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PART ORE

HIS&UDBX OF THE DEVELOFMENT OF THE DIFFERENT

CONCEPTIONS OF WHITE LIGHT.
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INTRODUGTION.

The exact nature of white 1ight has long ﬁeen sn open question.
'By "7hite light" as #}j.e term ia employed here and elsewhere in this
paper will be understood the taizai radiation frﬂm’fa "black body" abt
a certain veo y high temperature, due to temporature alone. 1t in=-
cludes the visible, infra-red, and ultra-violet radlation. Until a2
comparatively recent date, only the visible portion of the radiation |
recelved muich attention. It _i'a well \t:o kegp this in mind vwhen consdd~

ering the earlier studies conducted in this fielde

UNDULATORY HYPOTHESIS.

Begore the tims of Newton it was held that vhite light was in it~
self without coloi', the colors of the spectﬁ;m observable upon passage
of the light through a prism, for example, be.’ufg prodnced by the disper
sive piece itself. Newton devised amumber of e;:aperiments which apparent-
ly showed that ’ohe colors were not added by the dispersive piecs, but
were present in the original lighte Vhite light then come tobe regarded
as made up of varioﬁé eolored lights, or more proporly, after the advent
of the wave theory a 1ittle 1éter, of luminous disturbances of various
pericdicities, the fioportions belng sﬁch that for the eye ﬁc one color
) ‘predominated over another, the prism or grating mereﬁ-.y serving to separa!:e
more or less completely these ccng)oﬁents of white light, but never so |

completely for lack of resolving power, as to leave gaps in the spectrum,

the spectrum being in consequence contimuous. That is, white light came
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to be regarded as made up of simple peric&ic:clistﬁzéﬁaﬁces sinusoidel in
chémcter, differing by extremely small steps end héw}ing a real ond ine
&epenaent origin nt the sourca.g ‘@ihis is the undulatory hypcthesisé |

It wé.s assumed that in connection withinterference phenomena and
the like each sinusoldal wave train might be studled wholly iéleependently
of its noighbors, snd tﬁe total effect in my given cose would be given
as the sggregate of the effects of the individusl wave trainsi It was

further assumed that thgsg,'pgriadie disturbances suffered frequent

slterations in phese, since the light from two difforent sources could
not be made to 1nten£ere; The qaestim-'mzaaa as to how long the phase
of a given wave train remained sonsibly unchengeds Flzean end Fouceult
deviged an egperiment to test this%é‘ Placing the slit ai‘ a specfroscope
of hiigh resolving yawef in thé interference ﬂpahtain producad"by the arti-
fici‘ai doubling of a narrow white source, thoy obsewea. 2 spectrum )
erossed by dark benels. By this means interference affeéts wopeobserved
by them with vwhite 1ight when the path difference was some 7000 wéve
lenghts. This fs.naing wes taken to indicate that white light consists
of regular wave trains which suffer no apprecisble chango of phase for

at least 7000 complete periodse

PULSE HYPOTHESTS.

Gouylwaé: the £i7st to question this conclusion, showing fairly con-
clusively that the exparizpantr of Fizean ond A}Foucault'shows nothing whét—
ever as to the regularivty of vmitg-lightg the allowable path difference
depending wholly on the rea@lving power of the spectroscope employed.

Gouy suggests that white light be regarded as a sequence of entirely
__Ljourn. do Phys., 5, p. 354,1886.
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irregular impulses,a cnmcapt‘:ionv first employed by Younz® in ezplaining
the cotion of the ﬁgrahing, but receiving little attention thereafter.
Each‘ of the_ase iﬁqmlsive &istﬁ:bancea Gnﬁy imszines resolved into sinu- '
soidal components in ascordance with Fourier's theorems ’

The following is an. extract from Gouy's treatment of the question.
{The 1nc1aent rays are cansidm}ed porallells

"Soit un plan fiér.a M normal & ces rayong, o '1":entrea du systems
optique donne. Soit

(2) v =£ () el
fla vitesse ‘.vibz"at:oire sur le plsn M. la £c£ci;ion f‘l () \ &aﬁnit le
muveﬂ;fmt incident, &t nous allons en deduire les effects du systeme
optique dome. _ -
| Hous considercrons le mouvement lumineux pendant un interva}le de
tcmps 21, pris arbitrairment@ Prenons pour qriginé du temps ‘19 com~
mencemont du cet intervalle. Pour toutes les veleurs ée 1 compr_ivseé

entre zero et 2T, nous avons, par la formule de Fourier,

(3) £(t) 2 Qo+ os; {4, sin vzx'vrt/m t B, cos nvrt/T)f ,
en posant BRI |
(4) Q = 1/28 [#T 2(5)at.

8=[* 2(t) sin nwe/n at.
Bﬁ:LZT £(t) cos nwt/T dt.
Q will be negligible if T is large.
"In posant
Bn*= 3‘«?/11 *
- le second membre de (3) s'ecrit

- (5) F(t) = 1/0 £ (a, 8in 27t/6n + By cos 2 mtfon)e

#ehile. Transe, 1801.
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Ainsi le mouvement F(%) pemt etre regarde comme forme par la
superposition de morxo'emenﬁs simples, dont l'oquation gez;xerale est :

(6) Tp =1/ (A, sin afﬁ/a,ﬂ By cos 2ot fan)«

Ces mouvoments sont d'une duree indefinie et d'une regularite ab~
solue, it nous pouvons leur appliquer immediatcment les formles de la
theorie ondulataire..“ _ | | |

If the illumination is constant Gouy wﬂtes for the averagek lumin-‘
ous intensity at any point P

D1/ 7 y'2 g

" 1/2@5[%(::;{& (en) [ An sin 2n(t/foy + Xn)
+ Bn cos 27} (t/on* Xn)]} )3 dt,
(6,) end Xy being constant caloulated from the period &, of the simple
movemnent.

Gouy's conception of white light may be termed the pulse hypothesise
Lecording tov 1%t no sinusoidsl aisturbancee are sent out by the source,
bpt only impulsive disturbances ar pulses, the shsrmter (note, however,

tho modification made by Raylei:gh in his treatment of the question )
and sequence of which ere arbitrary, but each having its ovm proper ef-
fect independent of the others. ZEach of these pulses has the seme form,
moreover, ag if it were the res'i‘zl#ant of & mz;nber--the number infinite

in general---of sinusoidsl disturbances. The .spactrosccpa,, being unable
to detect the dffference, will trest these simusoidal components pre-
cisaly) a5 thoush they had em orizin at the source, and honce vill give
& spectrum, bright line or continuous, depending on the difference in
periodicity of naighbering components and the resolving power rof the
instrument. The i:ogsal effect in sny given case will be given ss the
aggregote effect of the individusl sine wave trains which the individual

pulses yleld upon the analysis of Fourier. This exposition is not quite
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, rigoroué, but u; ~v111 sarve to ..a-s.ve a fairlgr correct notian of the
pulse hypntheais. |
Lord Rayleighg agrees with chy in comeivino white 1ight as made
up of impulsiva dmtu"bances, zmc‘i even goes 80 far as te say that the
ccmception of remlar white light; is ncnsensioal, but points out that
the impulses thcmselves cznmot be arbitrary in eharacter. cthem'lse
t;hare 'vould be no room for diatinguishirg the radiations of dmffarent
temparatures. Rsyleigh seeks to £ind a d.efinite type of 1m;mlse such
that an arbs.t:rary aggreg.xtion of them will represeni; cnwlete radiation,
it being required merely that theae i@xﬂqes be 8 g a:ad not necess-
. arily __gg___, 7 ‘ _ ‘ , |
. He selects the ingmlse ’&(Xi mei; wit.h ‘in;thékt}mory’bf eﬁ-bris,.
viz;, o | - v'
Q) = 252,
Teking as 1imits for X ~"°a:mi+ (differing in ﬁhis respeet from Gouy,
who treats i;he impulsive disturbance as ultimately paric&ic) » Rayleigh

then resolves this disturbance m&o : sine aml cogine serias in accori-

ance with Fourier's theorem, & single pulsc giving

+o00

o0 .
- 2 B fonk
[ e gx 1/03/6 w/2e" gu,
oo (]
The intensity corresponding to the limlts u and u+du is then
-2 guf/20% gy
end this, u and n being proportional, is of the form
b3
Aa"azn dn,
Weber's law for the distribution of energy in the spectrume In the agzro-
- gate disturbance the average energy over a relatively long period of time,

vhich is what we actually observe, will still be distributed in accord=
Sphile lag, 27, P. 460, 1689. ‘
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ance with this law.

That 1w, an arbitrary aggregation of these 121;9111893 of nrgitrary
aign mu, mcordia:g ts an}.eigh's reasoninu, represent completa radia-
tion in acoordance with weber’s lam Scmze other type of impvlsa might
ba determlnecl such as to aatisiy some ot:her law for the distribution of
enorgy in the specerum. ‘ »

Bayleigh' is slso in aac.crdt with Gouy a.s 'fegar\d.s the experimentof
Tizeom and Fpucanlt; hoiﬂ,.ing that thé imm‘ber of bands observable is
limited solely by the x?esﬁving po«azer of the spectroscope, nothing at
all hei% proved as to the regulariﬁy or oﬁhewise of the vibrationsof
the nriginal livht..

Poincare?® cribicizas Gouy’s‘eoﬁcepticn of white 1ight both from an
experimentsl and mathematical %taixdpoinh Since tho éixmsoidal compén-
onts representing the impulsive &isturbance on the basis of Fourierfa
@enalyt:{;,e\gi infinity 1:1 ‘both ﬁireetions, beinq of 1nvaria‘ole amplitude
end. pericdiety, they f:ught to @pear in tha spectrum mruishea by the |
’ spectrosccspe not only aﬂ:er exein@z?smﬁnu the 1light at the slit of the
| ,mstrmnent but even. ‘before 1t he,s 'been 11&&%@&, a mnifeet absur&ity,
Poimare held furﬁher t}mt the axpariment of Eizean end Foucault indi-
cated & hig;h degrea af r&mlarity in the disturdances constitutinv wvhite

light. |
| Geuys repliecl to thesa ebjacticns, to the 1atter by rapeatmc, his
former argmnenﬁa, tn the former by pointing out that the rosolving of

the spectroscope :xct being infiniha, the antual mnﬂnous intnnsity at any

¢

’, 400@1;; Rendus, 120, ;9.757, 1895,

Scompte Remds, 120, po 915, 1895,
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givem polnt will be the resultam: o;f.‘ & number of simzsoidal disturbanoes,
differing hut little in periadiaity, and While eac:h sizmsomal disttzr'b-
ance will be of iInfinite duration, neverﬁheless, they mey combine so
that their resuletant will ha}re the daaired zero value vhen no ught onters
the s1lit of the spectroscope. - o

Solmstere’also replies to Poimara, refarri% to a prev!oua peper
on interference phenpmenal by himself, in whmh he develops the ideas
of Gouy, offering a thecrehiaal and mathematmal tree.tment of va:'ioua
types of interference‘ 1t will be more camranient ebe i;oatpene until

a little later a deta;led. treatmant of tms payer on 1nterferame phe-

nomende

HYPOTIESIS OF DAUPED VIBRATIONS.

Another conception of it te 1ight was offered by Gax;hassos', who
regarded it as made up of heavily demped vibratiom: ;{2 the f’orm ‘
£{t) = "kt gin nt. “ | o
In solids s:na. liguids, vhich alcm’radiabe white 1ig ht, the vibrationa '
of the einitting olectrons might easily be hesvily dgweé. in this mene-

ners This is the hy,%potheais of dsrped vibrationse

9

Carvallo” tested iijhia conception £rom & theoreticel vie«@oint by

exponding the oxpression representing the damed vibra tion in sccord-
v e mpresy Oﬁmi?? Rendey 120, pe987,

Phil‘ magog me' 189&'&
BArch de Genove, Vols4, Pe105, 1897.
90ompte Ronde 130, pe?9, 1900,
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ance with Pourier's theoreme Pubting
£{t) = oXb sin ng (far t>0,but £(t) = o, for £<o).

and devalopin,., by Fourier's f;heorem,

2(t) = 1/7,/‘ ndq/fqz- hf'-’»-« ::2)8 ¢ kzq cos @t - arc tan m:q/qﬁhzkzj.

The intensity of vibration of perioa z,—/q 15, putting k2 = 2 n® ‘
and g2 = {1LFe8)h2uR, | ‘

| > 1/(1+a31 (u-z/u;%mz

Carvallo then constructed & curve ci‘ int’enaitie.: plotted sgainst
iow A+ The curve did not. a,grae well xﬁth the experimental curves cbta.ine&
by ﬁouton and Eangloy, vhich was %:aken by Gawslla as provmg the theory
of damp«ad vzbratiens mn—yarmiﬁsible.a Carvallo was also oi’opinicn that
& grating would gxiem a band of white 1ight instead of & spectrum, if
the incident light consisted sale..y af aﬂm};ea vibrations. the dampea
vibra.tions beinn' treated by the mtg::;:gis the unrian@ed aine wavee

Gougl0 takes objection to Carvallo's treatment in that the 1imits
employed were =< and + o° , "émi;:h giﬁé,é an indefinite ﬁmﬁtion, 2 con-
dition not realizabléb in practise. Gouy proposes to 1limit the dis- -
turbances to & small number H, as would be the case nf the vibration
were hesvily damed, end cm;;ludss that the disturbsuce at é. given
point will hove the periocdicity celculisted from the ordinery lews of
the grating, rather than as cleimed by Carvél;ﬁo.the periodicity of |

the originsl vibration.

_ 10@0@% Rendey 130,peR4ly
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Caw'allqn replies tha.t ‘he employed aslimits o endo®, mot - o=~
tows , ond hod, therefore, (a'déﬁziizg function (that this is the
case will sppear at onde on reference to his treatment}. For the
regt, he rap'eat;a his former 'emgumezibs, and jropeses an accvbustieal |
éxpermemt to test the question. For 'thgr aéurca of lighﬁ a Llargéwi ;
electrically driven tuning Lok §8 o D& mbRISiteR, Whe waves from
this are to bo received by a large ﬁenaave grating constructed of
slats with open spaces between thems So long as the vibmtions con-
tinue there will De at the foous of the grating points of meximum of
sound of the same pitch es the i‘»ﬁr}t with spaces of éilemze between
thema _E£ the exelting current now be turned off, the vibration of the
fork will be damped (and this damping cen :b:a rezulated). I now
Garvello's view be the corrcot one, conditions chould regain precisely
a8 bofore, potnts o2 mazimum intensity with éilsnt spaces between, or
at most in the former silent plagces & fs&:n& gound of theo aameyyitch
es the forks On the pther 'hané,, i? 'ﬁnuy*s opinion ds carreci;;.thare ah
should now exist a sound spestrum ot tﬁé gocus of the gratings So far

as the author is svware this oxperiment hes. nover been performed.

Waomp. Rend., 130, pe 401e
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TXPERIMENTS OF LIGHT BEATS.

COrbinom has advanced the opinion thst the‘;;hemmexim of 1ight

beats obtainezi by eny of the mathnds due either to Righi or himself
is opponed w0 the pulse hypothesiaa If the J.imht from & narrow whita
source be diviaea::fmto“*tvm{ass:araams md these allowed to fall upan the
slit of & spectrosaoye, the spectrum is crassm‘i 'by &ark' ‘bands (axperi-—
mont of Fizean and Foucault)s Suppase now the gerioﬁicity of one of
these atresm ba altere& {ac%ually both wam altered by equal amoamts
and in oppasihe aireotions}, as by R}.ghi ks raaolving I\'icol method.
_v.éccordizg to Gorbi:no, on the basis of Gouy*a nwaﬁhesis, aach smus- ‘
oidal wave train m the. al%:areri pemsil will teka the place ofz‘ ita |
‘neighbor so to spesk, interfering f::it:h tho train from the unaltered

pencii with which its neighber frmnany inﬁerferaﬁ siz&. the friﬁma "
will remain mchangada On the other !umﬂ, mmyase in acoordance with
the und.ulaﬁory hgpcthes:.s that the sinasoidal disturbances hava an fn-
dependent origin at the source, then = given wave traiis\.‘i:;?\;ltarea
pencil will bo oapable of inﬁerfermg only with that wava train in

the unsltered pencil which hod the geme wave lenght previous to the _

alteration.' aml ‘beats will rosult, giving rise to moving fringes, which
is tho phenomenon actuslly observeds | . 4 . |

“Fow on the basis of the zmisé hypoﬁhesis i;heéimz’soidal disturbances

into which a priam or gra!:ing msalves the pulses constituting vmit.a

11ght' 1 iscowt' Rend', 133’ pt‘éflag 19019
men de mys., 2, P37, 18%3:5.,~
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since they have a common origin, ought to be capable of' interfering
with eéch other producing bea.té,‘,; théb is, beats: ajzoald Yo proé.ueed upon
uniting two streams of light mm sdjacent polnts of the spectrum. Cor=
bino maintains thet the experiment with 11ght bess shovs that beats
are m obtainaa by viting tha iighi: from two a&éaeent points of the
apec‘mnm, and hence the pazsa hypothesis is ren&ered vntenable. -

INTERFERENCE PHENOVENA ON THE BASIS OF THE PULSE HYPOTHESIS.

| Schuster in his account of interference phenamenavagmea with Gouy
andvnaglei‘gb in conceiving white 1ight to be mede up of & series of

‘:pulseaa .
1, &mxmm He sccounts for the sotion of the grabing in tha fol-

10?:11:@ mnner‘ ’ |
"In £ig, 1 let L, and L, be two

 lemses, H; Hy and K; K two

| | H,
' 'sereens in thelr focal plene hav- |
‘ing smsll epertures at the Zoci 6
G and F. If ACB is a grating,
| ; .

& disturbance passing through

G m’n‘ ,prcdﬁgéfa certain effect

at F‘*‘.; I genéral ‘the optical
“lengths of rays such as GBE,

GCr, GAE, will not be the sama,
TiG. 1

gphilo HiBge s Junia, 18943 -

L)
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'aonaequenﬁly an inskantaneoﬁs ‘i@ulsa ab t’?r will not rmiﬁ an métantn
ensous impulse a'c Fe tat the light reflected from eagh 11!16 of the grat-
ing will reach F at certain intervals of $imp, ond a distzurb&msa will
bo seb up at F, vwhich mll last during a finite i:ime« w" % faet

0 4

that ina c‘iisperaive system an mstsmamwus itrgmlse enteriag the .,system

is chenged iuto a dismbanee lastinu ‘through & f:mii:e i'.ime is cf ‘ﬁnﬁa-

mental .ﬁnpertwce, it i easily seon that this is brou,;,ht a‘beut in the
case of a groting, tut the fact da. é@ally true if the d.iapersion is ue
to refraation, as will be poim:e@ out further om.% ;
| A famnia.r enclogy %o this action of the gratmg 3.-» the casé 'of 2
sharp aouncl £511ing on o £1ight of sislrs or piaket feme prcducing 8 ’ |
sound of deﬂnita pitch, the pitch varying with the pnss.hion of the J
' obsexvers |
2. PRISH... The followins is teken from Schuster's trestment of the
prisie ‘ | ’ A
"In the case of a grating it is easy %o see how a solitary impulse
is gpresd out into & disturbancéd lasting a finite $time---it is not oo
clear that the same hclé,s foi' o prism. The easiest way to aséure oure
selves that a prism acts in the sama woy as a grating, is to cease to con=
sider only homogoneous waves end o follow throush the prism é group
of waves involving, as it always does, oscillations of different periods.
| nLet us ma,,.,ine & traln of wavaes made up of a finite mumber of os-
nﬁlations, each £ollowing the law of a simple pendulum. The analytical
representation of such a group will introduce wave-lengths which do not
differ mche The front or rear of such & train of waves may be taken

to pass through a mediun 1lke glass with a definite veloolty, which is
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the group, ve;ocity correspond=
ing to the givqn range of wEvoe
lengthss In £ige 4 (£1g.2 of
this paper] let AB be the dir-
ection of the front of f;hé in-
cident wave, DG thet of the

emorgent wave, then as the group

velocity in the prism is smelle »
er than the wave velocity, the
 gront of the gm will after
exwrgence be 'p‘arallel to soms o m&‘ 2
such direction as DRe If the light is enmemﬁrated by mesms , of a lons,
the position of the focus is determined by
t.he eonziiﬁion of sgreoment of phase: that is to say, the aptlcal aangth
from oll points CD to the focus mmet be the sems, but in that cose ’t;he
optical length from the different points of KD will not be the samo,=
iix other words, the front of the wave will take somo timg :o xmsa through
the focus, just as it M{l 1f the »spaai;rnm wora produced by a grating.
The sameo holds for the rear of the group and for eny &isturﬁanca, soccount
being talen of tho different group: velocities for défferent regions of the
spectrum.”® .
Sclwister in his last i:apar on the subject ™ comsiders a éispei'sive |
medium, the dlspergion of which is Arezj)resant,eﬁ ‘by‘ the formils
s Taa+rb) .

1p01tamamn’s Festechrift, po 569, 1904
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dv//dmis a constant, am‘i the grouzs valocity is mdepandent of the wave—
length. The group my have the fzmn shn*m in ﬁgvs\g the math&natical |
exprassian fm* Which is |
= hth
smd its suceessiva gppearancses as 1%: a&vames throm,h a me&imn of dig=-

persion V = a+b A are as showie

| FIGe Be ’
In point of fact mo imovm mdiﬁm’pessasaes @a disyéfsian formula
assuﬁeﬁ. tut the problem is simplified by this assurption. -
obviously, 12 & prism be construsted of this hypothetical medium,
the pulse tﬂll leave the second surface with an irpressed pericdicity,
that 1s, ob cortaln polnts it will amovgo in 1ts origingl form wnd in

other places in its inverted fowm. From the point of view under con-
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sideration, this inversion of the group form previous to its reestsgb-
lishment is of fundamental importence in considering the action of
dispersive media ux:t;n white light. |
S« EXPERIMENT OF FIZEA ARND FOUCAULT.. Schustar in his paper on
interference phenomena agrees with Gouy and Rayleigh in helding that
the’ exzperiment of Fizean and Foucsult proves nothing as to the regular=
ity of white 1ight in case the resolving pazfyex; of the spectroscope is
steddily increased, but thought a difference might appear if it‘lbe'
Bteadily decreased. 011' coleulation, howevér, he finds the result to
be the same whether white light is taken to be regular or irregular in
character. |
" 4, DOUBLED WHITE SOURCE... Shere stillremained, however, a phonom-
enon that offered diffiemlt;ies for exg}.anation on thg basis of the pulse
hypothesis, namely, the ’1n§erference pattern abtéine;i dpon the simple,
artificial doubling of a narrow white source, as by two slits, Lyod's
mimor srrengement, Fresnel bi-prism, or Fresnel m&x‘rars; To the eye
this .mterfergnpe pattern appears as a centrsl Bright band bordered on
oither side ‘by colored fringes séparate& by nzovow regions of compara-
tive darimess. This interference patterncan also be photozraphed.
How sre these appearsnces to be accounted for on the basis of the rrdse
hypothesis, remembpring thet according to this way of looking at }thé
matt;ei-. the disturbance passing a givenpoint in the plane of the fringes
will consist ssentially of two pulses separated by on interval ﬁepaﬁﬂ.— ’
ing on the position selected ? That this is the case, will at once

be clear, if we let S; and Sy » £ige4, bo sources produced by the arti-
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£101a1 oubling of § , say by moans of Frosnel mirrors. fhe light
- from the source S f£alling on the
two mirrors inclined at a small
angle will give rise to the two

' vibtusl sources S and Sp o In

the shaded region the sireams
of 1light, which may be looked

on as coming from S and S

overlap, and interference of=-
fects will- be 6bame&. In
- particular, a pulse origmaﬁ—- : FiGe 4.
ing at 8 end £alling on the mirrors will be doubléd, snd the effect
'{naglecting aiffmoticn éffeats} will be ‘that of idemtical pulses start-
ing from 8; and S5 at the some instants. The pulses wiil arrive at ,thé
seme instant at 43 point O in the plane MO, 8; 0 being eqﬁai to S 6.
4t some other point P in the plene MNO the pulses will succeed each |
other separated by an interval éepéaﬁiﬁg on ‘thepes}.tisn of Ps

How on this basis are we to account for the interference kpattern
that is recorded by the eye anﬁ the photographic plate ? Schuster pro-
poses that in each csse the phenomenon be fegaré.ed es & resonance ef~
Lect. ﬁhat the eye zmﬁ the photographic ma.té yfavor sSome wave Rengths
above ctheis, that 1is, shpw selective absopption, is a proof argués
 Schuster, that their absorbing elements reconate to the fe:?ore& yer-
iodicities. ©Such being the case, it is easy to see how if = pulse
starts an effect in a resénator, sa& s simple vibration, the z:eriéd of

which of course depends solely on the resocantor, the effect contimuing

‘over a number of periods; & second pulse srriving at the resonator withe
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in the limits of the effects of the first, moy be so timed s to ammul
these effects, double tﬁzem,.{ampncuae is thought of heré:, mcréase,
decrease, or leave them unchanged,f This two pulses separated by an in-
torval corresponding %o a whole mnnbmf of waveelez;gths of red light will
upon entering the eye give rise to the sensation aif red by #ﬁrtue of |
conabmctﬁrg interference in the resonating elements of the eye, and
af; the same time due to destructive 1nter£ereﬁce suppress all other |
ccl&r sensations more or less completely. The action is the semé in the
aasé of the photo@’raph‘ic piate,; oxcept that hefe there is no 'eenatim.ag'
The »interi’erence offects obseﬁsa upon the doublinz of- a v;hite |ource
mzy thus seemingly be a@aozmteﬁ for on the basis 62 the pulse hypothésis,
and ere due scoourding to this way of looking at the maht;ta:rmt at all
to any regularity in the original white 1ight, but depend solely on the
resonance effects shovm by the elementa af the gye snd plmbwr@hic
prlate, the eye and the plate thus in a manner producing the mterference
pattern they recorde |

Suppose, i;ow, wa explore the regicn of this interferenca pattern
with an instrument unbiased by resonance. A blackened bnloﬁxéter strip
fulfills this'cﬁnﬁiticm. at 'leaai; .apéroximately: if 4t shows é.ny re-
sonsnce effects at all, it at leést; rasonctes $o all periodicities’ about
équally wells vhat should we now find ? Schuster gives sn extended
theoretical t;raatment of this questiont o

He assumes the vibratory velncity at any point due to aach source
separately to be given as funoticns of tho time £(4) anaQ(t). Then the

excess of, the kinetic energy due to the combinaﬁion over the sum of the

separate emergies 1a proporcional to
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B
[f(£)+attt] - [z (9% \n Ef(t} &m.
The value of o ‘ ‘
+° .
2f 2(t1L(t) as
may be taken &8s & me;;re of the mt:arfersnce.
 if the functioms £ amlﬁ are equal, 28 1s the ease in sianle doub-
ling of the source, ‘oohusfmr through:the analysis af each train of waves
by Fourier's theorem writes for the exeess of energy B -
w/zs-/ﬂwhnzi cos 2R EaX,
vhere (A2, B%)dk 1s proportional to ‘that pert of the energy which 1ies
within the range dk. Accordinsly, schuster meintaing thét iﬁe smount of
iﬁtarfarance depends on the digtribution of energy rmly, and not on any
assumption respectinb the regularity or irregnlarity of vmi.ta lig,hti
Schuster makes & specisl application of his result, eng:loyinm the
" law for the &istri‘imuan of energy 1n the spectx'um auggesne& by mehelson,
and writes for t}ze enarg,v s i, wz:here
S  oxte ~a2i:
“Tho excess of energy 1s obtaine& praporﬁiona& to
[ k’*a'&g“ cos Zctdk = F'/Sa b /%’sé’f 3at - 12a3t2)
The excess of ‘anergy (B - 2E,) due t.a the double source is ’bhefn given
E - 285, = 2/5E, e (azh 3 - 12:7),
vhere z = t/a. The retar&atiﬁn t may be expreése& in terms of the dis-
tances ‘of the two sources from each dther and fz"om'the SCreen. |
Schuster then éonstructs zﬁiie éurvea shovn i fig. 5. The line A
gives the assumed illumination of the screen due to ome source 6n1y.

The source paing doubled the line Bigives the resulting iiluminatian,
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assuming nd mterferencé; The curve C in'es the inumi‘naéian calculated on
the basis of Michelson's lsw o0fddstribution of energy. "he difference
between the oridinated of curves B and O may be regarded &3 a measure of
the emownt of interferences The curve D shows. the sssumed distribution
of enerzy in the grating spectrumg,the abcissae being wéve—lengths, the-
particular #alves of which-ére placed at that point of the screoen at |
vhich the cbrrespaﬁﬁing homsogeneé{is radiation would have its £irst prin-
cipal maximum. Curves C and D are given snslytically by |
T = 212/3 § 2% (4P 5 - zzz?'}, (o
Y =1/26 e = 77/23 A . )

. F1Gs B
Assuming the illumination due to ome source only to be B, the il-
lumination represented by the curve G exhibits these special features.
{1} Por z = 0 the illumination is & maximm and equals 4 Ege
(2) For z w 0.959 the illumination is & ménimum, being equel to
0.78 Ega
(3) another maxin.mum:bf illumination zxdt very promounced, its value
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 being 2.24 Bye ocoUrs vhen z = 2.02.

{4} Qhe~ illumination decreases and graﬂually @proaches the value 2E,e

Our alternata brighh and ﬁ.ark. bands disappear when the totsl radis=~
i:ion is consmered. "There would be no interference at; all," remarks
Scimster, " in the sense tho word is :mea hera, if we could have a source
of blignt giving out 211 ra&ia&ions with squal intensities. The fact
that white light shows any objeetive interference at &ll, {viﬁ'ﬁeut the
éi;bifia&dl mtrcduabicn of reguiarity; is due to the pravalenca' of cer-
taina weve-lengths over otherss ' Whabtever 'ragulaﬁty t'he;"cef is in the light
is :Inﬁimataly cozmected with the &1561'1231&1011 of ineensity in the spectrum.

Schuster!s finel conclusion is ‘bhen that we ou&,ht to aeceph without
reservation t:he ideas of Gﬁug and Ray},einh, that.: .is, the pulse ngpot-heais

of Whita lighte



PART TWO .

INTERFERENCE PATTERN GIVEN BY
A DOUBLED VHITE SOURCEs

(experimental).«



INTRODUCTION.

It was thought it might be worth vhile to investigate experimentally
by mezns :of é. blackened bclomaﬁef’ strip the préhlem of 'ﬁhérwtificiany
doubled whita source treated theoretically by Bc}mster, as (3.) Sehuster's
conclusions might eicher be confirmed or shovm to he in errar, {2} by
employing abaorbing scraens %o Eb?;ain a coﬂ;parison he!;ween the behavior
of the bolometer and the eye, and (3} ths resulta abtainaa might es:pec—-

islly favor sume one “h;ypathesia of white lighe.

ihe bolomoter usedin the ezploration of the ‘inte#ference pattern ia' ,

- shown aiagramaﬁiaény in fige 6. It was caﬁstmcﬁe& as follows: A piece
of hard rubber was mrnecl down as shown ‘Eﬂ £it ozze end of a micrometer
eye~piece. @hrongk»‘}loles ‘bored lengthwise of the' piece were inserted

héary copper 1ead~5.n wires ,b' Wosll, mangezl as pictured. A second piece ’
c? hard rubber £ fitted with binﬁing pasts, to which were secnre&’ the
lesd~in wires, wag scre&é& firmly onto the back of the first« The silver
having been removed from a length of Wollaston wire by means of a dilute
solution of niti‘ic axsid, the £ine platinum wiresY andY , dismetor <003 mm -
were soldered onto the projecting ends of the copper lead~in wires, care

being takan that the opposing wires were as nearly equal in lenght, each
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oach sbout; 1.5 oma., and alike in other respaafé as pOS'sibla,a and that
they were Btraight; Bach wire harl a resistzmce of about 240 ohinge Aftér
protectinﬂ' the other parts with shel?.ac, i'.he platinum wires were coateﬁ
electnol,;tically with platinum blaozr:, using a &iluﬁe sqlution of plaﬁinic
ehloride« The proceas was wntnmad amtil hshh wires appeame& a dull
blacke %e whcle wWas now inserted .in the micrometer eye-piesa, and to
minimiza the effe:cba of air eurren’ba & thin miercsaopa s:pacimen gi'ass c,
0.15 mms. thiclz, well cieane&;, was sea.le& over the end.» By this mééns
tha plmf;inum vdrea mre enclosed in a deaﬁ air apa&e, as the e;ve~pieca
lena close«i the cther emi of ‘the tu'be (see figa 6}; o micxmeasers of
heavy ‘h}.ack paper q Wc»}re munbed 80 &s i;a shicld one nf the wires from
direct redietions
The platimm wires wers maﬁe the two arms of a balanced Vheatstone

bridge as ghown in fig. 7. A moving needie type galvanometer, well armored
$o minimize maznebtic disturbances, fitted with high resistance coils wired
in paralled, wes aspiaye&. it hed a ;perioa; as used,of 13.% sede Frosh
‘ ary cells ware used %o f‘umish the bridge current, whichwas maintzined

at abmzt 12.0 milliamperes. |

B‘rasnel mirrcrs ware employed to i\umish the interference pattern.

| Tizis choice was :@,ade because by t;his means dispersion is eliminate&, 6.1f~
ﬁ‘raction minimized, aml a symaﬁriad pattem oﬁ* the two sides of t‘.he eem-
‘tral bright. bond sac._m.-ad. The mirrors, 3.3 cmse on the edge, vwere blackened
and were adjus'aabla for I}itaﬁ, pa:callelism, eto. They were mounted on an
axi;justable optic&l bench standard and {lluminasted ‘by & vérticsl slit Sy

height 3.2 cniSe, adjuatable for width by & horizonatsl serew £itted with
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200 watt, gas filled, tungsten lamp, filament verticals

‘Light tight boxs ‘
SPaée for 1 cme absopption céll.
Vertical slite

Fresnel mirrd_rs.

latal ahielé.

Micrometer eye~pieces

Cy Ty Ty 23 in Pige b4y » and r* vortical.
Brass tu"oe"

Eye lons,

Dead aif apacé.

Heavy black paper shields

Scale and drume

t



& drum for resdings See £ige 8 for the set-‘up'cf the apparstuse The SOuUrce

of white 1ight employed to illwninate the '811.#’ was a 200 watt, 115 volt,

| tungsten, gas £illed, helical filarzient;, incandescont lamp, oper&ﬁiﬁg on

60 cycle a:;tematim, currente This was mounted with its £ilament vertical

Just back Of the slity in & light tizht ht:m Je the slit being attached to
the face of the box with just enough space between it and the lamp for

the insertion of a glass absopption cell lem. in thickness, having glass

walls 2 mmse in thiclmeaé. The txmgeﬁeix ge.s filled laxmp does not give quite

black body radiation, there being & slight ia.ﬁciency in th‘er infrap~-red rad-
iotiony The difference is not enough to concern us much, however, as the |
general cheracter of th enerwj ﬂistri‘bﬁﬁitm curve is unéhaxﬁge&; The B

.curves shown in fig. 9, which are due %o co'blentzlﬁ, show the anergy &is—-
tiﬁbation, 0 from t'.he outside of the h@liﬁul mmgsten £4l=zment, I i’rom the

inside, and B from a black body at cuch & temperature that the maxima of

B and I coincides The complete radiation from the £ilament would be re-

presented. by a curve lyins scmevhers between ourves O snd I end intermed-
late in forms |

The Fresnel mirrors wore moved as near the .,3.1!; as poss ible, in order -

to obtain gooa illmninatian. and adjusted to giva sharp interﬁerence bandsa.
The micrometer eye-piece E,carrying the bolometer wires end arranged to trao-
vel horizcntally‘ seross the verticgi iﬁterference bands, positions being
‘noted by seale and drum,was moved into the reglon of the interforencs
pattern and as near tlw m&rrﬁra ag’ poxxible, in order to obtain greater
sensitivity. Sea fig. 6 for approximate dist;sncae.. To cut down aiz- CUL=

15p,remn of Stenderds, Bun.m,p,.us—ml, 1917.
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- Plge 9« ’
Distribution of Energy Radiatod from a Holical

Filament of Tungsten, Gas Filled Lamps (Coblentz)e

« Ie. Rodistion fram-the inside of the turn; A, = 1,115,

0. ' Radiation from the outside of the turn, A, = 1.06 .

'Be Radiation from a black body at the temperature

(T = 2600%), which gives the same )\,;, { = 1.115),

as observed for Ie



Curve 1 gives
the transmission of
a 10 per cent solu-
tion (2 gr. CuClpt
18 LS, ‘1.1301- 2 drops

cupric chlorlde.
Curve 2 gives the
transmission of a
10 per cent solu-
tion containing 0.5
cc of 20 per cent
HCl. Curve 3 gives
the transmission of
a 5 per cent solu-
tion ; curve 4 a
2.5 per cent solu-

tion and curve 5 a -

1 per cent solu-
tipn.

Glass absorp-
tion cell 2.1 cms.
in thickness, the
glass walls being’
& mms. in thick-
ness.
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Absorptlon Characteristics of Solutions of Cupric Chloride, 0u0121— 2H20

and of Water,

HZO

(Coblentz).
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rents and eliminate stray 1light, the ey&-pieea and mhrrors were surreumied
with several thic}messaa of 'black cloths "*he room was darkened clcsea
against outside disturbances, end remineﬁ at 1 near:.‘.y tmifozm tsqueratare
throughout the szperiment {'neinu aitusted in t;he basement) . When all was
in good working order the galmm)meter showeﬁ loss t}zan 6.5 nm. oscillation '
on a scale 6,9 metiers distante I:?; ax}xibite& a very slow drift, which, how-
ever, gave no troubles The"briége wﬁsyrébalm;cei from tm ﬁn timee Also
from time to vtm’e the zero 'pcsit;i'm of the _ga;vaamhieter was reaﬁjusted“by

altering %hékcon{:‘rol mognetss

'PROCEDUHE

Qhe whole of the 1nterferema pattem was careﬁhlly e:rzplnre&, the
bolcmeter wire hem,, moved aarass the fiold =znd rea&inga ‘kaken at suitable
intervals. The fcllav:ing method was employmﬁ «7ith the galvammater a&;
rost its position was nated, the sircult throuzh che ilmminatlng Iamp
L made, the yotentia‘l ﬂfi‘erence at the terminels af ‘the Lamnp raa{l. tho
%e%s—e%%he—»}wﬁs—?eeé, the en& o2 the galvammater swin, recorded
and at the geme instant the circult broken, nd the ond valug of the geﬁ.*
vanometer swin_, in the opposike airec%icn observeds The &ifference -hetween
the seccmtl ana. third galvamme{;er rearlings waa set dowvm as the galvanometer

de? leetion. By th;s method laorger deflections were secured, snd the effects
of unetea:nness and drift of the gelvenometer minimized. That the deflect-

ions @o secured are proportionsl to their corresponding steady defloctions

s
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in the case of the bolometer as amployed was proved by 'x)laeing' the bolometer
wire in the central 'brigrm; band and varﬁring the slit width, nobing the |
usual deﬂections and the correspondmg stesﬂg deflections. "‘hé a'ama DPro=
pwrtionality and also praportionality o chiange in rasistance in the briﬁwe
arm wes proved for a.brupt variation of the resisfance in f:ha shunt; {see
i’lg 7) 115 in such & manner as to secure doflections in the same sense as
befors, the st;eady defloction and ithe vslue of the resistance varie,bion
being noted iﬁ‘aﬂdit‘ion to the ususl reosdingse | #ig. 15 shows the straight
1ir;a rélationships observed, curve 19 giving for the bolometer stesdy dee
- flections of the galvanometer against deflsctions as oﬁser&é&, and curve 20
the same when the roststance of tho sumb 1s variede It will be moted
that the galvanometer is operating in conjunction with the bolometer almost,
but not quite ballisticly, assuming ballistic setion in the case of abrupt
variation ovf the resistonce in theshunt Rss which is fair enoughe : In ?iew.
however, of the &traisht line relationship and ﬁfxe vory slight departure
frtimbme ballistio action, this discrepancy need not concern us mich.

The interforence pattern wos mamimci withthe bolometer {1) whon formed
by the totzal ra&iation from the lamp semring as "black bedy", {2) when
formed by the radiation that passed 1 cme of distilled v:a‘c.ez' {the glasa :
abanppbion call being placed between ’che aiit and theclanao as noted), and
{3) vhen formed by the radiastion that passed a 2.5 per cent solutlon of cuprie
- ehloride lcm » in g}xicm@ss‘ The thint;ﬁess of water used cuts off all rad-
iation beydnd l.4y and absobs strongly the zﬁeighboring; short;ar woveslengihs.
The radiation pagsed by the cupric moriﬁek solution corresponds very cloge-
1y tothat ta"wﬁlt;h the eye is sonsitive, as this solution cugs off rather

Sharply in thenseighborhood of 0.65y , yassing only the visible and gome

of tho ultme-violet, which latter would be largely absorbed by the glass of



) 29",: SR
& TR

the containers "he’ curves given :‘m s?ig;‘, ‘m; ‘*whiah ere due tOfcoblent-51~6 %

Eed

show the abaorpticn character,\ef pm'es watar an.x nf cnprm ehlcri&.e sclutions
of varyin,, comantrations» “The pr;eedure auﬁlmea. was repeate& 80 far 3
‘as poasible for i;hree du:‘ferent wi:lkhs of slii:c » "everal nuns WeTS T
peate& as & checkm In avery case the curves obtaine& by repei,itinn £
: a,*eeo. very closely in general charactez* wz{:ht}m m?i *ira&. euwes, élt*'mugh
‘the abaolute vslves sametime.? déffereﬁ ﬁliﬁ,m;lyg In -or&er 2;:1 avnid so ;
far as goseiﬁle any confnsion,, these curves a’&‘é(;ﬁdﬁ:fsﬁm?z‘t on‘ r.ha; cm*va L
. sheatéﬁf' | ’ | , e . : |
Curves were‘ obtained fe;' the corplete radiation (no ahé;si"ﬁi‘né scxféens!

! upnfshed by esch mirror separately in'thsvregian 0% vlfvthé‘fintéi?ﬁeréﬁce
pacceim for onel ;evi&*h of slib {‘ihﬁéme&iate wmtk); Mhis was: a.eeomplishe&
- by moving the ﬁrsﬁ mirror {the onc next the sliti pamnel to ibself
" unbil the lizsht from it fell 'éint§re1y without the field, 7The illumn-s
ation furnished by $he second mirror was then examimﬂ, with the 'bolcméater,
the first mirror moved back to tis former position (2s noted by scele
end drun), the second mirror swm, baak out of line, so tha’c m,m. frum ‘
it wao dithout the field, and the illumination given by the ﬁrst mirror
o&mii ede | *

- This examinaﬁion showed 1% te be necessary, inorder to %:btam the
full interference ei’fect., t;a cross the scparate illuminations given by
the individusl mirrops somewhal .more,_ thet is, to increcse the angle be-

‘tween the mirrovs, which also narrews the fringes. This was accord-

16+guroau o2 Standards, Bule 7, Dpe619-63, 1911.



ing ly dnna, and the previous ‘procedure repeated fcr one ?zidt;h of s‘li‘a
tintmaiate width).

' The effact of varying tha putewtial difference applia& to the lamp.
wos examined for each of‘ the three conditions ¢f i.‘tlmninahion by sebbting
the bolometer wire 11,1 the middle of the cedtral b:ight band azl& secur-

ing the galvsnometer deflections corresponding 4o qifferen‘e applied
pobential dii‘ferences; | Qms data made it possible te correct with fair
aocuracy for var;atwn ﬁsn pobtentiel. | ‘

The effect of varymn' t:he slit width wss observed both vhen Open=
ing end closing the slit { total raﬁiai:ion only)s the bolometer wirs
being sebt on the center (epproz.) of the centrsl Lirght benmd sud the
gelvanometer deflections for differend widths of slit moteds

. The sensitivity of tho gelvanometer was checked from $ime to time
by noting the galvanomstor defloctlions corresponding to chunges in tho
resistonce of the shunt Rg (soo £ige7), the rosistonces in By 4 By ¢ By o
etce, boing noted at tho ssme time. The sensitivity remained proctically

constante

DATA AUD RESULES.

The following is s aa:rg:le of tha dats $aken, and represents avem_,e
"'ormna conditmns withthe e««:cepcion that t"le yotentiala are o 1itt&e ‘
lows The pitch of the mocrometer eye~piecs sores is & mm., 100 diw. on

drum. Galvanometer deflectlons ere dorrected to 115 volfs. For sll



date btsken o difference of 1 mme in the pveroged and corroceted galmar
nomoter deflections msy be wegarded as representing in most cases o' real

‘Gifforencos



Extﬁapb from dete for curve 1, fiz. 113 total ralistions siit at

25.03 narrow fringes; July 28th, 1923.

Pote DifT.
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N

Region explored| Micrometer Gales 46TT. | Corrected
{visual). gyc-pleee. |across lamp.| observede gal. defle.
: Scalee dimums ' ‘
Contral 4 78| 1 6.7
bright band. ' ‘ 111 - Beb
, 111 6a6
115 69
A Avd12.0 670 7%05
Central 4 80 .| 111  BaB
bright band 110 5.8
‘ ‘ 3310 5.8
110 5,.9
£v.110.2 ' 5.82 633
ist daric : | ‘ ;
bde 0 The 4 . BS - Rz . 40
112 32
110 Fs8
110 4ol
Av.lli‘ﬂ B:95 4«023
1ot bbe 4 90 109 2.5
bde to rte 111
1st bt. 4
bde t0 The
' AVe110.2
1ot bt. 4 95 111
bd. to rt. 111
111
112
|avar11.e

Zhe followins curves, figss 11 ﬁo 15 inclusive, constructed from date of s

similar character show the results obtained.
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The chief points of increst of the vairous ourves shown in figae 11,
12, 13, 14, and 15 are as follows. Curves 3 and 4, £ige 1l, show the total
intensities furnished by the separate mirrors, or what smounts to bhe
same thing, the separate virtual sources, inithe region of the interference
pattern for the condition of nerrow fringos and intermediste slit width.
The intensities dus 0 the sepa.rata sources agro nowhere quite equal,
exoept ot the center of the system, but are nearly enough equal for
proctidal purposes up to the position séy of the sccond maximum of curve 1,.
fige. 11, from the center, if it eﬂsteﬁ; ‘ﬁoée nearly idesl conditions
would have been secured by crossing theﬁe illuminstion distribubions yet
more, that is, by e@leying narrower fringes, but the results obtalned |
in this case could not we2l differ much or in any very important respect
frdm those represented by curve 1.; For this res.son,én& becouse narrover
fringes wer.ev too f£ine for bést ad justment with the eye, this step was not
taken. The shape of curves 3 and 4 is probably what it is owing to the
diffraction effects introduced by the immner ‘edges of the mirrors. If
this reasoning bo correct, it is evident that the interference pattern
furnished by Fresnel mirrors is modified somevhat by diffrastion effects,
to just what extent the ourves will showe This offect is just what might
be expected from theorsticsl comslderations.

Curve 5, figs 11, is the simple oum of the illugination curves 3
and 4, caloulated on the basis of no interference. The difference at any
point in the ordinates of this curve and curme 1, £ige 11, which repre-
sents thé intensity actually observed with the bolometer when the intensity

. of total radistion due to_"che separate sources is that indicated by
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gurves 3 and 4, may be taken &3 @m meassurs of the amount of mterferencg
. ab that poi;z‘t‘ when eougplgte radiai;_ion is employed. ‘

Curve 1 is of speoial interest,as it shows the intetfereme pattern
actually given by the total radiztion constituting white 1ight upon arte-
ificial doubling of the -yséurcefi» | |

(1} It chows & maximm 2t jt;he center of the system or at the middle
of the emntral birght band of just a 1ittle under 4 times the energy Dur-
. nished by one soureé, or a 1ittle under 2 times the simple sum of the
energies { see curve ah ) A , ;

(z) '.t‘his givee: way on either sidé to & minimn of scmething 15.1&9 1 ’«f-
~ times the intemity of aighen source or about 23 the simple sum of the in-
tensities. d ’ . | ‘ | |

A {3) 'ﬂhe curve rmses on. elgher side te ‘2 maximm not very pronounoed,
it being g 1little greater in valtxe than the sinmle sum of the energies
fram the two sources [see comparison wit;h curve 5)e

(4) The minimum on either side is located about midway between the

ma:zingg. _ ;
{5) Beyond hhis first mexirmm ffam the cénter the energy gradually
_spprosches that given by the éi@la sum of the intensitiaé due to the
two sources and shows no further indication of maxima or minime. The
slightly u:néqual distgnces botween maxima on the two sides may be ex-
plained as due to some unavoidable shift of the parta of the apparatus,
as it is not present in the other curves. | |

Comparison of this curve {curve 1) withthe theppeticel one derived

by Schuster, fig. 5, page 19, mrili show that they agree very closely in

‘general character. The chie¥ difference to be noted is that the minimm '
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found e*zperimentally 13 not nearly 80 markesi as that ;gredicte& by Sahuster.
Hgd true 'b&acl: body radiation been enployeﬁ, the observed minimum would
have ‘bean stin less pmnmmce& { the aifferenee would be blé.,ht. ho*v-*
everi due tc the aﬁ&itioual 1nfra-re<i radiation, or Iooking at it annt*xer
way, due to the braaﬁeninv of the energy distribution curve. The differ-
ence noted is pro‘bably &ue m'large part to t‘ne faot that SQhus't"erk ﬁse&'
_Michelaon's lew for the distritxutiéﬁ of 'eﬁargy in t@zé(spectirﬁm, vherens
s&me other law tvein® s or Pléziok"s) would pi;ohabiy~ ﬂ& the facts betters
Again. the depth of this minimm wﬂl vary somevhat with the temperamre
of the source, 1ncreasing as tim temperame rises. ‘:zchu..ter ﬁoes not;
state the tezg:em’mre far which his theoretical ‘curve 1a&er1vec1 'ami ﬁze “
terxgperatures for the theoreticsl and experimefital aurves mayﬁiffer con~- .
siderably. Azsy remaining é.iffaranca can aasuy vo. accounteﬂ for as
the departure. of experimental conditons from
arising fram/\iﬁeal conditions-- dlffrastion effects, etcCe, Other d.if-u
ferences such &s the i’ailt:re of the absewe& contral moximum to attain
quite 4 bimes ihéiﬁtensity due tosither source may bo éscouni;e:i for on
the saﬁae: basis, 1.9.., the&epar‘mre of resl from idesl conditons, On the
whole w may be sam that the szperimntal and ‘{;haoretical am'ves agreq
very closely, euch dliferences as ovaur ‘bem, easily aemuntea. for« In~ -
&ee&, in ganeral charaetar they are almst iaentiaal and the curve pre~
dioted by Schuster may be considered vaﬁ.ﬁe&*
Curve 6,fige. 12. also Gurvé 11 m curve 12, figs 13; shows the esme
general oharacteriehics as 1 with the mﬁificaticns to be expecte& due-
to the nature of the inmnlnation fmmishe& Yy tho appara.te sources &s
mdioated by cuwés '8 and 9, ﬁg. 12+ %he character of hhe nlmninatlon

ia also repponaible for the ssli.@hb asynmtry of 6 and the nbher curves
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for the same set cf fringes,

| curves 6, 11, mnd 12, fiz. 13, for total rs,aiaﬁm shw the e2gect

of alberinc, the wiﬁth of. slit, ‘:L'he amcunt of :mtarference re:nains essent—-
ially the same, as doea the distama hetmean maxima, stca, the only rlif-v |
farenoa being tshat nanrcwina the ali talevates alit,htly tha first maxinmm
ami the curve beyom with refﬂrence to z;he central ma.ximum *’*his pha-
nomen is yroba‘bly d,ue taﬁhe ﬂahtening of the illuminaﬁicn curves given
by the separate mirrors upon. decreasmg the wid!;h ci’ alif;g *.Phis woula

give the effect observed whan tha ﬁel& 19 sznnminateﬁ. as ahom ‘by

curves 8 and 9, ﬁg. 1&$ %a'ith the fleld illimina’i;eﬁ as lmlicabeﬁ by
ourves :3 an& &y ffg& 11, the offect ahaum he diffemntz end s.t the same
tima not so ma.r}ce&.; ’i‘here mum seenmt to bﬁ no &iffieulty in accounting
for the obsema effeat as &e;pen&mb on ﬁm c}mraatar of the illmlua-* |
t:mon fumished by the m&iviﬁual mirmrs, = » :

; Gu.rve :3, ﬁg. 11, fer the raﬁia.tian passel ‘hy 1 ome of water muler
the same condititms that gave fer ‘coi;a}. rmiiation ourve 1 shms theeffct
of eliminating in part the infra-red rediation (complete absorption
beyond 1.4/1 and conside;zable absozzation af n@ghbo:i;:g shorter wave~
iengths).‘ The chief points to be noted are: | |

(1)‘ There is a,sli ht. indication of & second mexinum anci minimum on
'either siae of t;ha aentral maximume

(2) The i‘irst \naxizwm and the entire curve hayona. in- aelavated with
roference to the central maximime fi*he reasc'n for thigjis evident vhen
it is 'remem‘beréé bhat the 1ight has been rsaiﬁéred,mr‘e nearly mono~

chromatic, and mono-chromatic- light would give maxima of equal height.

(3) The distonce bétween maxime ia‘decragsaa (due to. change in energy



42

distxibutian}‘ . A ;

(4} rﬁ."here ié an Increase in tho smount of inﬁerferenca (due to the
narrowing of the energy aistri‘mtian zmmeb The faintness even here of -
the second maxixmm and minimum in ecmpariam with the first ar;ows that -
in th»a case of total radiation a second maxirmum aml minimum of zmy dige |
timtnasa were not %o be expecteag i,-ma ?, f£ige 12, &lso curve 3.5, fizs
13, shows tho same general fch‘arécteriatiés as*d eurve 2, "ﬁhe em*véa for
and aﬁaorbing scroen of water ara‘v iut@meriiata m every 'resﬁeet" betweon
ﬁhose‘ for téﬁal fadizx“aicn and t‘ﬁoseg for & cupric fchlori;de absorbing
soreen, which curves we.shall now discusse

. Curves 11, }.3, and 14, fiuu 15, show fcr a given slit width the 1n~
terferanea ‘pattern given hy, 11 total radiai;ion, 13 the radiation passe&
by 1 cme of whter, and 14 the fadiation passe& by 1 cme of & 25 por cent
cupric ehﬁx;:\riﬁe solutions Curve 14 exhibits these special points of int-
arst. | ‘ | . : | . ,

{1) The m‘éaréaxeme batds corresﬁnrﬁ almost exectly in pnsit@dn, :
spacing,, extent; di&ﬁineﬁxea‘s,: ﬂiﬁ'ﬁ»anéity values, etcey, Lo the visible
. bé,naa. ots e | ; :

(2 There is a marked mmm and mmmm on indicstion of
& third ma..:imzm ond minimume » |

‘{3) The first maxﬁ;mm ena-}goims beymmd is elevated with reference
to the central maximm bty corparison with the total raﬂiauon and wator
sbsorption curvese \

{4) The emount of interference is considerably greator that that
given by li;ota.vl radliation ovr ‘the radiation passed by the water absorbing
soreen. Were the illumination £o tho £1eld Yhat indicated by curved

Bo 4 and 5, the amount of interference would be considersbly increased.



| ’Guwef* lfi, i?’, 18) | emd }18' 'figu 14, show tﬁe variatioﬁ in glévzm-n

' omster deﬂeatinn with the gotential differmce across the lemp for the
differenb cenditiuns af illﬁmination aml requirs na special aﬂmnbnt.
By moans of them it waa passible to carreat amamxima‘aely :i‘or variatxon in
pptential. | | » . :
| Curves‘ 19 and. 2.6, fig. 15, nave alreaﬁy baen aiseus ea inoonnection
with the experimsntal prosednreg They shozv the galvammeter daﬂentions
as ohserwrea to be &1rect1y prcporticnal t‘.a eheir currespondina steady
deﬂeatiuns, the m:li:iplyinu factor ‘bemg far curve 1‘3* 2.4, mzfl for
curve 20, 255 cuwe 21 shms's the ca‘bsez'ved deﬂectionﬁ tu 'bbe propartion«
el to the ehmges in raumtance in i;ha bridge arme Theae cmes estab-
lish the le@ihimacy of tha methn& exrployezi, as a}.raaﬁy pnintea out.

curves 22 ami 25, f1g¢ 1.:, show the variatien of galvsnameter daf- |
1ection with slit mam, the bolometer wire being at t:he center of the B
interferenee pa’stem (approxai, 2‘.. when clasina the slit and 23 whan open-
i:ng it. me slit reaﬁinas give‘a else mhere aﬂrrespand. m ﬁmse far ‘
curve 22. L 7 P ;

'i!ha width of glit use& in ohtaining the &iffemntn au:we wés ca1~
culatad. as fol:l.owss mamnatian ahmve& that the slit closed when the
reaﬁing on ‘::he d:mzm waa 15'6 (Q@prGXo‘ see ourves 22 aml 23, fig. 15)*

_ The pitoh of the sorew was & mm., hence the slit wi&hhs mployeﬁ were |

as whnwn in the fonawm, tables

S116 Beading { 32.8 - - | 25.0 22.8

Slii: maf,h -
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CONCLUSIONSs

. 4s glready pointed ous Schuster's theoreticsl curve for the inter-

; i‘eraﬁca }mf;tam given by total raﬁia‘t}ion ixpon" scimple,*artiﬁoial doubling
‘of the aoume may be ctmsid.amd. v:arifiac‘i 88 regar&s general character.
:_ﬁma employment of a more naarlv correct law for the distribution of energy
in hhe spastrmn tha.n that assuma by 33?1113‘69:- and more near).y tdeal
comiiti.ons of illuminatian i‘rcm the separate sourcses, ete., ahould. bring
yet closer sgreements Aside from imdlcating a certaln distribution of
~energyin the spectéuin, this result prévés neihirié; as to ﬁhe nature of
whita llght, other than that it can be regarde& as macw up nf simms~

oldel dlstmhames, which upon donbling cf the source interfere with their
doubles, prpdusvmb t};e ebsarmsl mamima. and minimoe "‘h}s is the assump=-
 tion Sohmster 1s foroed to mske in nis theorotical deductions, end is the
aséuﬁpéion that mst akvays be made, 12 there is to be any objective
interférence of the character dealt %@ihb heres Vhether the sinusoidsl
disturbances originate ot the soméca, or have as imagined bty Gouy only

an enslysical exisgsncé; qsﬁnot be decided by this means.

By using an abaurbizig sereen of cupric chloride in conjunction with

white light intarferame«,mmes have beon obtained with the bolometer

that oorre:s}gond in position, spacinc, em.ent, andintenszty value to

the interference bands observed with the eye. From this we may infer

that, 1f tho bolometer wire dods not sbsord hyfesaname, 'a.nd thére has

been no radical chenge in ﬁhe nature of the nght, the fringes observed



by the eye are nob necessarily due to resonsnce effects in the cye--
tho explenstion offered by Schuster from the vtondpoint of the pulse
hypothesiss That is to say, the eye muiﬁ see the interfercnce pattern
it does, though it were not se;n‘;itive ’to certain pericdicities owing
to resonance. The sensitiveness might be due .to some uther} comnse. B;y-‘
extmmn the scme remarks may be made with fair saféty with rogard to
the photographic plate, as the curve obtained by using an absor’oingr |
v&—;e-f sereen of water 1s intermediste bezmaen the curve uunder cousid» -

- eration anl the totsl ra&iation curve, and the ')roposal mde becomes &
mere exﬁrapclatiom There is still a ‘ﬁif .wult;;y; hmever, from the
viewpoint of the p‘uiae hypothosis, in that it is not known how an gb- :
sorbing screen would treat o simple imisi?e disturbances. “he mcsi;
reasonable assmzzpti{m isthat it would leave it an mg:ulsive distur‘nanae,
simply sltering the amplitude emd chape. In this case, on the besic
of the pulse hypothesis, like pulses succeedinz esch other seperated by

in the same wanner as the eye
a emsll interval affect the bolometer wire,end the above ar'mment followss

?he posszbilﬁity of t:ha za:bsorbiaw s.ureen,intro&mmg perm&icity other
than ﬁhat just described wcmld. saem to be aliéht; 80 that the mosb Pro=
babbe state of agfairs 1s that outlined. Yet those pulses could only
interfore in the manner -cbserveﬁ,f provided ﬁxey misht be regarded as
made up of sinﬁsoiﬂa@ componants that interfere. Or to make a more gen~
eral é'.:ae;ement, it seens neeessary to ascribe the observed interference
phenomenon to the interference of aine‘ wava trains, Which)»n;eans, that
that protion of the to‘.;ai raﬁiaﬁidn iﬁassa&hby the c{zpric chiariée absorb-~

ing may be regarded as made up of sine waves. It seems improbable that
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the a‘bsorbing screen aheulﬁ. give r&sa to anynew aemlmty inthe 1iffht
it lets hhroueh,hsnde i;hese sine wave trains must have been at 1east'-
wmlytically present in ble original light and Qa@abla of pro&ucin,, their -
own proper efxmb mdepe‘psientl; of their »n@ighbqrs.. mis view seems in-
esaspable when we add tothis that it was féml:}. necéssm %o regard the
toi;al rad.iation a9 the ev as*até af sinﬁ’éeim waves aai)able of inter-
ferin,,, inﬁapendently, in order to azqalain the obsarveé. interfez’mce
effectm ‘ _
1t waul&. aéam, then, that éven though it sﬁbﬂlﬁ_m a;u't: that white
- 1ight is werely the sggregate of disturbances iz@u}.sﬁe in charv‘aat;er’,
‘nevertheless, wa‘ may a8 waii gaase to regm the éffeat; of successive
_pulsés on the eye--and photographic plate«,émﬁ a@nsidé:ﬁ only ‘the effect
of the component sine weve treinse This is an izportand "cbi;sitleration
end has geﬁerél application, not being limmé. to _fhesa,paraigular in-
sbances. Indeed, 1f, as is the\‘mos*a probable asmtion, eépecially when
& brilliaﬁt gource is employed, the impulsive disturbances constituting
the originel éﬂlit.e light on the basis of the pulse h;gpohhasié succeed one an=
other separated by very shord intawalég treatments based on the effect
’ of separate pulées, as pulses, have neiglﬁ;ar the virtue nor‘ simplicity
, {»s\iinagineﬂ,owing to theo confusion arising from the superi}asiticxx of many
: .t;vmiua of pulses--pot sine wave trains-- of the sameperiddicity ‘buﬁ arbie
trary phase, and the consideration of ‘éine weves is to be prafénre& kte
say the lesst. 1f when desling with the offects of white 1ight we confine
our attentidn to the sine wave trains into wmbh it is rescleablé;ﬂ we |
can sayat t;pge that thain’ceéfereme bands observed by the eye ﬁpzm doubling

of the source are not necessarily due to resonance offects in the gye; we
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need only consider the effects of ﬂ&mzsoid&lme trains, vhatever these
vali'fect‘;s may boe mhé,t i‘ny this case too the sensitiveness is-Sﬁpposed to
Y6 duo to resonance does not éoﬁcem us, as it might be due to some other
ceuse snd the mtéz"ference patorn observed ﬁcul& vemain ﬁxiélvtéred‘ The
same remarkd apply t0 the photographic plete. |

These component simsoidal disturbances going o ke up white light
wmén are tms formed wpon our attention, whether originating at the
sqﬁrce’ or having tmly an snglytical exlstence, canmot be arbxgréry + Waich
necessitates,copecially in the I,ight of the “p:‘alsa m:ythesis; ci;as the
raselﬁﬁion interval be in eny giveﬁ case somehow Pized 'within céftam
1imits, otherwise zhéinstmrﬁents we ’ez'@lay muld not give the invariable
average results they @ic, us s.m}.é give now one reéﬁle; :imv' enother.

The question arises a8 to how long a,dz:ratién is to be assigzied'.‘tlo ~
these con@oﬁent distﬁrbé&ces’-@fiﬁite or infinit;e; 1f infinite, Poihcére'a'
objaetion mst ’ba answareﬁ thet a spsetraaaope would give a apectrum for

" the source of white light illuminating _
andinﬂniky of time bof.h hefnra lighting ami after ext:inguishing,\the slit
of tha spectroscol)eg Gouy's answer tha,t t;heresalvigg power is finite
and that wave trains of neighboring :Jeriorlieities, though bhamselves of
infinite duration, might interfere to produce liwht for the requi.red
1ength of time and aarlmess for an infiniﬁy bofore and after 1s hardly
sa.tisfactor;gr. ‘The difficulites of realizing such & state of affai'i'a |
woialé. gseem £o be insurmountebles lHore than this, it sppears ebeuzd o
suppose these ‘wava trains to Ae,xisi'z before there is & dismrﬁgnice in the
maﬂium. fof n spectroscope, though its lresolving power were as great as
you 11&{9_.: would never aiscm?er anything in suoh n hypothetical existence.
After the disturbence has passéd entirely i;hrough the speétfoscope the

instrument would again yeild nqthing but darkness, no matter what its
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reaolﬂng powei?,. fo1r there is n‘ow‘ho disturbéncé ixi ﬁha nﬁeﬁium,'ami the
spectroscope can desl only with sctusl disturbances. | Could it do other-
wise, it would be a 'strmwga state of affai‘rs' indesds From taia, it wxml&
seem that in practice ozﬁ.y a i’mite &uration of these simsoidal wave trains
can be }.&gii;imately cnnsidera&. | ’
mhe quest:ion as to whei,her theae sinusai&al diatnrbames have a reezl
orin'in at thea aoume, or have enly o analytiaal exiatenca, cannot he

S

awwerecl ‘except intam of elan&ar pmbabilitim, um;i? we have more

 facts at hand. g ’aibly cansi&eramona similar to the ’preséa.im and the
e.;periment;s of corbinnland. Righlz with 1ight beatss mula lesd us to in~-
cline sliwhtly towsrd the undulatory theory of whii:e :ugm;, For though |
azny disturbance can over any chosen interval interval be regarded in accor&ance
with Fourier's theorem as 1;119 sum af sine and cosine %;erma, yet, these
simisoidal compenents extend to izif:lnity in both directions (supposing
we have the right to extend them beyond the réaq},ﬁt;dn' 1zit§rﬁa1,whieh is
doubtful, though Gouy and others h&vé deemed it pétmésaiblei»‘»theﬁ f‘unct&on
sccordingly being rendered ulbimately periodlc snd the éismfbance infinite
in duration. Alsa except in special easea the series is infinite. Again,
the gine wave traine suffer na ehsmge of Fhase m:- any chwge e.é,’\‘over the
interval, ‘bearing over the entire mi;erv&l definite phese relations the
one to the other e.n.cl Corbino is of ap’&iniun that this last has‘ be.én,ehrmn

not to hold for the disturbances constituting white iight, though his ine

_ terpretation of the experimental faots is somewhat dowbtfuls

12 Compte Rende, 133, §.412, 1901.

137ounrs de Physe,2, p. 457, 1683.
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if, however, we regard the source emitting the white ii_ght., ‘the pulse
hypothesks seems the essiest assumption to meke. Yet there is little diffi-
gulty in iw&gining the sim{ wave trains $0 have o :&eél origin at t;he sources
It is not at @ll necessary, &3 is commonly dcne; to vsvg?pose an ez‘xor;meus
number of eiectromé',_so 2000 or mora, @ll vibrating at the same time with
different periodss. A given yeriaaicitﬁm be part of the timopresent and
part of the timo sbsent in the radlstion comstituting white light, and with
the means at present at our disposel weshould never detect the darference,
being able to observe only ﬁhe averoge eﬁeﬁb oveé intervals of time ex@eed—
ingly great from the vViewpolnt of the behavior of the emitting electrons.
Thus the number of electrons vibrating at mw‘givenf instant with differont
pericdicities ma:y be reduced to any &ér;isxhle Ziguro, tye‘ observed spectral
distribution ofenergy being only au everage efffeot; llﬁ.‘his leaves the undul-
atory hypothesis in ebout as good a position Lfrom mﬁe atazxﬁpoint of the
source emitting the white 1ight as the pulso hypothesis, the observed dis- -
tribution of enorgy in the spectrum being about eqzxaliy difficu‘lt and.

qually easg 0 explain from either viesvpei:ata Cfmse@enhly, on the whole

is sbout os good, and as bad as the others fThe supposition
that tha amusomal disturbences aonstimtinmna 11:*11?; have a reel origin
at the source is about a3 good as the suzzpositian thet they have only an
gnulytical existence, and vice versts. Possidbly @ot‘n sorts of radiation sre
present ink white light a.ml in some respects this is the most ressonoble
assurptions \ | |

In conclusion it may be said that we know nothing as to the nature of
whiﬁa 1ight beyond the fact that w&iaan regard it as made up of ainusoldal

disturbances of a wide range of periodicities differing by exceedingly smell
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steps end that *.%a know thé disttibution of. enérgy in the spectrums Vhether
these sine' wave trains ha:ve a ronl crigin, at méusgurae,.or only an ansle- |
ytical existence, we do not kmnow, and elther. summéition is about equally
probable in vié'.v of the facts at presen‘i: in henle 1t s, however; and -
wa.x-rzmted praﬁuﬁmtion to say. {asz? eoins have s814) that we can naver.:morvr o
mores On the bmsis of. f.ha hyvotheaea suggested is the ‘,ctnal dxsturbcnce
of the m&m mantlcal in the t;wc cases ? If not, then it mey be pessible
1;0 aavise testa based on this &1f‘fev*ance. That it is not altogether the same
miuht: be s.nfermd from the eimmtame that up::n resulvinmsuucesswon of
impulsive dist'ar‘bames into sine wave trains the szgmzsozaal components

of the Fourier anslysis of different periodicities besr a definite phase
rolation to each other, while no such definite phase relationship exists,
if the sine wave trains originate indepondently at the sources . This dif-
':ference might be made the basis of a number of ciifferentiatmg teste.
Gorbino’s and Righi’s experiments with 11ght beats ere based on this aif-
farence. The rosults as interpreted deoido In favor of the vndnlstory
mothgsisg, but the interpretation is somewhet doubtful. There are 2lso

~ other @ifforences that might be made the basis of experimembation.

SUMMARY.

' The intorference pattern given»hy a doubled white source has been ex-
plored with a blackened bolometer strips Fresnel mirrors, a narrow slit,
and the total radiation from & tungsten, gas £illed, helical filament, in-

candescent lamp were employed to furnish the interference pattern. The
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exporimetal curvaes agree very closely withthe theoretical one c’ierive& by
Schuster and may be robarded as verifying Schuster's curve in general char-
actar, Tho observed ,’mterfamncé pattem permits us to infer two things, a
carté.in distribution of energy in the @eetrﬂm and that white light may be .
rogarded as made up of sinusoidal ﬁisturbam;cég, Using a cupric chloride ’
absorbing screa:{, an intefference pattex?ﬁ Sﬁa‘s«‘hsqﬁ explored with the ‘5010',;'
met_er tha;t: correspoﬁas very 616591;; in every resi:act t‘o that observed by the
eye, and, using a water absorbing screen, ‘curves intermediate between the
cugrcgéi’:::d; total radiation curves Izam been éxamifzza;&y These results permif;
us to infor with a fair degroo of certainty that,whatever the actual mature
of white 1ight,it 1s wholly umnecessary to supposs resonance effects in the
éye and- photographic plate (the explanation snggested by Schuster on the
basis of the pulse hypothesis) in order to account for the interforence pat-
terns observed, inasmuch as the sarme intarfebsn&e: patterns would be observ-
able in their abséneeg Also,the proposition that white light may be regarded
as made up of sina wave ftrains is further strangthené&. The origin of tﬁase
sine wave trains, vhether thejf have a real origin at the ssmfc’e or only an
analytical existence, is left undetermined by these aWMants and by ail
others that have ever been conducted with one or two very doubtful exceptions,
In view of all the f#mts &t present in hand one supposition is about as

good as the others However, it seems not impossible to devise tests that

will differentiate between the rival hypotheses. _
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