIMι同NS)

SPEイI"B，\L f\ NA L \'515 QF n ED CI.QTII山cd il1 1h.， .lil1 life "11 

仰ド120 sho叫 11，，11 '1刊tle"1霊訪.il<lble �"IOU川t)f 1l1tr;ldulel 1;1;101 

'11 :11"0""'\ 381.1目，illioui.-rol1s. 11 ""品昼I'res"ou:obly lighl ，，( lhi� W'I\'旬

lenglh. nQl ，'e<l light. lh“s.川0・'" 刊川吋山rough his re<l tìh.，r 
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Generall\直ills
announces 

Major electronics 
diversification 

儀泊 …川『 司ε、V ， MECHANICAl OEFENSE 
， �\ 'ピ主的 ， PROOUCT$ OEPARTMENT �占馬i竺":;/Complete engineering 『司園同- and manufacturing fa 
cìlìti明10 develop吋van国d町stem8
and sub-systems. Extensive work in 
missile and satellite tracking， guid
anceandnavigat即1; i08t叩mentation
and control; communications; digital 
computer systems; ordnance; pr田i
sion gears and gear packages 

� 一、、 AUTOMATlC HANOllNG ltCJ 回UIPM聞I _ I OEPARTME師、 可......-ノ Complete line of re 、、-圃--- motefy conもrolled.
powered handling equipmenl for use 
in hostile environment8. Devcloped 
initialJy for u田 in nuclear installa. 
tion8， the Department's Meçhanical 
Arms now田rve al80 in叩a閏，under
鈍as and in industrial applications 

-二. 、、 8AllOON ANO ， - - > ， AEROSPACE SYSTEMS 
1， " �菅 ， OEPARTMENT 
\. �r--:4 Pion揖r developer of 
、、-.11園田.." plastic balloonø and 

Înstrumenla“on for upper atmo・
ph.時四国arch. Balloonsãnd systems 
find wide叩pli岨tion in∞mmum回
tion8， space research and aa versatile， 
air加rne， stable platforma 

fム ，、 刷GN机山l�) …酬t ‘W"I ， This wholly-owned \. U問、.!II.J subsidiary凶a world 
、‘ー-ーー， Icadcr in developmcnt 

of systcms for non-dest.ructive and 
phyaical tcsting， and 回a source for 
complete materials cvaluation scrvio明白

f働) …， 11 fiiÒI、1 ・ COMPA附
E 同弓/J ， A recognizcd， high-1 晶逼亘亘〆 J quality producer of 
、-圃...， clcctronÎc com岡田nta

for over 30 years. Complet.e line 
includcs pr舵1810n r回調印問， awitch曲，
attenuatõrs， networks， fìlters， tran
s i st.orized p o w e r  s u p p l i e s  a n d  
m.田uring instrumenls 
r.- 、 RESEARCH
， Ivr ・�::=ニ ， OEPARTMENT 
I 1111際空票司 Basic and applicd 
\1}院移明ヰキキ� research activities 
、右孟孟I117 providc direction !or 
the entire Electroni曲Group. Re
鑓arch are回include: chemistry and 
materiala， electrohydrodY!lamics， 
electron and surface phy刷岨，m田han・
3団，ion and plasma ph日ysicø，曲lid st.ate 
physi団， metcor�logy an� g:coi>.hysica， 
atm08phcric and aero凹1 phy刷国

、.vHvclcngths trallsmitted hy thc lClls alld 
Ihc Ihrccωlut山民脳{lilulcd. Hrc showll 
刊1 thc spcctrophotometric curv田川thc
topofp:lgc 122 

11 is 品t onα� apparcnl that thc th氏、

fìltcrs rathcr nc川ly dividc thc bluc .lIld 
u1traviolcl rcg的問of Ihc spcctrum川'0
thrcc distinct bands， a1though Ihc gr凹n
"剛山inOO \\'ithi1・thc hluc. QlIitc by 

clJan凹Ihc fì1tcrs 5ulton sdcch.'(1 to di 
vidc thc visiblc spcctrum :Ict ul50 ・s
scpamtion filtcrs for a rclati、cly narroI\' 
、、cdgc of short-wavclcngth light. It must 
bc rcm凹lbcrcd i1l looking ut thcsc 
凹rvcs thal Ihc gr，即日 目凹開問、問s 120 
limcs and thc 1'00 80 limcs thc bluc cs 

I�剖rc. Thc cur\'四havc not bccll multi 
pllcd by Ihcsc fuclors 

Qnc C.lIl now scc how hlucs can以3
scpal1llcd frum útl陀r colúrs a胤:1 húw :1 
g帥d gr田" c加ld bc 伺paratc(1 hOlll 
bluc. ßut úITh川d it wotlld sccm Ih1lt 川ylhillg 凹lorL'(1 rcd \\'印刷nol rcgist白

川礼11. As il Imppcns. III刷Iy red d}叫叩

I1ccl nol onl)' Ihc鴨川avclcnglh \\'c scc as 
γcd bul also a good dcal of u1tT:i刷。1"
ligh! [see bottom iIIustrat耐I 011 l)(1ge 
122].A s a r出ult a rcd obj田t can pr吋u四

a strong imagc ún thc "rcd" platc not bc・

削lISC it is rt'd 1，，111 bccallsc it is morc 
IIl11":1violct than objccts th;ll to Olll町田
1刑k bluc 山川 grccll. \Vc do uot know. of 

t.ou附c， what rccl clrcs \\"c問批tllal1v u乱てl

in thc riblx川photograph氏1 by Slltt刷P
�Iu比噌vcr. Ihcrc is 110 record of thc aι 
tual colors of the original rihl"on; hCI問

、\'C l"IIlIKlt bc sure that thc arcas of thc 
ribbon that rcgislcrcd m剖t strongly 011 
s，・tton's 1'00 Illatc wcrc ad川IIv rcd‘11l{] 

白 J
110t somc othcr color、引th a high rcfl田
tivit}' in the ultraviolet. 1I s('cms unlikcly， 
hO\\'C\.l'f. Ihat �， axwel1 1I'0uld ha\'c 
5holl'n thc pl剛ogwph ・fthc rt'<ls ha(l同t
l球匂n in Ihc right pla叩If 50， thcy \\刊"'C
crcatcd b y 品 目ultra、iolct.rcd d、c in thc 
ribbon-a happy ・It""(..判Icnt thal 1町民hcr
�1:lswcl1 1101' 511110n ('噌0・1I(111<1\'c for回ccn

ONC C川 山淀叫叫山山111'川川"川"
ti山o刷削11 of 九�Iaは山x飢、wν叫叫cll's 1凹m剛s訓3何川tivω t山ha此t 】

利川"川nb恥》川cr of 0ω.h恥E比cr f.“f01伽1 ι“、叫2泡s 、wcre a川t 、v叫"'巾k.ω0 
‘山以"ζdd α)101" to h】附 p泊ro竃"ηjドt町川屯，-.化cαιd pictur陀t". 11内• 

a叫ddition 10 Ihc fad Ihat thc filtι明
日chicvcd a叫pamtioll ill wavclcngth. 111 
thc first pl品目thc "tolcrablc" grccn ncga 
tivc w凶badly undcrcxpo舵d. In thc scc. 
ond placc thc岡山gc of COllt山st in thc 
thrcc ncgativcs is (Iuitc cl・fferenl. The 

JAMES CLERK i\lAXWELL，叫ωIived from 183110 1819， Wa・Ihe leading color aulhorily 

01 hill day. In his I刷ure be10re Ihe RoyaJ I"II;IU山n ;n 1861 he in時ked J，hOlography 10 
仙，.
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問11 _.r hoar ，he凶，.比
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Sp�・fy Meller synthetîc sapphîres for optî
ca1 wînd。明or 1enses subject to a肘aSlon
and wear. Properti白înc1ude high transmîs. 
sîon， low re!lectîve 1osses， longer wear - a11 
superîor to cOllventional înfrared transmit
ting materîals 

The Whole 
Truth... ! 

Suitab1e for vacuum sea1ing in m路rowave
tube manufact山肌Meller sapphîres form an 
inseparab1e bond to meta1， glass， ceramic唱し
and to sapphire as well. Low d副総tric 10ss， 
h唱:h res剛山ty， freedom from outgassing 
meet designer spec・fìcatîons for use ωout
put windows， tube insu1ators and support 
rods. For data and prîces on stock sîzes， or 
quote on specia1 requirements， wrîte /oday 
to Adolf 1、，1eller Company， Box 6001， Prov
idence， R. 1. Tel. DExter 1.3717 (Area 
Code 401) 

… 可・・・・・・・・・・・・，... SAPPHIRE 
、 p咽ODUCTS./ 

SynlMe恥Sappl'lires • Ru・Y LIIsus" M・SIlS
Alumina Powder 
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Nc\、battcr)'-<:>pcralcd 1ic 
deteetors 1附mtt阿're
o陥凹S 胸中醐刷、 創凶
伊elsonlhcsccnc.llcre'$ 
the who1e Iruth about 
ßUHGESSßATfEII1ES 
Thcy' rc self.rcchar gcable 
�nd chromc l>rotceloo 
B咽d剛偲for 101lg.1訓

"もdq松l幽1c [>0川

BURGESS BATTERY COa.tPA側V
��山.�

FRHPORT， ILL1NOIS N1AGARA FALLS. CAN 

cl 1961 SCIENTlFIC AMERICAN，刷C

net cffιct of thcsc tcchnical shortcom 
H車、川uld bc to add∞lors not actually 
prcscnt in thc 0吋ginal. For cxamplc 
thc black 、.'c1vct h礼ckground may havc 
lookcd grccn川thc picturc as �Iax、、.'c11
pmjcct吋，t

ス10陀over. Ma.�\Ve1l's伊川，�酎 州11
at thc Cavcndish Lahoratory， arc quitc 
ycllo\V. If thcy WCI'C ycllllW at thc limc 
of the 1861 lecturcヲ礼 slill further varia
t山1 of oontrast-and hencc of 00101 

、問uld ha刊bccn introdu四d. \Vc cannol 
hc ccrtain of thc lightωurccs in Max
wcll's "magic lantcrns." but thc Iypical 
magic lantcl1l of thc day \Vas Ihc famo凶
Iimclight、in which a blod: of ca1cium 
"山肌川c \Vas h田tcd 10 i町山，，1出C肌"
by an oxyhyJrogcn ßame. Be川g vc・〉
hot， such lights arc ml陀h blller than the 
IIlC制ulcsccnt lamps I1S似J toJay in homc 
projcctors. [1 is a1so possiblc that M店
、，vcll's P同jcctors∞川川ned elcctric car. 
bon ar目。which would havc pl吋u田d
a light c\'cn hottcr and bll1cr tha山 limc
ligh!. In cilhcrα悩c the ycllow oolor of 
thc positivcs would ha町m以Ic thc p陀H
lure tllat was projcctcJ Ihrough山c bluc 
filtcr nmch rnorc即日trasty than thc onc 
projcctc<1 through Ihc rcd. Thc onc pro 
jcctcJ throllgh Ihc gr山n mlc町 、叩1I1J
havc bccn of intcrmcdia何回ntrast

rhc efJccls 01淀川】cJ wcrc not all Juc 
師団ntrast 川d dcnsity rnismatchcs， how. 
e町r. Thc cxistcn配of truc 00101' sc凹ra
lilln among tl時間J. g陀cn anJ bluc 
pictllrcs四11 bc dcm01lstratcd by super. 
posing thc ncgativc of onc imagcτsay 
thc rcd OIlC， ovcr thc grccn 01' bluc posÎ. 
tivc. [f one lIS凹ncg泊四s of山rJousαm
Irasts. il shoulc1以pos引ble to "'blぉnk
out" a positi\'e if 山cgati、.'c and positivc 
礼rc real1y山likc. BlIt noα川市lIlatl刷. 01 
問gatlv田madc from thc Maxwcll posi 
ti\'白川II result in削ch bl川kil可g out 
Therc is less scpar，山on bct\向山thc
grccn and blue Ih川 bctw目的thc blue 
川ld rcd. as II'C \Vouldし可pcct. 50lllcwhat 
11'01\1田lIy， 印刷dcring M川wctrs mail、
thcsis， thc ycllow.mlcr ncgativc was剖
scntial1y thc salllc as thc gr叫n川d prob 
ably曲1I1d havc bccn substitulcd for it 
with lilllc changc in Ihc町山It

Although our intcrprctatωn of Max 
wcll's cxr柁liment sccmed plausible， a 
li，・gcrillg doubt rcmaillcd. \V礼s it possi 
blc thはSutt01l's四110<]刷、plat田Illight
havc had some tracc of rcd and grccn 
scnsitivity? [t is now known that undcr 
ccl'l川n unusual circumsl油田S Sl陀h SCI・
sitivitics can occur cvcn叫thout IIsing 
scnsitÎzÎllg dyes， which wcrc同t dÎscov 
crcd until 1874 

rhcsc doubts、."同happily dispclled 
by a disco刊'Y、町madc onc day whcn 
wc wcrc stud}'ing thc copics of thc �Iax 
wcll trm時parencies. In making thc pho 



、約当.. nNINGr! 

REPLACEMENT 
NEEDED! 

This lamp signals 
the need for its own replacement! 

The failure of a signal or indicator lamp can be serious-even tr暗ic. BecaNse Qf 
thûr complelt reliabjJity Chicago i\lillia/ure Úlmps h4ve eaYlled widespread 
preJerellce jQr IISt as Ûgll4/ lamps Ùt vital mi/ilary alld imlustrial applicaûoI/s. 

Now， nowever， Ch釦(a80 Miniarure's lamp engineers have taken another scep tO 
insure re/iable perform叩ce. They have designed a double fi!ament lamp in 
which on(' fil叩ent serves “the prinαpa[ light s山rce-the se<ond is [ong \ived! 
When the first filamenc burns 叫しthe second c加dnues to operate， performing 
its function as a signal lamp， but with reduced candlepower -a warning that 
replac釘nem IS necessary 

This ・s ;ust onC' mOfC' ('xample o( Chicago Miniatu陀s many contributions (Q 

product rcl凶biHty. For mo同complctc information附itc for dat墨田doublc
filament lamps -now 抑制lable in several styles and sizes 

@ 
WrÎtt Jもr 8u/ltlin 110J-Miniarurtμmp Dala &61:: 

CHICAGO MINIATURE LAMP WORKS 
Dept. SA. 1500 No. Ogden Ave. • Chicago 10. 111 
Where問liabìlity is established and the difficult is welcome! 

Ho岬10 Get 1hings Done 11 . 11 
Better And Foster 

B日ARDMASTER VISUAl CDNTRDL 
会Gi�e. G・þ!，ic Pidure-Se�eo Time. Se�・s
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Gerd弘Snep柵Groo�・s
会Idul lor Produ唱'治民 T"鮪c. Inv・nlory

Scheduling. Sðle‘H， 
食M.'・ 0/ M山l. Gomp・d ・.，州川clive

o.・r 500.000 in U‘・

Full price $4950 w同四巾
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DYNAKIT HI-FI 

MUSIC...L_Sh.，. li.lening pl�刷"
for you川町山The deliぽ""
of the吋inAI p山……
e阿川“in ..""urllte <1<1縄il ..n<l pe' 
."阿，.，叫hout noi・e 0' <lill酬刷

M"'NU"'L _ s..ti.fy your �r削，ve ，n 
t".".1B ..nd ，"vor th" ，，，wllrd. of build 
inJ{ yOur own mu.ic IYotom. EASY 

�.UN . . . ED回目的NAC

TECHNICAl_ You who ..pp�i..le 
u酬ence wiU町、川叫e the仲
，..加はy of DYNAKIT'・ Aclv..nrω
enJ{'町rinJ{ d町n. ..nd pre川町
山仰nent.何mbin伺叫h function..1 
limplicity 

附州CIAL_ Sub.t..nli..1駒山II"lon
hiJ{h酬ity eomponent. of u叩"
川町同i...1…lority ..ncl 
unpllr山ltd li.teninJ{ ...ti.filCt肌

A.k yOur High旧制S阿i"li.1
S州for comJ，>/.，t.， lit.，.."tM'" 

DYNACO INC 
ltl4 1'0..1同九日山
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tograph Slltton haJ山吋“a po吋rait lcns 
of fllll apcrlurc." Thisα11llJ only havc 
bccn 羽 J>ctzval Icns. and th附Icns did 
nnt印vcr Ihc pblc llSCJ; that is. the 
imagc fo円ncd、vas∞n/ìnα1 to a circlc of 
'"附\\'h:叶smal1cr arca Ihan thc p1atc 
、Vc noliccJ that thむdi・mctcrs of thcsc 
cirdcs werc not all eqllal. Thc hlllC posト
tivc had thc smallcsl dian四Icr， Ihe grccn 
a larger diamctcr and Ihc rcd thc largcst 
lt was appa陀nt that Sutt山1 had rc 
fo印scd f印刷出回lor of light and that 
for rcd light Ihc lcns had occn farthcst 
frorn thc plalc 

This immc{liatcly cxpbincd somc 
thing c1sc thal had bccn r川hcr b礼f
fling : thc rcd imagc was oy far thc Ic 凶t
sharp of thc thrcc imagcs. Sllllo内hnd
f叫llsccl h凶 carncra for \;問ml rcJ light 
bul haJ pholographcd by invisiblc ultra 
violcl 

rhc pic間当日f thc pllzzlc Ihus all自t
togcthcrn陀cly. ßut II'C 礼γc sti1l 1cft mys 
ti/ìcd on a c1"ucial point. I1 sccrns slrangc 
that :\laxwcl1， onc of thc lca{ling allthori
licsυnα山げof his Jay，α川IJ havc bccn 
un:lwarc of Ihc fact th礼t wct αllloc!ion 
l山t田\\'crc not sCIlsitivc to grccn and 
rcd. Yct wc a凶fo同cd to hclicvc that 
11.山町駅1. Hc wO\llJ harJly Imvc suggcst 
c(1 Ihe c!crnonstration had hc knOWIl it 
And Sutton c町tainlv JiJ not know of ， 
thc lack of scnsitivity to g陀cn. Jn fact， 
hc consiJclιxl this an important disα>V
cry grown】g nllt of thc 凹pcrimcnt. He 
W1"ote; "'Vc now see why it is so c!i何ktllt
to rcproJucc by photography thc dctails 
of g問en objects in shadow.... Thc 
photogra仲山who ttl1"ns his camera to 
M刊rds a vicw in which thc foliagc is not 
wc1t lightcJ， mllst not thcrcforc hc Jis
appointcJ if， instcaJ of ma凶cs ()f nnc 
Jctail， hc discovcrs ir・ 1.附ncgativc hiclc
m凶patchcs of clcar glass." 

ColloJion cmulsωns had occn dis曲、1
C陀d only 1 () or 12 ycars 凶rlicr anJ wcrc 
so much mo問 sensitive than any previ 
ous photographic m川crials Ihal pcrhaps 
it、叫S礼ssum氏1 thcy had some scnsitivity 
tn alt川町lCI町gths cvcn tho噌h nbvinus!y 
mllch lcss for thc long wavc1cngths than 
for thc short. Spcctrophotomctry w脳
出rtainly not dcvc10pcd to thc point 
whc問�-laxwcn anJ S\llInn COllld possi 
bly havc gtlcss吋thc IrllC c吋l\:lIlation of 
thcir rcsll1ts 

Bc that 舗it may， thc principlc Jc 
viscJ hy Maxwcll :\1叶pllt into practice 
by Slltton、帆lS a valicl onc for pr目111c
IIlg a ∞lor pl叫ograph. And bccausc of 
thc fortuitous circ山田tan回s we have 
dcscribcd， thc 山pcrimcnt 、刊rkcd、"
lowing "Iaxwcll to invcnt thrCC-C<llor 
photogr:lphy :llmost 15 ycars bcforc 
thcrc wcrc scnsitizing dy回that w臥11d
havc madc h凶山pcnm帥t "possiblc." 
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