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E '_76.'30157;} :vm tbe Royal Insiztutzon

Réa’cl Nbvémber, 12, 1 801 .
ALTHOUGH the 1mentxon of plausxblc hy pothescs, mdgpendcm
;.of zmy connectwn \nth ex xperimental observations, can be of
very little use in the promotion of natural knowledges; yet the
=*,Ad1SLov<,ry of. sxmple and uniform principles, by which a great
?/_fnumbcr of apparently hctc:og,eneous phenomena “are reduwd
“to cohcrent md umvcrsal laws, must- ever be allow ed to be of ‘;
fconsxdcmblc lmportance towards thL xmprovc ment of the human S
_..j,mte}lect B R e IR
~The object of the. present dlS‘%CI’tdthn is not so much to pro-—
‘pose any opmlons which are” absolutcly nu\, as to refer some .

‘-hdv‘- :becn alrmdy advamcd to thexr orxgmdlyi




’ r" YOUN(, s Lectwe &c

e
T ‘mdtxon, as-we_compare them with later attempts to tmprove'l' '

c;optxcal ohservatlom of NEWTON are yet unmvalled and
}“cptnw’ some casual macc uracies, they only rise in our estt«’ 5

~on them A further consldcmtmn of the colours of thin plates,

as hey are dvscr bed in thc second book ‘of Nrwrox’s Opth?,'.'::
*has converted that pxcpossessxon vhich I beforc entertained for
| "'the u'lduldmry system of lu,rht, into a very strong conviction of B
its truth and su: humc) a convreticn which has been since most

B stnknwly wn m'}cd lw an analysis of the colours of stnated

substances, The phenomena of thin plates are indeed so Sin-
V (mlar ldt their general complexion is not without great difi-
culty reconcileable to any the v, however complicat ed, that
‘has hitherto been applied to them: and some of the principal
" czrcumstan(cs have never been explained by the most gratuitous
assumptions; but it will appear, that the minutest particalars of
these phenomena, are not only perfectly consistent with the

',theory which mll now be detailed, but that they are all the

‘necessary comcquen(‘es of that theory, without any auxlhary N

| suppuxmons. and this by inferences so simple, that they be-
come pmm,ular corolhu*u,s, \\llldl suuu:ly, chuufe_av distinct o
"Lnumemtmn e R,

Yo

A murc c\tumve examnmtmn of NEWTON’S s various w ntmgs AN
'”._has showr n me, that he was in reahtv the first that sugwcsted

«suc,h a thuuy as. 1 ] all cndc(wour to maintain ; that his own

: llopmlons \arzcd Icss from this thcory than is now almost uni=
ver rsally supposed. and that a variety of argumcn%i&ne been |

admnwd, as if to confutc Inm,\\\ hl(‘h may be found ne&rly m
- ar form in Im own works ; and tlns by no less a math"




| :such passagf.s as. seem to bc the most fano u‘dbk* to its adrms- .
."‘,-‘-<;10n; and qlthough I bhd“ quote some ;mpu:, \xlmh mfzv be,"{.f—w..




hf* \mmm)m oi, a m%h S :bt I S wdm m t‘ yan cur"‘;fff_
nr;t t}ns medium the same with that imediumnm bv wh}cf e

Q‘“ hght 18 rc;mr tcd .md uﬂv{ fv , and in W n)s{_ Vi bnm)n» Iwhtl;g_]f’
| commumcate hmt to bodies, and i 15 put into fits of {C

asy re-
ubra*xom of

B this me(hum m hot bod:m cnnmbutc to the mtemc
e dmmmn of 1l

IR ﬂmtmn, dl}d um Uansz‘nssxo 17 \nd do not the

ness and
10 heatf And do not hot budxc:s wmmumcata |
s thf:xr heat to (onwmom cold ones, b} the vibrations oftms me- S
“ dmm pzwagatcd from thcm into the cold ones? And is not thxsif“
;-‘, ” mcdimn exceuhngl morc rare and sul bule thun the mr, and -
»-"“ cx( cL‘ !}iﬁ*"’-l‘f more cia‘sm and acmc ? And doth itnot readt}}
»all bodu:s # Andis it not by its elasttc f()l‘(‘(.“ expdndcdfi
tI fheumm f«Xf 1y not plamts and mmcts, ’md
¢ °rf0rm thm' motions m this et hmuai me—-

.»ts resumncc bL so f;mml

a‘; tc be

.s{more' :ue, zts resixmncc




HYPOTHFSIS I,

1du ;{wns: are exuted zn z‘ins Et/w wbem’z er a Bodv bn 0,,{3. 

lummozn o ‘
: Scbolzum. _I u§e the word undulauon in prefercncc to nbra--fﬂ,
"',“'vtxon bCCduse V\bmtlon is generally understood as im )hmg a

| 'bmotmn whmh is contmued alternately backwards and for wards,-'“,

“bya combination of the momentum of the bod) with'an acce-

'- .leratm r force, md which is naturally more or less. pcrmment

but an undulatlon 1§ supposed to consistinav 1bmmry motion, =

”;trdnsmxtted successxvcly through d:ﬁercnt parts of a xmchum, o

- :‘}WIthGut any tendcmy in- mch particle to continue its- motmn,f

'}!"'v:’_.fexcept n consequence of the transmission of succccdmg undu-{
; w_,V:ﬁlat}onq from a distinct v1bmtmg body ; as, in the air, the: V:bm

_-txons of ’I’LhOrd produce the unduldtlons constltutmg sound

Pasmgesﬂ'am \}.WTON. i S

f‘ an hypothebls n should bf‘ tlns




90, I suppose the ethex e l Vi ‘)rat ions - dsﬁ‘er in h;g«‘-._;_,
e neqs b it not. in sv»xftness Nuw ‘these vibrations, beside their =~
u me m reﬁectxon and refraction, mav be supposed the chief
}' “ means by whwh the parts of fermenting or putniymg sub- -
o« qtanccs, ﬂuid hqum'e or melted, burning, or other hot bodies s
- continue in motion.” (Biren Vol. I11. p. e51. Dec 1675.)

e, ’When a ray of light falls upon the surface of any pelluczd N
o body, and is there. rdmcted or reflected, may not waves of
o vibrations, or tremors, be thereby excited in the refractmg or
e reﬁectmg medium ?—And are not these vibrations propagated .
“ from the pomt of mudence to great distances ?- And do the): -
o« - not overtake the rays of light, and by overtaking them suc-
f““ cessxvely, do not they put them into the ﬁts of easy reﬂectlonf
“ and easy trammxsswn dzﬁsxmbed above ¥’ " (Optics. Qu 17. ) e
. in fits of easy reﬂeutlon and easy transmission,
nmdexjce_on tramparent bodae‘: And probably lt xs
to such fits : a ‘

;:a:




Dr.YouNg’s Lectwre on

HYPOTHL?IS 11.

T /re Se‘zzmtzon o/ d ﬁ}wnt Colours dependc on t/w r/tﬂuuzf frea;
qzam y cy v zbratwm excited by Light in lbe Re’tma |

i Passages fram NEWTON.

L« The ob!ector s hypothesis, as to the fundamental part of it, -
- ¢ is not agamst me. That fundamental supposntmn is, that the
e parts of quxes, when briskly agitated, do excite vibrations in’
* the ether, which are propagated every way from those bodies
“in straight lines, and cause a sensation of light by beatirg
< and da.shmg against the bottom of the eye, something after

o« the manner that vibrations in the air cause a sensation of

“ sound by beating against the organs of hearing.  Now, the

~« most free and natural application of this 31vp()tn<:«:i'~3 to tie

«« solution of phenomena, 1 take to be this: that the agitated

¢ parts of bodies, according to their several sizes, hdmee, and |
« motions, do excite vibrations in the ether of various dcpths |
“ or bxgnesses, whlch bnmg promiscuously propagated througﬁh )'
-+ that medium to our eyes, effect in us a scnsation of light of a

- -whxte colour but if by any means those of uncqual b,gnu;scsf

“ be separated from one another, the Iargest beget a sensation

X « of a red “colour, the least or shortest of a dcep wolet, and i
-« the mtermedmte ones of intermediate colours; much am,r‘ e

"_-.-f,;“ the manner that boches accordmg to their several sizes, RS
€ shapes, and motlons excite vibrations in the air of v..xrzous'{_"
“ 5_“ blgnesses, whxch, accordmg to those bxg‘uesseq make several
| d: that the largest vibrations are bost ahle to
esistance of a refractmg superﬁcr §, an
with least refractxon‘ whence the

t "oug‘ih




r y]‘reﬁacnon and 50 cause the phenomena of prism_ e
ﬁthér ref& actmg substances, and- ﬂlat it depends on th'
"n; 55 - of a thin tmmparent p!dte or bubble ¥ hether a. -
’_uibn v"ha!I be reflected at its further bupcrhue'; or trans- =
Vo mitted 3 5o that, acc‘erdmg to the number of vibrations, 1nter-"-";-_{f.
e cedmcr tho t“ o superﬁmes, they may be reflected or transmitted
“ for mam succcsswe thu,kneqsc \nd since the vxbratxons_"_“"f""‘
% which makc blue and violet, are supposed shorter than those
' f";“ W hrc h make red and yellow, thev must be reflected at a. ]essn i
L thi(‘ntl(&b of the p‘ldte which is sufficiént to explicate all the
G« ordu‘ n) phonomena of those plates or bubblee, and also of‘
j‘_"‘ all ratural bad;cs Mmse ‘parts are like so many fragments of .
o xcl plates. T hese seem to be the most plam genume and_
“ ne GS“qu'V \,mdxtmns of this hypothesis. ‘And they agree $0.
] with' my theory, that if the ammadversox ‘think fit toii
“ dppl) them he need not, on that account 1pprehend a dxvorcc;k
e from 1t.7-‘ But yet, how he will defend it from other dlfﬁcultnes .
I know: not,” 'j.'{v'{(P nl Irans Vol. VII P 5088 Abr V019¢~~I~

sou ds Of vanous tones and consequ‘
e air of ’dxﬂerent blgness' 50 the rays ol




dpxllamenta tﬁ‘ough the opttc, nerves, \mto the qenso"
_and there, T suppose, affect the senst ‘with wrm
it }colours, accordmg to their bigness and- mlxture- ‘the brgge .
: [" .-'“ with the strongest colours, reds and ydiows. the least mth
o ¢ the weal\est blues and violets; the middle with gkeen : _zmd

S confusxon of all with white, much after the ‘manner that, in
L ;“‘ the sense of hearmg, nature makes use of aerial vxbratzons of : o
S several bn;“nesses to gen(;rate sounds of div ers tones ; for thc;ff.""}*l;
“ analogy of nature is to be observui ” (Bmcn Vol IH - 26 =
y Df.c. 1()75 ) | R SR
o« Consxdermg the. 1astgngness of the motrons e‘;cued in thcc-'_,_f' :
e bottom of the eye by light, are they not of a vibrating nature? =
.;.__...Do not the most refnmgrb]e rays cxute the slmrtest s"
:' “ tums,-—the least refrangxble the Lu‘gcst? May no H;he harmony




princ pal 'w our.s, re:d vaow and bhxe of whict
ulations ave related in mﬁxgmtude nearly as the number's.,
d"'(), and thdt each of the p ;Lim( les is eapab‘e of bemg
morum Iess m‘ more foru bv'tmdulatmns d;fﬁ:rmg"'
‘ r mm‘c fmm a pcrfm,t unison; for lmmnc,e trw unduhv-
t:ons;nf grem Iwht bwmzv nearly in the ratio uf()‘ will affect-_-.j%
cqnaﬂx thL }}Bl‘tlLICb m unison with vellow and blue, and pr@-—-‘t“h-‘
ducc the 'Amc effcet as a light composed of those two bpecus

:.md Cdch sensltwe h}amcnt of the nerve mayv consist of three
pm*nom om* for each pxmuml colour. _\llomng hls statement,
*t appears t!mt any attempt to produu: a muszcal eﬁ‘cct from
mlours must be unsuccessful, or at least that nathmg more"_f:_
~ than a w: 'y sim, )le' melody chld be imitated by them; for the
penod whlch in fact comt;tute _the !mrmun} of any eﬂncord e
bemw a multxple of the’ pmuds of the single Lmdulattons \\’Ollldv;v‘i;':’;
‘in’ thm case be vshollv w:thout the limits of sympathy of the
retma and’ wou]d lose its eric"t, in the same manner as the_*
harmcmy of ,a thtrd cr a fourth is destroyed, by deprewng 1t to
note ’:}xe audible Sc‘zlc In hemnv;, there seem
)mtmn of anv part of the organ

G ﬂvpoumm w




. con; ider 1t as fundamental }ct it Appcars to be the sxmplcst(and
S ,best of any that have occulred to me. |

PROI’OSITIO‘\ L.

,x

o All Impulses are propagated in a /)omogezzcous elamc '\Iedzum :
SRRl Lwith an equable Velocity. s
Everyexpenment rehtwe to sound comcndes mth the. obser- 5

""-_»kvatlon already quoted from NEewrTow, that all undulatmns are., e

*f_..’w_fpropapfated through the au‘ with equal velomty and ‘this is
";further conﬁrmed by calculations. (LAGRANGF Misc. ’idur _

Vol. I. _p,.-.%,?gl. ‘Also, much more concxsc,ly, in my Syllabus of a’
| _'»':__»_course of 2"Lectures on Natural and Expenmental Phﬂoqophy,
about to be pubhshed Artxcle 289 ) If the nnpulbe be 0 grcat




| ,andof thé ensxty mversely (MISC I‘ aur Vo
G"S S)llabus Art 994. )

el*ruptxon But there is. no necessxty that the vanou‘
o white hght should mtermxx their undulatxons' for, L
'j"‘*?’:1,'",}supp051ng;the vi bmnons of the retina to continue but a five hun=
~ dredth of a second after their excxtement a million undulatlonsff

of cach of a mxlhan colourq may arrive in dlatin(‘t succession
i "mthm this interval of time, and produce the same senmblef]f;f‘:_'
o eﬂcct as 1f all the colours arnved preczsdy at the same instant,

S o PROPOSITION 11, -
L “jAn Undulaiwrz eonrm'z'ed to. originate jzom tbe Vzbratzon qf a
s gle Pzrmle, must expand through a bomogeneous Medmm'
g ina cpbemal Form but ull/? di ﬁrmt qzzarztztzea of Motzon ’z 4
'.diﬁ"em»_”"P‘ s i e - |
For, sin 'y ir ‘pulse consxdered as pos.utwe or t nepat
stant velocxty, each part of th




ess"ot fm ce at any part wcrc _om

10uld not w.ry soon be equahscd throughout or, in

wmds become w holl} extinet, since the motions m een-f
. trary ,dxrectxons ‘would mtumlly dcstroy eac,h other. Ihef:;fﬁ,j
:ﬁj'f.ﬂv—k’.rorxgm of sound from the vibration of a chord is ewdently of
this- mture on the contmry, ina ureuhr wave of water, every
. part is at the same instant either elevated or depressed. It may

V“;fl:be difficult to show mathematlcall), the mode in which this

mequahty of ferce is preserved ; but the mference from the -

*’}'matter of fact, appears to be unavoidable; and, while the scxence‘ g
~of hydrod) namics is so unperfect that we cannot even solve the :
"'_;51mple problem of the time requlrcd to empty a vessel by a

e given. aperture, it cannot be cxpccted that we should be able to

' account perfectly for so ccmphcated a series of phcnomcna, as -

 those of elastic fluids. The theory of Huycrs indeed explams i
: :..{rthe mrcumstance in a manner tolerably satxsfactory he sup—

' 'poqes eVery partxcle of the - medxum to propag.xte a d:‘;tmct un-

-’.dulatxon in all dxrectlons, “and that the general eﬂu,t is. on]y“«iﬂ

“;._ﬁ,pereeptlble where a portxon of each undulatxon conspxrm in

I but upon thxq supposxtion lt seems 't
. uantlty of force must be lmt by~ t"




admé zmd consequent y mth a gr«; m’.ﬂ vele
the hrst propos;tlon In IhL uxsg. uf w atcr, the

- commun ,v_.atmn of the force of the undulat;on, but that in hrgh-ly”* |
~elastic 'i‘edlums, this ‘communication is almost insensible. In
,~_:,‘-,j-~1vthe air, if a chord he perfect] y insulated, so as to pmpagate:5%,:.:;_;
‘jv-_’_‘exaetly such nbmtt?ns as lave been descnbed they will in:
"‘vv'~':'Afact be much less fomble than 1f the chord be- plaeed m*
,_*}‘,}.;:the ncxg hbourhood ()f a somchng board, and probably in som_v >
».".;‘:measure hecause Of this lateral cémmunication of motions of an -
i 'oppo‘nte tem ent:} And the dxﬂerent mtensnty of dlﬂerent Parts,;?i -
1_“;of the same Cll‘CH]dI’ undulatlon ‘may be observed, by holdmg 37_.

__._f.-;_;i:common {u;f;:ng fork at arm’s length, while soundmg,

_*L'._"_?tmnmg 1t; from a piane d:rected to the ear mto a posmcm pe: -
~pendicular to tl "'t’-;pl‘}ne‘ : | ‘ :

OPOSlTIOV lII

'dulatzon, admztted tbrougb an 4
edzum wzll praceed to be fuﬁ




und atxon may nmrly absm‘b the wholc. fm ce of thu port:onf

admitted ;

; and this is the case consxdered by Newron in the

‘_ .Pr mcipa. BUt no expenment can be made under these cxrcum-
stancesﬂthh lnght on account of the mmutencsq of its undula-*»f_..‘i_-_:j?:_'
tions, and the interference of mﬂectxou, ‘and yet some faint

,.-fradiatlons do a(,tually dxverge beyond any probable limits of "

._fmﬂectlon, rendermg the margin of the aperture distinctly visible - 5

m all dxrectmns . these are attributed by NEwToN to some un-
‘;__j"'__'f;known cause, dlstmct from inflection ; (Optics, Third Book, -
"30_bs 5 ) and they fully answer the descnptxon of this propo—'-‘_'
fSlthﬂ. & : | ‘7 , “ s




Tmina £
CH; smce the: loss of fOY‘((“ must be more comtdemble near to C o

than at grcater distances. This line wrrespnnds with the boun-
_.v"ddl“,’ of the shadow N NEwTON’s first obsarvatnon Fig. 15 and

L itis mu(.h more probable that such a dissipation of light was -
the cause of the increase of the shadow in that observation,

than that it was owing to the action of the inflecting atmo-

'sphere which must !nve extended a thirtieth of an inch each -
“way in order to produce it; especially when it is considered
that the shaduw was not diminished by surroundmw the hair
with a denser medium than air, which must in all’ probabxhty
~ have weakened and contracted its inflecting atmosphere. In

'othor circumstances, the lateral divergence mlght appear to in-

~ crease, instead of dnmmshmg' the breadth of the beam. |
As the subject of this proposition has always been esteemed .

‘the most ditticult part of the undulatory system, it will be

~ proper to examine here the objections which NEewToN has
‘gmundcd upon it. | |
«To me, the ﬁmdamental supposxtxon itself scems lmpossxble'

s namely thiit the w aves or vibrations of any ﬂuxd can, like the
L« rays ‘of h;,ht be’ propag'lted in straight lines, without a con~
e tmllﬂl dnd verv e\travagant spreading and bcndmg ever y
o wav mto thﬂ quxc@cent medmm, where thes are rermmated:,_f

7'.;;-.; 9tmt10n to the contrary (Plnl F rans. VII., rogg, Abr '-;I: =
1 1~6 Vov 1t)7¢ ) L !




DI YOUNG S I ecture on

< ,ftnltted t densxus est, qmm in spatns hmc inde, chlatahlt sese
« tam versus spzma utrmque sita, quam versus pulsuum rariora

~ « intervalla; eoque pacto—pulsus eadem fere celeritate sese in

7“ medii partes quiescentes hinc inde relaxare debent; —-—xdn,oque_ o
o« ' spatium totum occupabunt —Hoc expcnmur in sonis,’ (P.lm- -
- cip. Lib. 1. Prop. 42. : | o
“ Are not all hy potheses erroneous, in w vhich light is supposed .

,“ to consist in pression or motion, propagated through a fluid
“ medlum P—If it consisted in pression or motion, propagated
« either in an instant, or in time, it would bend into the shadow.,
« For pression or motion cannot be propagated in a fluid in
~ “ right lines beyond an obstacle which stops part of the motion,
- ¢ but will bend and spread every way into the quiescent medium

* ¢ which lies beyond the obstacle.—The waves on the surface 6f
- “ stagnating water, passing by the sides of a broad obstacle
“ which stops part of them, bend afterwards, and dilate theni-

« selves gradually into the quiet water behind the obstacle.
.« The waves, pulses, or vibrations of the air, wherein sounds

« consist, bend manifestly, though not so much as the waves

o« of water.. For a bell or a cannon may be heard beyond a

j < hill, whlch mtercepts the sight of the sounding body, and
o« sounds are propagated as readily through crooked pipes as L
3 stralght ones. But light is never known to follow crooked -

k-'._"“ passages, nor to.bend into- the shadow. For the fixed stars;ﬂ

o« by the mterposmon of any of the planets, cease to be seen.
- ‘“ And so do the parts of the sun, by the mterposmon of the
e moon, Mercury, or Venus. The rays which pass very near .
: ’:f‘-"'-}‘i‘{to_ the edges of : any body, are bent a little by the action of the
_ « body;—but “thxs"’bendmg is not towards but fmm the shadow




; Ibe Tbeor;y of ngbt and Coloun E

tiiteg dﬂrs performed on]y in the. passage of the ray by the body,{
._ o« and at a very small distance from it. ‘So soon as the ray . 1s
V" past the bc)dy, it goes right on.”” (Optics, Qu. 28.) = "
| Now the proposxtxon quoted from the Principia does not di-
. ;rectly contrad ct this proposmon for 1t does not assert fhdt
- sucha monon must dwergc equally in all. dll"CCtl()nb, nmther‘ '

~can it with truth be mamtamed that the parts of an clastic me-
dium commumcatmg any motion, must propagate that motion

| eqmlly in all directions. (Phil. Trans. for 1800. p. 109—112.)
~All that can be inferred by reasoning is, that the marginal
| ‘parts of the undulation must be somewhat weakened, and that
there must be a faint divergence in every direction; but whe- -
ther either of these effects might be of sufficient magnitude to -
" be sensible, could not have been inferred from argument, if the
affirmative had not been rendered probable by experiment.
As to the analogy with other fluids, the most natural inference

o from it is this: ¢ The waves of the air, wherein sounds consist, -

T bend manifestly, though not so much as the waves of water ;"
‘water being an melastxc, and air a moderately elastic medium ; |
f‘.,_but ether being 1 most highly elastic, its waves bend very far le»ss" b

:than those- of the air, and therefore almost 1mpercept1b1v ’ 'A }
K Sounds are propagatcd through crooked passages, because their =
o SIdes are capable of reﬂectmg sound, just as light would be pro.‘,-‘

ffpagated fhroug’h a bent tube 1f' perfectly pohshed \mthm.
| Th' ”11"




um,s Lectureon

(Phxl Trans for 1800, p. 116 ) ()n the wholc 1t is | sutted, .
 that this proposmon may be safely admxtted as perfcctl) con-‘.,k' 3
»f-.s1stent w1th analogy and w:th expenment -

PROPOS!TIO\T v,

Wben an Undulatzon arrives at a Surface which is the Lzmzt qf :
Medzums of differ ent Densities, a purtial Reflection takes place,
proportzonate m Force to the Difference of the Densities.

~ This may be 1llustrated if not demonstrated, by the analogy:'
‘ of elastlc bodles"of dlﬂ'erent sizes. If a smaller elastw budy
g strxkes agamst a larger one, it is well known that the smaller
s reﬂected more or less powerfully, according to tl\e dlffe- b
.« rence of thexr magmtudes thus, there is always a n,ﬂu..txon 5
 « when the rays of light pass from a rarer to a denser stratum
 «of ether; and frequently an echo when a sound strikes
| “ agamst a cloud A greater body striking a smaller. one, pro-g o
":"“ pel' it _thhout lesmg all its monon thus tlxc partmlw uf




qf gbt;and Colou Y.

) la gof a condensatxon and thzs wﬂl perha s by
und most, conmstcnt wzth the phenomena el

PROPOSITION v

W'bmanL dzdatwn Is tmn smztted tbrougb a Surﬂzce termmazz;zg

di jemzt Afedmmv 1t pr oceeds in such a Direction, that the Sines -
q/ the 4?!”[(’9 of. Inczdence and Refraction are in_the constant

“ Ratio cj tbe ¥ eloczt) o I’ropagafwn in the two A{ea’zums

(BARROW Lect ()pt II p- 4 HuYGENs, de la Lum. mp 3
_.'EULIR Cmg Pl.m Phﬂ Trzms for 1800 p. 128. YOUM; Ol
; Svllabus Art. 382)

oo

(wollm 4 1.-. The same demonstrations prove the equahty of

the angks of reﬂecnon and incidence. |
- Corollary 2. 1t appears from experiments on the refract:on of _}

V‘V*E».condensed air, that the ratio of the dltfcrence of the sines varies
| snmply as the denbitv Hence it follows, by Schol. 1. Prop. I.
~ that the e).cess of the demxty of the ethereal medium is in the',‘{‘.’ff_
| duphcate ratio of the density of the air; each particle cooperatmg- 3

o thh its nughbours in attractmg a grnatcr pornon of it.

» PROPOSITION VI




Yo ;¢:*s-<1',.e;cmre;}a,;;;._ i

PROPOSITIOV vit,

If ,equm’utant Undulatzom be supposed to pass tbrougb a Mcdzum,ﬁ o

of which the Parts are susceptible of permanent Vibrations Some- "

 what slower tban the Undulations, their V eloczzy will be wme-‘

'(""V-}‘wbat lessened b_y this vibratory Tendency ; and, in ihe same
'Medzum, tbe more .as the Undulations are mare jrequcnt |

F or, as Ofth as thc state of@(he undulation requires a change

e 'm the actual motlon of the partmlc \\Imh transmits it, that*“,.‘-

'change will be retarded by the propensxty of the particle to
continue its-motion somewhat longer : and this retardation will
- be more frequent, and more considerable, as the difference be-
tween the pcrxods of the. undulatxon and of thc mtural vxbranon e

grmter , - . T
- Cor ollary It was long an estabhshcd opmmn that heat con‘-

~ sists in’ ‘vibrations of the partlc]cs of bodies, and is. capablc of
..Jbemg trarisnntted by unduhtxom through an dpparent va=

~ cuum. (NEwT. Opt. Qu. 18.) This opinion has_ been of late
: ..very much abandoned Count RumMroRD, Professor PICTI‘T and’ o
. Mr. Davy, are almost the only authors who have appcarcd to-
jfavour'lti, but 1""se‘ems to have been rqcctr*d wrthout any good\
grounds, and wil P obably very soon recover its popular:ty |
Let us suppo'e that these v1bmt10ns are lesa frequent thani




f‘"SCm:L : (Plnl 'Irans for 1800, . p. 684 ) It may also be easﬂy’

Jof :ngbt arzd C'olowls

that blue llght wzll be more ref’rangxble thal ed,
diant heat- Teast of a.ll ;a consequence which comcxdes
.xactly w1th the hlghly mterestmg experiments of Dr, Her-

j__,_f’concelved that the actual existence of a state of slower vxbra-
' tion may t tend snll more to retard the more frequent undulations,

{";;',and that the refractwe power of solid bodies may be- senmbly;"l.

increased by an increase of tempemture as it actually appears

S .to have been i in EULER S expemnents (Acad de Berlm 1762.

p.ge8) | S
- Scholium. I, noththstandmg, this proposition should appear e

i to be msuﬂ‘lmently demonstrated it must be allowed to be at
’rleast equally explanatory of the phenomena with any thing that S

can be advanced on the other side, from the doctrme of prolec-'__f |

tiles; ; since a supposed acceleratmg force must act in some other e

‘proportxon than that. of the bulk of the partncles and, if we call

~ this an electwe attractxon it is only veiling under a chemxcali‘;
~term, our. incapacity of assxgmng a mechanxcal cause, Mr.-‘

| g"_SHoRT ‘when he found by observation the equality of the velo-
' ',lv'.-CIty of llght of all colours, felt the. objectxon S0 formbly, that hef_"'

- immediately ~clrew an mference from it in favour of the undula-%:'
-”'fjf_i‘t'ory syste" "It__.ls assumed in the proposxtzon, that when hghtf{
is dispers by_.refractlon, the corpuscles of the refractmg sub-

'ancear' ‘mwa state of actual alternate motlon, and conmb ute




- Dr.Youne’s Lecture on

PROPOSITION VIII.
~ hen two Undulations, Jx:>)rz (ijuent O:zgms coincide e:llwr :

- perfectly or very nearly in Direction, their Jumt cﬁzﬁct s a Com- ,
“bination o of the Motions [m/ongmg to each. B

Since every particle of the medium is affected by each undu- |
lation, wherever. the dne(txons coincide, the undulations can'
pmceed no othermse than by uniting their motions, so that
the joint motion may be the sum or difference of the separate
motions, accordingly as similar or dissimilar parts of the undu-
N ldnons are Cmnudcnt
I have, ona former occasion, insisted at large on the appu‘
cation of this principle to harmonics; (Phil. T'rans. for 1800,
p. 150.) and it will appear to be of still more extensive utility in
“ explaining‘”the phenomena of colours.  The undulations which
are now to be compared are those of equal frequency. When (

the two scries coincide exactly in point of timc, it is obvious
that the amited velocity -of the particular motions must be

greatest, and, in effect at least, double the separate ve IQ)CIUC‘%"_

~and dlso that it must be smallest, and if the unduldtmns are of
-~ equal .strens;th, totally dcstroyed when the time of the greatest
~ direct motion belongmg to one undulation coincides with that 7
~of the greatest xetrogmde motion of the other. In mtcrmedmt(,._s**f
_'Astates, the Jomt unduldtxon will be o?‘" TntCﬂ]lLdldtC strcng,thf""""‘”'v’-?"'
,. but by what laws this mtcrmedtatc strength must vary, (,ann()tff
be determmed without further data. It is well knqwn that a -

s ar cause’ produces in sound, that, effect whxch is’ callgd?df” '
| ~"‘-o'serxes. of. un_dulations of nearly. eqtml mdglvntud' €0~
stroying each other alternately, as tl




.,;)"""”J *’f’f L?g’/zt ana’ C()/{)Itia

s perfectly in the times of pe rforming their re@pectw_’ :
| (ORmLAm . ()f the Colowrs of striated S‘mﬁu‘m' e
| Buu t appears to have been the first that observed the mmuz%\{f B
I_'»Uf&uldﬁheﬁ on polished surfaces. Newtox has notnoticed them. -
\IA-/J»AS and Mr. Br oucnam have made some experiments on
“the sub;ect yet \\ithnatdvnnng any satisfactory conclusion. But
| dll the varieties of these colours are very easily deduced fxom.
R ‘tlm proposition. | | | -
" Let thcre beina gwen phmc two roﬂectmg pc;mtq very near
cach other, and let the plane be so situated that the reflected
image of a luminous object seen_init may appear to coincide
~with the points’; then it is obvious that the length of the inci-
~dent and reflected ray, taken together, is equal with reepect to
both points, considering them as capable of reflecting in all-
directions. Let one of the points be now depressed below the |
given plane; then thé_ivho‘le path of the light reflected ffom_ it,
"\ 'W' Il be I-én'gthehédnby‘a line which is to the depression of the R
pomt as twice the cosine of mcxdcme to the radius. Fig.e.

If, ther cfore cq ual undulatzons of given dimensions be reﬁected’ St

%hom two pomts sxtuated near enough to appedr to the eye but g
~as one, thrs,vc,r this line is equal to half the breadth of a whole

@mdulatwn, he raﬂeutxon from the depressed . point will 50 in-
- terfere with. the rcﬂc.ctxon from the fixed point, that the pm-
?:;ftrrcssne mot:on of the onc mll comude with the retrograde_

_ .momon of the othel and they wxll both be destroyed but “’llen”

- th}s lme is equal to the whole breadth of an undulanon, th‘




en‘g, hs of thexr two paths and wlm,h may bc dmomnmtcd the
nterval of retardation, : ‘ ;

In ordextthat the eﬁeot ma; be the more: pcrceptl ble, a nu,m_

: ‘7‘7(‘ber of pan's of pomts must be umted nto two: pamll(.l lmes, .
"f,"and, if several such pairs of lines be placed near cach other,
{‘"*_jrvvthey wﬂl facnhtate the observation. If one of the lines be madL L

te revolve xound the other as an axis, the depression below the

. glven plane will be as the sine of the inclination; ‘and, while

_ the eye and luminous ObJGCt remain fixed, the dxﬁerencc of the
| 'length of the patlls will vary as this sine.

~ The best subjects for the experiment are M. Covx NTRY s;’f i
| lexqulsxte micrometers; such of them as COI]‘S]St of pamlld lines -
':,drawn on glass, at the dnst.mce of .one five hundredth of an

inch, are the most convenient, Each of these lines appears'_."f:

: under a xmcroscope to Conmst of two or more hner lmns emctly 5

: ,__'-of that of the adJacent lmes. 1 placed one of these s0 as to reﬂectg |
-r.!;the sun

_s hght ,at an angle of 4. and ﬁxed 4rm such a manner,:.f_;.




f"_;-_“'j.v_,;";accumte.ly with the known xelouty of sound, ahd the dmtances
jof th(. surfaces‘ | » o ol
' __,\ It is not 1mprobdble that the colours of the xnteguments of i

: ,,.sta'nt iron pahsades whxch I have found to correspend pretty;;:--._»;fi

some 1mects, and of some other natural bodxes, cxhlbmng n -

:‘dlfferent hghts the most beautiful vcrsatlhty, may be found to

be of thxs descnptxon and not to be derived from thin plates.j ok

In some cases, a single scratch or furrow may produce similar
_ﬁ 'effects‘, by the reﬂectxon of its opposite. cdgcs | o

COROLLARY n Of the Ca[oz.rs oft/.)m Pldtes

W’hen a beam of hght falls on two parallel refractmg surs’

}._:f'mc": the part:al reflections. coincide perfectly in direction; and,
n th:s case, the interval. of rutardatmn taken: between the sur-_y‘{"{-}
faws, is. to thexr dnst‘mcc as ‘twice the cosine of the dngle of_ﬂ,:«'_ ;

_refractwn to the radlus I’or, in Fig: 3, drawmg AB and CD:
perpendxcular to the myq the nmes of passmcr through B(, and




of the denser, and dc,str()},mg the rtﬂectmn )
while. they themsclves will be more stmngly piope}l 4

fi than if they had been at rest ; and the tmnsxmtted light will bz,f'f‘,_ ;

mcredsed So that the colours by reflection will be destroyed, -~
and those by 1 trfmsmxssxon rendered more vivid, whf,n the QOUbIL‘LI_“:”‘..f‘_;;f

 thicknesses, or intervals of retardatxon are any multlpleb of the
Whole br eadths of the undulatlons, and, at intermediate thick-
nesses the effects will be 1eversed accordmg to the Newroxi AN
observatlons‘ Vo | B | -

If the same proportxons be found to hold good w:th respcct
“to thin plates of a denser medium, which is indeed not impro-
bable it will be necessary to adopt the corrected demonstration

of PROP. 1v. but, at’ any rate, if a thin plate be interposed be-

o tween a rarer. and a denser medxum, the colours by reﬂectmn L

~and transmxssxon may be expected to change places.

From NEWTON s measures of the thicknesses reflecting the‘ o
dlfferent colours, the breadth and duration of their respectxvcﬂ;"«»-:;
undulatlons may be very accurately determmed although itis
ot Jmprobable that’ ‘when the glasses qpproach very near, the
atmosphere of ether | may produce some little Jrregulanty Theuﬂj

whole wsxbl; spectrum appears to be compnsed within- the ratio
of three to ﬂve, or a major sxxth m music ; and the undulatmns'{»




= tbe lZ)eory qf Lrgbt cmd Colours.

. The absolute length and frequency of cach vzbmtxon is ex-

'\yres.,cd in the table; supposmg light to travel in Sm mmuteq y
500, 000,000000 feet.

:;Lt’ng’th of ar

© Undulation

|

i

Number of

’\umbr:r of U r;duu’ao ns

¥
t
i
i

e e i s e

is"

jx)d

- Colours. in parts of an] l_?ndui f{,'f()YES ‘ ) in a Second.
ClInghyin Air, [0 al}"l ch.

Extreme - 1.0000266 | 97640 | 3mﬂhons of mxlhons
Red - - - 0000256 3180 _?480
Intermediate  ".coooe16| 40720 l:o1
Orange - - - .C0c0240| 41610 3192
| IntermediateLocooc2 g 42510 - 523
Yellow - .00QUeey | 4coo 542

Intvrmv fiate .co0o219| 45600 |561 (=2 nearl))

(Green. - - 0000211 | 47460 584
hrtg.rmediute 0000203 | 49320 6oy
Blue - = :0c001yb . s1110 (62g
Intermediate 00001891 52918 1652
Indigo - - 0000185 51070 1665
- Intermediate  |.cc00141 | 55240 680
{Violet - - ; .CO001 741 57490 (707
_-Extrcmcf - =.00001067 0 59750 TS5

.‘<\

&bohum It was not till 1 had n;atlshed mwclf res pf‘ctmg ali i
the,se phcnomena that I found in Hooke’s Micrographia, a pas-

sage which ‘might have led me earlier to a similar conciuszon.,,,,féz;,{,',
 .;” Itis most ewdent that the rcﬁectton from the under or fur-
ERL ther side of the bodv, is the principal cause of the predmnm{
o of‘ thcse colours — Let txe ray fall Ubhf]uelv on the thm"""’ &
ST plate part therefom is reﬂected back by t the hrst super_f; |
B ;part refracted to the second surface,—whence i ec
| rain, — b:o'that af‘tc:r‘“two ref'rac o

LN f‘_fis b




UNG'S Lecturé on.

. opagdted a kmd of famtcr ray ‘
_,se of the tlme spent n passmg and repawng,,
ter pulse comes behmd the”” former reﬂectcd 4 pulse
that hereby, (the surfaces bemg S0 near mgether that the (,ye .
qnﬁot dlscrlmmate them from oney; this confused or du phcated
;_“ pulse whose strongest part precedes, and whose WCd]\G‘Sl‘ fol- 3
« lows, »does produce on the retina, the sensation of a yellow

« « If these surfaces are further removed asunder, the weaker
.« pulse may ”éecome coincident w1th the” reflection of the =
e second,” or next followmg pulse, from the ﬁrst surface, « and_f
A S lagg behmd that also, and be coincident with the thxrd e
e fourth, fifth, suth, seventh, or elghth—-, so that, if there be
S a thm transpal ent body, that from the greatest thinness requwy,f
ks sxte to: produce coloun dOES by degrees grow to. the greatest,.
“ thxckness,——-—the colours slnll be so often’ repe'tted, as the;’f;f_'"#j
"'“ weakel puise does lose p'zces ‘with its prnnary or first pulse
e *md is comcxdf.nt with a’ subsequent “ pulse. And this, as
"'_"‘ itis comc:dent or follows from the first hypothesns I took of
- 50 upen "e‘cpenme nt have I found it in multltudcs of

mstfmce hat ‘seem to:_’;prove it (P 65---67 ) F lns was




5 in thc drrectron of thc refracted rdys or, hke Mr
"\Il( HELL'S, \\oukl”roqmre such effects from the Lhdnge of the
":'ang;le of incidence, as are contrary to the effects obserud or

- ithLv are cqu'lllv deficient with respect to both these cxrcum-—‘

s Lqual to that of the bmm, a lthoaoh in different plmes, the:

- stances, and are inconsistent with the most modc,rate attcntlon =
1o the prmmpal phenomem o

Coxzor LARY 111, Oftbc Colours of thick Plates.

W hen a beam of light passes through a refracting surface,
e&pccmlh if imperfectly polished, a portion of it is irregularly
:acattered.‘and makes the surface visible in all directions, but.
~most conspic uously in directions not far distant from that of

the light itself: and, if a reﬂectme; qurface be placed parallel to-
‘the. refmctmq surface, this scattered light, as well as the prin-
cipal beam, will be reflected, and there will also be a new dis-
sipation 0! light, at the return of the beam thmu;,h the refracting
surface. These two portions of scattered light will coincide in
dxrcctlon ,.md if the surfaces be of such a form as to collect”

- f;thc sann <5 ctts will exhibit rings of“colours The mtcr\falv‘.
}.v:()f l‘t.tdl‘ddtl()n is" here, the difference between he paths of the
g ﬁ"punupal bmm ‘md[’_,fihe sc,attercl ho ht between the two SLlr—'_"'f.-_
faces 5 of course, wherever thc inclination of- the scattered light

-mtcrval wxll vani: h, amd all the undmatxons will conspire. At
‘fj‘.’:'r‘othcr e hmnons, the mtervc:l will be the d;ffereme Of vtl
. f__‘.sgcant vron‘ thc, qe ant Of thc mdmat:on or anglc of rf t]
of ' ‘:I*lom these causes, all the.-g
d by.fNrwm\f fmd oth&.r :




bixt thls 1% perh.xps never ph}sxmlly truc "»"lhe‘ﬁi
-oetr ‘ ',,-i"‘_-_mosphcrcs may e\tcnd on cach side the qurmc i ,
far as the breadrh of one or more undlllutlﬁ)ll% ) and i thex, hejl
;f“f?-f’fi,zsupposed to vary equally in density at évery pdrt the partial =~
reflections from cach of the mﬁmtc number of surfaces, where
the denslty f'hangcs, w 111 very much interfere with each other,
£ 'i;-and d"stroyiv~ Cans:demble portion of the reflected light, so. thati"’ i
,"‘-.j‘_}the substance ma) becomc posxmeh blau\, ‘and this cﬁect may
:’-’~;.”‘takf° ,placc ina greater or le% dcgree, as. the- demzty of tllc»_’.“,f";f‘f
*eth Teal a‘cmosphere varies more or less cquabl} ; and m some - o




I .":er be mnvemcnt to qupposc thL mﬂu,tl on mused by an ethercalfi

;atmosphcn of a dermt\ varying as a given power of the dis-
_tance from a ecntrc as in the‘ughth proposltmn of the last

e BAI\LRIA;__ .

'Lectmc“ (Ph;] Trans. for 1801, p. 83 ) l"uttmg_::_:t'i-v

- r=g,and r= =1, Lhave constructed a diagram, (Fig. 40) W hich.
"'»‘_’»r“shows by the two pairs uf curves, ‘the: xelngL position of the re-

d and umcﬂe(,ted purtxons of dll\ one undulatxon at tw

;;ﬁect:f

(;iours wul bc. cxhlb:tc at diﬂuult dzst‘mccs"




, ;ngl p 27 &/*o/ 2. Pxop I )amlt 1e Hu\mn of thu.

l

‘(}l\;.ct.ame'descrlbed bemg \/-»-—~—~ tlmt of th(, time mll he :/ L
: e , . ;.._.3}4 e
: e cf V\luch the ﬂucnt s ——. -~ 1--—«

: ‘:“_Therefore mth the mdlus a' dc’scnbu a. circle com ontnc :

W ith the surfaces of the mﬂgctmg dtn]OSphCTC then the angle.

y 'dESCI‘]de by the ray durmg its passage through the atmosphere :
owill aluays be to the angle subtended by the line cut off by
’_thls circle from the 1nc1dent ray produced, in ‘the ratio of rto

r—1; md the txme spmt in this passage, will be in the same
'_“',ratlo to the time that would have been spent in dcscnlnng tl1xs.;f)f’.[
: vlmtcrcepted portxon vnth the mmai velocity. For_ ¥, bemg, equal -

'v".‘to s.r: v 1s the sme of the mchmtxon of thc 1nc1dent my to thc S

,{V.:radxus, where it meets. this. carcle therefore, by the propos:tx<)115;, “
‘.,"quoted the ang]e descrlbed 1@ m a gwcn rano to thc ang,le dt




'be Tbeo: ), of ngbt and (alows

re of the ‘;ub;u,t It is clurlv gramcd by N WT(}‘\: that :
ar(_ undufatxonc;, yet hie denies: that they comtxtute 1ght

but it is shown in the three first ‘Corollaries of the last Propgf}x»
"#;txan that a\l cases of the increase or diminution of Jx:bht are
frofuabie to an nu_.mzsc or diminution of such undulations, and S
'thdt all the affe ctions to which the v lulations w ould be liable, ~
are dtstmuly vmbk in the phenomena of lxght it mav thtrc- .
fore be very lugzc‘allv inferred, that the umiul tiohs arc light.
A few detache d remarks will serve to obviate some ObJCLthﬂS
“which nm be raised agdmst this theory. o
1. Nuwtox has advanced the singular refraction of the Ice-
lmd mstal, as an argument that the particles of light must bg
| project cted corpuscles; since he thinks it probable that the dif-
- ferent sides of thﬁse particles must be differently attracted by
‘the erystal, and since Huygexs has contessed his “.inab-‘ility to
account in a samﬁ\uorv manner for all the phenomena.  But, ,
| contmnly to what might have been expected from Newron's
~usual accuracy and candour, he has laid dow n a new law for
- the" refraction, mthout giving a reason for rejecting that of, .
HUYGE”\S W hich-Mr. Hauy has found to be more accurate: than; ot
_'."’Nrme H and mthout attcmptmg to deduce from his ow n
~© system any e}xplanatnon of the more universal-and smkmg eﬁu:ts
“of doublmg sp'u*s he has omitted to observe that Huy GENS s:v.-,'
'_;'most c]eqant and mcremmv; theory perfcctly accords \\1th theseif”f"f;_;
geneml dﬁcts Aincall pamculars, and of course derives ironrff"*'fﬁi
- them addlttonal pretensmns to truth: this he omits, in order to -
- ""“pomt out ‘da dxfﬁ(*u ty fcr \\Imh onlv a vex bdl solutxon can be_




I ,e( !m ¢

ing. for“ g antcd the exact perpcndlcul m) of thc pl&te,
absmm of any ascending current of air, wt since, in

ch. expcrxment, a s;n,atm quantxty of heat must be com-"
ed to. the air at the surface on which the 1 xrht falls than_
~at the oppos%ge surface the excess of expansion must nccess.mlyi;,;;
et duce an excess of pressure on the first surface, and a very ’
:',"p"rceptl le ‘recession of ‘the platein the direction of the l:qht
" Mr. BEl\NET has ‘repeated the C\pcnmcnt with a much more -
sensxble appax .1tus, and also in thc absence of air; and very juctI} i
_infers from its total failure, an argux nent in ﬁwour of the undu-—_" )
'.A_“'v,‘latorv system of hght (Phil. Trans. for 1792, p. 87.)  For, :
- granting the utmost imaginable subtility of the corpusclcs of
f"‘-;'hghr thexr eﬁ‘ccts xmg ht naturally be L)\pCLtLd to bear scnle‘;-_}jf
:f-\'4';,'})ro;)0rtion to the Lﬁ‘ccb of the much less mpxd motions of tlle"":‘“!"'i;{
felecmcal ﬁuld wlnch are so verv casd) pu‘cq UblL, C\cn m"'__‘ e
"-‘{:f?-.the]r weakest states i i A




~ hight being  the mmute motion of ig mted md;cs orof ‘;Qlal phos-‘}'

.;}phuu cmd unduhtnrﬂ.’ or radiant. hg;} t the motion of the ethereal"':
~ medium excited by these vibrations: vibratory heat )emgamo‘aon |

i "i,to vxmgh all rmturml substamcs are liable, and which is.more or .-

» ';er mcnt, and undulatarv Leat that motion of the samef__ .

lmxﬁ much more readil haat 1s commu‘mcated .




‘z‘%tv las }uthexto bevn bL xt it hould appcm to nn;mxtmli
4h’1t addlt'onal evid uue is W dmmg, for the csmbhthentf

"-"-""..’fof"fthe them‘v, tw 111 be easy to enfer more minutely into timjiva»'*

i detazls Df various e\pewnents and to show the insuper: ble daf—

,j';_;_hcul "_es ‘at%endnvr the NewToniax doctrines, which, \\1thout-‘

b_necessxty it w ould: be tcdxuus and invidious to cnumua*c lhe’};r;'f”
__,meute of thezr author in matural philosophy, are n‘reat beyond all

;_fcontest or com p&nson his optmzl discovery of the composxtxou el

~oof white hght would alone have immortalised lns names;. and the
;,very.ar;)uments Whidl tend to overthrow liis. system, ;_,ne thc

f‘sfrongcqt provf‘z of the admlmblo dcuuuq of his cxpemncntq

Suﬁ]uem and dcmme as these arguments dppedr it mnnot S

"‘Q;f_‘_be supexﬂuous to seex\ for furthcr co'lflrmatxun. wl’mh nm\' mth—r!
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