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JOHNSON, PALMER,

JOHNSON.

ELL, Mr. Palmer, how do you manage
with rﬂgafd to light?

PALMER.

I obferve, I analyfe, and I draw confc<
quences.
JOHNSON.

And for the fake of your fyftem ; for I be-
lieve you are ftill fond of it.

PALMER.
More and more.

JOHNSON.

And, probably, you have good reafons for
that.
PALMER.

Very good ones. I will tell you more: I
have written a treatife upon this fubje&, and

have thoughts of publifhing it,
B JOHN~
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JOHNSON.

I thould be glad to fee it Sir, Can you
{pare it for a fhort time ?

PALMER.

With all my heart: and if you chufe, we
will read it together and confider the experi-

JOHNSON. |
i

So much the better. We do nothing in |
this cafe for politenefs : I hope, Mr. Palmer, |
you will excufe my impartiality, and :m}ri
doubts on the arguments -that you are going
to {ubmit to my judgement,

PALMER.

Nay, Sir, I would have you refnlutclyht ;
out againft conviction. ; e
~ JOHNSON.

So I thall,you may depend upon it. I-fhall®
not, however, oppofe to you that ridicu="
lous infatuation, which refufes its-affent to
the moft evident demonftrations, and is merelg' -
the effect of felf-conceit and ﬂ:upldlt}r

.-
.-l- - |
o Lot

PALS
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PArLMER.

THEORY of COLOURS and VISION.
: By G. Palner.

PRINCIPLES.
. There is no colour in the light.

2. Each ray of light is compounded of three
others rays only: one of thefe rays is analogous

;a the yff.e’a-w, one to the red, and the other to the
lue.

3. Thefe rays confif} in a different proportion,
which they keep exactly, ﬂﬁfw:rlgﬁ‘aﬁd}?z the de-
. creafe, or increafe, of firength of their principal
ray.
Téf coloured fuperficies abford the rays ana-
:*&5 ﬂm to the colours of which they feem painted,
| aﬂd which.are perceived only by the reflection of
E z‘ﬁe— other rays.

5. A white furface, by refleéling all fbg;@ rays,
ﬁf‘!ﬂf an abfolute want of colours.

6. A furface painted of the three colouring
fbrfm‘:p!'&':, in a convenient proportion and denfity,
by abforbing the three rays of light (according
2o the fourth principle) fhews an abfolute want
of !;f:gfr! or a perfet blacknefs.

: . Any one of thofe three colouring principles
is ca aé!f of becominyg black, without any altera-

tion of its _/i:é/édﬁce, by mf-/arém ¢ the rays which

are
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are not analagous to it, when its intenfencfs ex-
ceeds the proportion of its own ray.

& it e e 2o gl 0 il

PR I'N'C-PiL E6.

1. The fuperficies of the retina is compounded
of particles of three different kinds, analagous fo
the three rays of light ; and each of thefe parti-
cles s moved by bis own ray.

2. The complete and uniform motion of thefe
particles produces the fenjation of white: this

motion is the moft tirefome for the eye, and may

be flrong enough to burt, or even dgft‘ra_y, its
organization. :

3. The abfolute want of motion in thefe par-
ticles, wbhether by the interception of light, or
by the afpect of a black body, produces the fenfa-
tion of darknefs; and this fenfation is the perfelt
quietnefs of toe eye.

4. The motion of thefe particles by difcompofed
rays, whetber by coloured bodies, or by prifmatic
refraclions, produces the fenfation of colours.

5. Any uniform mation of thefe particles by
rays not difcompefed, but only decreafed, from
the white to the black, produces only fenfations of
more or lefs white ;5 but none of colours.

6. Thefe particles may be moved by the rays
awhbich are not analagous to them, when the in=
tenfenefs of thefe rays exceeds their proportion.

0. 18

il g i 88 e om

e i | it s e ™ B i



EEy ]

6. Ir is phyfically impoflible to determine ab-
Jolutely on the degree of white, or black, as that
depends upon the organization of the eye. The
eagle, which can bear the direlt rays of the fun,
‘muft fee grey what appears white to us; and the
cat, that is able to percerve objelts in the dark,
muft fee white what appears yet grey to our eyes:

JOHNSON.

Your three firft principles are almoft con-
formable to thofe of many other authors; as
is likewife the greateft part of your theory on
vifion,

PALMER.

- I have not the foolifh idea, that I can reform
all that has been done on this matter ; but I
intend to produce a {yftem agreeable to the
experiments, and that fhall defy contradiction;
the whole bafis of which fyftem is contained
in the four laft principles.

JOHNSON.

It is true, thefe principles are exactly and
diametically oppofite to ours: I am therefore
impatient to {ee how you f{upport them by
demontftration.

PALMER.

We fhall fee.

I believe that, before we begin a differtation,
and make experiments, it is expedient, even
neceflary, to examine properly the inftruments,

which
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which we make ufe of, as well as their way of

acting ; for we fhould not impute to the matter

of which we treat, any improper and contra-

dictory qualities, in order to explain fome

particular phznomena, which proceed very

often from incidents belonging to the accef-

faries, and not to the thing itfelf.

On this account, we fhall firft proceed to |

|

the analyﬁs of the pnfm, and accompany it

wu:h roper experiments.

en I began this treatife, as I had in view

to e&ab11ﬂ1 my work upon a folid bafis, T

withed todetermine the proportion of coloured

rays, being pﬂrfuaded that the light, being fo

fteady and exact in its motions and effeéts,

mlght be fubmitted to geometrical rules. For |

this purpofe, I fet the compafs on the pnf—
matic f{pecus; but I was much furprifed,
when in this {pecus, which Thad looked upon

as the perfect collection of the primitive ca- |
lours, Ifound nothing but an irregular and °
diffufe mixture of all thefe colours, fromwhich |

I could not draw the leaft confequence.

EX P ERIMENIT U

I brought the {pecus gradually from the
diftance of fifteen feet, to within two inches
of the prifm.

] i Rl R D]

When I brought the fpecus near to the

prifm, T had a long fquare, of which the fides
parallel
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parallel to the axis of the prifm were co-
loured, one with a red and a yellow band;
the other fide, with a blue and a dark-violet
one; and the middle of the {quare, white.

By moving the {pecus farther, thefe bands
srew larger; the yellow came to the blue,
and after produced the green, by the mixture
of both : and, at a farther diftance, all the co-
lours were mixed together, without either
order or proportion.

Not being able to do any thing with thefe
colours, I endeavoured to get them more di-
ftin& and fteady, by fome other way.

Then I perceived very foon, that the authors
who had worked upon this matter took the
coloured rays upon the fpecus out of the
prifm; but none of them minded how they
could get in; for, if they had done that, they
would have feen, that,

1. An bomegeneous ray of light bears no de-
compofition in the prifin.
2. The light muft be abfolutely refralted or

refleéted, in an unequal manner, before it comes
into the prifm, to colour the fpecus.

3. Thefe are no more than three different
rays, which are yellow, red, and blue.

4. The green is produced only by a mixture
of the yellow and blue; and this mixture never
bappens, without the concurrence of two points
of refratiion,

5. The
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5. The purple never appears but in the fha-
dow of the refralting or reflecting body, by the
concurrence of red and blue, or by the begin-

ning of a_fecond fpecus.

6. The colour aurora never appears but by
the mixture of red and yellow; when, the fpecus
being far removed, thofe colours get gpne into the
other by their extenfion.

7. And laftly, Whenever a ray of light, before
its coming into the prifm, fhall be refraéted, or
refleéted, by a point only, or a line parallel to the
axis of the prifin, there will appear no otbher co=
dour but yellow, red, and blue.

JOHNSON.

T underftand very well: let us fee the expes
riment. '
PALMER.
EXPERIMENT -1l

I cover one fide of the prifm with a bit of
paper, and place the prifm horizontally upon |
a high houfe, or one of the towers of St.Paul’s
church, in fuch a manner that the covered fide
may lie downward, and the other fides be di-
reted only toward the fun and the heavens,

N R (R 4 R P

If I{et afpecus at the diftance of fix inches,

1 have nothing but the thadow of the prifm,
coloured on one edge with blue and violet,

and with red and yellow upon the other. g
1
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“If there be any fpot in the prifm, it appears
in the fhadow coloured on both fides: and
“when "I remove the {pecus, then the colours
increafe, and mix as in the firft experiment.

EXPERIMENT Il

I fet a prifim horizontally, at the diftance of
one inch, upon a theet of paper tied down
upon a table, and fet the eye upon the prifm,
at the diftance of fix or eightinches: then I
move the prifm into the f{ame fituation, to
qbtain the feveral angles of refraction,

» BT S LT,

Whatever is the colour of the fheet ; if
both that and the fheet be even, I fee no prif-
matic refration.

EXPERIMENT IV.

Upon this fheet of paper I draw fome
lines with different colours, and with the
{fame as that of the fheet; only ftronger, or
weaker.

I fet the prifm as 1in the preceding experi-
ment,

R VEaS500 B .

All thefe coloured lines appear in the prifm
with the pnfn*atu, colours, more or lefs per-
cepuble, according to the kind of the colour
of the line.

This experiment is one of the moft curious
that can be made with the prifm; for it pro-

L duces
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duces more than two hundred very remark-
able effeéts. I notice this now but fumma-
rily, that being enough for the prefent: I fhall
give a further account of it in my treatife
on the Geometrical Proportions of Coloured
Rays.
DEMONSTRATION.

The preceding experiments clearly evince,
that a homogeneous ray of light bears no
decompofition by going through the prifm;
and that it is abfolutely 1mpoffible that thefe
rays fhould lofe their uniformity by any re-
fraction, or reflection. S

It is not very wonderful, that authors are
of fo many different opinions concerning the
proportions of colours of the {pecus, becaufe
they take their rays of light by larger or
{maller holes and prifms: thzfe rays being co-
loured only by the refraction which they under-
went on the edges of the holes and prifins,
before they arrived at the fpecus; the colours
formed upon the fpecus were more or lefs

diftant from each other, according to the
fize of the hole, or the prifm.

E X P ERINE NT « Y,

I take a piece of very thin, polifhed filver,
fix inches long, and three lines broad. This
I cut, at the edges, in an irregular manner,
in order to render. them more perceptible
through the prifm.

1
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I hang this piece of filver in the middle of
an open window, in fuch a manner that it
may receive the light of the heavens.

I fet a prifm parallel to the furface of this
piece, and equal to it in length, at the diftance
of fix inches, and in a pofition convenient
for obferving it by the refracted rays.

I place the eye at the inftance of ten or
eight inches from the prifm.

BB 8 e W Lo T3

The edge of this piece, neareft to the
prifm, feems coloured very diftin¢tly with
yellow and red; and the other edge, with

blue.
The body of the prifm feems coloured

with purple; and, by the marks which I
made on the edges, I perceived very well,
that the purple begins only in the thadow of
the piece of filver.

E X PERDIMENT i

I remove the prifm from this piece to the
diftance of two feet, in a proper direction,
looking through it all the time.

BB S LT

As I remove the prifm, the purple becomes
in proportion more and more narrow, and at
laft difappears; the blue comes clofe to the
red, and gives it a little tint of crimfon, and

a very {mall tint of green to the yellqw. -
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If T ftill remove the prifm farther, -the

colours decreafe, and at lait vanifh, without
any farther mixture.
EXPERIMENT VIL

I fet the prifin as in the sth expertment,
and bring it gradually nearer to the piece,
til! within the diftance of fix lines.

B EaSalviliaedn

L g

In proportion as I move the prifm, the |

purple difappears; the other colours become

narrow ; and when it 1s at the diftance of
fix lines, I {ee nmhmg but the body of the
piece of filver appearing black, vnth a very
{mall coloured ray on each edge, yellow and
red on the firft, and blue upon the other.

FrX £ E-R 1IN E NG VT
Inftead of this piece of filver, I fet upon
one of the window frames a brown or black
hair, extended; to keep’is right,
I fet the prifm parallel to it, at the-di-
ftance of fix lines, and the eye at three or
four inches.

RaE byl F

I {ee aband about one line and a half broad,
confifting of three coloured rays, and very
diflinct in this order, yellow, red, and blue.

If

i

|
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If I remove the prifm farther, the colours

decreafe, and difappear, without producing
the leaft fhade of green, purple, or aurora.

DoEM O NS F R AT LN,

Thefe four laft experiments leave no doubt
as to the non-exiftence of the purple, green,
and aurora, as primary colours,---by thow-
'ing that they never appear but accidentally,
‘and by the mixture of the three others.

Thefe experiments are fo much more deci-
five, as they thow the decompounded rays in
‘their greateft degree of fimplicity, (I mean,
which can be perceived ;) and, befides, they
are free from any variation.

We fhall new proceed to produce thefe
colours in a different manner.

EXPERAME NT.IX

I introduce a ray of the fun into a dark
room, (by the means of a tub adapted to the
fhutter, and a looking-glafs,) in the manner
ufually practifed.

On the infide end of the tub I fet a piece of
very thin filver, faftened upon a pafte-board

frame, fo that the whole may exalily clofe
the tub.

With a pen-knife I cut a fmall {lit, fix lines
long, in the middle of the piece of filver,
and as narrow as pofiible, without the light
being intercepted in any part of it,

Suffering
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Suffering a ray of the fun to pafs through
this flit, I fet a prifm at the diftance of one
inch, in a convenient pofition to refract the
ray.

To the other fide T apply a {pecus, at thc
diftance of fix inches. |

B E 5 Tl

The fpecus is about fix lines broad, and
very dlf’cm&ly coloured with red, yellow, and
blue, without any white; and on the edge
of the blue, in the beginning of the fthadow,
there is a fillet of red purple, very diftin¢t and
dark.

In the yellow and the red there is a very
little tint of the blue, not {ufficient to make
any alteration in the green or purple.

EX P ERT BEE I T

I remove the fpecus to the diftance of
three feet.

As I move the {pecus farther, the colours
get more extenfion, and mix themielves one
in the other; and at this diftance of three
feet, the fpecus is coloured diftinctly with
red, aurora, yellow, green, blue, and purple,
in proportions different from thofe in the
Newtonian fpecus; becaufe there is no
white to be filled up, before the yellow comes
clofe to the blue.
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EXPLANATTIONM.
 Thefe experiments, confirming my princi-
ples, fhew, that the large white ray of light,
of the Newtonian prifm, has no cclour of
it{elf, but is mixed with the coleured rays.

JOHNSON.
What does it do then?

PALMER.

I believe it has led all the natural philo-
fophers into an error, by giving to the other
coloured rays fuch a refrangible and reflecti-
ble quality, as that they bear no further de-
compofition, whether in a fecond prifim, or
upon the coloured {fuperficies.

JOHNSON.

I know, all authors are agreed in this
“opinion.
PALMER.

And they are in the right; for I could
make very little decompofitions of the fe-
parated rays of the Newtonian fpecus: but
I can eafily do it with the {pecus of the pre-
ceding experiment, as you fhall fee.

EXPEEIMENT. XL

Every thing difpofed as the experiments
IX. and X. I fet a large piece of pafte-

board
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board at the diftance of five feet from the

prifm.
I make, in this board, a hole of three lines

diameter, in order to tranfmit each ray {epa-

rately.

diftance of four inches, in a convenient po-

{ition to receive, and refra&, the tranf{mitted

ray; and then I look in the prifm.

BOESS, 1 heal.
I fee the edges of the hole, coloured with

the prifmatic colours, more or lefs afiected

:
!

by the colour of the tranfmitted ray. .

If, inftead of the eye, 1 apply a white paper, |
the {pecus will be coloured, but faintly, in the
iame manner.

EXPERIMEN T Xil

I {et behind the hole a lens, whofe focus
is about three inches: 1 receive this focus
upon a prifin, and place a {pecus at the di-
ftance of eight or ten inches.

B il okl Stk <R
The {pecus is then coloured more diftinétly.

OBSERVATION.

Thefe experiments produce very curious

f:ﬁ"r:&s, of which I can at preﬁ:nt gnh: no par-
- ticular

I11{eta piifm behind the paﬁeb-ﬁ?rd at the
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ticular account, for they are much too nu-
merous to be explained in fuch a fuccin& dif-
cuflion.

I {hall endeavour to publith them as foon as
poffible, and when the feafon fhall be more
convenient for the experiments depending on
the fun’s rays.

APRPLIC AT ION.

Although, by thefe refults, I am evidently
right in believing that the white light of the
Newtonian prifm is the true caufe of the
non-decompofition of the coloured rays ; I will
not pronounce abfolutely upon this matter,
for I have not made experiments enough to
be perfectly convinced ; and it is a rule with
me, not to adduce conjectural proofs till I (hall
have exhaufted my geometrical and philofo-
_phical ones.

J‘GHHSGN.

I fuppofe you will make drawings of the
apparatus ufed in all thefe experiments, in
order, when you print, to illuftrate them with

engraved figures.

PALMER,

Not yet; for I defign the prefent work
only for natural philofophers, and fuch other
perfons as are acquainted with the method of
ufing the prifm; wherefore I decline men-

tioning many other _expgiments, thou%i: as
: ort
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thort and eafy as thofe already recited : for
thould [ even introduce this fummary difler-
tation on the prifm into my prefent-intended
treatife, but for the necefiity of giving de=
monftrative proof, that light confifts of no
more than three primary coloured rays.

JOHNSON.

I am convinced of that; but many people
will obferve, that if we contemplate the
rainbow, we fhall perceive therein feven
colours, '

PALMER.
We fhall fee more than fixty, as in the

common fpecus, and in mine, when they are

removed far enough from the prifm.

JOHNSON.
But nature, you know, never errs.

PALMER.

True: and nature, you will likewife ob-
ferve, never produces bodies but fuch as are
compounded ; never defcribes any lines but
curved ones. Yet, fhall we on this ground
conclude, that the fhorteft way from one
point to another is not by a right line? or
that a vegetable, or mineral, from which we
can eafily extract different {fubftances, 1s merely

a fimple body?
JOHN-



[ an )
JOHNSON,

By no means.
PALMER.

I venture to affirm, that we never faw the
primary colours in an abfolute degree of
purity ; for, as we have in no cafe, cither
from nature, or by art, been able to reduce
any body to a ftate abfolutely fimple, this
muft be imputed either to the infufliciency of
the operations we haye had recourfe to, or
elfe to the qualities of bodies, in themfclves
indivifible, except to a certain degree.

JOHNSON,

But have you not told me fometimes, that
you and other chemifts have divided bodies
into their conftituent particles ; and that thefe
particles are not capable of any further de-

cﬂmpnﬁtiun 4
PALMER.

Yes, that the means of fuch further decom-

fition has not yet come within the reach of
ﬁ?lman genius : but how do we know that
this point will not be effected by fome future
difcovery ?

Newton, Defcartes, and their followers,
concluded that the prifmatic rays were indi-
vifible ; and this has been admitted as a rule
for many years : notwithftanding which, the
fa& is, as you fec, that I decompound them.

L) 2 JOHN-
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Jonnson.

And, probably, you confider this decom-
pofition as the laft of which they are capa-
ble ?

PALMER.

Not I, indeed, Sir. Inmy youth, perhaps,
infatuated by the fuccefs of my experiments,
I might have prefumed to fet limits to prif-
matic difcoveries, and, with the moft ridicu-
lous pride, have defied all the philofophers in
the world. But a feries of years, {pent in la-
borious enquiries, fufhiciently convinces me,
that in the ftudy of the abftra& f{ciences we
run a career, of which the boundary is un-
known to us: and when chance, or our own
reafoning faculties, bring us a little farther
than any of our prcdeccﬂgﬂrs have gone; then ©
either egotifm perfuades us that we have at-
tained the defired end, or elfe reafon fhews us
the impofiibility of attaining it.

Let us now return to our firft principles,
having loft fight of them during tﬁis digref-
fion. We will read them again, according
to the order of the experiments.

JOHNSON.

That will render them more intelli-
gible,

PARw
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PALMER.

PRINCIPL E- 1
There is no colour in the light.

JOHNSON.

You need no experiment to illuftrate this
principle; for moft philofophers are agreed,
th at colours are perceived by the foul, merely

y the fenfation of the retina, affected by the
chh of the rays; and not by a coluurcd
fluid, or any emanation from a coloured body.

PALMER.

PRANCIPEL.E 1.

Each ray of lhght is rumpauﬁdzd of three
others rays a?z{y one of thefe rays is analsgous

to the yellow, one to the red, and the other o the
blue.

I believe this principle is fufficiently de-
monftrated by the experiments that we have
made with the prifm; and it is, moreover,
confirmed in the fequel of my treatife.

0 o e o ) R 1

Thefe rays confift n a different proportion,
swbich they keep exallly, notwithftanding the de-

creafe, or increafe, of firength of their principal
ray.

JOHN=
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JounNson.

Nor does this principle need any demon-
ftration; for every body knows, thata white
furface, brought gradually from the fulleft
light to the deepeft darknefs, never appears
of any fenfible colour,

PALMER,

PRINCIPLE IV,

The coloured fuperficies abford the rays ana-
Jagous to the colours of which they feem painted,
and which are perceived only by the refleciion of
the other rays.

PREINCIFIEL ¥V

A white éﬁnfm, by reflecting all thefe rays,
Shews an abjolute want of colours.

PRINCIPLE VI

A furface painted of the three colouring
principles, in a convenient proportion and denfity,
by abforbing the three rays of hight (according
to the jourth principle ) [bews an abfolute wani
of light, or a perfett blacknefs.

PREINCIYFLE "VIL

Any one of thofe three colouring principles
is capable of becoming black, without any altera-
tion of its fubflance, by abforbing the rays which
are not analagous to tt, awhen its intenfenefs ex=

ceeds the proportion of its own ray.
JOHN-

md o Y it o o e
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JOHNSON.

You may depend upon it, I fhall grant you
nothing, with refpe to thefe principles, that
I have the leaft chance of refuting.

PALMER.
I applaud your refolution.

EXPERIMENT XIL

Taking a piece of white pafte-board, two
inches long, and one broad, I divide it into
eight parts; one I leave white, and the other
painted as you fee; one yellow, onered, one
blue, one aurora, one green, one purple, and
one black. All thefe colours are as ftrong as
they can be without becoming dark. 1 call
this piece of pafte-board, fo painted, my re-
pofitory of colours.

I introduce aray of light intoa dark room,
as in the ninth experiment.

I fet, on the end of the tub, a yellow glafs,
as ftrong and as pure as pofiible; and at the
diftance of eight or ten inches I fet my repo-

fitory.
; ROl o5 Wy ks ST

The White appears Yellow

Yellow Yellow

Red Aurora

Blue Green

Aurora Aurora, yellowifh

Green
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The Green appears Green, yellowifh
Purple Black
Black Black.

EXPERIMEN T XIV.

I place a red glafs in the room of the yel-
low, and leave the repofitory as formerly.

< i BB IRT T
The White appears Red

Yellow Aurora

52 ) Red

Blue Purple

Aurora Aurora, reddifh
Green Black

Purple Purple, reddith
Black Black

EXPERIMENT XV,

i apply a blue glafs.

B-E8 UL 5.
The White appears Blue
Yellow Green
Red Purple
Blue Blue
Aurora Deep grey, almoft black
Green Green, bluith
Purple Purple, bluith
Black Black

APPLI-
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APPEICATION.

If, according to the common fyftem, the
coloured fuperficies reflected each the ray of
its own colour, and abforbed the others; and
the coloured glafies tranfmitted only the rays
of their own colours refpectively, and re-
fletted the others; in this cafe, I fay, when
I caft a red ray upon a blue body, the glafs
tranfmitting only the red ray, and the blue ab-
forbing this red ray, I ought to fee it black ;
as alfo of the yellow: whereas I fee the red
ray purple, even to the very tint of a purple
compounded of common red and blue; and
in the fame way the yellow appears aurora.

But if, according to my fourth principle,
the coloured fuperficies abforbs the ray ana~
logous to its colour, and refleéts the others ;
the coloured glafs would deftroy but one ray,
and tran{mit the two others; which is the fa¢t.

In like manner a red glafs tran{mits the
blue and the yellow.

And when I fet the red light of this glafs
upon a blue furface, this furface, abforbing
the blue and refleing the yellow only,
produces in my eye the {enfation of purple,
by the repofe of the particles of the retina
analogous to the blue and the red rays.

If, by abforbing the yellow too, I produce
no motien of thefe particles, I fhall fee
black.

E And
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And this happens when I fet this red ray
upon a green body; becaufe the glafs having
deftroyed one of the three rays, and the body
having abforbed the other two, it is phyfically
1mpaﬁiblc that I thould receive any light.

Examine thefe three experiments in every
poilible way, and even diverfify them by
the ufe of glaffes coloured green, aurora, or
violet, or by looking at the repofitory through
coloured glafles ; they fhall ftill be found
always conformable to the fourth principle,
always inexplicable by the common fyftem.

- For as often as any one of the three pri-

mary colours thall be lighted by a ray of ano-

ther primary colour, the refult will be a
colour very diftinctly mixed.

. And as often as two primary colours united
mcrether, fhall be lighted by a ray of the
thlrd colour, or a fingle primary colour fhall

2okl
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be lighted by a ray compounded of the two

others, the r::—:fu!t will be black or grey.

JOHNSON.

| Why grey ?

PALMER.

- Becaufe, as will appear in the fequel of

thefe c*{peuments, there is always a certain
quantity of -white light not decompounded,
whether by the weaknefs of the colours that
we m.,ke ufe of, or b}r that of glaffes; and

this
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this white light, mixed with the black of the
operation, conftitutes the grey.

It happens very often, that one or two of
the primary colours appear with the grey,
and feem only a deep blue, or red, purple,
&c. a circumftance tending to lead the ob-
{erver into an error.

It is to be confidered, that fuch appearance
happens only when the colours are not in
geometrical proportions, as I fhall prove
in the fecond part of my Treatife; and
then the colours, whofe intenfenefs ex-
ceeds the proportion of the others, appear,
by the white light, in the grey only, and
never in the black. |

E-X P EREMEN T W XV

I re-unite. the rays of the three aforefaid
glaffes feparately, in a focus, by way of a
lens.

B E re ) BT,

Although the rays are contained in a
fmaller fpace, the colour does not increafe;
and when the focus is as narrow as pofiible,
I fee nothing but a point of very ftrong light
very faintly coloured.

This experiment may be made with the
{feparated rays of the f{pecus, or with co-
loured lights ; as the yellow light of a com-
mon candle, or the blue light of burning ver-
degris; and the fame effects will be produced.

E 3 APPLI-



[530 7]
APPLICATION.

If the coloured ray fhould be the proper
ray of the colour which appears, the intenfe-
nefs of this colour would increafe with its

own ; and the focus would be exceffively co-

loured, as being a ftrong re-union of the co-
loured points.

But, as the colour of this ray is feen by its
abfcnce and by the rePofe of the analogi:}us
partlclas of the retina, it is certain, that,
although I increafe the intenfenefs of the ray
which appears by being deficient, I do not
thereby render it more deficient ; nor can |
fee 1ts colour ftronger.

Befides, when thefe rays have, by their in-
tenfenefs, acquired a great degree of ftrength,
they move the particles analogous to the
ablent ray, (as I faid in the 6th Principle on
Vifion,) and deitroy a part of their repofe in a
manner very tirefome to the eye; for it bears
rather a white focus of the fame denfity, al-
though f{tronger than many of the before-
mentioned ones.

EXPERINMENT. XVIL

T dye a piece of white woollen cloth, of a
deep blue, with indigo,

EXPES

|
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I take a piece of this blue cloth, and a
piece of white, and dye them both, in the
manner commonly practifed, with cochineal.

B B .5 U TeT,

The blue cloth becomes a deep purple;
and the white, a crimfon red.

EXPERIMEN T XIX

I take a piece of the purple ¢loth, and
-another piece of white.
I give them both a yellow dying in woad.

B E.&5 T L I,

The purple cloth becomes black ; and thc
white, yellow.

A PRLAC & TFE.ON.

This experiment, although implied in the
former ones, yet being rendered more demon-
{trative in this way, muft decide between the
old fyftem and mine.

If, according to the old fyftem, each of
thefe colours has refleted its own ray, we
muft abfolutely agree,

That by abundance of light, we bave pro-
duced darknefs,

But if, according to my principles, each
colouring particle abforbs its own ray, then
we may fay,

That
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JOH NSON,

But is is not poffible that thefe coloured

particles, being applied one upon the other,
may lofe their refleCting quality ? :

PALMER.

In the firft place (as I fhall prove in my
Chemical Treatife upon the Art of Dying,)
the coloured particles very feldom, perhaps
never, can be applied one upon the other.

But, granting this to be the cafe, why,
when I fet but two of thefe colours upon the
cloth, do they not prejudice one another?
Befides, what becomes of the white points
which remain when the cloth is purple?
for you know we cannot fee a coloured point,
" if there be no white point near it. They
ought then to be dyed in yellow, in order to
make them appear yellow.

JOHNSON.

- According to your principle, pray, what
becomes of them ?

PALMER.

The white points left by the blue, and
which refle¢t only the red and yellow, are
half covered by the red in the fecond dying;
and ‘what remains of them being almoft en-
tirely covered by the yecllow, in the third

; dying,
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dying, the cloth reflects but very little light 5
and it is on account of this remaining light
that we difcern the predominant colour of
the black, when we fay a bluith black, a
redith black, &c.

JOHNSON,
The black is commonly dyed with a dye
already black.
PALMER.

Becaufe it is more eafy, and a great deal
cheaper this way.

JOHNSON.
I underftand very well all that you faid,

and I begin to believe i1t: but there are yet. |

many things to be explained.
As for example, the re-union of the

coloured rays of the prifmatic {pecus pro=

duces the white.
If, as you fay, each colour is perceived by

the want of its analogous ray, this union of '

defects ought to produce a general deficiency.

PAL MER.

Certainly ; but each one being feen by the
prefence of the other rays, this union of
prefence makes a general prefence, which
deftroys the general defe&t; and when, by the

mterception of one of thefe rays, Ideﬁr;y
the
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the uniformity of their a&ion upon the re-
tina, I produce a coloured fenfation,

And that is the reafon why a mixed colour,
formed by two coloured rays, is fomething
" weaker than each ray is feparately; as we fhall
fee with the three coloured glaffes of the
Experiments XIII. XIV, XV.

EXPERIMENT XXII

I fet each of thefe glaffes upon a particular
tub, very near one another.

I open the red and the blue, and receive
their light upon a white pafte-board, at a
diftance {ufficient to have them mixed.

Wl Jle ke T

I have a purple fenfibly lighter than the
red, or the blue, feparately.

E Xl AN -A T ION.

The blue glafs tran{mits a red ray, and a
yellow one.

The red glafs tranfmits a blue ray, and a
yellow one.

And f{o the light refleCted by the pafte-
board confifts of four rays, one blue, one red,
and two yellow.

One of the yellow rays, combined with the
blue and the red ones, makes white ; the ex-
ceeding yellow ray caufes the fenfation of
purple; and this purpleFis the lighter for be-

ing
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ing united to a larger quantity of white
light. _ -
EXPERIMENT XXIIL

I give to this exceeding yellow ray - another
blue, and another red one, by opening the
yellow glafs.

1 ] (T TR TN | g e
This produces the {enfation of white light.

APPLYECAT: IO N.

Although this light appears white, it is
lefs than a pure light, which fhould have
been tran{mitted by white glafies; becaufe

each glafs having intercepted one ray, and .

tranfmitted two, this light confifts of two
thirds of light rays, and one third of thadow.

The fame thing happens in the re-union
of prifmatic rays with a lens. This focus
is lefs white than the focus of the fame ray
before its refraction in the prifm,

This is not effeted by the light being de-
compounded, and compounded again; but
becaufe the prifm refletts a large quantity of
light at its f{urface; and the want of this
light, in the rays tranfmitted to the {pecus, is
the caufe of this difference in the focus.

EXPERIMENT XXIV.

I introduce a ray of light into a tub; upon
this tub I fet a blue glafs; and upon this blue
glafs, a red one.

R E-
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The palte-board is coloured with a purple,
decper than the blue, or the red, was fepa-
rately.

EXPERIMENT. XXV.
Upon thefe two glaffes I fet a yellow one.

;RN DEET BN 0 R 17 R p

If the glaffes are well and ftrongly coloured,
I have no more light. |

But, if they are not well coloured, or in a
convenient degree of ftrength, I have buta
very faint light, weakly coloured with one or
two of the exceeding colours of the glaffes.

A PP O NN

The purple of Experiment XXIV. muft
certainly be deeper, becaufe the blue glafs has
tranfmitted two rays out of three; and the
red glafs having deftroyed one of thefe two,
there remained but one, by which the purple
is perceived ; and this being deftroyed by the
laft glafs, there remains none to be feen.

JOHNSON.

An obfervation concerning thofe coloured
glaffes naturally arifes from your remark,
that they tranfmit two rays, and abforb one.

Fz_ If
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Ifitbefo, when I{et oneof thefe glaflfes upon
a fheet of paper, and look over it, it ought to
appear of acolour quite different from what it
does when I look through it; neverthelefs it

appears of the fame colour, though a great
deal darker,

PALMER.

According to authors who have written on
the fubject, it ought to be fo; for many of
them havt faid, a red glafs zranfinits the red
ray, and refleft's ‘the blue and the yellow ones ;
from which it thould follow, that a red glafs
thould look green; a blue one, aurora; a
yellow one, purple, &c. notwithftanding
which it never does fo.

But, according to my opinion, it abforbs
and deftroys on= ray, and tranfmits two.

Upon which account, when you look
through it, you have a ray of ftrong light,
coloured by the want of the abforbed ray. |

When you look over it, then you receive |
but very little reflected light, becaufe it is a |
tranfparent body : and this light, even wanting
the deftroyed ray, gives a very dark fenfatmn |
of this colour.

If you fet this glafs upon a white bud the
fenfation will be ftronger ; many of the tranf—
mitted rays being refleCted by the white
furface, and returned to the eye through the

‘Tl&rﬂ The
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 The variations in the intenfenefs of co-
lour of thefe glafies, fo looked over, depend
much, too, upon the angles defcribed upon
the furface of the glaffes by the light, or by
the vifual rays.

JOHNSON,

Neverthelefs we have the experiment of
the gold leaf, which reflects the yellow rays,
and tranfmits the green ones.

PALMER.

When the authors of the common fyftem
have urged this experiment, concerning which
they were upanimous in their opinion, they
had no reafon to confider it as dubious; and
they admitted it without any further exami-
nation, as they have done many others.

This gold leaf is an opaque and porous
body; and to have the colour pafs through it,
we muft reduce it mechanically to its utmoft
degree of thinnefs; and then it will be two
thoufand four hundred times thinner than a
green glafs, which fhould tranfmit the fame
guantity of light.

May we then really believe, that we made
a tran{parent body of an opaque one ?

We have made a fieve, the holes of which
fuffer the light to pafs through,

Pl
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This fieve being then lighted, if we ook
over, the folid parts of it will appear yellow,
as they ufed to do.

But the tranfmitted rays, which pafs through
the holes, undergo at once a refletion, a
refration, and a decreafe; and as the refrac-
tion in blue is the moft apparent in a de-
creafed light, the refratted rays, mixed with
the refleCted ones by the edges of the holes,
produce the green.

Although this experiment is of no confe-
quence in the prefent differtation, I made a
particular analyfis of it, in order to fhow how
exact we muit be in our operations; and
how well acquainted with the materials that
we make ufe of, as well as of the mechaniim
of their aéion. .

We fhall end this differtation with an ex-
periment of this kind, which, for want of
examination, has been admitted as a rule in
optics.

EXPERIMENT XXVI.

I take three crayons of paftel ; a blue, a red,
and a yellow one ; all three in the fame degree
of fhade, or as nearly {o as the eye can judge,
and of a good ftrength of colour. I reduce
them feparately to a fmall powder.

I take nine parts of the blue powder, and
eight parts of the red, and mix them exadly.

R E-
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RESULT,
The mixture is purple.

EXPERIMENT XXVII
I add to this mixture feven parts of yellow.

2 R A R
The mixture appears grey.

JOHNSON.

And why not black, as the piece of cloth
dig ?

PALMER. |

Becaulfe every one of thefe colours brings its
white particles, by which it is feen; and, as
they cannot be deftroyed, they produce the
grey, by reflecting to the eye a'light uniformly
altered by the proportionate mixture of the
three colouring principles.

When the founders and followers of the
old fyftem intended to prove the compolfition
of the whire by the re-union of the primitive
colours, they mixed together cinnabar, ver-
degris, purple, mountain blue, and other light
colours. This mixture produces a2 weak
grey; but the caufe of it being abfolutely in-
'cxplicablc on their principles, and as they
were obliged to adapt this experiment to their
{yftem, they removed themifelves to the
diftance of cighteen feet, to look at this grey
powder; and being not able to diftinguifh it
there from a white paper, they concluded

that
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that they had produced the white by this

means.

Jounson. !

But, pray, were they in the wmng, when i
they had {fuch evidenge on their fide? -

PaAaiLmER.

I do not mean to fay, that they were in the
wrong in fcemg it white, for I fee it the
fame ; nor do I believe that this experiment
was agreeable to their {yftem.

But fince I cannot ufe myf{elf to {ee white
what is black, without knowing the caufe of
it, I chufe to be more inquifitive.

EXPERIMENT XXVIII.

I compound a grey with many colours, as
is prefcribed by the feveral authors.
- I compound a grey, of the fame fhade,
with black and white powder. '
I take a fheet of mufical paper, and a theet
of white paper.
I lay my grey powder upon two pafte~
boards, and fet them on the floor with -tha%
two fheets of paper, in fuch a pofition that
they may be lighted by the wmdow, undcr§
an angle of twenty to thirty degrees.
I go on the other fide, oppofite to the
window, - to the diftance of cighteen fee
from the fheets. &

R E-‘-'
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I can hardly diftinguith the three co-
loured leaves from the white one; and any
body elfe, who has not feen them nearer,

- cannot do it at all.

EXPERIMENT XXIX.

I fet the fheets nearer to the window, in
fuch a manner that they may be lighted
under an angle of more than fixty degrees.
I go to the fame diftance of eighteen feet.

R -E ‘8 UL I

I diftinguifh very well the three coloured
fheets, and every body elfe does the fame.

EXPERIMENT XXX.

I fet the four fheets at the diftance of
eighteen feet from the window, and come
near to the window to look at them.

B E S ati ok sl
Idiftinguith them better again.

EXPLANATION,

When I light the theets under an angle of
about thirty degrees, and fee them under
an angle of fixteen degrees In an oppolite
way, as in Experiment XXVIIL. the rays
brought to my eye confift of a great deal
of white light, refracted by- the fuper-

G .

ficies,
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ficies, and which bear no decompofition ;
and of a fmall quantity of refletted rays,
which do bear a decompofition on the co-
loured fuperficies. This decompefition be-
ing but an uniform alteration, and very
weak, cannot be perceived by the naked
eye at fuch a diftance.

If this decompofition is made by a fur-
face coloured with two, or only one, of the
primitive colours, then the alteration, being
not uniform, is more perceptible; never-
thelefs the colour muft be pretty ftrong, to
give a coloured fenfation at this diftance;
otherwife it appears white.

o s i e ool e ' O i < e il
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When in Experiment XXIX, I light |

the {heets under a greater angle, I decreafe in
my eye the quantity of the refracted rays,
and I increafe this of the reflected ones;
which makes the fenfation more diftin&.
- And when in Experiment XXX. I fee my
theets only by the refleCted rays, the fen-
fation is more perceptible yet.
You fee, now, that the authors of this

experiment have afcribed to the matter which

they treated, what was only the product of
their way of alting. Natural philofophy
is full of fuch experiments, and this matter
cannot be otherwife in fo conjettural a
fcience.

I.et us now put an end to our difcuffion.

In our next we fhall treat of the Seventh
; Principle,
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LPrinciple,- becaufe this of itfelf will furnith
matter {ufficient, and is well worthy a particu-
lar Treatife.

There we fhall examine the geometrical
proportions of the three primitive colours,
as well in the prifmatic {pecus, as in the co-
loured fuperficies:

The analogy of colouring particles with
the compounding rays of light, and their
altian: . £ |

Their abfolute intenfenefs, and their rela-
tive inten{enefs:

Their increafe and decreafe, &c.

JOHNSON.

" 'This is all very well; but I have fome-
thing to remark. If your fyftem be juft,
and well demonftrated, then we muft be-

_lieve that the other authors were out of
their fenfes, and confequently we muft defpife
them.

PALMER.

I am very forry to find you in fuch an
erroneous way of thinking, which unfortu-
nately is too general a cafe. |

Was he who firft ventured to crofs the
feas, although he might often deviate from
the right track, was he, I fay, in nothing fu-
perior to any of his followers?

So thefe fuperior geniufes have opened
to us the roads in which we now tread,

and






