NnED

( 154)

that adhere to any of thofe Hypothefes, 1hould feekfor other Caufesof thefe
EfFedls, unlefs (to ufe the Objedtpr’'s Argument) will muliiply Entities
Ivithout Necejfity.

The third Thing to be confidered is, the Condition of the Animadverfor’s
ConceiTions, which i1s, That | would explicate my Theories by his Hypo-
thefis: And if | could comply with him In that Point, there would belittle
or no Difference- between us: For he grants, That, without any refpeft to
a different Incidence of Rays, there are different Refractions; but he would
have it explicated, not by the different Refrangibiiity of feveral Rays, but by
the fplitting and rarefying iEthereai Pulfes. He grants my third, fourth,
and fixth Propontions ; the Senfe of which is. That uncompounded Colours
are unchangeable, and that compounded Ones are changeable only by re-
folving them into the Colours of which they are compounded : and that all
the Changes which can be wrought in Colours, are efteéled only by varioudy
mixing or parting them : But he grants them on Condition that | will ex-
plicate Colours by the two Sides of a fplit Pulfe, and fo make but two Spe-
cies of them, accounting all other Colours in the World to be but various
Degrees and Dilutings of thoié two. And he further grants, that White-
neis Is produced by the Convention ofall Colours; but then | mufl: allow
It to be not only by Mixture of thofe Colours, but by a farther uniting of
the Parts of the ~ay fuppofed to be formerly fplit.

If | would proceed to examine thefe his Explications, | think it would be
no difHcult Matter to iliew, that they are not only infuiHcient, but In fome
refpeds (to me at leait) unintelligible: For though it be eafy to conceive,
how Motion may be dilated and fpread, or how parallel Motions may be-
come diverging j yet | underiland not, by what Artifice any linear Motion
can by a refraoling Superficies be infinitely dilated and rarefied, fo as to be-
come fuperficial: Or, if that be fuppofed, yet | underftand as little, why
It 1liould be fplit at fo fmall an Angle only, and not rather fpread and dif-
perfe through the whole Angle of Refradotion. And further, though | can
eafily imagine, how unlike Motions may crofs one another; yet 1 cannot
well conceive, how they fliould coalefce into one uniform Motion, and the»
J-lart again, and recover the former Unlikenefs j notwithftanding that | con-
jedure the Ways by which the Animadverfor may endeavour to explain it
So, that the direil, uniform, and undifturb’d Pulfes ithould be fplit anddif-
turbed by Refraéelion ; and yet the obliqgue and diflurbed Pulfes perfift with-
out fplitting, or further DiiUirbance, by following Refradions, is (to me) as
unintelligible; and there Is as great a Difficulty in the Number of Coloursj
as you will fee hereafter.

But whatever be the Advantages or Difadvantagcs of this Hypothefis, 1
hope | may be excufed from taking it up, fince I do not think it needful to
explicate my Dodlrine by any Hypothefis at all: For if Light be confidered
abftradedly without refpeét to any Hypothefis, | can as ealiJy conceive, that
the feveral Parts of a Ihining Body may emit Rays of different Colours and
other Qualities, of all which Light is conftituted, as that the feveral Parts of
a falfeor uneven String, or of unevenly agitated Water in a Brook or Cata-
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rad> or the feveral Pipes of an Organ infpir'd ail at once, or all the Variety
Ol founding Bodies in the World together, iTiould produce Sounds of feveral
Tones, and propagate them thro’ the Air confufedly intermixed. And if
there were any natural Bodies that could refleft Sounds of one Tone, and lli-
fle or tranfmit thofe of another; then, as the Echo of a confufed Aggregate
of all Tones would be that particular Tone, which the echoing Body is dif-
pofed to refled; fo, fmce (even by the Animadverfor’'s Conceffions) there
are Bodies apt to reflect Rays of one Colour, and ftifle or cranfmic thofe of
another 1 | can as eafily conceive, that thofe Bodies, when illuminated by a
Mixture of ail Colours, mufl: appear of that Colour only which they reflect.

But when the Objector would infinuate a Difficulty In thefe Things, by
alluding to Sounds in the String of a mufical Inllrument before Perculfion,
or in the Air of an Organ-Bellows before its Arrival at the Pipes; | muit
confefs, 1 underftand it as little, as if one had fpoken of Light in a Piece of
Wood before it be fet on Fire, or in the Oil of a Lamp before it alcend up
the Match to feed the Flame.

You fee therefore how much it is befide the Bufinefs in Hand to difpute
about Hypothefes. For which Reafon 1 fliall now, in the jail Place, pro-
ceed to abftrafl the Difficulties in the Animadverfor’s Difcourfe, and with-
out having regard to any Hypothefis, confider them in general Terms. And
they may be reduced to thefe three Queries:

1. Whether the unequal RefraSlions”™ made without refpeEi to any Inequality of
Incidence”™ he caufed by the different Refrangibility offeveral Rays %or by
the fplitting”™ breakings or dijfipating the fame Ray into diverging Parts ?

2. Whether there he more than two Sorts of Colours?

3. Whether Whitenefs be a Mixture of all Colours ?

The firjl of thefe feries you may find determined above, by an Expe-
riment: The Defign of which was to fhew, that the Length of the colour’'d
Image proceeded not from any Unevennefs iIn the Glafs, or any other con-
tingent Irregularity in the Refractions. Amongfl other Irregularities, | know
not what iIs more obvious to fufped, than a fortuitous Dilating and Spreading
of Light, after fome fuch manner, as Des Cartes has defcribed In his Ethereal
RefraSlions™ for explicating the Tail ofa Comet or as the Animadverfor now
fuppofes to be effected by the fplitting and rarefying of his asthereal Pulfes.
And to prevent the Sufpicion of any fuch Irregularities, | told you, that I
retraced the Light contrary ways, with two Prifms fucceiTively, to deftroy
thereby the regular Eiieits of the firit Prifm by the fecond, and to difcovcr
the irregular Efreéts by augmenting them with iterated Refractions. Now,
amongft other Irregularities, if the firit Prifm had fpread and diffipated every
Ray into an indefinite Number of diverging Parts, the fecond ihould in like
manner have fpread and diffipated every one of thofe Parts into a further in-
definite Number, whereby the Image would have been itill more dilated, con-
trary to the Event. And this ought to have happened, becaufe thofe linear

diverging Parts depend not on one another for the manner of their Refradtion,
X 2 but
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but are every one of them as truly and compleatly Rays, as the whole was b.
\ fore its Incidence; as may appear by intercepting tiem feverally.

The Reafonablenefs of this Proceeding will, perhaps, better appear by ac-
guainting you with this further Circumftance. | fometimes placed the fecond
Prifm in a Pofition tranfverfe to tlie firfb, on Defign to try if it would make
the long Image become four-fquare, by Refractions crofling thofe that had

i< drawn the round Image into a long one. For if, amongft other Irregularities,
the Refradion of the firil Prifm did, by fplitting, dilate a linear Ray into a
ti fuperficial ; the crofs Refractions of that fecond Prifm ought, by further

! fp itting, to dilate and draw that fuperficial Ray into a pyramidical Solid. But,

upon Trial, | found itotherwifej the Image being as regularly oblong as
before, and inclined to both the Prifms at an Angle of 45 Degrees.

| tried alfo all other Pofitions of the fecond Prifm, by turning the Ends
about i1ts middle Part ; and in no cafe could obferve any fuch Irregularity.

% The Image was ever alike inclined to both Prifms, its Breadth anfwering to
i\ the Sun’s Diameter, and Iits Length being greater or Jeis, according as the
Refractions more or lefs agreed or contradicted one another.

4 And by thefe Obfervations, fince the Breadth of the Image was not aug-

mented by the crofs RefraCtion of the fecond Prifm, that RefraCtion mufl: have
% been performed without any fplitting or dilating of the Ray ; and therefore at

fl leaft the Light incident on that Prifm muft be granted an Aggregate of Rays
- unequally Refrangible in my Senfe. And fince the Image was equally inclined
I to both Prifms, and confequently the RefraCtions alike in both, it argues that
| they were performed according to fome conftant Law, without any lrregu-
ri larity,

To determine the fecond Mery™ The Animadverfor refers to an Experi-
ment made with two Wedge-like Boxes, recited in the Micrography of the
Ingenious Mr. Ihok”™ Obferv. 10. Pag. 73. The Defign of which was to pro-
duce all Colours out of a Mixture of two. But there is, | conceive, a dou-
ble Defect in this Inftance; For it appears not, that by this Experiment all
Colours can be produced out of two; and if they could, yet the Inference
would not follow.

That all Colours cannot by that Experiment be produced out of two, will
appear by confidering, that the TinCture of Aloes, which afford one of thofe
Colours, was not all over of one uniform Colour, but appeared Yellow near
the Edge of the Box, and Red at other Places v/here it was thicker; affording
all Variety of Colours, from a pale Yellow to a deep Red or Scarlet, accord-
1 Ing to the various Thicknefs of the Liquor. And fo the Solution of Cop-
i per, which afforded the other Colour, was of various Blues and Indicoes.
So that inftead of two Colours, here iIs a great Variety made ufe of for the
¢ Production of all others. Thus, for Inftance, to produce all Sorts of Greens,

'the feveral Degrees of Yellow and pale Blue mufl be mix’d ; but to compound
Purples, the Scarlet and deep Blue are to be the Ingredients.

Now Iif the Animadverfor contend, that all the Reds and Yellows of the
one Liquor, or Blues and Indicoes of the other, are only various Degrees and
Dilutings of the fame Colour, and not divers Colours | that is a begging of
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the Queilion : And 1 iliould as foon grant, that the Two Thirds or Sixths ia
Mufick are but feveral Degrees of the fame Sound, and not divers Sounds.
Certainly it i1s mucli better to believe our Senfes, informing us, that Red and
Yellow are divers Colours; and to make it a philofophical Qtiery, Why the
fame Liquor doth, according to its various Thicknefs, appear of thofe divers
Colours’, than to fuppofe them to be the fame Colour, becaufe exhibited by
the fame Liquors. For if that were a fufficient Reafon, then Blue and Yel-
low muft allb be the fame Colour, fince they are both exhibited by the fame
Tindure of Nephritic Wood. But that they are divers Colours, you will
more ful"ly underftand by the Reafon, which In my Judgment is this: The
Tintlure of Aloes Is qualified to tranfmit moil eafily the Rays endued with
Red, moft difficultly the Rays endued with Violet, and with intermediate
Degrees of Facility, the Rays endued with intermediate Colours, So that
where the Liquor is very thin, it may fufficc to intercept moft of the Violet,
and yet tranfmit molt of the other Colours ¢ all which together muft com-
pound a middle Colour, that is, a faint Yellow. And where it Is fo much
thicker, as alfo to intercept moft of the Blue and Green, the remaining Green,
Yellow, and Red, muft compound an Orange. And where the Thicknefs is
fo great, that icarce any Rays can pafs through it befides thofe endued with
Red, it muft appear of that Colour, and that fo much the deeper and ob-
fcurer, by how much the Liquor is thicker. And the fame may be under-
ftood of the various Degrees of Blue, exhibited by the Solution of Copper,
by reafon of its Difpofition to intercept Red moft eafily, and tranfmit a deep
Blue or Indico Colour moft freely.

But fuppofing that all Colours might, according to this Experiment, be
produced out of two by Mixture; yet it follows not, that thofe two are the
only original Colours ; and that for a double Reafon ; Firft, Becaufe thofe
two are not themfelves original Colours, but compounded of others; there
being no Liquor, nor any other Body in Nature, whofe Colour in Day-lighc
Is wholly uncompounded. And then, becaufe though thofe two were origi-
nal, and all others might be compounded of them, yet it follows not that
they cannot be otherwife produced. For | faid that they had a double Ori-
N gin, the fame Colours to Senfe being in fome Cafes compounded, and In
others uncompounded ; and fufficiently declared in my third znafourth Pro-
pofuions™ and In the Conclufwn, by what Properties the one might be known
and diftinguiih’d from the other. But becaufe | fufped by fome Circum-
ftances, that the Diftinftion might not be rightly apprehended, | ihall once
more declare it, and further explain it by Examples.

That Colour i1s Primary or Original, which cannot by any Art be changed,
and whofe Rays are alike refrangible: And that Compounded, which is
changeable into other Colours, and whofe Rays are not alike refrangible. For
Inftance: To know whether the Colour of any green Objeél be compounded
or not, view it through a Prifm ; and if it appear coniufed, and the Edges
tinged with Blue, Yellow, or any Variety of other Colours, then is that
Green compounded of fuch Colours as at its Edges emerge out of it: But
If 1t appear diftinfi:;, and well defined, and entirely Green to the very Edges,
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without any other Colours emerging, it is of an original and uncompounded
Green. In like manner, if a refracted Beam of Light, being caft on a white
Wall, exhibit a green Colour, to know whether that be compounded, refraft
the Beam with an interpofed Prifin; and if you find any DifFormity in the
Refraodlions, and the Green be transformed into Blue, Yellow, or any Variety
of other Colours, you may conclude that it was compounded of thole that
emerge: But if the Refradions be uniform, and the Green perfiil without
any Change of Colour, then is it original and uncompounded. And the
Reafon why | call it fo is, becaufe a Green endued with luch Properties can-
not be produced by any mixing of other Colours.

SJow if two green Objeils may to the naked Eye appear ot the fame Co-
lour, and yet one of them through a Prifm feem confuied and variegated with
other Colours at the Edges, and the other diftinct and entirely green; or if
there may be two Beams of Light, which falling on a white Wall, do to the
naked Eye exhibit the fame green Colour, and yet one of them, when tranf-
mitted through a Prifm, be uniformly and regularly refratiled, and retain its
Colour unchanged, and the other be irregularly refracted, and made to di-
varicate into a Multitude of other Colours ; | fuppofe thefe two Greens will
In both Cafes be granted of a different Origin and Conflitution. And if by
mixing Colours, a Green cannot be compounded with the Properties of the
unchangeable Green, | think I may call that an uncompounded Colour, efpe-
cially fince its Rays are alike refrangible and uniform in all Refpecfts.

The fame Rule is to be obferved In examining whether Red, Orange,
Yellow, Blue, or any other Colour, be compounded or not. And, by the
way, fince all white Objeds through the Prifm appear coniufed and termi-
nated with Colours, Whitenefs mufl, according to this Diilinclion, be ever
compounded, and that the mofi of all Colours, becaufe it iIs the moft con-
fufed and changed by Refraftions.

There now remains the third Query to be confidered, which is. Whether
Whitenefs can be an uniform Colour, or a diiTimilar Mixture of all Colours?
The Experiment which | brought to decide it, the Animadverfor thinks, may
be otherwife explained, and fo concludes nothing. But he might eafily have
fatisfied himfelf by trying what would be the Refult of a Mixture of all Colours.
And that very Experiment might have fatisfied him, if he had pleafed to ex-
amine it by the various CircumlUnces. One Circumilance | there declared,
of which | fee no Notice taken; and it is. That if any Colour at the Lens
be iIntercepted, the Whitenefs will be changed into other Colours: If all
the Colours but Red be intercepted, that Red alone iIn the Concourfe or
croiTmg of the Rays, will not confticute Whitenefs, but continues as much
Red as before ; and fo of the other Colours. So that the Bufinefs is not only
to fhew how Rays, which before the Concourfe exhibit Colours, do In the
Concourfe exhibit White ; but to fliew, how, In the fame Place, where the fe-
veral Sorts of Rays apart exhibit feveral Colours, a Confufion of all together
malves White. For Inftancc, If Red alone be firfl tranfmitted to the Paper at
the Place of Concourfe, and then the other Colours be let fall on that Red, the

Queftion will be. Whether they convert it into White by mixing with it only,
as
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as Biue fall'mg on a Yellow L,ight is fuppofed to compound Green ? Or whe-
ther there be fome further Change wrought in the Colours by their mutual
adting on one another, until, like contrary peripatetic ™alities”™ they become
affimilated ? And he that fliall explicate this laft Cafe mechanically, muft con-
guer a double ImpoiTibility. He muft firft ihew, that many unlike Motions
In a Fluid can by ciailiing fo ad on one another, and change each other, as
to become one uniform Motion ; and then, that an uniform Motion can of
itfelf, widiout any new unequal Impreilions, depart into a great Variety of
Motions regularly unequal. And after this he muft further tell me, why all
ObjeiSts appear not of the fame Colour j that i1s, why their Colours in the
Air, where the Rays that convey them every Way are confufcdly mix’d, do
not affimilate one another, and become uniform before they arrive at the
Speftator’'s Eye ?

But if there be yet any doubting, ’'tis better to put the Event on further
Circumftances of the Experiment, than to acquiefce in the PoiTibility of any
lypothetical Explications: As for Inftance, by trying what will be the Appa-
rition of thefe Colours In a very quick Confecution of one another. And this
may be eafily performed by the rapid Gyration of a Wheel with many Spokes
or Coggs In its Perimeter, whofe Interitices and ThicknelTes may be equal,
and of fuch alLargertefs, that, if the Wheel be interpofed between the Prifni
and the white Concourfe of the Colours, one half of the Colours may be in-
tercepted by a Spoke or Cogg, and the other half pafs through an Interftice.
The Wheel being in this Pofture, you may firft turn it flowly about, to fee
all the Colours fall fuccelTively on the fame Place of the Paper, held at their
aforefaid Concourfe ; and if you then accelerate its Gyration, until the Confe-
cucion of thofe Colours be fo quick, that you cannot diftinguifh them feve-
rally, the refulting Colour will be a Whitencfs perfedly like that, which an
unrefradled Beam of Light exhibits, when In like manner fucceliively inter-
rupted by the Spokes or Coggs of that circulating Wheel. And that this
Whitenels is produced by a fucceffive Intermixture of the Colours, without
their being affimilated, or reduced to any Uniformity, is certainly beyond
all Doubt, unlefs Things that exiftnot at the fame Time, may notwithftand-
Ing act on one another.

There are yet other Circumftances, by which the Truth might have been
decided ; as by viewing the v/hite Concourfe of the Colours through another
Prifm placed clofc to the Eye, by whoie Refradion that Whitenels may ap-
pear again transformed into Colours; And then, to examine their Origin, if
an Afiiftant intercept any of the Colours at the Lens before their Arrival at the
Whitenels, the fame Colours will vanifh from amongft thofe, into which that
Whitenefs Is converted by the fecond Prifm. Now, if the Rays which difap-

be the fame with thofe that are intercepted, then it muft be acknowledg-
ed, that the fecond Prifm makes no new Colours In any Rays, which were
not in them before their Concourfe at the Paper. Which is a plain Indication,,
that the Rays of feveral Colours remain diftind from one another in the White-

nefs, and that from their previous Difpointions are derived the Colours of the-
fecond

D
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fecond Pnfm. And, by the Way, what is faid of their Colours may be
applied to their Refrangibility.
I The aforefaid Wheel may alfo here be made ufe of; and, if its Gyration be
neither too quick nor too flow, the SucceiTion of the Colours may be difcern’d
thro’ the Prifm, Avhilil to the naked Eye of a By-ftander they exhibit Whitenefs.

Tiiere iIs fomething ftill remaining to be faid of this Experiment. But this,
| conceive, Is enough to enforce it, and fo to decide the Controverfy. How-
ever, | thall now proceed to fliew forne other Ways of producing Whitenefs
by Mixtures, fince | perfuade myfelf, that this AiTertion above the reft ap.
pears paradoxical, and is with mofb Difficulty admitted. And becaufe tie
Animadverfor defires an Intdance of it Iin Bodies of di“Ners Colours, | fhall
begin with that. But in order thereto it mud; be confider'd, that fuch co-
lour’d Bodies refleft but fome Part of the Light incident on them-, as Is evi-
dent by the i1ph Propofuion: And therefore the Light reflected from an
Aggregate of them will be much weaken’d by the Lofs of many Rays.
Whence a perfed: and intenfe Whitenefs is nor to be expected, but rather a
Colour between thofe of Light and Shadow, or fuch a Grey or dirty Colour
as may be made by mixing White and Black together.

And that fuch a Colour will refult, may be colleeled from the Colour of
Duft found in every Corner of an Houfe, which hath been obferv’d to con-
fi fift of many colour’d Particles. There may alfo be produced the like dirty
I* Colour, by mixing feveral Painters Colours together. And the fame may be

effedled by painting a Top (fuch as Boys play with) of divers Colours. For
i when it i1s made to circu ate by whipping it, it will appear of fuch a dirty
Colour.

Now the compounding of thefe Colours iIs proper to my Purpofe, becaufe
they difter not from Whitenefs in the Species of Colour, but only In a De-
gree of Luminoufnefs: Which (did not the Animadverfor concede it) |
might thusevince. A Beam of the Sun’s Light being tranfmitted into a dark-
ened Room, Iif you illuminate a Sheet of white Paper by that Light, reflected
from a Body of any Colour, the Paper will always appear of the Colour of
that Body, by whofe refleéled Light it is illuminated. If it be a Red Body,
the Paper will be Red; if a Green Body, it will be Green; and fo of the
other Colours. The Reafon is, that the Fibres or Threads, of which the

1 Paper confi'fl:s, are all tranfparent and fpecular ; and fuch Subftances are known
1- to refled Colours without changing them. To know, therefore, to what
Species of Colour a Grey belongs, place any Grey Body (fuppofe a Mixture
of Painters Colours) in the faid Lighr, and the Paper being il uminated by its
kI Refleftion, iliall appear White. And the fame Thing will happen, ifit be
H

«

Illuminated by Refledtion from a Black Subfl:ance.
Thefe therefore are all of one Species; but yet they feem diflitnguifli’d not
T only by Degrees of Luminoufnefs, but allb by fome other Inequalities, whereby
they become more harfli or pleafant. And the Diftindion feems to be, that
Greys, and perhaps Blacks, are made by an uneven Defedof Light, confifting
as it were of many little Veins or Streams, which differ either in Luminoufnefs,
or in the unequal Difliribution of diverfly colour'd Rays ; fuch as ought to be
caufed
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caufed by Refle6llon from a Mixture of White and Black, or of ¢;iverfly
coloured Corpufcles. But when iuch imperfedly mix'd Light is by a fecond
Refledlion from the Paper more evenly and uniformly blended, it becomes
more pleafant, and exhibits a faint or fliadowed Whitenefs. And that fuch
little Irregularities as thefe may caufe thefe Differences, Is not improbable, if
we confider, how much Variety may be caufed in Sounds of the fame Tone,
by irregular and uneven Jarrings. And befidcs, thofe Differences are fo litde,
that | have ibmetimes doubted, whether they be any at all, when | have con-
fidered, that a Black and White Body being placed together, the one in a
itrong Light, and the other In a very faint Light, fo proportioned that they
might appear equally luminous, It has been difiicult to diftinguilTi them,
when viewed at Diflance, unleis when the Black leemed more Bluifli, and
the White Body ina Light ilill fainter, hath, in Comparifon of the Black
Body, itfelf appeared Black.

This leads me to another Way of compounding Whitenefs; which is,
that, 1f four or five Bodies of the more eminent Colours, or a Paper painted
all over in feveral Parts of it with thofe feveral Colours in a due Proportion,
be placed in the faid Beam of Light, the Light refleiled from thofe Colours
to another White Paper, held at a convenient Diflance, fliall make that Pa-
per appear White. If it be held too near the Colours, its Parts will feeni
of thofe Colours that are nearefl them ; but by removing it further, that all
Its Parts may be equally illuminated by all the Colours, they will be more and
more diluted, until they become perfedly White. And you may further ob-
ferve, that if any of the Colours be intercepted, the Paper will no longer
appear White, but of the other Colours which are not intercepted. Now
that this Whitenefs i1s a Mixture of the feverally coloured Rays, falling con-
fufedly on the Paper, | fee no reafbn to doubt; becaufe, If the Light
became uniform and fimilar before it fell confufedly on the Paper, it mufl
much more be uniform, when at greater Diflance it falls on the Speilator’s
Eye ; and fo the Rays, which come from feveral Colours, would in no Qua-
lities differ from one another, but all of them exhibit the fame Colour to the
Spedator, contrary to what he fees.

Not much unlike this Inflance it is, that if a polifli'd Piece of Metal be
fo placed, that the Colours appear in it as in a Looking-Glafs, and then the
Metal be made rough, that by a confufed Reflenion thofe apparent Colours
may be blended together, they fliall difappear, and by their Mixture caufe
the Metal to look White.

But further to enforce this Experiment; If infleadof the Paper, any White
Froth, confiflingof fmall Bubbles, be illuminated by Refledlion from theafore-
faid Colours, it fhall to the naked Eye feem White, and yet through a good
Microfcope the feveral Colours will appear diilinft on the Bubbles, as if I'een
by Reflection from fo many fpherical Surfaces. With my naked Eye, being
very near, | have alfb difcerned the feveral Colours on each Bubble j and
yet at a greater Diflance, v;here | could not diftinguifli them apart, the troth
hath appeared entirely White. And at the fame Diflance, when | look’d in-
tently, 1 have feen the Colours diflinClly on each Bubble j and yet by ftraining
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my Eyes, as If | would look at fomething afar off beyond them, thereby ta
render the Vifion confiiied, the Froth has appeared without any other Colour
than Whitenefs. And what is here faid of Froths, may eafily be underftood
of the Paper, or Metal, In the foregoing Experiments. For their Parts are
fpecular Bodies, like thefe Bubbles; and perhaps with an excellent Microfcope
tie Colours may alfo be feen intermixed y refleéled from them.

In proportioning the feveral colour’d Bodies to produce thefe EfFeils, there
may be fome Nicenefs * and it will be more convenient to make ufe of the
Colours of the Prifm, caft on a Wall, by whofe Refledion the Paper, Me-
tal, Froth, and other white Subftances may be illuminated. And | ufually
made my Trials this Way, becaufe | could better exclude any fcattering Light
from mixing with the Colours to dilute them.

To this Way of compounding Whitenefs may be referred that other, by
mixing L>ight after it hath been trajeiled through tranfparently colour’d Sub-
Nances. For Inftance, if no Light be admitted into a Room, but only through
colour'd Giafs, whofe feveral Parts are of feveral Colours in a pretty equal
Proportion ; all white Things in the Room ihall appear White, if they be not
held too near the Glafs: And yet this Light, with which they are illuminated,
cannot pofTibly be uniform ; becaufe, If the Rays, which at their Entrance
are of divers Colours, do in their Progrefs through the Room fuffer any Al-
teration to be reduced to an Uniformity, the Glafs would not in the remoteft
Parts of the Room appear of the very fame Colour, which it doth when the
Speftator’s Eye is very near it: Nor would the Rays, when tranfmitted into
another dark Room through a little Hole in an oppofite Door or Partition-
Wall, projeft on a Paper the Species or Reprefentation of the Glafs in its
proper Colours.

And, by the by, this feems a very fit and cogent Inftance of fome other
Parts of my Theory, and particularly of the 13th Propofition, For in this
Room all natural Bodies whatever appear in their proper Colours. And all
the PhiEnomena of Colours in Nature, made either by Refra6lion or without
It, arc here the 1ame as In the open Air. Now the Light in this Room be-
Ing fuch adilTimular Mixture, as | have defcribed in my T™eory, the Caufes of
all thefe Phaenomena muft be the fame that | have here affigned. And | fee
no rcafon to fufpeft, that the fame Phsenomena i1hould have other Caufes In
the open Alr,

The Succefs of this Experiment may be eafily conjectured by the Ap-
pearances of Things in a Church or Chapel, whofe Windows are of co-
lour'd Glafs; or iIn the open Air, when it is illuilrated with Clouds of va-
rious Colours.

There are yet other Ways by which | have produced Whitenefs; as by cart-
Ing ie¥eral Colours from two or more Prifms upon the fame Place * by refraft-
Ing a Beam of Light with two or three Prifms fucceflively, to make the di-
verging Colours converge again ; by refleéling one Colour to another, and
by looking through a Prifm on an Objed; of many Colours; and (which is
equivalent to the above* mentioned WNay of mixing Colours by concave Wedges

filled with coloured Liquors) | have obferved the Shadows of a painted Glals-
Window
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Window ta become White, where thofe of niany Colours have at a great
Diftance interfered. But yet for further Satisfa«flion, the Animadverfor may
try, if he pleafe, the EiFeols of four or five fuch Wedges fill'd with Liquors
of as many feveral Colours.

Befides all thefe, the Colours of Water-bubbles, and other thin pellucid Sub-
Ilances, afford feveral Initances of Whitenefs produced by their Mixture ¢ with
one of which I ihall conclude this Particular. Let lome Water, in which a
convenient Quantity of Soap or Waihball is diflblv’d, be agitated into Froch,
and after that Froth has flood a while without further Agitation, ’till you fee
the Bubbles, of which it confills, begin to break, there will appear a great
Variety of Colours all over the Top of every Bubble, if you view them near
at hand ; but If you view them at |Ib great a Diltance that you cannot diftin-
guiih the Colours one from another, the Froth will appear perfectly White.

Thus much concerning the Defigh and Subitanee of the Animadverfor’s
Confiderations. There are yet fome Particulars to be taken notice of, before
| conclude; as the Denial of the Experimentum Crucis. On this | chofe to
lay the whole Strefs of my Difcourfe ¥ which therefore was the principal T'hing
to have been objeéled againft. But I cannot be convinced of its InfufHciency by
a bare Denial, without aifigning a Reafon for it. | am apt to believe It has
been mifunderftood ; for otherwife it would have prevented the Difcourfes a-
bout rarefying and fplitting of Rays; becaufe the Defign of it is to iliew, that
Rays of divers Colours confidered apart, do at equal Incidences fuiFer unequal
Refradtions, without being fplit, rarefied, or any ways dilated.

VI. 1. Methinks that the moil important Objedlion which Is made againft-S/\w
Mr. Newton by way of Query, iIs that. Whether there be more than two forts
of Colours? For my part, | believe, that an Hypothefis, that ilionld explain/"»;
Mechanically, and by the Nature of Motion, the Colours Yellow, Green, and
Blue, would be fuincient for all the reft, in regard thoie others, being only J’'n>An 16-5.
more deeply charged, (as appears by the Prifms of Mr. Hook) do produce the
dark or deep Red and Blue ; and that of thefe four all the other Colours may
be compounded. Neither do | fee why Mr. Newtott doth not content him-
felf with the two Colours, Yellow and Blue ; for it will be much more eafy
to find any Hypothefis by Motion, that may explicate thefe two Differences,
than for fo many Diverfities as there are of other Colours. And 'till he hath
found this Hypothefis, he hath not taught us, what it Is wherein coniifts
the Nature and Difference of Colours, but only this Accident (which cer-
tainly is very confiderable) of their different Refrangihiliiy.

As for the Compofition of White made by all the Colours together, it may
pofTibly be, that Yellow and Blue might alfo be fufiicient for that: V/hich is
worth while to try ; and it may be done by the Experiment which Mr. Newton
propofeth, by receiving againfl a Wall of a darkened Room the Colours of
the Prifm, and to cafl their refleéted Light upon white Paper. Here you
muft hinder the Colours of the Extremities, viz. the Red and Purple, from
ftriking againfl the Wall, and leave only the intermediate Colours, Yellow,
Green, and Blue, to fee whether the Light of thefe alone would not make the
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Paper appear White, as well as when they all gave Light. | even doubt,
whether the lighteft Place of the Yellow Colour may not all alone produce
that Effcft, and | mean to try it at the firil Conveniency ¢ for this Thought
never came into my Mind but jud now. Mean time you may fee, that if
tfiefe Experiments do fucceed, it can no more be faid, that all the Colours are
neceffary to compound White, and that’tis very probable, that all thereila're
nothing but Degrees of Yellow and Blue, more or lefs charged.
2. It feems to me, that N. takes an improper Way of exami
Newton”™ of Colours, whilil he proceeds upon compounding thofc that are already
Aug.'Al. 1673. compounuet Perhaps he would fooner fatisfy himfelf by refolving Light

Into Colours, as far as may be done by Art, and then by examining the Pro-
perties of thofe Colours apart, and afterwards by trying the Efieils of re-con-
joining two or more, or all of thofe; and laflly, by feparating them again, to
examine what Changes that Re-conjunflion had wrought in them. | have
formerly fnewn, That all Colours cannot practically be deriv’d out of the
Yellow and Blue, and confequently that thofe Hypothefes are groundleft,
which imply they may. If you' afk, what Colours cannot be derived out of
Yellow and Blue ? | anfwer. None of thofe which | defined to be Original,
and if he can 1thew by Experiment how they may, | will acknowledge my-
felf in an Hrror. Nor is it eafier to frame an Hypothcfis by aifuming only
two original Colours, rather than an indefinite Variety; unlels it be eafier to
fuppofe that there are but two Figures, Sizes, and Degrees of Velocity or
Force of the yilchereal Corpufcles or Pulfes, rather than an indefinite Varie-
ty ¢ which certainly would be a harfh Suppofition. No Man wonders at the
Indefinite Variety of Waves of the Sea, or of Sands on the Shore ¢ bur, were
they all but two Sizes, it would be a very puzzling Phienomenon. And |
thould think it as unaccountable, if the feveral Parts or Corpufcles, of which
a fhining Body confifls, which muft be fuppofed of various Figures, Sizes,
and Motions, lliould Iniprefs but two Sorts of Motion on the adjacent ~die-
rcal Medium, or any other Way beget but two Sorts of |ays. But to examine
how Colours inay be explain’d hypothetically, iIs bcfide my Purpofe. | ne-
ver intended to Ihew wherein conliiis the Nature and Difi'erence of Colours,
but only to filew, that defaito they are original and immutable ("lalities of
the Rays which exhibit them * and to leave it to others to explicate by me-
chanical nypothcfes, the Nature and Difference of thefe Qualities; which |
take to be no difficult Matter. But 1would not be underllood, as If their
Difference confilled in the different Refrangibility of thofe Rays; for that
different Rcfrangibility conduces to their Produclion no otherwife, than by fe-
parating the Rays whofe Qualities they are. Whence it i1s, That the lame
Rays exhibit the fame Colours when feparated by any other Means; as by
their dffermt Reflexibility”™ a Quality not yet difcourfed of.

In the next Particular, where N. v/ould fiiew, that it is not neceflliry to
mix all Colours for the Production of v~hite ; the Mixture of Yellow,
Green and Blue, without Red and Violet, which he propounds for that End,
will not produce White, but Green; and the brighted Part of the Yellow

will afford no other Colour but Yellow, if the Experiment be made In a
Room
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Room well darkened, as it ought*, becaufe the coloured Light is much
weakened by the Refleclion’, and fo apt to be diluted by the mixing of any
other Icattering Liglit. But yet there Is an Experiment or two formerly
mentioned, by which | have produced White out of two Colours alone, and
that varioudy ¢ as out of Orange and a full Blue, and out of Red and a pale
Blue, and out of Yellow and Violet, as alfo out of other Pairs of interme-
diate Colours. The moil convenient Experiment for performing this, was
thar ofcafting the Colours of one Prifm upon thofe of another, after a due
Manner. But what N. can deduce from hence, | fee not; for the two Co-
lours were compounded of all others, and fo the refulting White (to fpeak
properly) was compounded of them all, and only decompounded of thofe
two. For Inilance, the Orange was compounded of Red, Orange, Yel-
low, and fome Green*, and the Blue, of Violet, full Blue, light Blue, and
feme Green, with all their intermediate Degrees; and confequently the
Orange and Blue together made an Aggregate of all Colours to conftitute the
White. Thus if one mix Red, Orange, and Yellow Powders to make an
Orange; and Green, Blue and Violet Colours to make a Blue-, and laftly,
the two Mixtures to make a Grey ; that Grey, though decompounded of no
more than two Mixtures, Is yet compounded of all the fix Powders, as truly
as iIf the Powders had been all mixed at once.

This is fo plain, that | conceive there can be no further Scruple; efpeci-
ally to them who know how to examine, whether a Colour be fimple or com-
pounded, and of what Colours It iIs compounded; which having explain’d
In another Place, | need not now repeat. If therefore N. would conclude
any Thing, he mud ithew how V'/hite may be produced out of two uncom-
:)Ounded Colours: Which when he hath done, | will farther tell him, why
le can conclude nothing from that. But | believe there cannot be found an
Experiment of that Kind ; becaufe, as | remember, | once try'd, by gra-
dual Succcilion, the Mixture of all Pairs of uncompounded Colours; and
though fi)meof them were paler, and nearer to White than others, yet none
could be truly called White. But it being fome Years fince this Trial was
made, | remember not well the Circumftances, and therefore recommend it
to others to be tried again.

3. Seeing that Mr. Neivton maintains his Opinion with fo much Concern, h
| lift not to difpute. But what means it, | pray, that he faith, 'Though 6112.
JfmldJloew hin™ that the While cculd be produced only of two uncomponnded
Colours, yet | couldconclude nothing from that ? And yet he hath affirm’d, that

to compofe the White, all primitive Colours are necefiary.
4. In my ftying, that w len Monfieur N. hath iliewn how IVhite may heArwad, ly

produced out of two uncompounded Colours, | will tell hi'n, why he can conclude
nothingfrom that; my Meaning was, That fuch a White (were there any fuch) Jduy, an. 1673
would have different Properties from the White which | had refpe<dto, when
Idefcribed my 'Theory, that is, from the White of the Sun’s immediate Light,
of the ordinary Objeds of our Senfes, and of all white Phenomena that have
hitherto fallen under my Obfervation. And thofe different Properties would

evince It to be of a different Conftitution ; Infomuch, that fuch a Produsftion
of

jun£
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of White would be fo far from cohtradiding, that it would rather illuftrate
and confirm my Theory ; becaufe by the Difference of that from other Whites,
It would appear, that other Whites are not compounded ofonly two Colours
like that. And therefore if Monfieur N. would prove any Thing, it Is requi-
fite that he do not only produce out of two primitive Colours a White,
which to the naked Eye ihall appear like other Whites, but alfo ihall agree
with them in all other Properties.

But to let you underftand wherein fuch a White would differ from other
Whites, and why from thence it would follow that other Whites are other-
wife compounded, | ihall lay down this Pofition.

Thail a compounded Colour can be refolved hito no morefimple Colours than
thofe of which it is compounded.

This feems to be felf-evident, and | have alfo tried it feveral Ways, and
particularly by this which follows; Let a reprefent an oblong Piece of White
Paper about or ¢ of anInch broad, and il uminated In a dark Room, with
a Mixture of two Colours caft upon it from two Prifms, fuppofe a deep Blue
and Scarlet, which muit feveraliy be as uncompounded as tley can conveni-
ently be made; then, at a convenient Diftance, fuppofe of fix or eight Yards,
view It through a clear Triangular Glafs or Cryflal Prifm held parallel to the
Paper, and you ihall fee the two Colours parted from one anot ler in the Fa-
ihion of two Images of the Paper, as they are reprefcnted at Sand y | where
fuppofe ABthe Scarlet, and y the Blue, without Green, or any other Colour
between them.

Now from the aforefaid Pofition | deduce thefe two Conclufions; 1. That if
there were found out a Way to compound White of two fimple Colours on-
ly, that White would be again refolvable into no more than two. 2. That
It other Whites, as that of the Sun’s Light, &c. be refolvable into more than
two fimple Colours (as | find by Experiment that they are) then they muft
be compounded of more than two.

To make this plainer, fuppofe that A reprefents a white Body, illumina-
ted by a direfl Beam of the Sun tranfmitted through a fmall Hole into a
dark Room, and » fuch another Body, illuminated by a Mixture of two
fimple Colours ; which, if poffible, may make it alio appear of a white Co-
lour exaélly like A : Then, at aconvenient Diftance, view thefe two Whites
through a Prifm, and A will be changed into a Series of all Colours, Red,
Yellow, Green, Blue, Purple, with their intermediate Degrees fucceeding In
Order from B to C. But according to the aforefaid Experiment, will on*
Jy yield thofe two Colours of which it was compounded, and thofe not con-
terminate like the Colours at B C, but feparate from one another, as at /3and

by means of the different Refrangibility of the Rays to which they belong.
And thus by comparing thefe two Whites, they would appear to be of a
different Conilitution, and A to confift of more Colours than d. So that
what Monfieur N. contends for, would rather advance my Theory by the
Accefs of a new Kind of White, than conclude againft it. But | fee no

Hopes of compounding fuch a White.
As
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As for Monfieur N. his Expreflion, That | maintain my "DoUrine swuith jorne
Concern™ | confefs it was a little ungrateful to me, to meet with Objeftions
which had been anfwered before, without having the leafl: Reafon given me
why thofe Anfwers were inlufficient. Thofe Anfwers were to ihew, that™. Supp!. N
there are other fimple Colours befides Blue and Yellow; | inftanced in a fim-
pie or homogeneal Green, fuch as cannot be made by mixing Blue and Yellow,
or any other Colours, And | alfo fhew’d why, fuppofing that all Colours
might be produced out of two, yet it would not follow tlat thofe two are
the only original Colours. The Reafons | deiire you would compare with
what hath now been faid of White. And fo the Ncceffity of all Colours to
produce White, might have appear'd by that Experiment, where | fay. That
If any Colour at the Lens be intercepted, the Whitenefs (which is compounded
of them all) will be changed into (the Refult of) the other Colours.

However, fmce there feems to have happened fome Mifunderftanding be-
tween us, | thall endeavour to explain myfelf a little further in thefe Things,
according to the following Method.

Definitions.] 1. | call that Light homogeneal, fimilar, or uniform, whofe
Rays are equally refrangible.

2. And that heterogeneal, whofe Rays are unequally refrangible.

Note™ There are but three Affections of Light, in which | have obferved
Its Rays to differ, viz. Refrangibility™ Reflexibility”™ and Colour \ and tiiofe
Rays which agree in Refrangibility, agree alfo in the other two, and
therefore may well be defined homogeneal, efpecially fince Men ufually
call thofe Things homogeneal, which are fo in all Qualities that come
under their Knowledge, tho’ In other Qualities, that their Knowledge
extends not to, there may poflibly be fome Heterogeneity.

3. Thofe Colours I call fimple, or homogeneal, which are exhibited by

homogeneal Light.

4. And thofe compounded or heterogeneal, which are exhibited by hetero-
geneal Light.

5. Different Colours, | call not only the more eminent Species, Red, Yel-
ow, Green, Blue, Purple, but all other the minuteft Gradations; much
after the fame manner that not only the more eminent Degrees in Mufick,
but all the leaft Gradations are efteemed different Sounds.

Propo/itiojis.l 1. The Sun’s Light confifts of Rays differing by indefinite
Degrees of Refrangibility.

2. Rays which differ in Refrangibility, when parted from one another, do
proportionally differ in the Colours which they exhibit. Thefe two Propo-

fttions are Matter of Faft.

3. There are as many fimple or homogeneal Colours, as Degrees of Re-
frangibility : For to every Degree of Refrangibility belongs a different Co-
lour, by Prop. 2. and that Colour is fimple, by Def. 1, and 3.

4. Whitenefs,'In all Refpeds like that of the Sun’s immediate Light, and

of all the ufual Objedts of our Senfes, cannot be compounded of two fimple
Colours

O/\
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Colours alone: For fuch a Compofition muft be made by Rays that have
only two Degrees of Refrangibility, by Def. 1, and 3 ; and therefore it can-
not be like that of the Sun’s Light, by Prop, 1\ nor, for the fame Reafon,
like that of ordinary white Objeets.

5. Whitenefs, in all Refpeéls like that of the Sun’s inimediate Light, can-
not be compounded of Simple Colours, without an indefinite Variety of
them . For to fuch a Compofidon there are requifite Rays endued with all
the indefinite Degrees of Refrangibility, hy Prop. 1. And thofe infer as
many Simple Colours, by Def. 1, and 3. and Prop, 2, and 3.

To make thefea little plainer, | have added alfo the Propofitions that follow.

6. The Rays of Light do not ad on one another in-paiTlng through the
lame Medmn. This appears by feveral former PaiTage?, and is capable of
further Proof.

/. The Rays of Light fufFer not any Change of their Qualities from Re-
frartion.

8. Nor afterwards from the adjacent quiet Medium. Thefe two Propofi-
tions are manifeit defaolo In homogenea Light, whofe Colour and Refran-
gibility i1s not at all changeable, either by Refraftion, or by the Contermi-
nation of a quiet Medium. And as for heterogeneal Light, it isbut an Ag-
gregate of feveral Sorts of homogeneal Light; no one Sort of which fuffers
any more Alteration than if it were alone, becaufe the Rays adl not on one
another, by Prop. 6. and therefore the Aggregate can fuffer none. | 'hefe
two Propofitions alfo might be further proved apart by Experiments, too
long to be here defcribed.

9. There can no homogeneal Colours be educed out of Light by Refra-
.lion, which were not commixt in it before; becaufe by Prop. 7. and 8. Re-
fradtion changeth not the Qualities of the Rays, but only fcparates thofe
which have diverfe Qualities, by means of the different Refrangibility.

10. The Sun’s Light is an Aggregate of an indefinite Variety of homoge-
neal Colours; by Prop, i, 3, and 9. And hence it is, that | call homoge-
neal Colours alfo primitive or original.

Alimadverfm VII. 1. | doubt not of what Mr. Newton ailirms; and have myfelf fome-
htbtind”™-" times In like Circumftances obferved the like Difference between the Length
1its; byMr. and Breadth of the coloured SpeSinwvn ; but never found it fo when the Sky wes
. 217. Clouds, near the Sun: But then only appeared this Differ-

Jan. An. 1675. cnce of Length and Breadth, when the Sun either flilned thro’ a white Cloud,
or enlightened fome fuch Clouds near unto it. And then indeed it was no mar-

vel, the faid Spe£lrumiho\A;. be longer than broad ; fince the Cloud or Clouds

fo enlightened, were in order to thofe Colours like to a great Sun, makings

far greater Angle of Interfeition in the Hole, than the true Rays of the Sun

do make; and therefore are able to enlighten the whole Length of the Priln>

and not only fome fmall Part thereof, as we fee enlightened by the trueSun-

Beams coming thro’ the fame little Hole. And this we behold alfo in the

true Sun-Beams, when they enlighten the whole Prifni; for altho* in a clear

Heaven, the Rays of the Sun pafiino;, thro’ the faid Hole, never make a
° Spcclrum
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Spedrum longer than broad,* becaufe they then can occupy but a fimll Part
of the Prifm; yet if the Hole be fo much bigger as to enlighten the wiiole
Prifm, you lhall prefently fee the Length of the Spcdrum much exceed its
Breadth ; which Excefs will always be fo much the greater, as the Lengcli of
the Prifm exceeds its Breadth. From whence | conclude. That the Spe<”rum,
this Learned Author faw, much longer than broad, was not effedfced by the
true Sun-Beams, but by Rays proceeding from fome bright Cloud, as isfaid \
and by Confcquence, that the Theory of Light grounded upon that Experment
cannot 1ubfift.

What | have here faid, needs no other Confirmation than meer Experience,
which any one may quickly try: neither have | only tried the fame upon this
Occafion, but near 30 Years ago fliew'd the fame, together with divers other
Experiments of Light, to that worthy Promoter of Experimental Phiiofophy,
Sir Kenehn Digby”™ who coming into thefe Parts to take the Waters, re-
forted oftentimes to my darkned Chamber *, to fee the various Ph£enomena*.,*Leige.
of Light, made by divers Refraclions and Refledtions, and took Notes upon
them 1 which Induftry if they alfo had us'd, who endeavour to explicate the
aforefaid Difference between the Length and Breadth of this colour’d Spe”runiy
by the received Laws of Refraction, would never have taken fo impoflible a

Task in Hand.

2. Thefe Animadverfions feem to need no other Anfwer but this, that youw™>»fweriAby
would be pleafed to confider the Scheme in Mr. Newton”™s fecond Anfwer ro b
P, ParideSy and reftaffured, that the Experiment, as *tis reprefented, was tried jin?A°nfi675!
In clear Days, and the Prifm placed clofe to the Hole in the Window, fo that
the Light had noroom to diverge, and the coloured Image made not parallel
(as In that Conjefture) but tranfverfe to the Axis of the Pnfm.

3. If thefe AJdferlions be admitted™ they do indeed diredtly cut off whatlyiReffyiyMr.
faid of Mr. Newtonh being deceived by a bright Cloud. But if we compare/™N"/ -
them with Mr. Newton*™ firft Relation of the Experiment, it will evidently jamAafiep.'
appear, they cannot be admitted, as being direftly contrary to what is there
delivered. For there he tells us. The Ends ofthe coloured Image, he faw on the
oppofite JVall near five times as long as broad, feem to be femidrcular, Nom
thefe femicircular Ends are never feen in a clear Day, as Experience ihews.
From whence follows againft the firft Affertion, that the Experiment was not
made In a clear Day. Neither are thofe femicircular Ends ever feen when the
Prifm is placed clofe to the Hole * which contradicts the fecond Affertion.
Neither are they ever feen when the Image is tranfverfe to the Length or Axis
of the Prifm ; which diredly oppofes the third Affertion. But if in any of
thefe three Cafes, the Image be made fo much longer than broad (as eafily
It may, by turning the Prifm a little about its Axis, nearfive times as long as
broad) then the one End thereof will run out into a fharp Cone or Pyramis
like the Flame of a Candle, and the other into a Cone fomewhat more
blunt ¢ both which are far from feeming femicircular: Whereas, if thi:
Image be made not ina clear Day but with a bright Cloud, and the Prifm not
placed clofe to the Hole but Iin a competent Diilance from the fame, then ihefe
Semicircular Ends always appear, with the Sides thereof, ftreight Lines, juft

VoL, I ' Z as
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as Mr. Ne'xton defcribes them. Neither is the Leftgth of the Image tranfverfe®
but parallel to the Length of the Prifm. Out of all which it evidently follows,
that the Experiment was not made in a clear Day 5 nor with the Prifm clofe
to the Hole; nor yet with the Image tranfverfe, but by a bright Cloud and
a parallel Image fas | conjedured) j and | hope you will alfo now fay, | had
good Realbn loto conjedure, fince it fo well agrees with the Relation. And
Experience will alfo (hew you, if you pleafe to make Trial, as it was made
In a dark Chamber, and obferve the Difference between fuch an Image made
by a bright Cloud, and another made by the immediate Rays of the Sun;
For the itormer you fhall always find parallel, with the Ends femicircular;
but the latter you ihall find tranfverfe, with the Ends pyramidical, as afore-
faid, whenfoever It appears ib much longer than broad.

More might be faid out of the fame Relation, to flicw that the Image was not
tranfverfe. For if it had been tranfverfe, Mr. 'Newton™ fo well skill’d in Optics™
could not have been furprized (as he fays he was) to fee the Length thereof fo
much to exceed the Breadth ; it being a Thing fo obvious and eafy to be ex-
plicated by the ordinary Rules of Refradlion. That other Place alfo (where
he fays the Incident Refradions were made in the Experiment equal to ik
Emergent) proves again, that the faid oblong Image was not tranfverfe, but
parallel. For it is ympoffible the tranfverfe Image i1hould be fo much longer
than broad, unlefs tiiofc two Refracftions be made very unequal; as both the
Computation according to the common Rules of Refraelion and Experience
telliiy.

ANverdyMr. 4. What it is that impofes upon Mr. Line | cannot imagine < but | fufpsiil:
ot try’d the Experiment fince he acquainted himfelf with my Theory,
N. but depends upon his old Notions, taken up before he had any Hint given
Mar. An-16/6.  obfeivc the Figure of the coloured Image. | fhall defire him therefore,
before he returns any Anfwer, to try it once more for his Satisfaftion, and ac-

cording to this Manner.

Let him take any Prifm, and hold it fo that its Axis may be perpendicular
to the Suns Rays, and in this Pofture let it be placed as dole as may be
to the Hole through which the Sun iliines into a dark Room, which Hole
may be about the Bignefs of a Pea. Then let him turn the Prifm flowy
about its Axis, and he ihall fee the Colours move upon the oppofite Wall,
firfl, towards that Place to which the Sun’s direél Line would pafs, if the
Prifm were taken away, and then back again. WIlien they are in the Mid-
dle of thefe two contrary Motions, that is,, when they are neareft that Place
to which the Sun’s direét Ray tends, there let him ftop; for then arethe
Rays equally refraéled on both Sides the Prifm. In this Fofl;ure oi the PriffO
let him obferve the Figure of the Colours, and he fiiall find it not round,, as
he contends, but oblong, and fo much the more oblong as the Angle ot the
Prifm, comprehended by the rcfraéting Planes, is bigger, and the Wall, on
v/hich the Colours are cafl;, morediflant from the Prifm j the Colours Red,
Yellow, Green, Blue, Purple, fucceeding in Order, not from one Side of the
Figure to the other, as in Mr. Zz«¥sConjeture, but from one End to the
ether j and the Length of the Figure being not parallel but tranfverfe tthe
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Axis of the Prifm. After this manner | ufed to try the Experiment ¢ and
it will not fucceed well if the Day be not clear, and the Prifm placed clofe to
the Hole, or fo near at lead, that all the Sun’s Light that comes from the
Hole may pafs through the Prifm alfo, fo as to appear in a round Form, if
Intercepted by a Paper immediately after it has pailed the Prifm.

When Mr. Line has try’'d this, | could wiih he would proceed a little fur-
ther, to try that which I call’d the Experimentum Crucis. For when he has
try’d them (which by his denying them, | know he has not done ye t as they
fliould be try’d) | prefume he will reft fatisfied. It may be try’'d (tho’ not

fo perfeftly) even without darkning a Room, or the Expence of any more
Time than half a Quarter of an Hour.

5. Mr. Linus (now decealed) try™d the Experiment again and again, zndrotExprriment

called divers on purpofe to fee it, nor ever made DiiFiCulty to iliew it to ‘iny

one, who either by Chance came into his Chamber as he was doing it, or A~ Cifoogr,

Ihewed the leaft Defire to fee the fame, fo that for Point of EXxperience,

Newton cannot be more confident on his Side, than we are here on the other ; Jan-An. 16/6.

who are fully perfuaded, that, unleis the Diverfity of placing the Prifm, or
the Bignefs of the Hole, or fome other fuch Circumftance, be the Caufe of
the Difference betwixt them, Mr. Newton s Experiment Wil hardly ftand.

6. By Mr. Letter one might fufpe6t, th:;jt Mr. Linus try’d [he<<?"Anirfii¢y

Experiment fome other Way than | did ; and therefore | lhall expecc, till hs/-"
Friends have try’'d it according to my lateDireélions. In which Trial it may”

poffibly be a further Guidance to them, to acquaint them that the Prifm cafts
from itfeveral Images. One is, that oblong One of Colours which ! mean |
and this is made by two Refraétions only. Another there is made by two
Refradions and an intervening Reflexion and this iIs round and“cclourlefs,
If the Angles of the Prifm be exadly equal j but if the Angles at the refiedl-
Ing Bafc be not equal, it will be colour'd, and that fo much the more, by
how much unequaller the Angles are, but yet much more unround, unlefs the
Angles be very unequal. A third Image there is, made by one fingle Re-
fledion, and this is always round and colouriefs. The only Danger is, In
miftaking the Second for the Firjl. But they are diftinguifhable nor only by
the Length and lively Colours of the Firjl™ but by its different Motion too;
For, whilll the Prifm is turned continually the fame Way about its Axis, the
Second and Third move fwiftly, and go always on the fame Way, till they
difappear ; but the Firft moves flow, and grows continually (lower, till it be
Stationary, and then turns back again, and goes back faller and failer, till it
vanifh in the Place where it began to appear.

If, without darkning their Room, they hold the Prifm at their Window
m the Sun’s open Light, in fuch a Pofture that its Axis be perpendicular to
the Sun-Beams, and then turn it about its Axis, they cannot mifs of feeing
the firil Image ; which having found, they may double up a Paper once or
twice, and make a round Hole in the middle of it, about I-or , of an Inch
broad, and hold the Paper immediately before the Prifm, that the Sun may
fliine on the Prifm through that Hole ; and the Prifm being flayed, and
-held iteddy In that Pofture which makes the Image ftationary, if the Image
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then fall direilly on an oppofite Wall, or on a Sheet of Paper placed at the
Wall, fuppofe 15 or 20 Feet from the Prifm, or further otf; they will fee
the Image in fuch an oblong Figure as | have defcribed, with the Red at
one End, the Violet at the other, and the bluiith Green inthe Middle ; And
If they obfcLire their Room as much as they can, by drawing Curtains, or
otherwife, it will make the Colours the more confpicuous.

ThisDire<Ttion | have fet down, that no Body, into whofe Hands a Prifm
itliali happen, may find Difficulty and Trouble in trying it. But when Mr.
Linus’s Friends have try’d it thus, they may proceed to repeat it In a dark
Room with a lefs Hole made in their Window-flnit. And then | ihall
defire that they™ will fend a full and dear Defcription how they try*d it. |
lliould be glad too, if they will favour me with a Defcription of the Expe-
riment as it hath been hitherto try’d by Mr. Linus that 1 may have an Op-
portunity to confider what there is in that which makes againil me.

7. V. Gafcojgj2€ wanting Convenience to make the Experiment, according
to the frelh Diredions from Mr. Newton, requefted me to fupply this Want.

Xhe vertical Angle of my Prifm was 60 Degrees - the Dillance of the Wall,
whereon the coloured SpeSirum appeared from the Window, about 18 Feet]
the Diameter of the Hole in the Window-ihuts about 7 Inch, which, upon
Occafions, | contrafled to half the faid Diameter, but ftill with equal Succefs
as to the main of the Experiment. The Refradions on both Sides the Prifm
were, as near as 1 could make them, equal * and confequently about 48 Deg.
40 Min. the refrailive Power of Glafs being computed according to the Ratio
of the Sines 2 to 3. The Diftance of the Prifm from the Hole in the Shuts
was about 2 Inches ¢ the Room darkned to that Degree as to equal thedarkeft
Night, while the Hole Iin the Shuts was covered.

Now as to the liTue of my Trials; | conftantly found the Length of the
coloured Image (tranfverfe to the Axis of the Prifm) confiderably greater
than its Breadth, as often as the Experiment was made on a clear Day ; but
If a bright Cloud were near the Sun, | found itfometimes exaotly as Mr. Line
wrote to you, namely, broader than long, efpecially while the Prifm was
placed ata great Diftance from the Hole: Which Experiment will not, | con-
ceive, be quefl;ion*d by Mr. Newton, it beingfo agreeable to the received Laws
of Refraofions, And indeed the Obfervations of thefe two learned Perfons,
as to this Particular, are eafily reconciieable to each other, and both to Truth;
Mr. Newton contending only for the Length of the Image (tranfverfe to the
Axis of the Prifm) in a very clear Day; whereas Mr. Line only maintained
the Excefs of Breadth,, parallel to the fame Axis, while the Sun isin a bright
Cloud. Tho* as to what is further deliver'd by Mr. Newton, and oppofed
by Mr. Line, namely that the Length of the coloured Image was five times
the Diameter of its Breadth j | never yet have found the Excefs above thrice
the Diameter, or at moft 3 while the Refraodlions on both Sides the Prifn™
were equal. So much as to the Matter of Fa6l.

Now as to Mr. Newton*% Theory of Light and Colours, | confeis his neat
Sett of very Ingenious and Natural Inferences was to me, upon the iirft
Verufal, a.ftrong Conjedurc in Favour of his new Doitrine % | having fg"
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merly obferved the like Chain of Inferences upon Search into natural Truths.
But fince feveral Experiments of Refraftions remain ilill untouched by him,

| conceived a further Search into them would be very proper, in order to a
further Difcovery of the Truth of his ASertion. For accordingly as they
are found, either agreeing with, or difagreeing from his new Theory, they
Ir.uft needs much ftrengthen, or wholly overthrow the fame. The EXxperi-
ments | pitched upon for this Purpofe are as follow ;

1. Having frequently obferved, that the Form of Obje6ts viewed In the
Microfcope (or rather of the Microfcope itfelf) conGits almoil In an indi-
vifible Point, | concluded two very fmall Pieces of Silk, the one Scarlet, the
other Violet Colour, placed near together, fhould, according to Mr. Newton »
Theory, appear in the Microfcope In a very different Degree of Clarity, In
regard their unequal Refrangibility mult caufe the Scarlet Rays, or Species,
to over-reach the Retina, while placed in the due Focus of the Violet ones,
and confequently muil occafion a fenfible Confufion in the Vifion of the for-
mer, one and the fame Point of the Scarlet Objed aiFeéling feveral Nerves in
the Retina. Yet upon frequent Trials | have not been able to perceive any
Inequality in this Point.

2. The fecond Experiment | made in Water. | took a Brafs Ruler, and
faftning thereunto feveral Pieces of Silk, Red, Yellow, Green, Blue, and
Violet, | placed it at the bottom of a Square Veffel of Water : Then | re-
tired from the VeiTel fo far, as not to be able to fee the aforefaid Ruler and
coloured Silks, otherwife than by the Help of the refradted Ray. Now, did
Mr. Newton\ Doftrine hold, | conceived I thould not fee all the mentioned
Colours in a ilreight Line with the Ruler, in regard the unequal Refrangi-
bility of different Rays muft needs difplace fome more than others. Yet In
EfFeél, upon many Trials,. | conftantly found them in as ilreight a Line, as
the bare Ruler had appeared in.

3. To advance this Experiment, | adjoined a fecond Refraftion to the
Former of Water, by placing my Prifm fo, as to receive perpendicularly the
refraited Species of the Silk and Ruler; whereby only the emergent Species
liiffered a fecond Refraction mmbut ftill with equal Succefs, as to their appear-
Ing In a ftrcight Line to the Eye placed behind the Prifm.

4. To thefe two Refraftions | further added a third, by receiving the co-
loured Species obliquely upon the Prifm ; whereby both incident and emer-
gent Species fufFered their refpedtive Refraftions: But ilill with the fame
Succefs as formerly, as to the ftreight Line they appeared in.

For further Afiurance in this Experiment, leil PrepoiTeflion, occafion’'d
from previous Knowledge of the Silk’s Situation in a ftreight Line, might
poiTibly prejudice the Judgment of the Eye (as fometimes 1 have obferv'd
to happen to the Judgment the Eye paiTeth upon the Diftance of Objeds)
| call’d into the Room fome unconcern’d Peribns, wholly ignorant of what
the Experiment aim’d at ; and demanding whether they law not the coloured
Silks and Ruler in a crooked Line, they anfwer’'d in the Negative.

5. The next Experiment I made in uncompounded Colours (as Mr. Newton

terms them, ?rof. 5.and 13.) as follows. Having caft two coloured Images
upon

\f.
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upon the Wall, fo as the Scarlet Colour of the one did fidl In a ftreight Line
(parallel to the Horizon) with the Violet of the other; 1 then looked upon
both through another Prifm, and found them ftill appear iIn a rtreight Line
parallel to the Horizon, as they had formerly done to the naked Eye. Now-
according to Mr. Newion”s Aiiertion of different Refrangibility in diiFerervt
Rays, | conceive the Violet Rays iliould fufFer a greater Refraftion in the
Prilm at the Eye, than the Scarlet ones; and confequently both Colours
fliould not appear 1ii a fireight Line parallel to the Horizon,

6. Another Experiment | made, in order to lbme further Difcovery
that furprizing Phenomenon of the coloured Image, which occafioned Mr.
Newion's ingenious I'heory of Light and Colours, as alfo of his excellent In-
vention of the rtfle¢ling I'elefcope and Microfcope. Having then fometimes
luJpebled, that not only the diredl Sun-Beams, but allb other extraneous
Light, might pofiibly influence the coloured Speilrum, | hoped to dilcover
the Truth of this Sufpicion by means of the Sun-Spots, made to appear in the
coloured Image, by placing a I'elefcope behind the Prifm. But my Endea-
vours proving ineffedual herein, byreafonof fome intervening Difficulties,
| thought at length of a more feafible Method, In order to the defigned Dif-
covery ; as In the following Experiment.

| 1aftned a very white Paper-Circle (about an Inch in Diameter) upon my
Window ithuts; and beholding it thro* my Prifm, | found a coloured Image
painted thereby upon my Retina”™ anfwerable in almoft all refpedis to the for-
mer of the Sun-Beams upon the Wall, efpecially when the Paper-Circle was
Indiflerently well illuminated. This Image indeed appeared contrary to the
former, as to the Situation of- Colours, that is, the Scarlet appearing above,
the Violet below, tho’ but faint. But this | was not furprized at, having
obierved upon diiTefting the Eye, that Obje6ts are painted on the Retina after
a contrary Ponure to what they appear to fight. Having thus rendered the
coloured Image much more tradable than formerly it was, | conceived good
Hopes of fome further Difcovery in the Point mendoned.

In Purfuance then of my former Sufpicion, having fixed my Prifm in a
fteady Poilure, | caufed the Paper C to be applied clofe up to the Paper-Circle
a b d\ whereupon the former Violet and the Scarlet Colour of C, vaniilied
Into Whiteneis. Next | removed the mentioned Circle from the Shuts, and
placed it in the open Window, fupported only by the EdgCii: whereupon, to

my Ailoniithment, all the former Colours exchanged Poltures in the Retina %

the Scarlet now appearing below, the Violet above, the intermediate Co-
lours fcarce difcernible. And here, by the by, *tisvery remarkable, that du-
ring this Obfervation | clearly perceived both Blue and Scarlet Light to be
tranfparenc, | being able to difcern feveral Objedts thro’ both, namely, Stee-
ples oppofite to my Window: Whence it follows, that thefe Colours do In
great Part arife from the neighbouring Light. I-aftly, | placed the Paper-
Circle anew, fo as the one half ; was faftned to the Shuts, the other Semi-
circle a being expofed to the open Air. Whereupon the Semicircle a be-
came bordered with Violet above, Scarlet below, but the other Semicircle

guite contrary. Hence | make the following Inferences.

Fitft,
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Firil, That not only the Light reflefbed from the Paper-Circle, but alfo
from the ambient Air, hath great Influence upon the coloured Image, efpe-
elally as to the Violet and Scarlet Colours. Whence, perchance, it will not
hereafter feem ftrange that the coloured Speelrum on the Walls is fo long, but
only that the Breadth is not greater. Secondly, Were there a more lumi-
nous Body behind the Sun, we fhould in all likelihood have the Colours of
the Spedtrum in a contrary Situation to what they appear in at prefcnt:
Whence, Thirdly, it feems to follow, that the prefent Situation and Order
of Colours arifeth rot from any intrinfical Property of Refrangibility.™ (as
maintained by Mr. INewton') but from contingent and extrinfical Circumltances
of neighbouring Objeds: For accordingly as the Body behind the Paper-
Circle was more or lefs illuminated than the Circle itfclf, all the federal Co-
lours changed their Situation.

8 The next Experiment was made in order to Mr. iVi%i/(?i’s Doctrine
of primary Colours, as Prop. 5. Having covered the Hole in the Window-
fliuts witli a thin Slice of lvory, the tranfmitted Light appeared Yellow ;
but upon adding three, four, or more Slices, it became Red. Whence it
feems to follow, that Yellownefs of Light is not a primary Colour, but a
Compound of Red,

9. The laft Experiment was made in reference to Mr. Neivion's 12. Prop.
where from his own Principles he renders a very piaufible Reafon of a fur-
prizing Phsenomenon, related by Mr. Hooke ; namely, of two Liquors, the
.one Blue, and the other Red, both feverally tranfparent * yet both, if placed
together, became opake. The Reafon whereof, faith Mr. Nezaion™ is, be-
caufe if one Liquor tranfmitted only Red, the other only Blue, no Rays could
pafs thro’ both.

In reference then to this Point, 1 filled two fmall GlaiTes with flat poliih-
ed Bottoms, the one with Aquafortis deeply died Blue, the other with Oil
of Turpentine died Red, both to that Degree, as to reprefent all Objeils
thro’ them refpeclively Blue or Red : Then placing the one upon the other,
| was able todifccrn feveral Bodies thro’ both. Whereas, according to Mr.
Neivion's Theory, no Objedt lliould appear through both Liquors ; becaufe
If one tranfmit only Red, the other only Blue, no Rays can pafs thro’ both.

P.S. s5usiupon the clofe of the adjoined Letter | receivedfrora Mr. Gafcoigne
yours of May the ASh; wherein you are pleafed tofavour us with an exaSf
Account of the faraous Experir/ient of the coloured Spetlrum, lately exhibited
before the Royal Society. | was much rejoiced to fee the trials of that
Illufirious Company agreefo exaSlly with ours here s tho* in fomewhat ours
difagreefrom Mr. Newton.

8. The Things oppofed by Mr. Line being upon Trials found true and
granted me, | begin with the new Queftion about the Proportion of the Length
of the Image to its Breadth ; And il is no wonder that Mr. Lucas found the
Image fhorter than | did, feeing he tried the Experiment with a lefs

Angle.
The
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The Angle indeed which | ufed was but about 63 Degrees, 12 Min.and'his
Is fet to 60 Degrees; the Difference of which from mine being but 3 De
12 Min. Is too little to reconcile usi but yet it will bring us confiderab
nearer together. And if this Angle was not exaéetiy meafured, but the round
Number of 60 Degrees fet down by guefs, or by a lefs accurate Meafure (as
| fufpe(& by the conjedural Meafure of the Refraftion of his Prifm, by the
Ratio of the Sines as 2 to 3, fet down at the fame Time, Inftead of an EXx-
perimental one) then might it be two or three Degrees lefs than 60 Deg. if
not ftill lefs: And all this, if it ithould be fo, would take away the greateft
Part of the Difference between us.

But however it be, | am well affured my own Obfervation was exaol
enough. For | have repeated it divers times fince the Receipt of Mr. £«-
cas™% Letter, and that without any confiderable Difference of my Obfervations,
either from one another, or from what | wrote before: And that it might
appear experimentally, how the Increaié of the Angle increafes the Length
of the Image, and alio that no body, who has a mind to try the Experiment
exablly, might be troubled to procure a Prifm which has an Angle juil of
the Bignefs affigned by me, | tried the Experiment with divers Angles, and
have fet down my Trials in the following Table; where the firil Column ex-
preffes the Angles of two Prifms which | ufed, which are meafured as exadlly
as | could, by applying them to the Angle of a Sedtor and the fecond Co-

*Jumn expreffes, in Inches, the Length of the Image made by each of thofe

Angles; its Breadth being two Inches, its Diftance from the Prifm 18 Feet
and 4 Inches, and the Breadth of the Hole in the Window-lhut ™ of an Inch.

Angles Lengths Angles Lengths
_ _ 56 10 7k S54° O 71
The firft Prifm 60 24 or The fecond Prifm <62 12 1Oi
63 20 1107 ;"3 48 10|

You may perceive, that the Length of the Images, in refpeél of the An-
gles that made them, are fomething greater in the fecond Prifm than in the
nrft; but that was becaufe the Glafs, of which the fecond Prifm was made,
had the greater refractive Power.

The Days in which | made thefe Trials were pretty clear, but not fo clear
as | defired ; and therefore, afterwards meeting with a Day as clear as | de-
fired, | repeated the Experiment with the fecond Prifm, and found the Lengths
of the Image made by its feveral Angles, to be about ™ of an Inch greater
than before; the MeaAires being thofe fet down in the Table.

Angles Lengths

,54* O 7t
The fccond Prifm <62 12 10¢,
63 48 |

The



(177 )

The Reaion of this Difference, | apprehend, was, that In the clearefl: Days
the Light of the White Skies, which dilutes and renders invifible the fainteft
Colours at the Ends of the Image, is a little diminiihed in a clear Day, and
fo gives leave to the Colours to appear toa great Length * the Sun’sLight at
the fame time becoming briiker, and fo ftrengthening the Colours, and making
the faint ones at the two Ends more confpicuous: For | have obferved, that
In Days fomething cloudy, whilft the Prifm has flood unmoved at the Win-
dow, the Image would grow a little longer or a little ihorter, accordingly as
the Sun was more or lefs obfcured by thin Clouds which paiTed over it ¢ the
Image being ihorteft while the Cloud was brighteft™ and the Sun’s Light
fainteft. Whence it is eafy to apprehend, that if the Light of the Clouds
could be quite taken away, fo that the Sun might appear furrounded with
Darknefs, or if the Sun’s Light were much ilronger than it is, the Colours
would ftill appear to a greater Length.

In all thefe Obfervations the Breadth of the Image .was Jufl: two Inches.
But obferving that the Sides of the two Prifms | ufed were notexaflly plain,
but a little Convex, (the Convexity being about fo much as that of a double
Convex-Glafs of a fixteen or eighteen Foot Telefcope) | took a third Prifm,
whofe Sides were as much Concave as thofe of the other were Convex; and
this made the Breadth of the Image to be two Inches and a third Part of an
Inch 1 the Angles of this Prifm, and the Lengths of the Image made by each
of thofe Angles, being thofe expreffed in this Table.

Angles Lengths

58"

59t
62,- lof

In this Cafe you fee the Concave Figure of the Sides of the Prifm, by ma-
kKing the Rays diverge a little, caufes the Breadth of the Image to be greater
In proportion to its Length than it v/ould be otherwife. And this I thought
fit to give you notice of, that Mr. Lucas may examine, whether his Prifm
hath not this Fault. Ifa Prifm may be had with Sides exailly plain, it may
do well to try the Experiment with that*, but 'tis better if the Sides be about
fo much Convex as thofe of mine are, becauié the Image will thereby become
much better defined: For this Convexity of the Sides does the fame Effect, as
If you thould ufe a Prifm with Sides exactly plain, and between it and the
Hole in the Window-fhut, place an Objeot-Glafs of an 18 Foot Telefcope,
to make the round Image of the Sun appear diftinélly defined on the Wail

e when the Prifm is taken away, and confequently the long Image made by the
Prifm to be much more diilinilly defined (efpecially at its ftreight Sides) than
It would be otherwife.

One Thmg more | ihall add: That the utmoil Length of the Image,
from the fainteft Red at one End, to the fainteft Blue at the other, mull be
meafi;4-ed. For in my firfl: Letter about Colours, where | fet down the Length
to be five Times the Breadth, | called that Length the utmofc Length of
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the Image * and | meafured the utmoft Length, becaufe | account all that
Length to be caufed by the immediate Light of the Sun, feeing the Colours
(as | noted above) become vifible to the greateft Length in the cleareft Days,
that i1s, when the Light of the Sun tranfcends moil the Light of the Clouds.
Sometimes there will happen to fiioot out from both Ends of the Image a
glaring Light a good way beyond thefe Colours ; but this is not to be regard-
ed, as not appertaining to the Image. If the Meafurcs be taken right, the
-whole Length will exceed the Length of the itreight Sides by about the
Breadth of the Image.

By thefe Things fet down thus circumilantially, | prefume Mr. Lucas will
be enabled to accord his Trials of the Experiment with mine ; fo nearly at
Jeaft, that there,ihall not remain any very confiderable Difference between us-
For if fome little Difference thould ilill remain, that need not trouble us any
further, feeing there may be many various Circumftances which may conduce
to it; ilich as are not only the different Figures of Prifms, but alfo the diffe-
rent refractive Power of Glaffes, the different Diameters of the Sun at divers
Times of the Year, and the little Errors that may happen in meafuring Lines
and Angies, or in placing the Prifm at the Window j though, for my part,
| took Care to do thefe Things as exaftly as | could. However, Mr. Lucas
may make fare to find the Image as Jong or longer than | have fet down,
If he take a Prifm whoié Sides are not hollow ground, but plain, or
(which is better) a very little convex, and whofe refrafting Angle is as
much greater than that | ufed, as that he hath hitherto tried it with, is
lefs % that 1s, whofe Angle Is about 66 or 67 Degrees, or (if he will) a little
greater.

Concerning Mr. Lucas’s other Experiments, | am much obliged to him that
he would take thefe Things fo far into Confideration, and be at fo much
Pains for examining them ; and | thank him fo much the more, becaufe he iIs
the firft that hath fent mean experimental Examination of them. But yet-
It will conduce to his more fpeedy and full Satisfadion, if he a little change
the Method which he has propounded, and, infteadof a Multitude of Things,
try only the Experimentum Crucis: For it is not Number of Experiments, but
Weight to be regarded; and where one will do, what need many?

The main Thing he goes about to examine is, the Different Refrangibility
of Light; and this I demonftrated by the Experimentum Crucis, Now Iif this
Demonftration be good, there needs no further Examination of the Things if
not good, the Fault of it is to be fhewn: For the only way to examine a de-,
monftrated Propofition Is to examine the Demonftration. Let that Experi-
ment therefore be examined In the firft Place, and that which it proves be
acknowledged; and then, if Mr. Lucas wants my Affiftance to unfold the
Difficulties which he fancies to be in the Experiments he has propounded,- he
ihall freely have it. At prefent | ithall fay nothing in Anfwer to his Experi-
mental Difcourfe, but this in general. That it has proceeded partly from fome
Mifunderftanding of what he writes againft, and partly for want of due Cau-
tion Iin trying Experiments; and that amongft his Experiments, there is one,

which, when duly tried, is, next to the Experimentum Crucis, the moil con-
fpicuous
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fplcuous Experiment, 1 know, for proving the difFerent Refratigibility of
Light, which he brings it to prove againft.

By the Poftfcript of Mr. Lucases Letter, one not acquainted with what has
pafifed, might think that he quotes the Obfervation of the Royal Society againfl:
me 1 whereas the Relation of their Obfervation, which you fent to Liege, con-
tained nothing at all about the juil Proportion of the Length of the Image
to its Breadth according to the Angle of the Prifm, nor any Thing more(fo
far as | can perceive by your lail) than what was pertinent to the Things then
In Difpute, viz. that they found them fucceed as | had affirmed. And there-
fore, lince Mr. Lucas has found the fame Succefs, | fuppofe, that when he
expreffed, That he much rejoiced to fee the Trials ofthe R. Society agreefo
exaSlly with his, he meant only fo far as his agreed with mine.

P. S. | had like to have forgotten to advife, that the Experimentum Crucis»
and [uch others asfhall be made for knowing the Nature of Colours, he made
with Prifrns that refraSlIfo much, as to make the Length of the Imagesfive
Times its Breadth, and rather more than lefs; for otherwife. Experiments
will not fucceedfo 'plainly with others™ as they have done with me.

VIII. | took a iliff Piece of brown Paper, and pricking a fmall Hole there-opucaiEx-

In, | held it at a little Diftance from me; then applying a Needle to my Eye,

| was furprized to fee the Point of it inverted. The nearer the Needle wasN.'iai.”™ &s0.
to the Hole, it was fo much the more magnified, but lefs diftinft; and if tJV>  *9*
were fo held, as that its Image was near to the Edge of the Hole, its Point

feemed crooked. So that, it feems, thefe fmall Holes, or fomewhat in them,

perform the Effects of a Concave Speculumj and fo | take leave to call them

Aerial Speculums.

IX. I. Having this Opportunity I fend you a Conflruillon ofthe P r o - «r
blem. of Alhazen, which my Colleges here approve of very much.
Problem is this: A Concave or Convex Speculum being given, alfo the Eye and m@as
a Point of the Ohjed, tofind the Point of Reflexion. oV al.
Let the Speculum be a Part of a Sphere whofe Center is the Point A, let "ng 7s.
the Eye be at B, and the vifible Point at C, and let the Plain drawn through
A, B, C, make a Circle T>d \nthe Sphere, in which the Points of Reflexion
are to be found. Through the three Points A, B, C, let the Circumference
of a Circle be defcribed, whofe Center iIs Z: Let AE produced meet it In
R, being perpendicular to B C, and to the two Lines R A, OA, let N A be
a third Proportional, and N M parallel to B C will be one of the Afymptores.
Again, let thefe be Proportionas E A, 1 A O, A I, and the Sum | Y being
equal to I N, let Y M Dbe drawn parallel to A Z ¢ which will be the other
Afymptote. Laftly taking 1 X, IS, each of which is equal In Power to halt
the Square A O, together with the Square A |-, the Points .vand s will be In
the Hyperbola, or the oppofue Seftions D  to be defcribed to the Afymp-
totes now found, whofe Interfeclions with the Circumference I) O unll fliew

the Points of Reflexion required. This Conftruclion takes Place in every i
A a2 Cak*
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Cafe In which the Problem is folid, except in one, wherein a Parabola and
nor an Hyperbola is to be defcribed. That is, when the Circumference
through the Points A, B, C, touches the Right Line A E.

2. When | reduced the Conftruftion of the ingenious Mr. Huygens to Cal-
culation, | found he had follow'd the fame Analyfis as myfelf. But fmce
two EfFedions may be derived from it, each of them by the Hyperbola about
Its Afymptotes, he made Choice of one, and | of the other as being the ea-
fler. Now It is plain, that nothing elfe I1s required In this Problem, if we
red'uce it to mere Geometrical Terms, unlefs that in a given Circle, whofe
Center is A and Radius AP, fome Point asP fhould be found, from whence
drawing Right Lines PE, PB, to the given Points E, B, atan unequal Di-
ftance from the Center A, the Right Line AP being produced may bifeft
the Angle E P B. Now this admits of a Variety of Cafes. Either the Per-
pendicular from A upon the Right Line EB, that is A O, falls between E
and B, or beyond B. If beyond, the Reclangle E O B is either equal to the
Square of A O, or iIs greater or lefs. Concerning the Cafe of Equality we
Ihall fee afterwards; now we i1hall comprehend the other three Cafes nearly
In the fame Conftrudion. Let a Circle pafs through the three Points A, E, B,
to the Circumference of which let A O be produced to D. And if the Point
O falls between E and B, the Right Line A O is to be produced towards O ;
but if it falls beyond B, and the Redangle E O B be greater than the Square
of AO, It muft be produced towards A | but if that Redangle be lefs than
the Square, the Circle will cut the Right Line A O In the Point D. Then
drawing A X parallel to EB, cutting the given Circle in N, let it be made,
as the Reflangle D A O is to the Square of AN, fo1 AX to AH, which
muft be taken towards X if O falls between E.and B, or the Reftangle EOB
be lefs than the Square of O A, or on the contrary Side if it be greater.
Now let us fuppofe O Q”to be equal to AH , (directly to E B iIn the firft and
fecond Cafe, but towards E iIn the third) then let thefe be made Proportionals
X A, NA, HK, to be taken iIn all Cafes towards X ; and A O being di-
vided iInV, that K A to A V may have the fame Ratio as A D to A X ; let
K V bejoined, and produced till it meet the Right Line Q M, parallel to
O A, indefinitely produced in the Point L. Then in every Cafe K L and
QL will be the Afymptotes of the Hyperbola, which being defcribed through
the Point O will anfwer the Purpofe : Yet vNth this Difference, that in the
firil and fecond Cafe an Hyperbola through O will folve the Problem iIn the
Convex Speculum, but the Scélion oppofite to it in the Concave. But in
the third Cafe on the contrary, the Hyperbola through O will ferve for the
Concave, and the oppofite Hyperbola for the Convex. And thus it will be
when the Point V fal s between A and O ; for if it fhould fall beyond O, one
Hyperbola alone defcribed between the fame QJI.. K L, would fuiRce both
for the Concave and Convex. But if V iliould tall upon the Point O, then
the Problem would become plane, and the Right Lines L Q, LK, would
perform it. Whence it appears, that there are infinite Cafes of this Problem,
which may be folved by what is called Locus planus: So that they feem to
deferve to be forgiven, who have thought it may be folved univerfally by
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the fame Zffcus; becaufe thus fometimes the Calculation has been iuccefsful.
For no Pofition can be given of the three Points A, E, B, (as to the Cafe
of Equality between the Redangle E O B and the Square O A, we ihall fee
prefentiy) which does not admit that fome Circle may be defcribcd from the
Center O, at whoié Circumference the Problem may be Iblved by a plane
Place. Now the Radius of this Circle, if it be worth while, may thus be
found. In the firft and fecond Cafe of the Conftruclion above, let it be
made, as the Square of A X together with the double of the Redangle O A D,
to the double Square of A D, fo the Square of A O to the Square of A N ¢
A N will be the Radius required. But in the third Cafe it mull: be made, as
the Square of A X 1ubtrading the double Rectangle O A D, to the double
Square of A D, fo isthe Square of A O to the Square of A N.

Now there remains another Cafe to be conitruoted, that is, when the Rect-
angle EOB Is equal to the Square of AO, or In which the Circle de-
fcribed through the Points A, E, B, touches the Right Line A O. For Mr.
Huygens has rightly admoniihed, that in this Cafe a Parabola muft be de-
fcribed. Which yet is not fo to be underftood, as though it could not be
folved by an Hyperbola, fince it admits of either an Hyperbola, or an El-
Jipfis, nay an infinite Number of them, if any one ihall proceed by our Me-
thod. However it admits of a Solution by a Parabola, which the other Ca-
fes refufe. For the fame Reafon that muft be limited when he fays, that his
Conitruolion takes Place in every Cafe where the Problem is folid; for he
means, that by afmall Alteration an Hyperbola may always be found, which
will ferve the Purpofe ¢ which will appear to any one that ihall compare the
Cafes above conftruded with his Conftruéetion. Now that | may return to
the Cafe of Equality, and that | may not feem to have made a raih Afier-
tion, here you have not one but two Parabola’s, and oppofite Hyperbola’s
befides, that will anfwer the Purpofe. Let the given Points be E, B, as
before ; let a Circle be defcribed with Center A, and another through the
three Points A, E, B, whofe Tangent is A O, and Center D. Drawing the
Diameter N AD X, let there be three Proportionals X A, N A, Z A, the
half of which iIs A L. Again let there be three Proportionals 2 O A, N A,
| A, whofe half is K A, and let the Rectangle L A O V be compleated ; and
L V being produced to S, till V S be a third Proportional to A I, OV ;
with Axis SL and latus return A I, and Vertex S, let a Parabola be de-
fcribed ; for this will cut the Circle In the Points required, P, P. Another
will do the fame Thing; thus the Reftangle D A K C being compleated,
and K C being produced to T, fo that C T may be a tliird Proportional to
A Z, D C, it may be defcribed about the Axis T K, with the Vertex T, and

the latus reEium Z A < for 1t will meet the Circle In the fame Points P, P. .

The Conitrudlion is ilill eafier by the oppofite Sections 5 for making as be-
fore the three Proportionals X A, N A, Z A, let fall the Perpendicular Z I,
being a third Proportional to the double of A O, and A N. Therefore will
Z | be greater than Z A, fince the double of A O is lefs than X A. Then In
the Point | let the Right Lines 1 Q, I M, be inclined to the Right Line
| Z on both Sides to half a Right Angle, and be produced indefinitely both

W ays.

VIQ. 83.
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Ways. Then about them as Afymptotes let an Hyperbola be defcribed
through A, and another oppofite to it; for this will fatisfy the Problem in
the Convex Speculum, and the other In the Concave. But fince Z | is al-
ways greater than Z A, as we have fliewn, the Right Line I M will never
pafs throu”™ A. Therefore there will be no Cafe in which by this Con-
ftruflion (as In the former) the Problem can be folved by the Afymptotes
themfelves. And yet this fometimes may admit a Loeus Planus™ when it
happens, that the Right Line X O, drawn to the Center D, may touch the
Circle N PP ; for then the Point of Contagi itfelf will fatisfy the Queftion.
And fo much concerning a Problem, which has exercifed the Wits oTmany,
and whofe Solution | compleated fome Years ago.

| fend you here my fecond Thoughts about the Problem of Alhazen.

Let a Circle be given whofe Center 1sA ; and D and d are Points given.
Let that which is inquired be fuppofed to be done, and let the incident Ray
be D E ; the refleéled Ray E and from the Point of Reflexion E let the
Perpendicular ET fall upon the joined Line D A ; and upon the fame the
Perpendicular i/N from and let the Tangent EC and the Ray ¢(E meet
the fame produced In B. Now make DA = 2, Al= «, NA = «
El = f, dN BA =y, AE = and C A = ;i. Therefore, fince the
Angles DEC;and CEB are equal, and C E A i1s a Right Angle, by the
Hypothefis the three Lines DA, C A, BA, will be Harmonically Propor-
tionals, which Is eafily fliewn. Therefore it will be asDA to BA fo is

D C toC B < or inAnalytical Terms | 2 Z2— X.X_J, and 2z — xy
22y
Z xy Or yogy v N ow fince the Redlangle CA 1, or xa, iIsequal to
S y 2zy
the Square of A E, or | it will be x a’- and confequently
5 7a . y- Again, itisas tN toE I, fois NBtolIBjor
_ b a ne
b.e:ty— n.y a Thereforejye ne— by— h andy
4o o ba— ne
Therefore 572 o >0T2zbaa — 2ziiae qgqgba qgfie
|

bzggq — zqqQe. Which iIs an Equation to the Hyperbola about its
Afymptotes, the Conilruétion of which with a given Circle fatisfies the Pro-
biem. But becaufe of the Circle, fince it iIs gg=zaa-\-ee”™ Iif inftead of
2bzaa its Value 2b zqgqg — 2bze e is fubftituted, we fhall have bzqqgq —
2bzee— 2znae— qgba-\-qgn £==— zqge, which is another Equation
to the Hyperbola about the Afymptotes. And by this Method, or by that
which we have explained in our Treatife of Analyfis, infinite Equations will
come out to Hyperbolas and Ellipfes, which with a given Circle will perform
the Problem ; except that the Efieelions will generally become fo intricate,
as It may not be worth while to attempt them. Yet they may be conilruded

alter than Manner which we have made ufe of in the Ellipfis.
We
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We have reduced, as you will perceive, the Sum of our Calculation to
the Line D A ; but you may obferve, that with the fame eafe it might have
been referred to dh” which is alfo given, by drawing thofe Lines which In
the Scheme are fhadowed out by Points. But there is no need oi the Labour
of a new Calculation. For if you apply to the Right Line dA and to its
Parts the fame Analytical Terms as before, that is, If you make dA=z/"
n=1i>y nA — nyAl = », z£=:<?, &c. the fame Equation will come ouc
as before, and you will obtain infinite other Hyperbola’s and Ellipfes, which
with the given Circle will.fatisfy the Porblem. | ihould be tirefome if L
was to puriue all the Cafes, fince their Equations differ only by the Signs -|-
and — . | except only one, which iswhen 1 A D isa right Angle *% for its
Equation will be had only by expunging out of the former thofe Terms which
are effefted by which then vaniihes into nothing. Which Equation will
be this, 2zbaa — q”~ba=.bzg<i— zqgqe, or this, zbgg — qgba — 'iz
hee — zqgqge, Inftead of 2zh aa writing its Value.

Yet it Is to be obferved, that although by referring the Analyfis to the
right Line D A, two Hyperbola’sin the Equation prefently offer themfelves 5
and others as many different from the former, when the Calculation Is re-
ferred to the Right Line dK-, yet the very fame Parabola’s come forth,
when the Analyfis is referred to either of the Right Lines I/A or D A. The
Reafon of which you will perceive by a little Confideration.

Now give me Leave, learned Sir, to apply the foregoing Analyfis to all
the Problems which are ufed to be propofed about the Refledlion of Spherical
Speculuy and that by a new Scheme. Therefore let there be a Circle as bci-
fore, whofe Center is A, D a point given, and from that.an incident Ray
D E, whofe reflediied Ray isEQ”™ Let D A Dbe joined, and to it be drawn
the Tangent E C, and perpendicular E L Let the Right Line CLE B be pro-
duced to the fame, and the Parts be denominated as before ; thatis, D A = 2,
CA=72, AE =), BA=_)' Al = ™ IEz=e. Now becaufe of the
three Lines harmonically Proportionals D A, CA, BA, and the three Geo-

metrically Proportionals C A, A E, A I, we fliall always have the Equation
ou
y = 3 ' upon whatever point of the Circle the Ray D E may fall.

Therefore if the Point E be required, in which if the Ray DE fiills, i1t may
be reflcded parallel to the Diameter LAYV perpendicular to D A, the re-
lledted Ray Q_E produced will pafs through I, as is plain; and | and B wiH

2qqQ
and
2Za t X Z

the Problem will be folved by Plains.

If the Point be required, from whence a Ray may bé .refleiled parallel to
any other Line, as A K drawn from the Center A; from the point L draw
a Tangent to it KL = c¢/; 1t isplain the Triangles A K L, EI B, will be
iimilar, fince all the Sides of one are parallel to the Sides of the odther.
ga— de

coincide. Therefore <«=jy

Therefore AL toL K, asEI tolB, or gq.d\:e .a— vy ; and

It

till
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and zf = 2gzaa—mz zeia dfff or for

ee, zd™ =: 2zq1 -2 zqee — 2z da e— a f dc.

But either of the EquaticMis Is to an Hyperbola about the Afymptotes, which
with a given Circle folvesthe Problem.

Let it now be propofed to caufe, that the refleéled Ray fiiall pafs through
a given Point N, as in the Problem of Alhazen, or that being produced to-
wards the Point of Refledion E, it may meet the given Point N. From
N let NO = » fall perpendicularly upon A L, and make A O = (. Itis
plain it will be, as AO to the difference of ON and A B, fo is E I to
IB; that i1s, b.n— y\\e,a—y\Oih,y-— nwe.y — a Therefore

hG .ne N9
h— 6 Y= 5,24 fox Whence 2zhaa — 2znae — qqh a-\-ggne
-bzgg ~zqqe-, which is the very Equation of Alhazeris Problem, which
_ ba'\-ne ~Q
we deduced above. Or In the lecond cafe -j—r — =zy - 5 ) a or

2zbaa-\-2znae — ggba— qgqne~zh g~ qgqe.

And thefe are the Problems commonly propofed about the Point of Re-
flexion, Inwhich hitherto we have fuppofed the Diftanceof the point D to be
finite. But the Analyfis will be eafier if we fuppofe it infinite. For C A
being divided equally in G, it is plain from the Property of the three harmo-
nical Proportionals D A, BA, that the three Lines DG, CG, BG,
mll be Geometrical Proportionals, whatever the Diftance of the point D Is
fuppofed to be. Therefore if it iIs.fuppofed infinite, BG will become nothing,
and the Points B, G, will coincide. Therefore AB will always be equal to
BC, and C A = 2jy, and the Reftangle C Al being equal to the Square of

A E, will give in Analytical Terms 2ay -=zqg™ orjy= — * And fince the

Diftance of the Point D is fuppofed infinite, E D will be parallel to AC.
Therefore if the refleded Ray parallel to A L is required, becaufe in this

Ca.fe a and] coincide, it will be "= Jy= ?a’\ ovaaz=iqq'i Ifitisdelired
L . . ga de
to be parallel to A K, it will be again g. d :: e.a — J, anc Y -
tzl&) or 2qaa da e't=: | f It IS required to pais through N, it will be as
b b L i
VvV -1 r'N\ — _ =N\
above h+ ¢ 2 dy and therefore 2baa;jr'™ nae bgqg-;~qqf>

Which Equations are alfo to Hyperbola’s about their Afymptotes, unlefs
when the Point N Is fuppofed to be in A L for whereas then n becomes
nothing, taking away thoie Terms from the Equation in which n is found,
the remaining Terms will give an Equation to a Parabola, as we have taken

Notice before.
You
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You cannot expert, learned Sir, that as hitherto | have given Examples
only in concave Speculum’s, fo now | ithould proceed to convex. For you
know the Analyfis is the' fame in both, and their Equations differ only iIn
varying the Signs -|- and You know the Parabola or Ellipfis that fatif-
fies one, will fatisfy the other alfo; and if the Hyperbola folves the Problem
In the Convex, the oppofite Hyperbola will do the fame In die Concave.
Therefore omitting thefe | fliall only add, that by the fame Analyfis In con-
cave Speculum’s we may find their Focus’s, and the Spaces taken up by the
Rays in the Axis, at any diftance of the lucid Point: But with great Facility
when the Rays come parallel, which yet I have feen demonilratcd by fome in
a round-about way. For in the Concave Spcculum E E, whofe Center is
A, If the extreme Ray Is fuppofed to be refiedted to the Axis AR In
drawing the Tangent EC it will be CB = BA. Let the Semiaxis AR be
bifefted In Qj, therefore Q”™will be the Focus ™ and QJ3 will be the Space
required. But Q™B is half CR, becaufe of the Equals AQ”™ C™R» AB, BC,
that is, half ol the Excels of the Arch E R above the whole Sine. Therefore
If the Arch E R, for Example, be Nine Degrees, AC will be 101246, and

B (12— ofAR.

100000
4. This is the Compendium that | found at the fame time, about the Nri:ottirimfefy iffr.
Conflruftion communicated to you at firit. Drawingthe Line AT, p a r a 1 1 e I ~-98
to C B, and that being bifedled inV, this is that point through which one of the
oppofite Hyperbola’'s ought to pafs, whofc Afymptotes arc found to be Y SS.
M N .
But here is that genuine Conftrudlion which is fufficient in all cafes. Let
the given Circle be ED whofe Center is A, and the points given B and C.
Drawing the Lines A B, AC; let thefe be Proportionals, B A, the Radius
of the Circle, and FA ; and likewife CA, the Radius of the Circle, and
GA. Then let F G bejoined, and let it be bifefted in H. Through this
Point let the Lines L FIK, M HN, Dbe drawn, interfedling one another at
Right Angles, of which let L H K be parallel to the Line which bifecls the
Angle B A C. Thefe are the two Afymptotes of the Hyperbola’s to be de-
fcribed through the Points F and G, one of which will pais alfo through the
Center A ; whofe Interfedrions with the Periphery of the Circle will mark
out the Points of Refleftion required.
5. Here the great Huygens has well obferved, how the Equilateral Hyper-
bola may be accommodated to all the cafes, which, as | infinuated in my fo r - a4 Uls
mer, immediately offered itfelf in the cafe of a Right Angle. Alfo of thofe/N' N/
infinite Ellipfes wlich might be ufed, one may be chofcn of no difficult Con-
ftruftion. But it Is tedious to dwell fo long upon one Problem. But one
thing ilill remains of no difagreeable Speculation : That is, fince the SetTcicns
which with the given Circle are made uie of for the Solution of the Problem,
cut it in four Points, of which only two can ferve for the Reflexion ; it may
be inquired, what Problem isfolved by the other two, and how isthe Propo-

ficion to be expreiTcd fo as to include all thofe four Caies ? And again, do
Vor. l. B b not

ED
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not thofe four Cafes occur, when thofe Points are equally diilant from the
Center ?

The knrneci Huygens makes ufe of no other than my Anaiyfis, which ad-
mits ot a Parabola only in one Caie. That this may appear more evidently
to you, | will here produce the Equation which he has conilirufted. RecoJd-
s£t (if you pleafe) what | wrote to you, when | ient you my fccond Thoughts,
and you will find, that | affign’d two Equations proper for folving the Pro-
blem by an Hyperbola about its Afymptotes. They were thefe following.

2 22baa 2zn ae QgQgba ggne bzqqg zqqe,
And bzqgqg 2z ae (gqba--ggqne 2zbee 1zqgey

Then 1 added, that by a fmall Alteration (for inftance, by fubtlituting for
gq its Value aa-\-ee”) infinite Hyperbola’s and Ellipfes might be found,
which with the given Circle would fo ve the Problem. Now in the former
of thefe Equations for bzqgqg let its Value be fubftituted ; then

zbaa— 1znae — ggb a-\-ggne = bze e—.zqqQe-,
gga gge 2 nae qgn
or, aa Z m € b b zb

And this Is the Equation which that very learned Gentleman has conitrudled,
with great Ingenuity and equal Facility.

| happened lately upon the following Connruclion, which | could not for-
bear fubmitting to your Judgment and Cenfure, believing that a fliorter can
hardly be given. Let the given Points be E, B, the Circle with Center A.
Joining EA, B cutting the Circle inF and C; let EA, FA, VA, Dbe three
Proportionals, and three others BA, CA, X A. Then V X Dbeingjoined
and produced at Pleafure, with Vertex X, latus tranfvcrfum V X, and Jatn
return equal to it, let the Hyperbola X P be delcribed, whofe Ordinates to
the Diameter V X G are parallel to the Right Line A B. For this fatisfies
the Propofition in the Cafe of a Convex Speculum, and its oppofite in the
Cafe of a Concave. |If you defire to have the Afymptotes they will eafily be
found, by producing V X till it meets EB produced in L. Then iféanny
V X in I, and taking L D equal to L |I; for D | being joined will be one of
the Afymptotes, upon which the other lalls perpendicularly at I.

But perhaps it will not be unacceptable to you to know how I arrived at
this Confirudion. Know then that | deduced it thus from my former Anaiyfis.
The fame things being given as before, let flill the Perpendicular AO upon EB,
and let the Point defired be P, from which let PR tall perpendicularly upon

AO. MakeAO=:/, E0 = 2, 0B = N AP = ?, AR=a.
Then this Equation is eafily derived.
2 N\ -2 — 2 :
zdae”\-2bbae ____l_i)__CI_fIf__ee:: aa 494 which may be changed
Zzb — bd
Into thefe.
zdae-\-bbae — bqgqge i f
aa ’
zb — bd m b
And z daeArbbae”™ b qge i | f
oe A1
bd The
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The Conftrucfcion of this laft | have fent to you already, and Mr. Huygens
has fent you the Conftru6tion of the other. But as to the firft, tho’ ic pre-
fently came into iny View, yet | alnfiofi: negle£ted it, becaufe its ConftruCtion
feemed to be difficult. But I find myfelf to have been deceived by a needleft

Fear, fincc | have lately found ic to bring me to this Conftrudion which I
now fend you. For the fake of abbreviating the Calculation, make 2 —,d

, 2mae — 2age gga
% bb U\ Itwin hz 6e-|- * 7 N N aa . And ad-
- M--f — 20>ma _ o . mae. qge
ding Kk on both Sides, it will be @™-]- k +
mriaa”™ 2qgrna _ + m
< K (that 1s, the Square of e aa
a r - m a _ _
e T e Therefore there will be this Analogy, kk.kk
kkgga 2gqma-"g'n
mm :aa BKKA-hmm Kk - And the Sqguare of e
qgq”™m a : . : .
Which may b% reduced to an eafier Equation, if making kk
" Ky L i
mMn  pp” itihallbe 5 a. At length ic is, the Square of e K
my qaky  2qginy .. _ -
+ yy bp KD T Equation you will find to an-

fwer the former Conilruilion, if you undertake the Calculation. And at the
fame time you will obferve, to which ever of the Lines E A, A B, BE, the
Analyfis i1s refer’d, the fame Sedions will always arife, though by a longer Pro-
cefs and very different Equations.

From this Equation by Analogy we may deduce an Effeilion of the other
Problem, that is, when a Point is fought from whence the Refieiled Ray fliall
be parallel to any given Line. Thus if the luminous Point B being given, and
the Circle with Center A, the reflefted Ray parallel to the Right Line A E were Oi.
fought. For it is the fame thina as if in the other Problem the Diirance of
the Points A and E were fuppofed infinite. In which Cafe the third Pro-
portional to EA and F A would vanilli into nothing, and the Points
A and V would coincide. Therefore V X would be equal to A X,
and A E parallel to P E. Therefore apply the foregoing Conftruflion and
you V/ill folve the Problem. That is, with Vertex X, and latus iraiifverfuat
VX or AX, and lalus return equal to It, defcribe the Hyperbola X E,
whofe Ordinates to the Diameter A X are parallel to the Right Line AE.

6. It is true, and likev.afe wonderful, that the Conftru6lion I fent ypu for- >, .....
merly, may aifo be found by Mr. Slufiits*s Calculation, after the Change of;i': 6143
gq into aa-\-ee. But this leems to be done by chance, nor does the Sim-
plicity of the Conilruolion appear there, till after we have apply’d ourielves
to It.

The 'Problem of Alhazen] A Circle being given whofe Center is A, Radius
A D, and two Points B,C-, tofind a Point tl in the Circumference of the given

B b2 Circle
Ne0
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Circle™ ‘whence drawing the Lines HB, HC” theyJhall make equal Angles at
the Circumfcrence.

Suppofe ic found, and drawing the Right Line A M which ihall bifefl the
Angle B AC, draw H F perpendicular to it, as alfo BM, CL. Then join

A H, towhich let H E beperpendicular, and let H M meet the Lines B H,
H C, In the Points K, G.

Now letitbe A M =i/, MB=:,, AL = ¢, L.Cz=Ln, Radius AD =r
AF= A and FH Now becaufe the Angles K H E and CH Z are
equal, asallioEH G; and EH A Is a Right Angle ¢ it will be as K E to
EG, lo KA to AG. And becaul'eBM to M D, foHF to FK, it will
be as BM-|-HFtoHE, foisMF toF K. Thatis, b~\-y.y :: a— x.
Y= K dd FA = A then K A 7 Vb

bDAr-y

y
Again, becaufe CL toL G, asH F to F G, it will hzpermutando 1s? di-
videndo, CL — HF toH F,ibisLF toF G. Thatis, n—"y.y :: c— X,

Cz ;<y "Which being taken away From A F = X, tis G A n

dd
But itiskE A N becaufe FA, A H, A E, are Proportionals. Therefore
dd ay- MK
EA — GA E G AndKA —EA = KE
7L b-\-y
dd
X
ay -

But we have faid it isKE to EG, foisK A to AG. Thatis, b- )
dd~dd nNX ¢y ay-X-bx™nx — cy
X X n~y " h-Yy n—y
2anxxy—\|—2 bnx*— ddbnx— ddnxy — naddy-~-nbddx ™ zacxyy
2 bcxxy-\-ddbcy-\-ddcyy — addyy — bddxy.

be 'ibbc bbddcx Ibbcyyx
And becaufe n It becomes r be-

a a ad

e Whence iIs found

. 1bbc iIbbcddx Ibbcyyx
caufe Xx — dd—yy. But It is X e-

a a a
Ihbcxyy ddhcxy

a a

ddcyy = - addyy”~bddxy. And dividing all by and multiplying

by

— 2bhcxy — ddbcx— iaacxy-\-ddcay — aaddy — bddax
abddx — cbddx-\~acddyJf-aaddy 2aacxy ibb cXy
abddx~—cbddx-\-acddy-X-aaddy

caufe Xxzzzdd-"yy. Therefore 1 ac x.yy

xy”r which Is an Equation’
2aacA-2bbc
to an Hyperbola.
Or
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abddx — andax-\N'acddy”™~o.addy

Or becaufe h ¢ — na. ANaac-\.2b B Xy.
add pb ic— pnx -*"-pcy-\-pay
L et therefore X V
aa-\-b b 2c

Now from hence the following Conflrudion was not, difficult to find. Let Fig. 93
BA, AC, bejoined, and the Square of the Radius A D being feparately
applied to each, let A P and A Q”be produced by that Application. Then
joining P QMlet it be bifefled in R, and through the Point R let R D, R N,
be drawn cutting each other at Right Angles, of which let R D be parallel
to A D, which bifeds the Angle BA C. Now R D, RN, will be the
Afymptotes of the oppofite Hyperbolas, one of which muft pafs through the
Center A, and which will cut tle Circumference in H the Points required.

Alfo the Hyperbolas will pals through the Points P,

The Reafon of the Conftruilion appears, when P %, Q”, are drawn, per-
ctd d

pendicular to A M. For it is Ay —  -—- = /5 and A N *
aa-\-bb
P N p b pc-"p a
Alfo Py z and Therefore AO = 5 . ) and O R
pb — pn® :
5 . Whence the reft will be eafy.

7. You will ceafe to wonder, learned Sir, that in the Problem of AlhazenBI%(]) 5
the fame Conftruflion iliould be derived from diiFerent Equations, when you’
confider that all we have hitherto made ufe of, are contained in one and the
fame general Analyfis. Now to fhew this, let a Circle be given whofe Cen-
ter iIs A, the Points H and I and let the Point required be K, to which
from the Points | and H let be drawn the Right Lines HK, 1K, and the
Tangent K D. 7'hen from A letany Line A G be drawn, meeting H K iIn
E, K inB, the Tangent K D in D ; the Lines if needful being produced.
I'hefe Things fuppofed it is plain, becaufe of equal Angles E K D and DK B,
and the Right Angle A K D, that the three Lines A E, BE, D E, will be
Harmonically Proportional. Therefore drawing K C, IF, H G, perpen-
dicular to A E, and calling A K = AC-=.a, CK = HG = AG= /4
FA= 2, FI = «, by the Method | formerly ufed in my fecond Analyfis ot
this Problem, we fliall have this general Equation, ndaa — bzaa— ngga”®
hgga=. ndee— zh ¢ nae 2z dae — dgqge -~.z gqe.

Now fuppofe A G to be perpendicular to H | ; there will be no Variety in
the Equation, except that AF and A G (that is d and zj will be equal.
Writing therefore d for 2, the Equation will become ndaa — bdaa —

ngga”™ bgqgqa — ndee— dbee-"2hnae\~2ddae — 2dqge. Or ap-
gga 2bn(ieA(- 2ddae— 2dgge™
plyingall tond ~db, the Equationisaa— -j- =.ee d— db

Whicbt
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Which is the ilime that | deduced from my firft Analyfis, though anotlier
Way, and which | lately fent you conftrufled after an eafy Manner.

Then fiippofe A G to coincide with A H ; therefore H G or “vaniihes
Into nothing. Therefore the Terms being expunged in which ¢ Is found,
there will remain ndaa — nqga mnde 2%dae— dgge— qQze.
This as you may remember | gave you as my lccond Thoughts, and another
like to it, In the Cafe wherein the Right Line A G paiTes through 1.

Then let us fuppofe the Right Line A G to bifedt the Angle H A | ; then
becaufe of the Similitude of the Triangles HAG, 1A F, it will be asH G
toGA, foislFtoFA or J .Z, or nd=. bz. Therefore taking
away Equals, *tis hgga — g9gga m1hnae z%dae— dgge — qQze.
I'he fame which, as | underlland by your Letters, Mr. Huygens has con-
nrudled.

Laftly”™ let it be fuppofed that the Right Line H G bifeds the Right Line
| 11; therefore H G =11G, or h=.n. Then it will be by taking away
F.quals, hdaa— hz aa— bdee— bze e-"Ibhae-*"1% dae— dqge —-
ggze. This though no difficult one, none of us have yen conftruded. But
thefe, and the general Equation itfell', may be divided into two others, by
fubfhituting (as you knov/) for aa ov ee their Values qg— eeor qq — aa.

You lee therefore that'whatever has been done yet may be refolved into the
fame Analyfis, which comprehends alfo infinite other Conilruftions by the
given Circle and an Hyperbola. Bjt to invefhigate them is of no great Con-
lequence, fince In this Problem, though formerly Solutions were wanting,
yet now we have Plenty enough. | will only add a Conilrudlion by the Pa-
rabola, and that two Ways; which though it may feem more operofe than
thoie by the Hyperbola, yet it makes amends by the Simplicity of the Curve,
In which the Parabola has the Advantage of the other Conic Sedlions.

The fame Things then being given, let A | be joined and produced to S,
'till A'S become equal to A H, and H S be joined, bifed: IS In M, and
through M let R M Q be drawn perpendicular to H S, upon which let fall
the Perpendicular A parallel to M Q™let the Ray AC be drawn. Then
making three Proportionals 1A, AC, AE, letitbeasSA to AE, fois
M Q™Mo A D, and RS to A P, In the Right Line A Q_towards And In
the fame on the other Side take D O equal to D C. [I'hen bifeet P D in X,
and let the Right Line V X L be inclined through X In half a Right Angle
to A X, meeting the Perpendicular ereéled at D, in the Point V, and upon
which from O let fall the Perpendicular OB. | fay, if it be VX to X
fois X B toBL, the Point L will be the Vertex, L V the Axis, and X V
the lalti's reSfum of the Parabola, which will fatisfy the Problem in every
Cafe. For it will cut the given Circle In the Points K, of which the highcll
and lafl: will belong to the Problem of Alhazen”™ and the reft to fome other
Problem.

Another Parabola may alfo be given, as | have hinted already, which will
do the fame as this, and whofe Defcription may eafily be deduced from this,
Ib that there 1s no Occafion for any ot ler. For let A J be taken direilly to

D A, and equal to it; and A « diredly to O A, and alfo equal to it ileet
11CC
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bifefl P din  and through ~let the Right Line £1 3 be drawn perpendicular
to X B, meeting v/ith Sx, perpendicular to O A, in sl, and upon which let

miie Perpendicular ta3fall. Then let it be as to "3, fois |3 to 3 ™
Then a will be the Vertex, a | the Axis, and the latus return of the Pa-

rabola, which will cut the given Circle in the fume Points v/ith the former.

X. LetBE3be a double Convex Lens, C the Center of the Segmenl

EB, and K the Center of the Segment E3; B3 the Thicknefs oftheL e n s , «
D a Point in the Axis of the Lens ¢ and it iIs required to find the Point

at which the Beams proceeding from the Point D are colleH:ed therein, the™™'"-H a
Ratio of Refraction beingas m to n. Let the Diftance of the Objedt D

= DA (the Point A being fuppofed the fame with B, but taken at a
Diilance therefrom, to prevent the Coincidence of fo many Lines) the Radius
of the Segment towards the Obje6t C B, or C A = and the Radius of the
Segment from the Objeél K 31 or K « p, and let B 3, the Thicknefs of
the Lens, be =: /, and then let the Sine of the Angle of Incidence D A G,
be to the Sine of the Refracted Angle HA G, or C A (p asmto ?/; -and In
very fmall Angles the Angles themfelves will be Iin the fame Proportion ;
whence it will follow, that, as d to r, fo the Angle at C to the Angle at D,
and d r will be as the Angle of Incidence G AD j and again, as tn to

Fig, 96.

iod-\ fo m -— mvwhich V/ill be as the Angle G AH = CA (p. This be-

nd nr
Ing taken from A C D, which is as d, will leave - analogous to

the Angle A eD < and the Sides being In this Cafe proportional to the Angles

they fubtend, 1t will follow, that as the Angle A D is to the Angle AD Ip,
Yd T

foisthe Side A D orBD, to A (por B : thatis, B pwill be =

which thews In what Point the Beams proceeding from D would be colleft-
ed by means of the firft Refraftion: but if «r cannot be fabtraéled from

__»dy It follows, that the Beams after Refradion do ftill pafs on diverg-
Ing, and the Point (p i1s on the fame Side of the Lens beyond D. But if «r
be equal to m__ nd™ then they proceed parallel to the Axis, and the Point
Is infinitely diflant.

The Point 9 being found as before, and B (p— B 3 being given, which we
will call J, it follows by a Procefs like the former, that 3 F, or the Focal

- _ 1P«
Ditlance fought, is equal to m— ftoAnfit /e room of <ffub
ituti mar / tti f after due
flituting B — B3 m nd nr , putting p for "

mpdr A~ nd”™t-\-npr”nt
Redunion this Equation will arife, *r-~-md™— mpri~m — ndl+nrt

Which Theorem™ however it may feem operofe, is not fo, confidering the

great Number of Data that enter the Queftion, and that one half of the
Terms
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Terms arife from onr taking jn the Thickhefs of the Lens, which in moil Cafes
can produce no great Effed ; however, it was neceiTary to confidei it, to
make our Rule perfedt. If therefore the Lens confift of Glafs, whofe Re-

— O6drf~ 2dfi-\-4-
“twill be R 7 LN '

r-. e
%racftlon IS as 3 to 2,

of Water, whofe Refradlion is as 4 to 3, the Theorem will irand thus:

11 dr ~ ejdit~\-c)rot

ai7T7- JJ_ZZI[_J_:"TZ"P —————— a‘l‘,[TnT— A If [t could be made of Diamant

whofe Refradion isas 5 to 2, i1t would be
-f-drf— 2dgi ' rpt f

5dr-\-5d» § NtN2r
And this iIs the univerfal Rule for the Foci of double Convex Glafics el-
pofed to diverging Rays. But if the Thicknefs of the Lens be rejeélcd as

q)dr
not fenfible, the Rule will be much fhorter, "jiz. —r— -— ~ or
* dr —prn™~  JN
. | 2. p .
In Glals, H_F_::_Ji_f:"é"r"f f,. AH the Terms wherein t is found bc-

Ing omitted, as equal to nothing. In this Cafe, if d be fo Imall, as that
arpexceed dr-j~d”™™ then wild it be— /, or the Focus will be Negative,
which ilievww that the Beams after both Refraflions ftill proceed diverging.

To bring this to the other Cafes, as of Converging Beams, or of Con-
cave Glaflfes, the Rule is ever compofed of the fame Terms, only changing
the Signs of -|- and — ; for the Diftance of the Point of Concourfe of Con-
verging Beams from the Point B, or the firft Surface of the Lens, | call a
Negative Radius, or — r if it be the firft Surface, and — If 1t be the

fecond Surface. Let then converging Beams fall on a double Convex of

__2drp

Glafs, and the Theorem will fland thus---- gy 7\"_—"_27_9 . /% which

Ilhews, that in this Cafe the Focus is always Affirmative.

If the Lens were a Menifcus of Glafs, expofed to diverging Beams, the

. L _ ¢ : : : : o
Rule IS — T T Ve 5 A f: Which is Affirmative, when 2 ?p is
Jefs than dr — Jp, otherv/ife Negative : But in the Cafe of converging

M 2dFp
Beams falling on the fame Menifcus™ "twill be—_ dr —:——a\,\J\ITZV If /*
it will be whilft d™— dr is lefs than 2 rp; but if it be greater than

2r 1t wil always be found Negative or — /. If the Lens be double Concave,
the Focus of converging Beams is Negative, where it was Affirmative iIn th

Cafe of diverging Beams on a double Convex, 'uiz.————a- ------ —

adr — 2rg
wjiich Is Affirmative only when 2 r o exceeds dr d p\ But diverging
Beams
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Beams piiTmg a double Concave, have alvvayt a Negative Focus,

Il i u

The Theorems for converging Beams are principally of ufe to determine
the Bogus refulting from any fort of Lens placed in a Telefcope, between the
Focus of the Obje6l-Glafs and the Glafs itfeifj the Diilance between the faid
Focus of the Objeel-Glafs and the interpofed Lens being made =

In cafe the Beams are parallel, as coming from an infinite Diftance (which
Is fuppofed In the cafe of Telefcopes) then will d be fuppofed infinite, and In

P P
the Theorem | — | Term pf~ vaniihes, as being finite, which

IS no Part of the other infinite Terms 5 and dividing the Remainder by the in-

finite Part  the Theorem will ftand thus r_-ji-_f = /, orinGlafs r—+J—f :SJ‘.

In cafe the Lens were plano-convex expofed to diverging Beams, inftead of

Pdr O Pdp 2dr

aVF’AI-a’_’T"—"pr_"\i r being infinite, it will be -t— =/, OF =573 = /[, If

the ,ens be Glafsi

| f the Lens be double-conVex, and r be equal to as being formed of

_ pdpr
Segments of equal Spheres, then will j—=—— A __ p%" be reduced to
pdr . . ,
= /1 and in cafe d be infinite,then it will be yet farther contrafted
1
to1 Ar, andp being = -——--- > the Focal Diilance in Glafs will be = r, In

Water 1 f r, but in Diameter .

This is not only ufeful to difcover the Focus from the other propofed Data;
but from the Focus given, we may thereby determine the Diftance of the
Objelil, or from the Focus and Diftance given we may find of what Sphere
It Is requifite to take another Segment, to make any given Segments of an-
ther Sphere caft the Beams from the Diftance d to the Focus /: ASs
likewife from the Lens, Focus, and Diftance given,to find the Ratio of
Refraction, or of m to », requifiteto anfwer thefe Data. All which, it
IS obvious, are fully determined from the Equation we have hitherto ufed,

viz.pd~rz=dr/-|-d -\-p r For to find the Theorem is

p r Diftance of the Obje6l; for the Rule Is
T /~ d_;pf ;N rf= el but forA it will be =/m s which lat-
Eer determines the Ratio of Refraftion* m being to » as | to

fIED le Gc | fliall
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| 1hall not expatiate on thefe Particulars, but leave them for tlie Exercife of
thofe that are defirous to be informed in Optical Matters, which | am bold to
fay are comprehended in thefe three Rules, as fully as the moll Inquifi-
tive can defire them, and in all poiTible Cafes, Regard being had to the Signs
-}- and — , as in the former Cafes of finding the Focus, | fliall only ithew
t'Ao confiderable Uiosof them ; the one to find the Diftance whereat an Ob-

je(d being placed, fliall by a given Lens be reprefented in a Species as large as

the Obje¢l itfelf, which may be of fingular Ufe in drawing Faces, and other
Things In their true Magnitude, by tranfmitting the Species by a Glafs into a
dark Room, which will not only give the true Figure and Shades, but even
the Colours themfelves, almofl: as vivid as the Life. In this Cafe d is equal
to/; and fubftituting d for/ in the Equation, we ihall havep dr Oz=z d dr
dd ™~ dp ~r \ and dividing all by dyp r dr -\-d™ =2~ IS,
N
° i P d', but if the two Convexities be of the fame Sphere, fo asr =
then will the Diftance be r, that Iis,if the Lens be Glafs — 2 ™ fo that
If an Obje6l be placed atthe Diameterof a Sphere diftant, In this Cafe the
Focus will be as far within as the Objeft Is without, and the Species repre-
lented thereby will be as big as the Life ; but if it were a Plano-Convex,

the fame Diftance will be = 2/>r, or, In Glafs, to four Times the Radius of
the Convexity,

A fecond Ufe is to find what Convexity or Concavity iIs required to make
a vaftly diftant Objed be reprefented at a given Focus, after the one Surface
of the Lens is formed j which is but a Corollary to our Theorem for finding

having d, r, and /, given; for d being infinite, the Rule becomes
Tf . . | .

oot p, that is, in Glafs, frp,_\yhence, 1f/ be greater than 2r,

pbecomes Negative, and r Is the Radius for the Concave fought.

But to return to their firft Theorem¥™ which, accounting for the Thicknefs
of the Lens, we will here again refume, viz.

mpdr »~ nd”™t— npr”nt
mdrA”md”™ — mppr m ndt— rirt /
And let it be required to find the Focus, where a whole Sphere will collect

the Beams proceeding from an Objeft at the Diftance d. Here t is equal
to2r, and r = ”2; and after due Redudlion, the Theorem V/ill ftand thus,

Njpdr — 2n rr__ N be Infinite, 1t 1S contraded to
" 2nd-\N-2mF mpr J
rapr 2l m

r — f1  wherefore a Sphere of Glafs collefts the
2N 2tn— 1In

Sun’s Beams at half the Semidiameter of the Sphere without it, and a Sphere®
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of Water at a whole Semidiameter. But if the Ratio of Refraiftion w to «

be as 2 to 1, the Focus fails on the oppofite Surface of the Sphere; but if it
be of greater Inequality, it falJs within.

Another Example fliail be, when a Hemifphere is expofed to parallel Rays,
that is, dunéa pbeing infinite, and t =.r™ and, after due Reduftion, the 1'he-

orem refults------——--—--- r — f Mthat 1s, In Glafs i1t i1s at 4-r, In Water at I-n

but if the Hemifphere were Diamond, it would coiled the Beams at  of the
Radius beyond the Center.

Laftly, As to the EfFeft of turning the two Sides of a Lens towards an
Objedt * it is evident, that if the Thicknefs of the Lens be very fmalJ, fo as
that you negleit it, or account /= o, then in all Cafes the Focus of the
fame Lens, to whatfoever Beams, will be the fame, without any Difference
upon the turning the Lens: But if you are fo curious to confider the
I'hicknefs, (which is feldom worth accounting for) in the cafe of parallel Rays
falling on a PJano-Convex of Glafs, if the plane-fide be towards the ObjeA,
/ does occafion no Difference, but the Focal Diftance /= 2r. But when
the Convex Side iIs towards the Objeil, it Is contrafted to 2r — 1 fo that
the Focus Is nearer by \ /. If the Lens be Double Convex, the Difference
Is lefs J 1If a Menifcus, greater. |If the Convexity on both Sides be equal, the
Focal length iIs about f /7 ithorter than when i = 9. In a Menifcus™ the
Concave Side towards the Objeil increafes the Focal Length, but the Convex
towards the Objedt diminiihes it. A general Rule for the Difference arifing

on turning the Lens, where the Focus iIs Affirmative, is this 3y 3 ¢

for double Convexes of different Spheres. But for Menifci the fame Difie-
2Tt—4+—-2 "/

rence becomes — r

3N—*3 P*f"bh

tion, but that by a due Reduilion it will follow from what is premifcd, as

will the Theorems for all forts of Problems relating to the Foci of Optick

GlaiTes.

. of which | need /give no other Demoniira-

Xl. . Let D B and EC be oppofite Hyperbola’s, whofe tranfverfe Axis™CN"»-"*»
IS B C, Center A, and one of the Afymptotes G P ; alfo let O M be drawn
through the Center at Right Angles to B C. Wherefore if the v yperboia’s chrin.
are converted about the Axis O M, it is plain, by fuch a Revolution an Hy-N™N'N A,
perbolical Cylindroidal Body will be generated, whofe Bafes and Seftions par- Jat.An 1660.
allel to the Bafe will be Circles. | fay moreover, if the iame Body be cut
through the Afymptote G P, the Seftion will be a Parallelogram.

Let it be cut through the tranfverfe Axis by a Circular Seélion B N C,
Alfo through O and M into equal Circles equally diflant from the Center |
alfo through the Axis into a generating Figure, whofe half isB D E C, In the

Cc 2 Plain

tIED
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PJain of which will be the Afymptote G P, through which at Right Angles
let the Plain B D E be cut in the Plain F H P % lallly let H O be joined.

Becaufe of the Right-angled Triangle O G H, the Square of O H or O D,
fubtrading the Square of O G, Iis equal to the Square of G H. And becaufe
D O iIs parallel to B A, and cuts the Afymptote in G, it will be (by the
Properties of the Hyperbola demonftrated in the Conics) the Square of O G
together with the Square of B A, equal to the Square of O D. That is, the
Square of O D leiTened by the Square of O G is equal to the Square of A B,
or the Square of A N. Therefore the Square of G H Is equal to the Square
of A N, and thence G H isequal to A N, and they are at Right Angles to
G A : And the like may be demonftrated of all other Sedions parallel to the
Bafe. Wherefore the Hyperbolic Cylindroid is truly cut through the Afymp-
tote Into a Parallelogram. E. D.

Coroll. Hence it appears that in the Superficies of the Cylindroid, though
It confiits of a double Flexure, innumerable Right Lines may neverthelefs be
drawn. It appears alfo, that there i1s another Way of generating this Body,
that i1s, by the Revolution of a Parallelogram about the Axis at reft, In an
Angle to the Axis equal to G A O j or laftly, the generating Line H R re-
maining immoveable, and forming or cutting the Mafs as It turns about.

And if the very iharp and ftreight Edge of theChiiTel be difpofed in refpeft
of the Axis after the manner of the generating Line, while the Mandrel turns
about ; it is plain, that by the Lathe as true Hyperbolas as Circles may be
defcribed, fince nothing more is required for forming a Cylindroid than a
Cylinder * unlefs that in the Cylinder the Edge of the ChiiTel muft be parallel
to the Axis, whereas it muft be inclined to it to form a Cylindroid.

Therefore we muft obferve, that the Species of the Hyperbola will be va-
ried, according to the different Inclination or Magnitude of the Angle G AG
fo that it iIs more eafily accommodated to a given Hyperbola, than to need
any Demonftration. But if the fame Angie remaining, the generating Line

approaches nearer to the Center, thence will arife a leiTer Hyperbola, but of
the fame Species as before.

ke Apdication Let there be three Bodies fit for Grinding, P, Q¢ R | of which letP
c rbr.gl/Hv- and Q”be equal, and formed in the Shape of a Pillar, but let the Body R be
ferhjicaioptick Shapc of a Lens. Let P have a Rotation about the Axis A B,

cffivw”~r about C D, and R about E G. Butlet A B and CD be In different Plains,
N. S3H- J0B9- yet fo that E G produced may be at Right Angles to both A B and C D.
N Laftly, let the Bodies approach to one another, as much as neceflary, yet fo

as that the fame Inclination of the Axes may be ftill preferved.
| fay, that by the Revolution and mutual Attrition of the Bodies before
fuppofed, new Geometrical Bodies will arife, of which P and dw ill be equal

Hyperbolical Cylindroids, and R an Hyperbolical Conoid, ot a given Species
and Magnitude.

W e have the Demonftration at hand, as alfo a Model of the Machine it-
felf, which Is intended for the grinding of Hyperbolical Lenfes. To de-

fcribe which by the laborious Apparatus of aPidure, and a tedious Explica-
N con,
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tion, would be more troublefome to me and the Engraver, than it wonld beto
any ingenious Man to find the like. For after the Geometrical Principles are
now explained, it iIs eafy to guefs what fort of an Inftrument itis. The
Parts are three oblong Boards, plain, ilrong, moveable, and placed upon
One another. The lowed and middiemofl: fupport the unequal Puppets (or
Handles that fuilain the Mandrel) placed alternately. This is required by
the Obliquity and as it were DecuiTaticn of each of the Mandrels. 1'he
Puppets of the uppermoft Board are equal, and diipofed according to the
Length of the Board ; and the Mandrel is let through the neareft Puppet, be-
Ing perforated for thatEnd. | fhall not mention the Wheels, Rollers, Thongs,
Weights, Skrews, and other Things neceffary for the expeditious Motion
and Strength of the Machine. P belongs to the loweft Board, Q”to the
middlemoit, R to the uppermoft. R isa Lens of Glafs; Q”is the Model
grinding the Lens ¢ P is the Pattern that corrects the Model; which as it is
carried by an obligue Motion, and different from the Motion both of the
Lens and the Model, continually giinds and wears away whatever Imperfe-
nion Is communicated to the Model by the Attrition of the Lens and the
Matter.

Wherefore fince the Generation of the Hyperbolical Conoid is fo fimple
and natural, being produced only by Circular Motions j and fince the Mo-
tion 1Is double and various J. it Is probable that Hyperbolical Lenfes may be
formed upon thefe Principles, it upon any at all.

XI1l. This Phaenomenon appears very eafily explicable, from the my four Cormx
ration of placing Glafles in a Tube * which Is thus: After the Objedb-Glafs, M-
the firft Eye-Glafs is placed fo much diftant (towards the Eye) from the Focus™/™ by
of the ObjetSI*Glafs, as is the Focus of the Eye-Glafs; then the middle Eye-

Glafs is placed fo much diftant from the Focus of the firft Eye-Glafs, as isn. 183./-. 169.
the Focus of the middle Eye-Glafs: Lailiy, the neareft Eye-Glafs is placed

fo much diftant from the Focus of the middle Eye-Glais, as is the Focus of

this neareft Eye-Glals; and the Eye looking through them all, is placed iIn

the Focus of the neareft Eye-Glafs.

| fay therefore, 1. That one fingie Convex-Glafs cannot properly be faid
by itfelf to fliew Objeots Ereél or Reverfe, but in refped: of the placing of the
Eye that looks through it: For if the Eye, that looks through a fingie Con-
vex-Glafs, be placed nigher thereto than the Glafs’s Focus, the Objeils are
Ere6t; if the Eye bk placed juft in the Focus, the Objefls are neither Ereifl
nor Reverfcd, but all in Confufion between both ; and if the Eye be placed
further from the Glafs than the Focus, the Objeds are Reverled, | mean
here diftant Objeds, the Rays flowing from any Point whereof may be counted,
to come Parallel towards the Obje6t-Glafs.

2. The Objed-Glafs of a Telefcope reverfes the Objed, both to the Eye-

Glafs and the Eye that looks through it; Por the Eye-Glafs is placed farther
from the Objed-Glafs than is the Focus of the Objed-Glafs; But the Eye-
Glafs does nothing towards the Rediiication, or Reverfion j the Eye being,

placed juft in its Focus.
2. The

NnED
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3. If che fticond Eyc-Glafe (the fitft beinc that next the Objeél-Glais) be
placcd, as it ought, in a Tekfcope, place the Eye nearer in this middle Eye*
Glafs than its Focus, and it fees the Objefn inverted and confufed: Place the
Eye in the Tocus, and jt ices the Objeft all in Confufion, neither Ereft nor
Revericd 5 for here again there is a diftind Reprefentation of the Objedls to
be received on a Piece of Paper, as in the Focus of an Objeét-Glafs * and the
Eye being placed at any Time at this Place (which is ufually call’d che Diftina
Bafe) fees all in Confufion: But then let die Eye be placed farther from this
middle Glafs than its Focus, and it perccives theObjefls ereftand confufed.

Laitly, The third, or immediate Eye-Gia!s, does nothing towards the E-
refting or Reverfing the Species, which it receives Ereft from the middle Eye-
Glafs i no more than in a Telefcope of two Convex-GJaffes, the Eye-Glais
does to the Species it receives from the Objeft-Glafs j as we have ihewn before.
The Reafon that this lail or immediate Eye-Glafs has nothing to do in the
Ereébing or Reverfing the Species, is the fame as in the Tclcfcope of two
Convex-Glares, viz. The Eye placed in its Focus, and therefore fees the
Species as *tis reprcfented in the Diilin<d Bale; that b, the Species is inverted
in the Diilinii Bafe of the Obje<®-Glafs, and therefore a fingle Convex Eye-
Glafs brings it to the Eye Inverted 5 but in the Diilindt Bafe of the middle
or fecond Eye-Glafs the Sp6cies is Ered, and diercfore the third or immediate
Eye-Giais brings it to the Eye Ere<ft.

Wherefore we are to confider the Telelcope confifting of an Objeit-Glais
and three Eye-GlafTes, as two Telefcopes, each confifting of two Convex
GlaiTes. The firft confifb of the Obje£t-Glafs and firil Eye-Glafs, and this
inverts the Species; that is, the Species is inverted in the Diilindl Bafe of
the Objedi-Glafs, and fo brought into the Eye. The fecond Telefcope con-
fifh of two immediate Eye-Glaffes, and thb Ereéb what the former Invert-
ed; that is, the Species in the Diflinft Bafe of the middle Eye-GJafs Is
Ereft, and is fo brought into the Eye by the Eye-Glafs; the Eye-GlafTtis
themfelves in neither Cafe having any thing to do with the Ereéling or Invert-
ing, but merely in reprefenting in the fame Pofture the Species immediately
before them* So that one Convex-Glais, as pofited in a Telefcope, Inverts;
the fecond (that is, the firft Eye-Glafs) does nothing towards the Erefting or
Reverfing, but reprefents the Image as it is in the Diflinft Bafe of the Ob-
jeft-Glafs before it, that is Inverted; the third Glafs Ereds, or rather Re-
llores, what was before Inverted; the fourth 'reprefents the Image as it re-
ceives it from the Diftind Bafe of the third, that is, Ereft.

X111,
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XII. 1. Mr. Auzont hns found that the Apertures, which Optic-Giaffes™M™-j'A*
can bear with Diftindtnefs, are in about a fubduplicatc Proportion to their™
Lengths: And, accordingly, he hath made the. following ~abk. ~ JUMAOD.'Veoss.
Letigtbi Jpertures for Lengths JlpertuTts for

of .- i :
GNJcs, Badient Goji  Orirtary Gla{chs, Excelltnt Loty
Feet, In. In, Lin. In. Lin. In. Dn. Feet. In. In, Lin, //. Lin, In.
4 A 4 6 25 3 4 2 JO1 2 4
6 5 5 4 30 3 83 22 g4
P 7 6 5 35 4 0 3 4 2 10
1 O 8 7 6 40 4 3 3 7|3 |
| 6 9 8 7 45 4 6 3 103 2
2 0 1] 10 8 50 4 9 4 03 4
2 6 1 O z1 9 55 s 04 33 6
o1 1 1 o0 10 60 c 24 63 8
@ 6 I 2 1 i jl % 5 4 4 83 20

4 0 Z 4 | 2 | 0] 70 5 7 4 10 4 0]

4 | 5 | g | 1 IS 5 9 5 0 4 2

5 0 | 6 | 4 | 1 80 5 11 ¢ 2 4 5

6 6
6 1 7 1 5 1 2 90 5 4 7
7 1 Q1 6 | & ICO o 5 g a 10
8 1 10 1 8 | 4 120 Lo 6 5 5 3

9 1 11 1 Q I 5 150 8 2 0 g5 11

10 2 1 1 10 1 6 200 9 6 8 O 6 9

12 2 4 2 0 1 8 250 [O 6 ¢ 2 7 8

14 2 6 2 2 1 g 300 1i 6 O O 8 5

16 2 8 2 42 1 U 350 12 6 10 9 9 0]

18 2 10 2 6 2 1 400 - 4 IX 8

5

20 3 02 7 2 2 ] ’

2. This Theory of Apertures leems to me not very clear ; For the
Glais will endure greater or leiTcr Apertures, according to the lefler or greaterf'-* h«a.
Light of the Oyeitj if ic be for looking on the Sun and Vems™ or for feeing'”
the Diameters of the fixed Stars, then fmaller Apertures do better 5 if for the
Moon in the Day-light, or on Salum™ or Jupiter™ or Mars™ then the largeft.
Thus | have often made ufc of a 12 Foot Glais to Jock on Saturn with an
Aperture ofaJmoft 3 Inches, and with a fingle Eye-Glafsof 2 inches double
Convex but when, with the fame Glafs, | looked on the Sun or Venus™ |
ufed both a fmalJcr Aperture, and iballower Clwrge,

XI1V.
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TveeeB®~ X |v. | have Found long fince a Way to meafure, with a great Telefcope,

fé?;ﬁfsnat é,ne the Diftance of Objefts upon the Earth from one Station. The Praftice indeed
M. »uisoue does Not altogetlier anfwer the Theory, becaufe that the Length of the Tele-
C7.'AttN¥66s> Scopes admits of fome Latitude j ytt one comes near enough, and perhaps as
juft as by moft of the Ways ordinarily ufed with Inftruments. That which |
am propofing, | doubt not but Mr. Hook will foon underftand, and fee the
Determination of all Cafes pofiible. | ihall only fay. That if we look upon
the foie Theory, we may make ufe of an ordinary Telefcope, whereof the
Eye-Glafs i1s to be Convex: For by putting the Glaflesat a little greater Di-
Ilance than they are, proportionably to the Diftance for which it is to ferve,
and, by adding to it a new Eye-Glafs, the Objeft will be feen diftind, the*
obfcure; and if the Eye-Glais be Convex, the Objeot will appear Ereft. They
may be done two manner of Ways | either by leaving the Telefcope in its o™
dinary Situation, the Obje;t-Glais before the Eye-Glafs j cr by inverting it,
and putting this before that. But if any will make ufe of two Objeol-Glafies,
whereof the Focus’s are known, the Diftances of them will be known. Ifit
be fuppofed, that the Focus of the firft be B, and that of the fecond C, and
the Diftance given, B -j- 2D, and that D — C be equal to F ; for this Di-
ftance will be equalto B C-I-F— r F*C*. And if you have the Focus
of the firft Obje6t-Glafs equal to B, the Diftance where you will put the
fecond Glafs, equal to B C D, the Focus of the fecond Glafs will be

CD
found equal to | O »And if you will that the Objedt ihall be magnified

as much with thefe twoGlafTes as it would be with a fingle one, whereof the
Focus ithould be of the Diftance given, having the Focus of the Objcd-

Glafs given equal to B, and the Diftance given to B ™ D ¢ the Diftance be-
, 2B+ 2BD
tween the firftand fecond Glafs will be equal to — 7 | — m whence,

BD
fubdu6ting B (the Focus of the Objedl given) there remains - B -|-D

And if this Sum be compofed equal to C, we ihall eafily know by the pre-
cedent Rule, the Focus of the fecond Glafs.

Tomaii aPao- two Glaflcs, the onc exadlly fiat on both Sides, the other
comvx dafs ofaflat on thc One Side, and convex on tlie other, of what Sphere you pleafe.
ua\btRasat'a™"™ be a little broader than the other. Then let there be

mzAt a Cell or Ring of Brafs, very exadly turned, into which thefe two
% GlafiTes may be fo faftened with Cement”™ that the plain Surfaces of them may
N tz. 'nroa lie exadlly parallel, and that the Convex Side of tle Plano-convex Glafs may
lu"™’ An iInward ; but fo, as not to touch the Flat of the other Glafs. Thefe being

" * cemented into the Ring very clofely about the Edges* by a fmall Hole In
the Side of the Brafs Ring or Cell % fill the interpofed Space between thefe
two with Water, Oil of Turpentine, Spirit of Wine, Saline Liquors, c.
then ftop the Hole with a Screw : And according to the differing Refradion
of the interpofed Liquors, fo fliall the Focus of this Compound Glals be

longer or fliorter. A But

NED
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But this | would Jiave only look’d upon as one Inftance oF many (fpr
there may be others) of the PoifibiUty of making a Glafs, ground in a fmaller
Sphere, to conftitute a Telefcope of a much greater Length: Thoi”™~h (not
to raife too great Expedationj | muft add. That, of Spherical Objeél-
Glafles, thofe are the beft which are made of the greateft Sphere, and whofe
Subttance hath the greateft Refraftion.

XVI. 1. S. Campani pretends to have found a Way to work great Optic-7eiijc<,pnana
GlaJJes with a Turn-too], without any Mould : And that he ufeth three Eye-
Glafles for his great-Telefcopes, without finding any Rainbow Gdours. pani\Divi-

The Great Duke oiTufcany, and Vrmct Leopold his Brother, upon Trial Mar.An"Ye\s.
made of the GlaiTes™of Campani and Divini, have found that thofe of Campani n- 131

excel the other j and with them they have been eafily able to diftinguiith Peo-
pie at 4 Leagues Diftance.

But Etijiachio Divini pretends, that in all the Trials made with them, his n. izt 2B*
great Glaffes have performed Dbetter than thofe of Campani; and that Cdm-
pani was not willing to do what was neceiTary for well comparing one with
die other] viz. to- put equal Eye-GlaiTes in them, or to exchange the fame
Glaffes.

2. *Tis now above ten Years fince I invented a peculiar Way of grinding HAILB.
Optic-Glaffes, and reduced it alfo into Praftice; by which *tis eafy, with- Nov. An?1665.
cut any confiderable Danger of failing, to make and poliih Optic-GlaiTes
of any Conic SeSlion, and that (which is moft notable) in any Difli of any
Sedion of a Sphere. 1 have already made feveral Glaffes by it, "which ma-
ny learned Men have feen and tried.

Mr. Huygens alfo intends very ihortly to try fomething in that kind. HMpOE.

3. M. du Sons doth at prefent employ himfelf in London, to bring Tele- NI™dusons.
fcopes to Perfedlion, by grinding Glaffes of a Parabolical Figure. | have feen n>idf. 99,
two Eye-Glaffes of that Shape, about one Inch and a half deep, and one Inch DKrAI/16"6b.
and a quarter broad, wrought by this eminent yirliji with a rare Steel Inftru-
ment of his own Contrivance and Workmanfliip, and by himfelf alfo poliih’d
to Admiration. And certainly it will be wondered at by thofe, who ihall fee
thefe Glaffes, how they could be truly wrought to iuch a Figure, with
fuch a Cavity ; and yet more, when they i1hall lear the Author undertake to
excavate other fuch Eye-Glaffes to above 2 Inches, and Obje6l-Glaffes oi
5 Inches Diameter. He hath likewife already begun his Objedl-Glaffes for
the mentioned two ocular ones, of the fame Figure of about 2 Inches Dia-
meter, which are to be left all open, yet without caufmg any Colours.

4. The Optic-Glaffes of M. Biirattini in Poland, are perfeftly well
v/rought and pollih’d. He hath fent two to Paris, but they are only the Z1.
one of 10, the ocher of 8 Foot. They bear a great Aperture In refpeel of™* 3/4*
their Length.

5. Mr. Fr. Smethwick having found a Way of grinding Glaffes not Sphe- SyMr.Trandi
rical, produced before the Royal Society 27. 166f)certain Specmna™VVVW\i/MWN

of that Invention ; which were, a 1 elefcope, a Reading, and two Burning-
Glaffes.

Vol. | Dd The
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The Telefcope was about 4 Foot long, furnillied with foiirGlafles, whereof
the three ocular ones, Plano-convex, were of this newly invented not-Spherical
Figure, and the fourth a Spherical Obje£t-Glafs. This being compared with
a common, yet very good Telefcope, longer than it by about: 4 Inches, and
turn*d to feveral Objecfls, was found by thofe of the faid Society that look’d
through them both, to exceed the other in Goodnefs, by taking in a greater
Angle, and reprefenting the Objects more exaftly In their refpeftive Propor-
tions, and enduring a greater Aperture free from Colours.
. The Reading-Glafs of the fame Figure being compared with a common
Spherical Glais did far excel it, by magnifying the Letters to which it was
applied up to the very Edges, and by ihewing them diilin6lly from one
Brim through the Center to the other ; which the Spherical Glafs came far
ihort of. | . |
Laftly, The two burning Concaves of this new-invented Figure, were-
the one of 6 Inches Diameter, its Focus 3 Inches diftant from the Center
thereof; the other of the fame Diameter, but lefs Concave, and its Focus
10 Inches diftant. Thefe, when approached to a large Candle lighted, did
fomewhat warm the Faces of thofe that were 4 or 5 Foot diilant at leaft;
and when held to the Fire, burned Gloves and Garments at the Diilance of
about 3 Foot from the Fire.
The Biihop of Salisbury™ Dr. Seth Ward™ was by at another Time, wheli
the deeper of the two Concaves turned a Piece of Wood into Flame in the
Space of 10 Sec. of Time, and the ihallower in 5 Sec. at moil, in theSeafon
of Autumn”™ about Nine of the Clock Iin the Morning, the Weather gloomy..
The Inventor adds. That the deeper Concave, when held to a lucid Body»
would caft a Light ftrong enough to read by at a confiderable Diftance.] and
that expofing the fame to a Northern Window, on which the Sun fliined
not at all, or very little, he had perceived that it would warm one’s Hand
fenfibly, by colle¢ling the warmed Air in the Day-time, which it would ncc
do after Sun-iét.
By an Aftifl ai 6. We have an Artiil at Paris that polifhes Optic-GlalTes on a Tur
PInis® N* 40« have feen a Glals of his Workmanfiiip, which is very good. He turns thofe
oafAn. 1668 Glafies as he does W”ood, that is, with the fame Facility.
By M. BareUl. 7. M. Borclli hath found out a fure and very eafy Method to work all forts
great GlaiTes. He hath already made one of them very good of 200.

Ag nl 7. wrought on both Sides on the iame Rule. His Defire of advancing
Aftronomical Diicoveries hath induced him to make Prefents of them to feve-
» ral Perfons capable to make ufe of them. He hath entrulled the Secret to

one of the Royal Academy of Sciences.
N* 140.7%. 7005« Campani and Divini have commonly ibid their Glafies at a Piilole the Foot,

T AR s metimes they have far exceeded that Price. One of Divini's® of 12 Foot,
was fold for 400 Livres ; and another of Campani*s, of 34 Foot, for 2000
Livres. Notwithilanding which, S. Borelli i1s willing to part with the belt
of his own Glafies, of 50, 60, or 65 Poot, for 500 (French) Crowns; an
the fmall Glaflfes, from 6 to 12 Foot, at a (trench) Cfown afoot; from

12 to 18, at half a Pifidle; and from 18 to 26, at a Pifiole.
B. Though

JIED
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8. Though it- be commonly believed, that Roik Cryjlal iIs not fit ey
Optic-Glaffes, becaufe there are many Veins iIn it; yet Euftachio DiwwzBExft.Dwm’
made one of it, which he faid proved an excellent one, though full of
Veins: But perhaps they were only fiiperficial Strielures and flight Scratches,
not Veins. ) A

9. Drops of fair Water being let fall on a Piecc of plain Glafs, form
Jfelves into Plano-convexes, having a Convexity proportionable to the Heights Gay,
from which they d™cend * from a greater Height a lefs, from a lefs a greater”-
Degree of Convexity, | applied fome of thefe as Reading-Glafi‘es for fingle
Words of fmall Letters, as on the Globes and Maps, and found no other In-
conveniency, than that the Fluidity of the Water obliges one to keep the
Glafs Horizontal, which | after devifed a Way to remedy. | took a fuffici-
ent Quantity of Ifing-Glais, and diiTolved it in Water over the Fire, and
whilft it was warm | dipt a Stick into the Solution, and let fome Drops of it
fall on the Glafs as before j and in a quarter of an Hour they acquire a Con-
fiftency, that permits them to be held in any Pofition ; and though they are
not altogether fo tranfparent, yet this is little or no Impediment to their Ufe.
The Drops of this Solution are more exaftly defined than thofe of common
Water, having their Edges exadlly circular; and one may make them of a
much longer Focus than thofe.

A thin flat Ring of Brafs, not exceeding 4 Tenths of an Inch Diameter
In its interior Circle, being cemented to a plain Piece of Glafs, and filled
with Water, or the Solution now mentioned ; then by preiTing the Finger
Into it, *tili what is fuperfluous be taken off, there will be formed a Plano-
concave, which may ferve as an Eye-Glafs to a Perfpe£live, or to any other
optical Ufe Concave GlalTes are applicable to.

| have tried what would be the Succefs of combining Portions of Water
by the help of Brafs Rings, and plain Pieces of Glafs, to give them their true
Figure and requifite Apertures, and inferted them at the Ends of Tubes of
feveral Lengths; and find, that though thefe Natural Lentes may ferve as
Eye-GlaiTes, yet when ufed as Objed ones, either to Telefcopes, or double

Microfcopes, the EfFeits will not compenfate the Trouble there is in ufing
them.

XVII. r. When | had found, thzt. Light confifis of Rays differently refran-'t Advantagt
| left off my Glafs-works ; for | faw, that the Perfediion of Telefcopes™f,f* M\ en/*
was hitherto limited, not fo much for want of GlaiTes truly figured according”™nw; b
to the Prefcriptions of Optic Authors, (which all Men have hitherto
gined) as becaufe that Light itfelf is an heterogeneous Mixture of differently™i> An »8>»
Refrangible Rays: So that were a Glafs fo exaftly figured as to colleft any
one fort of Rays into one Point, it could not colle:t. thofe alfo into the fame
Point, which having the fame Incidence upon the fame Medium, are apt to
fuffer a different Refradlion. Nay, | wondered, that feeing the Difference
of Rcfrangibility was fo great as | found it, Telefcopes ihould arrive to that
Perfeftion they are now at: For, meafuring the Refradlions in one of my
Prifms, | found, that fuppofing the common Sine of Incidencc upon one
D d 2 of
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of its Planes was 44 Parts, the Sine of Refraftion of the iitmon: Rays”™on the
red End of the Colours, made out of the Glafs into the Air, wouki be 68
Parts, and the Sine of Refraelion of the utmoft Rays on the other End 69
Parts; fo that the Difference is about a 24th or 25th Part of the whole Re-
fraélion. And confequently, the Obje£t-Glafs of any Telefcope cannot col-
Ject all the Rays which come from one Point of an Objeft, fo as to make
them convene at its Focus in lefs room than in a circular Space, whofe Diameter
Is the 50th Part of the Diameter of its Aperture ; which Is an Irregularity,
fome hundreds of times greater, than a circularly figured Lens™ of fo fmall a
Seftion as the Objeft-GlaffesoflongTelefcopes are, would caufe, by the Un-
fitnefs of its Figure, were Light uniform.

This made me take Refleftions into Confideration ; and finding them re-
gular, fo that the Angle of Refledion of all fort of Rays was equal to their
Angle of Incidence, | underftood that by their Mediation Optic inilruments
might be brought to any Degree of Perfection imaginable, provided a refled-
Ing Subftance could be found, which would polifli as finely as Glafs, and
refiedl as much Light as Glafs tranfmits, and the Art of communicating, to
It a parabolic Figure be alfo attained. But thefe feemed very great Diffi-
culties, and | have almoit thought them infuperabie, when | farther confider’'d
that every Irregularity in a refledting Superficies makes the Rays ftray five or
fix times more out of their due Courfe, than the like Irregularities in a refraft-
Ing one: So that a much greater Curiofity would be here requifite, than in
figuring Glaffes for Refrailion.

Amidft thefe Thoughts L was forced from Cambridge™ Anno 1666, by the
Intervening Plague, and it was more than two Years before | proceeded fur-
ther. But then having thought on a tender way of polilhing, proper for
Metal, whereby, as | imagined, the Figure would be corrected to the laft,
| began to try what might be effefted in this kindj and by degrees fo far per-
feded an Inftrument (in the eiTential Parts of it like that I fent to London)
by which I could difcern J-K/i//ir's four Concomitants, and ihewed them di-
vers times tOiLwo others of my Acquaintance. | could alfo difcern the Moon-
like Phafe of Venus™ but not very diftinilly, nor without fome Nicenefs In
difpofing the Inftrument.

I"rom that time | was interrupted till this laft Autumn, when | made another.
And as that was fenfibly better than the firft (efpecially for Day-Objefts) fo |
doubt not, but they will be ftill brought to a much greater Perfeftion by
their Endeavours, who, as you inform me, are taking Care about it at

‘London,
A newCatail- 2. This new Inftrument IScompofed of two Metalline Spcculums, the one
Concave (inftead of an Objeft-Glafs) the other Plain : and alfo of a fmall Plano-
JN"Kewon. convcx Eyc-Glais \ as in the Figure, where A B is a Concave Speculum, of
M the Radius or Semidiameter is i2-f or 13 Inches.
N * F N another Metalline Speculum, whofe Surface iIs flat, and the Circum-
ference oval.
G D, an Ilron Wire, holding a Ring of Brafs, in which the Speculum C D

IS fixed: ‘
F, a

neD
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F, a fmall Eye-Glafs, flatabo\re, and convex below, of the 12th Part of an
Inch Radius, if not lefs.

GGG, the fore Part of the Tube (which iIs open) failened to a Brafs Ring
HIl. to keep It immoveable.

PQJCL, the hinder Part of the Tube, fattened to another Brafs Ring

O, anlron Hook failened to the Ring Ring P Q, and furniflied with a Screw
N, thereby to advance or draw back the hinder Part ofthe Tube, and fo by that
means to put the Specula In their due Diftance.

MQJGI, acrooced Iron fuftaining the Tube, and failened by the Nail R
to the Ball and Socket S, whereby the Tube may be turned every Way.

The Center of the flat Speculum C D, muil be placed in the fame Point
of the Tube’s Axe, where falls the Perpendicular to this Axe, drawn to the
fame from the Center of the little Eye-Glafs J which Point is here marked
at T.

And to give the Reader fome Satisfaction to underiland in what Degree it
reprefents Things diitinil, and free from Colours, and to know the Aperture
by which it admits Light, he may compare the Diilances of the Focus E from
the Vertexes of the little Eye-Glafs and the Concave Speculum ; that is, E F,
4. of an Inch, and ET V, 6 ~Inches; and the Ratio will be found as 1 to 38 i
whereby it appears, that the Objefls will magnified about 38 times 5 and be
reprefented bigger by 2 ;/ times in Diameter, when feen thro* this, than thro*
an ordinary Telefcope of about two Foot long.

Thus far as to the Struiture of this Telefcope. Concerning the metalline
Matter, fit for thefe Refieeling Speculums, the Inventor hath alfo confidered.
the fame, and gives this Caution, that whilit Men feek for a white, hard,
and durable metalline Compoficion, they refolve not upon fuch an one as is
full of fmall Pores, only difcoverable by a Microfcope : For tho’ fuch an one
may, to Appearance, take a good Poliih, yet the Edges of thofe fmall Pores
will wear away failer in the polithing, than the other Parts of the Metal |
and fo, however the Metal feem polite, yet it ihall not refledl with fuch an
accurate Regularity as it ought to do. Thus Tin-Glafs mixt with ordinary
Bell-Metal makes it more white, and apt to refle;l a greater Qiiantity of
Light ¢ but withal, its Fumes raifed in the Fufion, like fo many aerial Bub-
bles, fill the Metal full of the microfcopical Pores. But white Arfenick both
blanches the Metal, and leaves it folid, without any fuch Pores, efpccially if
the Fufion hath not been too violent. What the Stellate-Regulus of Mars (which
| have fometimes ufed) or rather fuch like Subfl:ance, will do, deferves parti-
cular Examination,

To this he adds this further Intimation, that Putty, or other fuch like
Powder, with which it is poliflied, by the itharp Angles of its Particles, fret-
teth the Metal, If it be not very fine, and fills i1t full of fuch fmall Holes as he
fpeaketh of. Wherefore Care muil be taken of that, before Judgment be given,
whether the Metal be throughout the Body of it porous or not.

But not having tried, as he faith, many Proportions of the Arfenick and

Metal, he does not affirmwhich is abfolutely beil, but thinks there may con-
veniently
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vcniently be ufed any Qy~otity of Arfenick equalling In Weight between a
fixth and an eighth Part of the Copper ; a greater Proportion makino- the
Metal brittle.

The Way which he ufed was this: He firft melted the Copper alone, then
put in the Arfenick, which being melted, he ftirred them a little together
bewaring, inthe mean timé, not to draw in Breath near the pcrnicious Fumes!
After this he put in Tin ; and again, fo foon as that was melted (which
was very fuddenly) he nirreci them well together, and immediately poured
them off.

He faith, he knows not, whether by letting them ftand longer on the Fire
after the Tin wYss melted, a higher Degree of Fufion would have made
the Metal porous-, but he thought that Way he proceeded to be thefafeft.

He adds, that in the Metal, which he fent to London”™ there was no Arfenick,
but a fmall Proportion of Silver; as he remembers, one Shilling In three
Ounces of Metal. But he thought withal, that the Silver did as much harm
In making the Metal foft, and fo lefs fit to be poliihed, as good in rendering
It white and luminous.

At another time he mixed Arfenick one Ounce, Copper fix Ounces, and Tin
two Ounces j and this an Acquaintance of his hath, as he intimates, poliihed
better than he did the other.

As to the Objeélion, that with this kind of Perfpedlives, Objeds are diffi-
cultly found j he anfwers. That that is the Inconvenience of all Tubes that
magnify much *¥ and that after a little Ufe, the Inconvenience will grow lefs,
feeing that himfelf could readily enough find any Day Objeds, by knowing
which way they were pofited, from other Objeols that he accidentally faw in it.
But in the Night, to find Stars he acknowledges it to be more troublefome;
which yet may, In his Opinion, be eafily remedied by two Sights affixed to
the Iron Rod, by which the Tube is fuftained, or by an ordinary Perfpedive-
Glafsfaftened to the fame Frame with the Tube, and direded towards the fame

Objefl; as Des Cartes In his hath defcribed, for remedying the
fame Inconvenience of his beft Telefcopes.
3 1 by the Defcription you have fent me of Mr. Newton*s admirable

Telefcope, that he hath well confidered the Advantage which a Concave
Speculum hath above Convex-GlaiTes in colleding the parallel Rays * which
certainly, according to the Calculation | have made thereof, is very great.
Hence it is, that he can give a far greater Aperture to that Speculum, than
to an Objeel-Glafs of the fame Diilance of the Focus ; and confequendy, that
he can much more magnify Obje6ls this Way, than by an ordinary Telefcope,
Befides, by it he avoids an Inconvenience, which is infeparable from Convex
Objed-Glaffes, which is the Obliquity of both their Surfaces, which vitiateth
the Refradion of the Rays that pafs towards the Sides of the Glals, and
does more hurt than Men are aware of. Again, by the mere Refledion of the
aletalline Speculum there are not fo many Rays loft as in Glaffes, which re-
fled a confiderable Quantity by each of their Surfaces, and befides intercept
many of them by the Obfcurity of their Matter.

Mean time the main Bufinels will be, to find a Matter for this Speculum

that will bear fo good and even a Polifti as Glaifes, and a Way of givinlg ’hh’\
ellin
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PoliHiI without vitiating the Spherical Figure. Hitherto | have found no Spe-
cula that had near fo good a Palifli as Glafs; And if Mr. Newion hath not
already found a way to make it better than ordinarily, | apprehend his Te-
lefcope will not fo well diftinguifh Objedsas thofe withGlaffes. But 'tis worth
m/\hle to fcarch for a Remedy to rhislnconvehiency, and | del'pair not of finding
one. | believe that Mr. Newton hath not been without confidering the Ad-
vantage, which a Parabolical Speculum would have above a Spherical one in this
Conilruibion ; but that he defpairs, aswell as | do, of working other Surfaces
than Spherical ones with due Exadnefs 1 tho* elfe it be more eafy to make a
Parabolical, than Elliptical or Hyperbolical ones, by reafon ofa certain Pro-
priety of the, Parabolic Conoid, which is, that all the Seftions parallel to the
Axis make the fame Parabola.
But though Mr. Newton (with M. Hugens) deipairs of performing that Work f'
by Geometrical. Rules, yet lie doubts not but that the thing may in fome mea-
fure be accompliflied by mechanical Devices.
4. In my laft Letter | gave you occafion to fufpeil that the Inftrument which
| fent you is in fome refpeél or other indifpofed, or that the Metals are tar- folTnjirLtrt
nifiied j and by yours | am fully confirmed in that Opinion : For, whilft | had Nawton
It, 1t reprefented the Moon in fome Parts of itas diftindly as other Telefcopes
ufually do which magnify as much as that. Yet I very well know, that that Jn-
ftrument hath its Imperfeotipns both in the Compofition of the Metal, and in
Its being badly caft, as you may perceive by a fcabrous Place near the Mid-
dle of the Metal of it on the polithed Side, and alfo in the Figure of that
Metal near thatTcabrous Place : And iIn all thoie Refpe6ls that Inftrument is
capable of further Improvement.’
You feem to intimate, that the Proportion of 38 to 1, holds only for its
magnifying Objeéls at fmall Diftances. But if for fuch Diftances, fuppofe
500 Feet, 1t magnify at that Rate, by the Rules of Optics it muft for the
greater Diftance imaginable magnify more than 37 to 1, which is fo incon-
fiderable a Diminiihing, that it may be even then as 38 to 1.
Here I1s made another Inftrument like the former, which does very well.
Yefterday | compared it with a fix Foot Telefcope, and found it not only to
magnify more, but alfo more diftinftly : And to Day | found, that | could
read in one of the Philoibphical TranfaEtions, placed in the Sun*s Light, at
100 Foot Diftance, and that at 120 Foot Diftance | could difcern fome
of the Words. When | made this Trial, its Aperture (defined next the Eye)
was equivalent to more than an Inch and a third Part of the Obje<®-Metad.
This may be of fome Ufe to thofe that ithall endeavour any thing in Reflections
for hereby they will in fome meafure be enabled tojudge of the Goodnefs of
their Inftruments,
5. 1 know that the Aperture was 1 f of an Inch, by trying that an
ftacle of that Breadth was requifite to intercept all the Light which came from iirr/t inftruwertts
one Point of the Object. by Mr> Newton.
| ithould tell you alfo, that the little plain Pieceof Metal next the Eye-Glafs Amiin. 167a.
Is not truly figured : Whereby it happens, that Objeils are not fo diftinét at

the Middle as at the Edges. And 1 hope that by ccrrefting its Figure (in.
° which
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which | find more Difficulty than one would expe£l) they will appear all over
diftind:, and diilinder in the middle than at the Edges. And | doubt not but

that the Performances will then be greater.
e Butyeti find, that there is more Light lofl: by Refiedtion of the Metal

.which | have hitherto ufed, than by Tranfmiflion through Glafles: For which
'‘Reafon a fliallower Charge would probably do better for obfcure Objects j fup-

pofe fuch a one as would magnify 34 or 32 times. But for bright Objects at
any Diitance, itfeems capable of magnifying 38 or 40 times, with fufHcient
Diilinélnefs. And for all Objeds, the fame Charge, | believe, may witli
Advantage be allowed, if the fteely Matter, employed at London”™ be more
ftrongly refledtive than this which | have ufed.’

The Performances of one of thefe Inftruments of any Length being known,
It will appear by this following Table, what may be expedted from thofe of
other Lengths by this Way, if Art can accomplifh what is promifed by the
Theory. In the firft Column is expreiTed the Length of the Telefcope in
Feet 5 which doubled, gives the Semidiameter of the Sphere on which the
Concave Metal isto be ground. In thefecond Column are the Proportions of
the Apertures for thofe feveral Lengths. And in the third Column are the
Proportions of the Charges, or Diameter of the Spheres, on which the Convex

Superucies of the Eye-GlaiTes are to be ground.

Lengths. Apertures. Charges. Lengths. Apertures. Charges.

1 Ico 100 8 800 200
I 168 119 10 946 2 [
2 283 141 12 1084 221
3 383 157 16 1345 238
4 476 168 20 15091 251
5 562 178 24 1824 263
6 645 186

The Ufe of this Table will beil appear by Example: Suppofe therefore a
half Foot Telefcope may diilinftly magnify 30 times with an Inch Aperture,
and it being required to know, what ought to be the analogous Conflitution and
Performance of a four Foot Telefcope : By the fecond Column, as 100
to 476 ; fo are the Apertures, as alfo the Number of Times which they
magnify. And confequently fince the half Foot Tube hath an Inch Aper-
ture and magnifieth 30 times, a four Foot Tube proportionally fhould have
4 Inches Aperture, and magnify 143 times. And by the third Column,
as 100 to 168 ¢ fo have their Charges . And therefore if the Diameter of the
Convexity of the Eye-Glafs for a half Foot Telefcope be f of an Inch ; that
for a four Foot fhould be that is about ™ of an Inch 5 and fo of other
Lengths. But what the Event will really be, we muft wait to fee determined
by Experience. Only this| thought fit to infinuate, that they which intend
to make Trial in other Lengths, may more readily know how to defign their

Inftruments. Thus for a four Foot Tube”™ fmce the Aperture fhould 9
Ncnes,
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Inches, there will be required a Piece of Metal 7 or 8 Indies broad at leait,
becaufe the Figure will fcarcely be true to the Edges. And the Thick-
nefs of the Metal muft be proportional to the Breadth, left it bend in the
Grinding. The Metals being polifhed, there may be Trials made with
feveral Eye-Glaffes, to find what Charge may with beft Advantage be made

ufe of.

XVlir. 1. | doubt not but M. A. will allow the Advantage of Re- Stredgehat
fleflion In the Theory to be very great, when he iliall have informed him-
felf of the different Refrangihility of the ieveral Rays of Light. And for M.Nanion
the praélick Fart, it is in fome Meafure manifeft by the Inftruments already
made, to what Degree of Vivacity and Brightnefs a metalline Subitange may
be poliflied. Nor iIs it improbable but that there may be new Ways of
polifliing found out for Metal, which will far excell thofe that are yet In
Ufe. And when a Metal is once well polifhed, it will be a long while
prefcrved from tarnilliing, if Diligence be uled to keep it dry and clofe ikut
up from Air : For the principal Caufe of Tarnifhing feems to be the conden-
fing of Moifture on its poliflied Surface, which, by an acid Spirit, w'herewith
the Atmofphere iIs impregnated, corrodes and ruits it 1 or at leait at its exhaling
leaves it covered over with a thin Skin, confifting partly of an earthly Sediment
of that Moifture, and partly of the Dull, whic 1, flying to and fro in the Air,
had fettled and adhered to It.

Where there i1s not occafion to make frequent Ufe of the Inftrument,
there may be other Ways to preferve the Metal for a long time ; as perhaps
by immerging it in Spirit of Wine, or fome other convenient Liquor. And
If they chance to tarnifli, yet their Polifth may be recovered by rubbing them
with a foft Piece of Leather, or other tender Subftance, without the Afiiftance
of any fretting Powders, unlefs they happen to be rufty j for then they muft
be new polifhed.

I am very fenfible, that Metal refleils lefs Light than Glafs tranfmits; and
for that Inconvenience, | gave you a Remedy Iin my laft Letter, by aftigning a
ihallower Charge in Proportion to the Aperture, than is ufed in other Teie-
fcopes. But as | have found fome metalline Subftances to be more ftrongly
refieélive, and to polifh better, and be freer from tarniiliing than ocliers fo
| hope there may in time be found out fome Subftance much freer from theie
Inconveniencies than any yet known.

2. The Cojifiderer is pleafed to reprehend me for laying afide the Thoughts Gy Jdrak=i
of improving Optics by Refraélions. If he had obliged me by a pwate™M\/Vy VWYYV
Letter on this Occafion, | would have acquainted him with my Succefs on «cwwn.
the Trials | have made of that kind, which, | fhall now fay, havi: been lefs than
| fometimes expeded, and perhaps than he at prefent hopes for. But fince
he is pleafed to take it for granted, that I have let this Subjcvil pals without
due Examination, | fliall refer him to my former Letters, by which that
Conjciflure will appear to be ungrounded. For what 1 laid there was In
refped of Telefcopes of the ordinary Conftruftion, fignifying, that their
Improvement is not to be expeéled from the well figuring of Glafles, as Opti-
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clans have imagined; but | defpaired not of their Improvement by otiier
Conftruiflions, which made me cautious, to infert nothing that might intimate
the contrary. For although fucceffive Refradions chat are all made the fame
Way, do neceffarily more and more augment the Errors of the firft Refra-
ftion 1 yet it feemed not impoffible for contrary Refradions fo to correft
each other’s Inequalities, as to make their Difference regular; and if that could
be conveniently eifeded, there would be no further Difficulty. Now to
this end, | examined what may be done, not only by Glaffes alone, but
more efpecially by a Complication of divers fucceffive Mediums, as by two or
more Giafles or Chryftals with Water or fome other Fluid between them ;
all which together may perform the Office of one Glafs, efpecially of the Ob-
j<&-Glafs, on whofe Conftrudtion the Perfedion of the Inftrument chiefly
depends.

To the Affertion, that Rays are lefs true, refleded to a Point by a Con-
cave, than refraéled by a Convex, | cannot aiTcnt * nor do | underiland,
that the Focus of the latter is a lefs Line than that of the former. The
Truth of the contrary you will rather perceive by the following Table,
computed for fuch a refleding Concave, and the refraeling Convex, on
Suppofition that they have equal Apertures, and colledt parallel Rays at an
equal Diftance from their Vertex; which Diftance being divided into
15000 Parts, the Diameter of the Concave Sphere will be 60000 of thofe
Parts, and of the Convex 10000 ; fuppofing the Sines of Incidence and Re-
fraftion to be, in round Numbers, as 2 to 3. And this Table following

Ihews, how much the exterior Rays, at feveral Apertures, fall ihort of their
principal Focus.

lhe Parts of the AXIS In-

The Diame-  tercepted between the The Errors by
ter of the  Vertex and the Rays.
Aperture.

RefleSied. RefraSled. ReflefElion. Refrabhiion.
2000 149911 14865

135
4000 14966 14449 33 551
6000 14924 13699 76 1301
8000 14865 12475 135 2525
10000 14787 9472 213 5528

By this you may perceive, that the Errors of the refrading Convex are
(b far from being lefs, that they are more than 16 Times greater than the like
Errors of the rcfleoting Concave, efpecially in great Apertures; and that
wjthout rcfpeil; to the heterogeneous Conftitution of Light. So that, how-
ever the contrary Suppofition m.ight make the Author of thefe Animadver-
lions rejeift Reflcolions as iifelefs for the promoting of Optics; yet | muft
for this, as v/ell as other Confiderations, prefer them in the Theory before
Rcfraclions.

Whether
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Whether the Parabola be more difficult to deferibe than the Hyperhohy or
ElUpfts, may be a Query ; but | fee no abfolute NeceiTity of endeavouring
after any of their Defcriptions. For If Metals can be ground truly Spheri-
cal, they will bear as great Apertures, as 1 believe Men will be well able to
communicate an exadt Polith to. And for Dioptrique Telefcopes, | told
you, that the DifHculty confifted not in the Figure of the Glafs, but Iin the
Difformity of Refracftions ¢ which if it did not, | could tell you a better and
more eafy Remedy than the Ufc of the Conic Se£lions.

3. We fee that a Fiélure made by an Objeft-Glafs of 12 Foot in a dark dyt(jor, by

Room, is too diftinot, and too well defined, to be produced by Rays, that aB.
ihould ftray the 50th Part of the Aperture. Jdy, An 1673

To take away this Difficulty, I muft acquaint you, that though 1 put A»
the greateft Lateral Error of the Rays from one another to be about of 6UO

the Glafs’s Diameter; yet their greater Error from the Points on which they oa. An. 167~
ought to fall, will be but of that Diameter: And then, that the Rays,
whofe Error is fo great, are but very few in Comparifon to thofe, which are
refradled more juftly * for the Rays which fall upon the middle Parts of the
Glafs, are refracted with fufficient Exadrnefs, as alfo are thofe that fall near
the Perimeter, and have a mean Degree of Refrangibility ; fo that there re-
main only the Rays which fall near the Perimeter, and are moft or ieaft re-
frangible, to caufe any fenfible Confufion in the Piélure. And thefe are yet
fo much further weakened by the greater Space through which they are fcat-
tered, that the Light which falls on the due Point, is infinitely more denfe
than that which falls on any other Point round about it. And Dby this
Excefs of Denfity, the Light which falls in or invifibly near the iuil Point,
may, | conceive, ftrike the Senformm fo vigorouily, that the Imprefs of the
weak Light, which errs round about it, ithall, in Comparifon, not be ftrong
enough to be animadverted, or to caufe any more fenfible Confufion In the
Pidtare than is found by Experience. But if this fatisfy nor, N. may try,
If he pleafe, how diilinft the Pidture will appear, when all the Lens Is co-
ver'd, excepting a little Hole next its Edge on one Side only: And if in this
Cafe he pleafe to meafure the Breadth of the Colours thus made at the Edge
of the Sun’s Pidlure, he will perhaps find It to approach nearer to my Pro-
portion than he expedis.

4. | am fatisficd with the manner whereby Mr. Nevoton reconciles the /t Rpyty
Effedt of Convex Glafles with his Theory; but then he is alfo to acknow-
ledge, that this Aberration of the Rays is not fo difadvantageous to Optic- '
Glaffcs, as he feems to have been willing to make us believe. His Invention
IS very good j but the Defedl of the Metal feems to render it as impoiTible
to execute, as the Difficulty of the Form obftrudls the Ufe of the Hyperbole
of M. Des Cartes.

ITM. 1IV-—- pleafes to compare the Errors of a Glafs and Speculum
that colledl Rays at equal Diilances, he will find how much he iIs m.ftaken ; N
and that | have not been extravagant, as he imagines, in preferring Refie-july, An 1673
dtions. And as for what he fays of the Difficulty of the Praxis, | know it is
very difficult; and by thofe Ways which he attempted it, | believe it im-

Ee?2 practicablc.
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pra6licable. But there Is a Way infinuated above, by which it is not iftipro-
babie, but that as much may be done in- large Telefcopes as | have thereby

done In thort ones j but yet not without more than ordinary Diligence and
Curiofity,

XI1X. . M. CalJegrain has communicated the Figure of a Telefcope, al-
moft like that of Mr. Newton.

A B CD isa ftrong Tube, In the bottom of which there is a great Cott-
cave Speculum CD, pierced in the middle E.

F ISa Convex Speculum, fo difpoied, as to its Convexity, that it renefts
the Species, which ic receives from the great Speculum, towards the Hole
E, where is an Eye-Glafs, which one looketh through.

The Advantage which 1 find in this liiilrument above that of Mr. New-
tofi, i1s, |I. That the Mouth or Aperture AB of the Tube may be of what
Bignefs you pleafe and confequently you may have many more Rays upon
the Concave SpeculunY® than upon that of which you have given us the De-
fcripcion. 2. The RcflecStion of the Rays will be very natural, fince it will
be made upon the Axis itfelf, and therefore more vivid. 3. The Vifion of
it will be fo much the more pleafing, in that you ihall not be incommoded
by the great Light, by reafon of the bottom C D, which hideth the whole
Face. Befides, you’ll have lefs Difficulty in difcovering the Objefts, thari in
that of Mr. Newton.

2. When 1 firft applied myfelf to try theEffeflsof Reflexions, Mr. Gre-
gory'r Optica Promota (printed in the Year 1663.) being fallen into my Hands,
where there is an Inftrument (defcribed p. 04.) like that of Mr. Cajegrain™®
m\th a Hole In the midft of the Objeit Metal, to tranfmit the Light to an
Eye-Glafs placed behind it; 1 had thence an Occafion of confidering that fort
of Conftrudions, and found thefe Difadvantages in it; viz. 1. There will be
more Light loft in the Metal by Refle6tion from the little Convex Speculum,
than from the oval Plane. For it is an obvious Obfervation, That Light is
moft copiouily reflected from any Subftance when incident moft obliquely.
2. The Convex Speculum will not refleft the Rays fo truly as the oval Plane,
unlefs it be of an lyperbolic Figure; which iIs incomparably more difficult
to form than a Plane ; and if truly formed, yet would only refleft thofe
Rays truly which refpedt the Axis. 3. The Errors of the faid Convex wll
be too much augmented by the too great Diftance, through which the Rays
refleiled from it muft pals, before their Arrival at the Eye-Glafs. For
which Reafon, 1 find it convenient to make the Tube no wider than is re-
ceiTary, that the Eye-Glafs be placed as near to the oval Plane as is poifible,
without obftru(3ing any uiefu Light in its PaiTage to the Objeft-Metal.
4, The Errors of the Objed-Metal will be more augmented by Refleftion from
the Convex than from the Plane, becaufe of the Inclination or Deflexion of the
Convex on all fides, from the Points on which every Ray ought to be In
cident. 5. For theie Reafons there is requifice an extraordinary Exaitnefs
In the Figure of the little Convex; whereas | find by Experience that it is
much mwe difficult to communicate an exa<d Figure to fuch fniall Pieces ot
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Metal, than to thofe that are greater. 6. Becaufc the Errors of the i 'erifne-
ter of the Concave 0 bje£l-Metal, caufed by the Sphericalnefs of its Figure,
are much augmented by the Convex, it will not with Diftinilnefs bear fo
]Jarge an Aperture as in the other Conftru6lion. 7. By reafon that the Jittle
Convex conduces very much to the magnifying Virtue of the Inilrumcnr,
which the oval Plane does not, it will magnify much more In Proportion to
the Sphere, on which the great Concave Is ground, than in the other De-
fign-, and fo magnifying Objefts much more than it ought to do in Propor-
tion to its Aperture, It muft reprefcnt them very obfcure and dark ¢ and not
only fo, but alfo confufed, by reafon of its being over-charged. Nor is there
any convenient Remedy for this. For if the little Convex be made of a
krger Sphere, that will caufe a greater Inconvenience, by intercepting too
many of the beil Raysj or if the Charge of the Eye-Glafs be made Ib much
ihallower as is neceiTary, the Angle of Vifion will thereby become fo little,
that it will be very difficult and troublefome to find an Object; and of that
Objeft, when found, there will be but a very fmall Part feen at onc;.\

By this you may perceive, that the three Advantages, which Mr. Calle-
grain propounds to himfelf, are rather Difadvantages. For according to his
Defign, the Aperture of the Inftrument will be but fmall, the Objed dark
and confuied, and alfo difficult to be found. Nor do | fee, why the Re-
fiedlion I1s more upon the fame Axis, and fo more natural in one Cafe than in
the other; fince the Axis itfelf is refledted towards the Eye by the oval
Plane, and the Eye may be defended from external Light, as well at the
Side as at the Bottom of the Tube.

Mr. Gregory fpeaking of thefe Inilruments, in the aforefaid Book, p. 95.
faith; 1 ihall fay nothing about the Mechanifm of thefe Specula and Lenfes,
which has been tried in vain by others; and as to myfelf, 1 am but little
verfed in Mechanics. So that there have been Trials made of thefe Tele-
fcopes, but yet invain. And | am informed, that about 7 or 8 Years fmce,
Mr. Gregory himfelf, at London, caufed one of 6 Foot to be made by Mr.
Reive, which | take to have been according to the aforefaid Defign deicribed
In his Book; but, though made by a ikilful Artiil, yet it was without
Succefs.

X X. S. Salvetii hath made a Profpeetive-Glafs according to Mr. N2AIGH &
new Invention. It was not above half a Foot long, but had the fame Effect of s.
one of two. He is now making another after the Conceit of Mr. Cajfegrahi,
though he agrees not with him in making Convex the little Speculum, which
one looks into through the Eye-Glafs, but believes the French Author only
deviicd that to difguife as much as was poffible his pretended new Invention,
which he endeavours to make anterior to Mr. Newton"” njofl: noble one.

XXI1. 1. Oppofite to the Place or Wall, where the Apparition is to be, TomAetbiPI-
let a Hole be ma.”\e of about a Foot In Diameter, or bigger; If there be a thing appear in
high Window, that hath a Cafement In it, 'twill be 10 much the better.

Without this Hole or Cafement opened, at a convenient Diitance (that it iJ
may *¥8  léss.
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may not be perceived by the Company In the Room) place the Piflure or
Objeft, which you will reprefent inverted, and by means of Lpoking-
Glafles placed behind, if the Pidure be tranfparent, reflefl the Rays of tie
Sun fo, as that they may pafs through it towards the Place where it is to be
reprefented ¢ and to the End that no Rays may pafs befides it, let the Picflure
be encompaiTed on every Side with a Board or Cloth. If the Objeil be a
Statue, or fome I-iving Creature, then it mufl: be very much enlightened by
cafting the Sun-Beams on it by Refraodlion, Reflcilion, or both. Between
this Objedt and the Place where 'tis to be reprefented, there is to be placed
a broad Convex-Glafs, ground of fuch a Convexity, as that ic may reprefent
the Objeft diftinfl on the faid Place ¢ which any one, that hath an Infight
In the Oprics, may eafily diredt. The nearer it is placed to the Object, the
more is the Ohjeél magnified on the Wall, and the further off the lefs;
v/hich Diverfity is effeded by Glaffes of feveral Spheres. If the Objed can-
not be inverted (as 'tis pretty difficult to do with Living Animals, Candles,
~c.) then there mufl: be two large Glafles of convenient Spheres, and they
placed at their appropriated Diftances (which are very eafily found by Trials)
fo as to make the Reprefentations ereil, as well as the Obje6t.

Thefe Objefts, Reflc6ting and Refracting GlaflTes, and the whole Appa-
ratus ¢ as allb the Perfons employed to order, change, and make ufe of them,
muil be placed without the faid high Window or Hole, fo that they may
not be perceived by the Spectators in the Room; and the whole Operation
will be eafily performed.

Whatfoever may be done by means of the Sun-Beams in die Day-time,
the fame may be done with much more eafe In the Night, by the help of
Torches, Lamps, or other bright Lights, placed about the Objedls, accord-
Ing to the feveral forts of them.

e Maluk 2. There are every where made of thefe Lanthorns to reprefent and m
Figures upon a Wall; but then 'tisonly in the Dark: wherefore to give
Rob. Southwell. Variety of Colours, take Oil of Spike, and therein mix the feveral Colours,

ofl"AV/iIfcd». wherewith you will have your Glafs to be ilained ; paint them finely on, they
dry prefently, and penetrate any Glafs.

y}iVay tori> XXII. Having found by many Trials, that fome fiiort-fighted Perfons
could find little or no Relief by tiie Ufe of Concave-Glafi'es for feeing Ob-
ph.Cnil jefts at any Diihince diftinCt, and that any one may be made fiiort-fighted,
Uéo A6 diftinguifh nothing but what is placed very near his Eye,
but within ccrrain Limits of Diftance, by putting on and looking through a
very deep Pair of Spectacles, fuch as ancient Men ufe: | concluded that
what GlafiTcs fliould make this Man, whilfl: looking thro’ thefe Specftacles, to
fde Things at a greater Diftance, would alfo help any other Perfon that fliould
be thort-fighted by Nature. | then confider'd, that by the help of a Con-
vex Glafs, placed [between the ObjeCt and the Eye, the Image of the Ob-
ject may be made to appear at any Diitance from the Eye ; and confequentiy
airObjea'ts may thereby be madeto appear in any convenient Diftance from

the Eye : So that the ihort-fighted Eye fliall contemplate the Piflure of the
m. Object,
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Objeft, in the fame manner as if the ODbjeit itfelf were in that Place. But
then, becaufe the Pictures themfelves are fo inverted, and therefore wii] be
uncouth to one, not ufed to fee them in that Pofture, | confider’d of thefe
Expedients to help that Defeft alfo:

Firft™ If it be only for reading of a Book, or Writing, there needeth
nothing but the Inverfion of the Book, and then holding the Convex at a
due Diftance; for the Pidure of the Letters will appear ereeted in the due
Place, for the Eye to fee and diilinguifh them very plainly.

Secondly™ For feeing to write, | thought this would be the beil Expedi-
ent, That the Perfon thort-fighted thould firft learn to read with his naked
Eye (both printed Letters and alfo written Hand) upfide downwards, which
Is quickly attained to by one that can do both the right Way.

khirdly For diftinguithing Objeds at a Diftance, | can aflert by my
own Experience, that with a little Ufe of contemplating Objeits inverted,
one fliall have as good an ldea, and as true a Knowledge of all manner of
Objeols,. as if they were feen eredted in their natural Poilure.

XXIII. |. Euitachio Divini hath made a Microfcope of a new InventioRicrofecpes: by
wherein, inftead of an Eye-Glais Convex on both Sides, there are tvyo Piano- * Bt -

Convex-Glaflcs, which are fo placed, as to touch one another in the middle pee an. 1068
of their Convex Surface, It hath this Peculiar, that it iliews the ObjedlIs
flat and not crooked ; and although it takes in much, yet neverthelefs mag-
nifieth extraordinarily.

It 1s almoft 16y Inches high, and adjufted at four different Lengths, Li
the firft, which is the ieaft, it thews Lines 41 times bigger than they appear
to the naked Eye e in the fecond 90 times| in the third 111 times| and In
the fourth 143 times: Whence one may eafily calculate how much it aug-
ments Surfaces and Solidities.

2, S.Salvetti lately fliew’d one oi his Microfcopes, made in Imitation of pys. s
th0|e of Divini and Campani™ to the Great Duke of Tufcany™ which wasjudged =~ =~
by all much better than any of the beft his Highnefs hath. It was found, .t an. i622*
for Magnifying, Defining, and Clearnefs, to be very excellent,

3, M. Leetiwenhoeck hath lately contrived Microfcopes, excelling thofe that \%]%Iecl[seu
have been hitherto made by Euftachio Divini® and others, P

4, 1 have Microfcopes of the manner lately brought out of Holland by Mdy An. 1677
Mr. Huygens™ of feveral Fafliions ready made. | have tried feveral Ways for .2 /% oot
the making of Glaffes of the Bignefs of a great Pin’s Head and lefs m as in the f. 1o026.
Flame of a Tallow-Candie, and of one of Wax. But the beft Way of all > ** "™~
| have yet found, to make them clear and without Specks, Is with the Flame
of Spirit of Wine well rectified, and burned ina Lamp. Inftead of Cotton
| make ufe of very fmall Silver-Wire, doubled up and down like a Skein ol
Thread; which being wet with the Spirit of Wine, and made to burn in
the Lamp, giveth through the Veril of the Lamp, a very ardent Flange
Then take your beaten Glafs, being firft waihed very clean, upon the Point
of a Silver Needle filed very fmall, and wet with Spittle. Hold it thus in
the Flame till it be quite round, and no longer, for fear of burning it ¢ and

It




If the fide of the Glafs next the Needle be not melted, you may put it off,
and take it up with the Needle on the round fide, prefenting the rough Iide
to the Flanie, til! it be every where round and fniooth, then wipe and rub
one or levcral of them together with foft Leather, which makes them much
the better. Then put them between two Pieces of thin Brafs, the Apertures
very round and without Bur, and that towards the Eye fo big almoft as the
Diameter of the Glafs, and fo placed ina Frame with the Objed conveniently

for Obfervation.

fifr, Stephen D, | took a fmall Particle of Glafs, about the Bignefs | defigned my Glo-
Srey. N-221 pule, and laying it on the End of a Charcoal, I could, by the Help of a

fune, An. 1626. Blaft-Pipe, with the Flame of a Candle, loon melt it into a Spherule ; and
by this means could make them indifferently clear, and the fmallefl. very
round, and | could make them much larger, than by the unafiiited Heat of
the Candle: but thefe latter were attended with an Inconvenience5 they
were, on that fide that refted on the Coal, flatted, and received a rough
Imprefijon from it. To remedy this Inconvenience, 1 was wont to grind
them and poliili them on a Brafs-Plane, and fo reduce them to Hemilphe-
rules ; but | found the clear fmall Globules, not to mention that they mag-

| nify more, ihew Objedls more diftinétly.

A water Micro- X X1V, 1. A B, | call the Frameoftiie Microfcope. It may be about
e arey. -V 0f an Inch in Thicknefs. At A there is a fmall Hole, near  of an Inch
n. 221 prisi=e Diameter', this feives for the Aperture of the Water, being in the Center of
' N.223.7>.353+ 4 larger Spherical Cavity, about 4. of an Inch Diameter, and in Depth fome-
what more than half the Thicknefs of the Brafs. Oppofite to this, at the
other fide, there Is another Concave, but half the Breadth of the former;
"o 197 which is fo deep, as to reduce the Circumference of the fmall Hole in the
Center, to almoft a fliarp Edge, In thefe Cavities the Water Is to be placed,
being taken upon a Pin, or large Needle, and conveyed into them till there
be formed a double Convex Lens of Water; which, by the Concave’s being

of different Diameters, will be equivalent to a double Convex, of unequal
Convexities. By this means, | find the Objeél is rendered more dillinit
than by a Plano convex of Water, or by a double one, formed on the plain

Surface of the Meral.

CD E, isthe Supporter, v/hereon to place the Objeft; If it be Water,
in the Hole G < if a folid Ubje;l, on the Point F, This is fix'd to the Frame
of the Microfcope by the Screw E, where ’cis bent upwards, that its upper
Part may rtand at a Diftance from the Frame; ’'tis moveable on the Screw
as a Center, to the end that either the Hole C, or the Point F, may be ex-
j)ofc'd bt*fore the Microfcope | and that the Objed may be brought to, and
fix’d in its Focus. There Is another Screw, about half an Inch m L.ength,
which goes through the round Plate into the Frame of the Microfcope
A E, the Screw and Plate taking hold of the Supporter about D, where
there is a Slit fomewhat larger than the Diameter of the Screw, which is
requifite for the Admifilon of the Hole C, or Point F, according to the

Isature of the Object, into the Focus of the Glafs; for by turning theGScrtehw
. the

nta 4
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O, the Supporter iscarried toor from the fame ; which may be fooncr done,
If whiift one rurns the Screw with one Hand, the other hold the Microfcope
by the End B, and one continue looking through the Water till the Object
be faen moil ditlindly.

liie Supporter mult be made of a thin Piece of Brafs well hammer’d, that
by its Spring it may the better follow the Motion of the Screw. 1 choie
rather to fix the Supporter by the Screw E, than by a Rivet; becaufe it
may ngw, by help of a Knile, be unfcrew’d, and by ihe other Screw G,
be brought clofe to the Frame of the JVlicrofcope without weakening its
Spring, and fo become more conveniently portable. If the Hole at G be
fi led with Water, but not fo as to be Spherical, all Objects that will bear
it, are feen therein more diilinélly,

2, Having obferv'd fome irregular Particles in Globules of Gbfs, and find- N 221>357"
Ing them diftinft, but prodigioLiily magnified, when held clofe to the Eye-,
| concluded that 1f | convey'd a fmali Globule of Water to my Eye, anc
that there were any opacous or lefs tranfparent Particles than the Water there-
In, | might fee them diilinftly. 1| therefore took on a Pin a fmall Portion
of Water, which | knew to have in it fome minute Animals, and laid it on
the End of a fmall Piece of Brals Wire (that lay then by me) of about J- of
an Inch Diameter, till there was formed fomewhat more than an Hemiiphe-
rule of Water | then keeping the Wire ered:, | applied it to my Eye, and
Handing at a proper Diilance from the Light, 1 law them and fome other
irregular Particles, as | had predifted, but moil enormouQy magnified ; for
whereas they are fcarce difcernible by my Glafs-Microfcopcs, or fril Aque-
ous one, within the Globule they appeared not much different both in tlieir
Form, nor lefs in Magnitude than ordinary Peafe. They cannot well be feen
by Day-light, except the Room be darkened after the manner of the famous
Dioptrical Experiment, but moft diilindly by Candle-light; they may be
very well feen by the full Moon-light. |f the Water be conveyed into the
Hole B (which may be about  of an Inch Diameter) till there remain near n. 223/» 3%%5.
an Hemifphere of Water on each fide of the Hole, the Objeéls are feen more
ditlin6lly ; and the Spherical Form of the Water is this way better lecured,
than on the Point ofa Pin-Wire.

The Reaibn of this Appearance may be thus explained. [l.et the circre
D B B D reprefent a Sphere of Water, A an Objeft placed In its Focus,
fending forth a Cone of Rays, two of which are A B, A B, which. Opticians
know, coming into the Water at B and B, will be refradled from their dire<
Courfe, and become B D, B D eat D they will, at their paifing into the
Air, be again rclradled into D E, D E, and fo run parallel to one another,
and to the Axis of the Sphere AF CG. Now ’tis a kr;own and fundamental
Principle In Optics, that the Angle of Reflexion is equal to the Angle oi
Incidence: wherefore let the RaysBD, B D, be imagined to come from
fome Point of an Objed: placed within a Sphere of Water, by being re-
fleded from the interior Surface of the Sphere at BB | C B D is the Angle of
Reflexion e to which making C B F equal, F will be the Place where an OH.

jeft fending forth a Cone ot Rays, two of which are F B, FB, which are
vol. fof rtiedted
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refie¢led into the Rays B D, B D, and then coming to the other fide the
Sphere at D and D, they are refrafted into D E, D E, as before * and con-
fcquently be as fit for diftinft Vifion, whether the Object be placed Iin F

vvirhin, or in A without the Sphere, if its interior Surface be confidered as a
Concave Refleding Speculum.

RN XXV. From the Diitlinilion | have elfewhere fi'ven between Compo
and Uncompoitnded Colours™ | take occafion to communicate a Way for the

N?'®"/ scoo. Iniprovement Of Microfcopes by Rcfraftion : viz. By illuminating the Ob-
)cft In a darkened Room with Light of any convenient Colour not too much
Compounded for by that means the Microfcope will with Diftinélnefs bear
a deeper Charge and larger Aperture, efpecially if its Conftru6lion be fuch

as | may hereafter deicribe for the Advantage in ordinary Microfcopes will
not be fo fenfible.

J 1 pefniiir™ XXVI. |. | have lbmetimes thought to make a Microfcope, which ihould
NAAYE by have, inilead of an Objeét-Glafs, a reflecting Piece of Metal. For thefe
K Initriiments feem as capable of Improvement as Telefcopes, and perhaps

more  becaufe but one reflc6tive Piece of Metal Is requifite in them, as you
may perceive by the Diagram, where A B reprefcnteth the Objeél-Metal>
C D the Eye-Glaf'!, F their common Focus, and O the other Pocus of the
Metal, in v/hich the Objceb is placed.
.y minsephen 2+ A reprefents a fmall flat Ring of Brafs, whofe interior Circle muft not
much exceed /-r of an Inch Diameter, and about ~ of an Inch thick : This
vie may call the Frame or Cell of the Glafs-, It muft be prepared for Ufe
after the following manner. Take a fmall Globule of Quick-filver, and dif-
Fg 104  folve it in a few Drops of Jqua Fortis™ to which you may add 10 Parts of
common Water ; dip the End of a Stick in this Liquor, and rub the inward
Circle of the Ring with it; fo as it will have acquired a mercurial Tinolure»
and being wiped dry, be fit for Ufe. Then let it be laid on the Table, and
pour a Drop of Quick filver within it, which prefs gently with the Ball of
the Finger, and it will adhere to the Ring; then cleanfe it with aHare’s Foot>
and you will have a Convex-Speculum. Take up ithe Ring and Speculum
carrying it Horizontal, and lay it on the Brims of the hollow Cylinder B v
fo will the Mercury become a Concave Reflecting Speculum, which from
the Smallnels of the Sphere of which it feems to be a Se;tion, may be ufed
as a Microfcope. The Cylindric Vefifel B has a Screvv-Hole at the Bottom,
by which it is fcrewM to the Top of the Pedeftal CD; CEFG s the
Supporter of the Objeot-Plate, which, as you fee, may be raifed higher, or
let lower, as there is Occafion, by the Screw on the Pedeftal: The Objeot-
Plate muft be of Giais cemented to the Ring G.
This Inftrument, w'ith a little Variation, may be made a Microfcope of
WA ater, If, Inftead of the Ring G, there be only a fmall Arm with a Hole In
It to receive a Drop of Water, and the Cylindric Vefl~el B Dbe either taken

away, or fcrewcd on with its Bottom upwards, fo as to make an Objeél-PJate.
N\

This

Al
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This will be more convenient for viewing the Textures of opacous Objects,
than that above defcribcd, which is more fit for fluid and tranfparent ones.

XXVII, . The Figure of it is round, being 30 Inches and fomewhat.®
better in Diameter. On one fide it hath a Frame of a Circle of Steel, to rhe*"™"
end that it may keep itsjnil; IVleafure. ’'Tis eafy to remove it from Place to vlkn® n A
Place, tho’ it be above an Hundred Weight, and *tis eafily put in all forts of"*‘ 95*
Poitures. The Burning Point is diillant hom the Center of the Glafs about
3 Foot. The Focus is about half a Louis d"Or large. One may pais one’s
Hand through it, if it be done nimbly ; for if it ftay there the time of a Se-
cond ofa Minute, there Is danger of receiving much hurt. Green Wood takes
Fire in it In an inftant, as do alio many other Bodies.

Seconds.
A fmall Piece of Pot-lron was melted, and ready to drop down, in - 40
A Silver Piece of Fifteen Pence was pierced, in —. — — 24
A Grofs Nail (called k Clou de Pifan) was melted, in — - 36,
The End of a Sword Blade of Olinde was burned, iIn — — =
A Drafs Counter was pierced, in — — — — — — b
A Piece of Red Copper was melted ready to drop down, in — 42-
A Piece of a Chamber Quarry-Stone was vitrified, and put into7

a Glafs-Drop, in — — — — — — — — =3 45

Steel, whereof Watchmakers make their Springs, was found me | t - /A

A Mineral-Stone, fuch as is ufed in HarquebuiTes a rouet™ was 7
calcined and vitrified, n — — — _ = = =3
A Piece of Mortar was vitrifled, n — — — — — — 52

N\

In thort, 7'here i1s hardly any Body which is not deflroy’d in this Fire.
If one would nult by it any great Quantity of Metal e that would require
much Time, the Aélion of Burning not being performed but within the
Bignefs of the Focus, fo that ordinarily none but fmall Pieces are expofed to
it. One M. de Alihert buys it, paying for it 1500 Livres.

You incline to believe, that the GlaiTes of Maginus and Septalius do ap- Ok
proach to that of Lyons| but I can afi*ure you they come very iar fhort of it.
You may confult Maginus his Book, where he defcribes his; and there are
fome Perfons here who have ieen one of his bed, which had but abouc 20
Inches Diameter * fo that this of Lyons muil perform at leaO; twice as much.
As to Septalius™ we expedl the Relation of it from Intelligent and Impartial
Men. k cannot well be compared with that of Lyons™ but in Bignefs; and
In this Cafe, if it have five Palms (as you fay) that would be but 3 - Foot
Frenct™ and fo ic were a Foot bigger, which would make it hair as much
greater in Surface: But as to the EiFe;ts, feeing it burns fo far off, they
cannot be very violent. And | have heard one fay, that had feen it, that ic
did not fet Wood on Fire but after the time of laying a Mifcrers. You may

judge of the Difference of the Eftlch, finre that or Lyons gathers its Beams
F 2 together
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together within the Space of 7 or 8 Lines; and that of Septalius muil fcatter
them in the Compafs of 3 Inches.

It was difpofed of to the King of Denmark.

The fame M, de Vilette of Lyons hath made another Burning Concave.
It 1s of 34 Inches Diameter, and melts all forts of Metals, and Iron itfelf
of the Thicknefs of a vSiiver Crown, in lefs than a Minute of Time, and vi-
trifies Bricic in the fame Time e and as for Wood, whether green or dry,
it fets it on Fire ina Moment. The King liath feen it, and the Perform-
ances of it, with great Sacisfadlion ; and his MajeRy is likely to make it his,
and then to bellovv 1t on his Royal Academy of Philofophers, for making of
farther Experiments with It.

This kind of Concaves burning the moft forcibly of any Fire we know of,
would be of great Ufe, if they could be fo contrived as to have a Focus of
any confiderable Largenefs, to take in a good Quantity of combuiiible Mat-
ter at once.

3, S. SetlaUa at Alilan caufeth to be made a Burning-Glafs of 7 Foot In
Diameter. He pretends to make it burn at the Diftance of 50 Palms, which
IS about 3-3 Foot.

4, The outer Circle of the Concave Burning Speculum, which I lately
caufed to be made In 1aiface, IS near 3 Leipftck Ells in Diameter, exceeding
that great one at Paris by of fuch an EIl. It is made of a Copper Plate
fcarce twice fo thick as the Back of an ordinary Knife, and may therefore
be eafily removed from Place to Place, and order’d ior Ule : And the Work-
manfliip of it may, by the Contrivances | have invented, be eafily, and In
little Time performed by one Man. The Poliih thereof is very good, and
reprefents by diilind Refleitions all thofe Appearances which arife from the
Concave P'igure thereof.

The Force of this Speculum is incredible. For, 1. A Piece of Wood put
Into the Focus (which is 2 Ells off) flames in a Moment, fo as a trefh Wind
can hardly put it out. 2. Water applied in an Earthen VeiTel prefently boils,
fo as to boil an Egg*, and the Vefiel being held there fome Time, the Water
evaporates ail away. 3. A Piece of Tin or Lead 3 Inches thick, as foon as
It IS pur into the Focus, melts away in Drops; and held there a little Time,
IS In a perfect Fluor, fo as in two or three Minutes to be quite pierced
through. 4. A Plate of lron or Steel placed in the Focus, immediately Is
k-en to be red-hot on the Backfide, and foon after a Flole is burnt through :
| have made three fuch Holes in a Plate in fix Minutes Time. 5. Copper,
Stlver, and the like, applied to the Focus, melt; which | have tried with
fcveral Sorts of Coin  among the rell, with a Rix-Dollar; and the fame
happened to it as to the aforefaid Iron Plate in five or fix Minutes. 6. Things
not apt to melt, as Stones, Brick, and the like, foon become red-hot like
Iron. 7. Siate at firft Is red-hot, but in a few Minutes lurns into a fine
fort of black Glafs; of which, if any Part be taken in the 'longs and drawn
out, It runs into Glafs Threads. 8. Tiles, which had fufFered the moft In-
tenfe Heat of Fire, in a little Time melt down In a yellow Glafs: As do,

0. PUC-Shreads, not only well burnt at firft, but much ufed in the F'ire, into
a black-

[
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a blackifli yellow Glafs. lo. Pumice-Stone, faid to be that of Burning
Mountains, in this Solar Fire melts into a white tranfparent Glafs. 1r, A
Piece of a very ftrong Crucible put into the Focus, in eight Minutes was
melted into a Glafs. 12. | have feen Bones turned into a kind of opake
Glafs, and a Clod of Earth into a yellow or grceniith Glafs.

Thefc Experiments were made In Auguft and Sepicmier™ when the Sun has
not the fame Force as when he isabout the Summer Solftice. The Beams of
the Full Moon, concentred by this Speculum, did not produce any Degree
of Heat, tho’ the Light was not a little increafed.

5. Some Years ago, Dr.Hook made a Propofal to the Royal Society con--Sy i)-. Hook,
cerning the fame Thing. He conccives one maybe made of many Foot
Diameter, for a fmall Price, being hammered out of a Copper Plate, and
tinned over with a Mixture of Tin, Lead, and Tin-Glafs, which is found to
bfar a very good Polifli, Such a Spcculum might be of great Ufe in per-
feding the Art of PaPces, or liditious Jewels, which require the mod intenfe
Degree of Heat, to bring them to an cxa;l Mixture.

XXVIII. A Linnen-Cloth, firfl: being wet in fair Water, and then laid ¢
on a Concave Cylinder, as the Verge of a Sieve, Keeler, or the like, Iits
central Parts will defcend fo as to form a Very regular Concave Superficies. a iy
And a Thread, being firft wet in common Water, and then fuijjended with
its two Ends, or any two Points nearer than their ucmoil Extent, fo as it n. 542,

might touch the Center of the fufpended Cloth, and its two oppofite Points
on the Ring, was found to have tie fame Curvature. My Bufinefs was then
to examine the Figure of the Thread thus fufpended ; which I did in manner
following. On the fide of a Wall | defcribed Parabola s of feveral Species,
vvhofe Axes were perpendicular, and Permieter horizontal 5 to which the
Line being applied, fo as it might touch the Vertex, pafs'd very nearly
through all the intermediate Poirts of the Parabola”™ much nearer than the
Portion of a Circle™ which paiTed through the Extremity of the Perimeter,
and Latiis return, would do.

From hence | conclude, That a ponderous and pliable Subilance, being
fufpended on a Ring or hollow Cylinder, fo as that its central Parts may
clefoend, will form itfelf into a Figure that is more commodious for Buniing-
GlafTcs than the Spherical, of which they are now made, being much jiearcr
their moil abfolute Figure, the Parabola.

Now If there may be a V/ay found to give to Cloth or Leather a metalline
Surface, oraVarnifli rhat may bear a good Polifli; or if this be found im-
prafticable, perhaps ir'iates of Metal may be beat out fo thin, as being fuf-
pended on a large Ring, will by their own Gravity receive their true Fi-
I“ure; cne may majce Speculums of v/hat Largenefs he pleafeth.

Upon this Confiderdtion, | devifed the following Experiment. There
was taken a fuffi jent Quantity of Potter’s Clay, of which there was formed
a plain circular ™late, by help of an Iron Ring about 13 Inches Diameter,
This wis laid on a leiTer Ring, which was fupported by four Feet*, and it

Immediately became a very regular Concave on its upper, and Convex on
Its
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its under Superficies * but notwlthilanding ’twas fet to dry in the Shade, yet
before it was dry enclugh, its central Parts extended 1o as to become almofi:
plain, not without fome Dcfedls; if it had continued in its Regularity, |
defigned to have burned and glazed it in a Potter’s Furnace.

To iftahf the XXIX. Take Quid-ifilver, Marchafite of Silver, each three Ounces;
‘?‘i%i:i.“"“”/\“' Tin and Lead, each half an Ounce | thefe two firft throw on the Marcha-
Mitheell. — fite, and laft of all the Quiclcfilver; ftir them well together-, but they muit
be taken from the Fire, and be towards cooling before the Quickfilver be
added ; let your Glafs be well warmed, and pour in the Mixture, and roll it
from Side to Side.

Note™ This will do alfo when cold, but’tis beft wlien the Glafs is heated
and very dry.

I>ioie aljo™ That if at the Glafs-Houfe your Ball be of yellow Glafs, then”
all will thine like Gold.

N. 245« f 353

X X X. Papers (of lefs General Ufe) omitted.

| 1. having (in his 'defcribed a new Engine for
N 3 3 (e | y Grinding Optic-Glajfes pf very great Lengths, M. Auzotit (in a
N, 4. s6.  fmall French Trail) objeds leveral Difficulties to this Engine itfelf: But
however he thinks it impracticable to make any GlaiTes of above 300 or
400 Foot at moft (and fears that neither Matter nor Art will go even fo far)
which will be very far from iliewing us Plants or Animals in the Moo'n* and
then propofes Remedies to fome of the Inconveniencies of the Turn. To all
Jick 63, this, Dr. Hock here repliesi He anfwers the Objediions, and rejects the pro-
pofed Expedients.
Unon & Planes 2. Carlo Ant. Mancini having, in his Occhlale alP Occhio™ defcribed a par-
N 4283 ticular Way for making Convex-Glafles upon a Plane, his Method is here
tranflated from the Italian into Englifh. But ’cis added. That though the
Contrivance be ingenious, yet it isconceived by fkiliul Artiits, thact it will
be very difficult to put it into Pradlice.

X X XL Accounts of Books omitted.

79.p. s06s. |. "Yyt-Jyfico-Mathefs de Limine™ Coloribus.,, ~ Iride., & ¢ . 'Franc.
Maria Grimaldo, Bononiie \667 In/I"Mo.

N. -ji.f. 2163. 2, Cogitationes Pbyfco-Mechanica de Natura Vifionis. Auth. Jo. Ott. Soe™
fhufa Helvetio. Heidelbergie 1670. in 4/1?.

N. 32./-.6)6. 3. Synopfis Optica. Auth. Wonor™io Fabri. Soc.Jefu. Lugduni 1667.
In 4to.

N.4l./». S37. 4. V Occhiale air Occhio., overo Dioptrica Prattica del Carlo Ant. Man-
cini, /«Bologna 1660. in \lo.

N. 75./-.aa.s. 5. Leiliones xviii i Cantabrigia in Scholis publicis habita., in quibus Optico-
rura Phanomenun genuina Rationes invejligantur”™ ia exponunturah Ifaaco

Barrow'. Lond. 166q. In Alo, AN
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6. Ln "Dioptrigue Occulaire, par le Pere Cherubin  Orleans, Capucin. A n. 78./. 305
Paris, 1671. in Folio.

7. Chu\\dm Alirofcopia Compendiaria™ Tulfi Opfid fnolimine libe-1N161f.cez.
rata: or, The T>eicr\ptlon oi Un y”erialTele/cope. Hague, 1674., In 4.10.

8. A Treatife of Dioptrics. By fVill. Molineux, Eiqg; F. R. S. In4.i0. n. 105" 967.

9. CatoptricieDioptrica Elementa. Auctore Davide Gregorio, D. iki. n. aig,/». 214.
Oxon. 1695. In Svo.

CHAP. IV

A S T R O N O M T

; ™ HE IOand Ween (vulgarly termed W\ Scarlet-lJland)™W!\om fom e oifet-vaurf
| the Obfervations of Tycho Brabe™ that renowned Danifh Ajirono- )
i mor (with a ! bubmillion to better Judgments) was none of tle h)'2e6. """
fitted wr Aftronomical Obfervations of all forts, fuch as the taking the exaél

Time of the true Rifing and Setting of Celeitial Bodies, together with their

refpeflive Amplitudes-, becaufe the Ifland lies low, and is l.and-lock’d on all

the Points of the Compafs, fave three. Befides, tlie fcnfible L-and-Horizon

of Gvt Ween is extremely uneven and rugged, the North and Eaftern Parts

thereof being fome rifing Hills in the Province of Schonen ; and the Weilern

Part is moftly overfpread with Trees on the Ifland Zealand, from the remo-

teil of which Coafbs the JVeen is not diftant above three Leagues.

I1. ViI.Weighelius hath invented an Inftrument, which he calls Adirodislicum, AmoAirso-
by the means whereof very many Perfons fhall be able at one and the fame
Time to behold one and the iiime Star. He hath alfo invented an exceeding fL.

great Globe of the World, capable of 10 Perfons to fit in it all at once, and
to behold the Motions of the celeftial Bodies, &c.

I11. The Bignefs of this Globe is only of four Inches Diameter, The ACGUINGAL,
Body of the Globe of burniihed Steel, where all the figures of the Conilel- p.
lations are defigned in Silver-Colour, but the Stars thcmfclves of all Magni- n. 905.
tudes are put on in emboifed Gold.
This Globe moves from Eail to Wefl: in 24 Hours; and you may there
fee the Sun exaflly rife and fet as in the great World, together with the iVioon,
as allb the Stars of the Conftellations ; likewife, how the Sun of this Globe
comes to his Meridian, with an admirable Regularity, conform to the Primum
Mobile. And you may alfo there perceive the mean Motions of the Sun and
Moon from Weft to Eaft, and all the Lunations; and by the Diurnal Mo-
tion of the Moon, it ithews the Flux and Reflux of the Sea.

The
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The Meridian ferveth fora Needle to fiiew the Hours, which hath two main
Kays, one whereof goeth dircdly Northward, the other Southward. That
of rhe North marks the Way, or Degree, which the Sun maketh irom Weft to
luft upon the Signs of the Zodiack, and upon a Circle of Silver, where the
360 Degrees of th.; Circle are marked. | ’he other Ray of the South, marks
upon another Circle of Stlver the Days of the Month, where the 365 Days
are noted. The Circles of the Longitude of the Stars, which feparate the
Signs, and which come from the Poles of the Zodiack, are marked by Gold-
"Wires; as alib the Equator, theTropicks, and the Polar Circles.

There 1s but one great Spring, the Primum Mobile™ which puts all the reft
In Motion; It is wound up by the AnlarElick Pole, and you may wind it up
to the Right or Left fiand, without wronging any contrary Motion . And
by the ArSlick Pole, you may advance and retard this Movement, If you
fliould find any Inequality, v/il;hout altering at all the great Spring.

IVA | applied myfelf the laft Summer to the taking of the Diameters of the
sun, Moon, and the other Planets, by a Method which M. Pkard and
myfelf have, efteemed by us the beft of all thofe that have been prailifed
hitherto-, fince v/e can take the Diameters to Second Minutes, being able to
divide one Foot into 24000 or 30000 Parts, fcarce failing fo much as in one
only Part, fo as we can in a manner be aiTured not to deceive ourfelves in 3
or 4 Seconds. | lliall not now tell you my Obfervations; but | may very
well afiure you, that the Diameter of the Sun has not been much lefs in his
Apogee™ than 31 min. 37 or 40 fee. and certainly not lcfs than 31 min. 35
fee. and that at prefent in his Perigee it pafies not 32 min. 45 iec. and may be
lefs by a Second or two : That which is at the prefent troublefome, Is, that
the vertical Diameter, which is the moil eafy to take, isdiminiilied, even at
Noon, by 8 or 9 fee. becaufe of the Refradlions, which are much greater
In Winter than Summer at the fame Height; and that the horizontal Dia-
meter Is difficult, becaufe of the fwift Motion of the Heavens,

As for the Moon, 1 never yet found her Diameter Jefs than 29 min. 44 or
45 fee. and | have not feen it pafs 33 min. or If it hath, 1t was only by a few
Seconds. But | have not yet taken her in ail the Kinds of Situations of the
Apogees and Perigees which happen, with the Conjundlions and Quadratures.
| do not mention all that can be deduced from thence ; 1 Ilall only tell you,
that | have found a Way to know the Parallax of the Moon, by the means
of her Diameter; viz. If on a Day, when ihe Is to be in htx Apogee or Peri-
gee™ and in the moft Boreal Signs, you take her Diameter towards the Horl-
zon, and then towards the South, with her Altitudes above the Horizon.
For if the Obfervation of the Diameters be exaft, as iIn thel'e Situations the
Moon changes not confiderably her Diftance from the Earth in 6 or 7 Hours,
the Difference of the Diameters will fliew the Proportion there is of her Di-
llance with the Semidiameter of the Earth. | do not eolarge, be auile that
as foon as one hath this Idea, the reft is eafy. The fame would yet be pracli-
fed better in the Places where the Moon paiTes through the Z- nith, than
jlerc; for the greater the DiiFcrence is of the Heights, the greater is that of
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the Diameters, | do not note (for it eafily appears) that if one were under
the fame Meridian or the fame Azimuth™ In two very diftant Places, and took
at the fame I'ime the Diameter of tiieMoon, one would do the fame Thing;
tho’ this Method goes not to Precifenefs,

From what has been faid may be co]le(ded the Reafon of the Obfervation,
which M. Ilevelius made In the lail Eciipfe of the Sun (July 2. St. N. 1666.)
tonching the JIncreafe of the Moon’s Diameter about the End. | am exceed-
Ing glad, that a Pcrfon, who probably knew not the Caufe of it, has made
the Experiment; but it Is firange, that until now no Ailronomer has fore-
feen that that iliould liappen, nor given any Precepts for the Change of the
Moon’s Diameter in the Eclipfes of the Sun, accoiding to the Places where
they fliould happen, and according to the Hour and Height the Moon fhould
have: For what happened in that Eclipfe, of Augmentation, would have
fallen out contrarily, if it had been in the Evening; for the Moon, which
In that Eclipfe that began in the Morning was higher about the End than at
the Beginning, v/as nearer us, and confcquently was to appear bigger: But
If the Eclipfe tliould happen in the Evening, flie would be ower at the End,
and therefore more diftant from us, and confcquently appear lefier. So alfo
In tv;o different Places, whereof one fhould have the Ec ipfe in the Morning,
and the other at Noon, the Moon fliould appear bigger to him that hath it
at Noon : And flie muft likewiie appear bigger to thofe who fliall have a lefTer
Elevation of the Pole under the fame Meridian, becaufe the Moon will be
nearer them.

V. 1. | fthould be looked upon as a great Wronger of our Nation, iliould
| not let the World know, that | have, out of fome fcattered Papers and Let-
ters that formerly came to my Hands, of one Mr. Gafcoigne™¥V™ found out, that
before our late CivillVars he had not only devifed an Inftrument of as great a
Power as M. Auzous™ but had alfo for fome Years made ufe of it; not only
for taking the Diameters of the Planets, and Dillances upon Land ; but had
farther endeavoured, out of its Precifcnefs, to gather many Certainties in the
Heavens;, amongft which | fliall only mention one, viz. The findifig the
Moor™s Dijiance”™ from two Obfervations of her Horizontal and Meridional
Diameters ; which I tlie rather mention, becaufe the French Afironomer efleems
nimfelf the firft that took any fuch Notice, as thereby to fettle the Moon'’s
Parallax; For our Countryman fully confidered it before, and imparted it
to an Acquaintance of his, who thereupon propofed to him the DifHculties
that would arife in the Calculation ; with Confiderations upon the ilrange
Niceties, neceiTary to give him a Certainty of what he defired. The very
Inftrument he firft made, | have now by me, and two others more pcrfeéled
by him ; which doubtlels he would have infinitely mended, had he not been
flain unfortunately In his late Majeily’s Service. He had a Trealife of Oplics
ready (or the Prefs; but though | have ufed my utmoft Endeavour to retrieve
it, yet | have in that Point been totally uiiruccefsful, But fome looie Pa-
pers and Letters | have, particularly about this Inflrument for taking of An-
g €S, which was far from perfeit. Neverthelefs, | firid it fo much to ex-
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ceed all others, that | have iifed my Endeavours to make it exa6l, and ea-
fily trailable; which above a Year fince | eiFeéted to my own Defire, by
the Help of an ingenious and exael Watchmaker; Since w'hich time, | have
not akogether negleded it, but employed it particularly in taking the D/-
ftanees (as Occafion ferved) of the Circum-joviaHJIs, towards a perfect fettling
their Motion. | 1hail only fay of if. That it i1s fmali, not exceeding In
Weight, nor much In Bignefs, an ordinary Pocket-Watch, exatflly marking
above 40000 Divifions ina Foot, by the help of two Indexes | the one fliewing
Hundreds of Divifions, the other Divifions of the Hundred m every laft Di-
vifion in my fmall one containing yL of an Inch, and that fo precifely, that,
as | ufe it, there goes about 2 ; Divifions to a Second. Yet | have taken
Land-Angles feveral Times to one Divifion, tho’ (for the Reafon mentioned
by M. Auzout) it be very hard to come to that Exaftnefs in the Heavens,
{viz. the fwift Motion of the Planets.) Yet, to remedy that Fault, | have
devifed a Reft™ in which | find no fmall Advantage, and not a little pleafing
thofe Perfons who have feen it, being fo eafy to be made, and by the Ob-
ferver managed without the help of another ; which fecond Convenience my
yet namelefs Inflrument hath in great Perfcdion, and is, by reafon of Its
Smallnefs and Shape, eafily applicable to any Telefcope.

JI'Deciftin— 2, aaaa, isa fmall oblong Brafs Box, ferving both to contain the Scr
;fr‘fH;objk, and their Sockets, or Female vScrews, and alfo to make all the feveral move-

N. 20+ f. 542» able Parts of the Inftrument to move very true, fmooth, and in a fimple di-
Nov. An. 1667. Motion. To one End hereof is fcrewed on a round Plate of BrsSsbhbb,
about 3 Inches over e the extreme Limb of whofe Outfide is divided into 100

Tigr151  equal Parts, and numbred by 10, 20, and 30, ~c. Through the Middle of
this Plate, and the Middle ofthe Box aaaa” Is placed a very curioufly wrought

Screw, of about the Bignefs of a Goofe-Quill, and of the Length of the Box ;

the Head of which is, by a fixed Ring or Shoulder on the Infide, and a fmall
fpringing Plate dd on. the Outfide, fo adapted to the Plate, that it 1s not In
the leaft lubjeit to thake. The other End of this Screw Is by another little
Screw (whofe fmall Points fill the Center or Hole made in the End of the
longer Screw for this Purpofe) rendered fo fixed and fteddy in the Box, that
there appears not the leaft Danger of ithaking. Upon the Head of this
Screw, without the fpringing Plate, is put on a fmall Index e and above
that a Handle mnt™ to turn the Screw round as often as there ihall be Occa-
flon, without at ail endangering the difplacing of the Index, it being put on
very fifF upon a cylindrical Part of the Head, and the Handle upon a
Square. The Screw hath that "I'nird of it, which Is next the Plate, bigger
than the other two Thirds of it, by at leaft as much as the Depth of the
fmall Screw made on it: The Thread of the Screw of the bigger Third s as
fmall again, as that of the Screw of the other two Thirds. To the groifer
Screw Is adapted a Socket /, faftened to along Bar or Bolt™;-, upon which
Is faftened the moveable Sight fo that every Turn of the Screw pro-
motes the Sight  either a Thread nearer, or a Thrtad farther off from the
fixed Sight 1. The Bar™”', Is made exaetly equal, and fitted into two fmall

Stap\les kk. which will not admit of any ihaking. There are GOT%fretheifse
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Threads, and anfwerable thereto are made 60 Divifions en the Edge of the
BoltorRulerand afmall Index /fixed to the Box aaaa”™ denotes how
many Threads the Edges of the two Sights h and 1 are diftant; and the In-
dex ee”™ iliews on the circular Plate what Part of a Revolution there is more ;
every Revolution, as was faid before, being divided into loo Parts. At the
fame Time that the moveable Sight h is moved forv/ards or backwards, one F;, loi:
or more Threads of the coarfer Screw, Is the Plate/>/> by the means of the
Socket  to which 1t is fcrewed, moved forward or backward, one or more
Threads ot the finer Screw : So that this Plate being fixed to the Telefcope
by the Screws rr, fo as the middle betwixt the Sights may lie In the AXIS
of the Glafs, however the Screw Dbe turned, the midft betwixt the Sights
will always be In the Axis, and the Sights will equally either open from it,
or fluit towards It.
It Is conceived by fome ingenious Men, that it will be more convenient, 107.
Inilead of the Edges of the two Sights h and z, to employ two Sights r and
|, fitted with the Hairs t and fo that they may be conveniently ufed in
the Place of the folid Edges of the Sights h and 1.
The Inftrument is thus applied to the Telefcope. The Tube A D is di-
vided into three Lengths, of which (as in ordinary ones) B C is to lengthen
or contraft, as the Obje6t requires: But A B Is here added, that at A you
may put fuch Eye-Glafies as thall be thought mod convenient, and to fet
them ftill at the Diftance moil proper from the Indexes or Pointers, which
here are fuppofed to be at B, which Length alters alfo in refpeot of divers
Perfons Eyes. E is a Screw, by which the great Tube can be fixed fo, as
by the help of the Figures any fmaller Part of it can immediately be found,
meafuring only, or knowing the Divifions on B C, the Diftance of the Ob- Iy
jed-Glafs from the Pointers. F is the angular Piece of Wood, that lies on
the upper Screw of the Reft.
This Reft*(by Dr. Hook’s Suggeftion) may be rendered more convenient, RV
If, inftead of placing the Screw Horizontal, it be fo contrived, that it may
be laid parallel to the Equinootial, or to the Diurnal Motion of the Earth \
for, by that Means, the fame Thing may be performed by the fingle Motion
of one Screw, which in the other Way cannot be done but by the turning of
both Screws 5 as will eafily appear to thofe that Ihall confider it.

3. | have by me two or three feveral Ways of Meafuring the Diameters MonUeyst,
of the Planets, whether Horizontal, Perpendicular, or Inclined, to the EX- pifiancei intt-
allnefs of a Second, by the help of a Telefcope | as alfo of taking the Po-
fition and Diftance of the fmall fixed Stars one from another, or from any
of the lefs bright Planets, if the Diftance be not above two or three De-
grees.

4, With a Micrometer and a Tube of 14 Feet; | have often meafured ereetens of
the DTameters of the Planets, and their Diftances irom thé “nxt Btars al - 'VE mrie|d.
moft to Seconds | which, without having tried it, you would hardly belleve n. %./- 6099.
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Igtirgjsigf/mfi- VI. |, It may be proved by many Arguments, that Tycho erred from the

M Fatiead. TTUth, by two, three, nay fometimes four or five whole Minutes, both in

N the Places and Latitudes aifigned to fome of the fixt Stars. We have heard

""" that that great Man John Hevelius has undertaken the Reilicution of the fixt

vStars 1 yet as it is reported he makes ufe of Sights without GlaiTes, it Is
doubtful whether we fliall have their Places much more correct from him
than thole left us by Tycho™ unlefs where he has been very much miftaken.

Plain sights prer 2, | percelve that all your People do not agree with me, in the Bufinefs
ferred to 7 i/

Jatie: ny of Sights, concerning which I have treated in the Organographia of my Ma-
I, Hovalius, china Ctclejlis. But tho’ Mr. Hookzna Mr. Flawjleady and others are of a
. lca* p>27.

it aji 1674+ dITlETeNt Opinion, yet | have been taught by daily Experience, and am ilill
convinced, that the Matter is far ocherwife in thofe great Indruments, as
Qiiadrants, Sextants, and Odants, and chiefly Azimuth Quadrants, and
other Qi.ladrants conilruoled by Rulers, which cannot ib eafily or indeed by
any means be diflurbed and inverted (which happens to l'elefcopic Sights
when they are examined) as thole Inflruments of three or four Feet conftrufted
with a Perpendicular. The Matter chiefly amounts to this, that they can
undertake no Obfervation with their Telefcopic Sights, till they examine and
redify them anew; in which Examination there is Room to millake perpe-
tually, and difi'erent Ways, tho’ you perform it never fo induilrioufly. And
Indeed | cannot underfland by what Method this Examination can be per-
formed, in Azimuthal Quadrants, Odlants, and Sextants, at all Times, with
Convenience, and without a great Lofs of Time.

| fee there are fome alfo (among whom is Mr. Flamjlead) who have un-
dertaken to give Judgment upon our Obfervations, whatever they may be,
before they have feen or examined them, or can know any Thing about
them, | do not defire to be a vain Boafter of my own Affairs, nor did |
ever imagine, that in this Attempt of the Refl;itution of the fixt Stars, know-
ing my own Weaknefs, that I iliould be perfedl: in every thing. But this |
am convinced of, that if | had undertook the Bufinefs with the help of Te-
Jefcopic Sights, | muii not only have wailed many Years with fruit efs Exa-
minations, but doubtlefs | iliould have been difappointed of my Hopes, and
that on various Accounts, which it is nor neceflary to mention here. Hence
| congratulate with myfelf, that | never could embrace that Opinion, but
that | performed every Thing by my own Method, whatever by the Afiift-
ance oi God | have performed. Now when we fhall have Obfervations on
both Sides, continued for the Space of 20 or 30 Years | that is, as well thofe
that are made with Telefcopic Sights, as thofe which are derived from the
Heavens hy our plain Sights, the Matter will then be brought, to a fair
Trial. In the mean Time Jet every one enjoy his own Opinion, and pro-
ceed in his own Way.

Wby Ctltjiial VIl 1. 1t is well known that the mean apparen]t Magnitude of the Mgon

At A is 30 min. 30 fee. we will take it Numero rotundo to be 30 min. at &
nightheHoriz  Moon In the midfl: of Winter, and when 1he’s in the Meridian, and at her

greaieil Northern Latitude, and confcquently the utmoft that fhe can be eIeO—|
vate
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vated in our Horizon : 'Tls as well known alfo, that when flie is in this Po-
llure, being looked upon by the naked Eye, flie appears (that we may ac- lintux.’ '
commodate all to ienfible Meafures) to be Magniltidms Pedalis™ about a Foot n- 1% 314-
broad. But the fame Moon being looked upon juil as fne rifes, ithe appears
to be three or four Foot broad, and yet if with an Inilrument we take her
Diameter, both in one Pofture and the other, we ihali find that ftill the fliall
be but 30 min. That this Matter of Fad Is true, befides the Authority of
many Authors, | can aiTert that | have accurately tried it myfclf, and | have
fo found 1it. One of the Ways | proceeded was thus: | took a very good
Telefcope of about 6 Foot long, In the inward Focus of whofe Eye-Glafs |
applied a very fine Lattice made of the fingle Hairs of a Man’s Head ; then
looking with this at the Moon, when fhe wasjuft rifen, and looked extraor-
dinary big, | oblerved what Number of the Squares of the Lattice were oc-
cupied by her Body; and then obferving her again, when more elevated and
free from all extravagant Greatnefs, | ftill found the fame Squares of the
Lattice polTefled by her. This Way s equivalent to that now more ufed,
of taking her Diameter by Mr. Toulnlefs Micrometers-, but | have alfo
tried and found the fame Thing by an accurate Sextant, taking the Difliance
of the Moon’s oppofite Limbs.

The celebrated Des Caries attributes this Appearance rather to a deceived
Judgment, than to any natural Affeilion of the Org?in or Medium of Senfe:
For the Moon (fays he) being nigh the Horizon, we have a better Oppor-
tunity and Advantage of making an Eftimate of her, by comparing her with
the various Objects that incur the Sight, in its Way towards hcrj fo that
tho* we imagine ihe looks bigger, yet 'tis a meer Deceit; for we only think
fo, becaufe the feems nigher the Tops of Trees, or Chimneys, or Houfes, or
a Space of Ground, to which we can compare her, and ertimate her there-
by e but when we bring her to the Teft of an Inilrument, that cannot be
deluded or impofed upon by thefe Appearances, then we find our Eftimate
wrong, and our Senfes deceived. Thefe Thoughts, methinks, are much be-
low the accuftomed Accuracy of the noble Des Caries ; for certainly if it be
fo, | may at any Time increafe the apparent Bignefs of the Moon, tlio’ iIn
the Meridian | for it would be only by getting behind a Clufter of Chim-
neys, a Ridge of a Hill, or the Tops of Houfes, and comparing her to them
In that Pofture, as well as in the Horizon < befides, if the Moon be looked
at Juft as the is rifing from an Horizon determined by a fmooth Sea, and
which has no more Variety of Obje(sts to compare her to, than the pure Air,,
yet (lie will feem big, as if looked at over the rugged Top of an uneven
Town, or rocky Country. Moreover, all Variety of adjoining Objeds may
be taken off, Dby looking through an empty Tube, and yet the deluded
Imagination is not at all helped thereby.

The famous "T/jomas Hobbes gives this Solution. Let the Point G be the no.
Center of the Earth, and F the Eye on the Surface of the Earth | on the
fame Center G let there be ftruck the two Arches E H, determining the At-
mofphere, and A D to reprefent that blue Surface in which we imagine the

Fixed Stars, and let F D be the Horizon: Divide the Arch A D into three
eaual .
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equal Parts by the Lines B F, C F ; it is manifeft that the Angle AF B s
greater than the Angle B FC, and this again isgreater than the Angle CF D.
Wherefore (fays he) to make the Angle CF D equal to the Angle C F B,
the Arch C D muil be greater than the Arch C B ; and confequently, that the
Moon may iIn the Horizon appear ilinder the fame Angle, as when elevated,
Ilie muft cover a greater Arch, and therefore feem greater * that is, the
Moon in the Meridian appearing under the Angle B F C, that ihe may ap-
pear under an equal Angle in the Horizon, as fuppofe C F D, ’tis neceiTary
that the Arch C D ithould be greater than C B 1 and confequently, tho’ ilie
appear to fubtend a greater Arch when in the Horizon than when elevated,
yet flie appears under the fame Angle ¢ and all this without Refradlion. The
Geometry of this Figure is moll certainly true and demonftrable. At this |
guarrel not-, but it makes no more in our prefent Difficulty than if nothing
had been faid . For he has made the Circle G F, reprefenting the Earth,
very large in Proportion to the Circle A D j and then indeed taking the Point
F in the Earth’s Surface, and by Lines from thence dividing the Angle AF D
Into whatever equal Parts, the intercepted Arches A B, B C, CD, ihall be
unequal. But If he had confidered, that the Earth is, as it were, a Pouit in
refpeél of the Sphere of the Fixed Stars, nay the very annual Orbit of the
Earth is almoft imperceptible, he would have found that the Lines F B, F C,
F'D, muft be all conceived as drawn from the Point G, and then equal
Angles will intercept equal Arches, and equal Arches equal Angles: And
fo it happens (at lealt beyond the PoiTibility of the Difcovery of’ Senfe) to the
Eye on the Surface of the Earth ¢ fo that his drawing his Lines fo far from
G as F is, and to another concentric Circle fo nigh as AD, deceived him
In this Point.

The famous Gajfendus has written four large Epijlles on this Subjeot, the
Subllance of all which is. That the Moon being nigh the Horizon, and look-
ed at through a more foggy Air, cafts a weaker Light, and confequently forces
not the Eye fo much as when brighter ; and therefore the Pupil does more
enlarge itfelf, thereby tranfmitting a larger Projection on the Retina. In
this Opinion | find he is not alone; for this Difquifition being lately revived
by a French he therein follows the Sentiment of Gajjendus™ with this
Addition, That this contra6ling and enlarging of the Pupil caufeth a diffe-
rent Shape in the Eye ; an open Pupil making the Cryftalline flatter, and the
Eye longer, and the narrower Pupil fliortening the Eye, and making the
Cryifalline more convex . The firft attends our looking at Objedls which are
remote, or which we think fo; the latter accompanies the viewing Objeds
nigh at hand. Likewife an open Pupil and flat Cryftalline attends Objeotsof
¢l more ftdate Light, whiKt Objects of more forcible Rays require a greater
Convexity and narrower Pupil. From thefe Pofitions the Abhe endeavoured
to give an Account of our Phienomenon™ as follows: When the Moon is nigh
the Horizon, by Comparifon with interpofed Objedls, we are apt to imagine
her much farther from us than when more elevated; and therefore (fays he)
\vc Cider our Eyes as for viewing an Objeft farther from us; that Is, we

lomcthing enlarge the Pupil, and thereby make the CryibUliiie more flat:
more-
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moreover, the Duikineis of the Moon in that Pofture does not fo much
firain the Sight; and confequently the Pupil will be more large, and the
Cryftalline more flat. Hence a larger Image ihall be projefted on the Fund
of the Eye, and therefore the Moon thall appear larger. And this Difpofi-
tion of the Eye that magnifies her, magnifies alfo the Divifions of our fore-
mentioned Lattice, and confequently ilie by her Body ihall poifefs no more
of the Divifions than when ilie fcems lels. Thefe two forementioned Acci-
dents, viz. The Moon’s imaginary Diilance and Dufkifhnefs, gradually va-
nifliing as the rifes, a different Species Is hereby introduced in the Eye, and
confequently flie feems gradually lefs and lefs, till again ihe approaches nigh
the Horizon. Thefe two Opinions of Gallendus and the Abbé being fo near
a-kin, | fhall confider them both together . And firft | aflcrrt, That a wider
or narrower Aperture of the Pupil increafes not, neither diminiihes the Pro-
jedion on the Retina. | know, Honoratus Faber, in his Synopfts Optica,
endeavours to prove the clear contrary to this my AiTcrtion, and that after .
this manner. AB is an Objeft, EF the greater Aperture of the Pupil, ad-
mitting the Projedlion K | on the Retina, whereas the leifer Aperture CD,
admits only the Projedlion G H ; but G H is lefs than K |, wherefore a leifer
Aperture diminiihes the Projedion. | admire that any Man that undertook
(as Honoratus Faber) to write of Optics more accurately than all that went
before him, thould be guilty of fo very grofs an Error; and | do more ad-
mire, that the celebrated Gajfendus, and with him the noble Hevelius, ihould
be of the fame Opinion : For tho’ the aforefaid Demonftration hold mofb
certainly true in dired Projedions, asin a dark Room with a plain Hole ;
yet it will not hold in Projeélions made by Refraélion, asitis in thofe on the
Retina in the Eye, by means of the Cryftalline, and other Coats and Hu- Fig. Iiz
mours of the Eye. For let A B be a remote Objed, and E F the Cryilalline
at its large Aperture, projeding the Image IM on the Rtina. Let then
C D be the leifer Aperture of the Pupil before the Cryilalline; I fay, the
Image | M fhall be projeéled as large as before ; for the Cone of Rays E A F
confiils partly of the Cone of Rays C A D ; therefore where the former EAF
Is projefted, the latter CA D, as being a part of the former, thall be pro-
jeaed alfo. So that no more is effecled by this narrow Aperture, but that
the Sides of the radiating Cones are intercepted, and confequently the Point 1
ihall be afFefted with lels Light, but it tlia 1 ftill be in the lame Place: What
Is laid of that Cone and that Point, may be faid of all other Cones and other
Points of the Objed. From hence appears, Firft, The Invalidity of the
Account given of the Moon’s Appearance by Gallendus from this Reafon,
Secondly, The Reafon appears why a Telefcope’s leifer or greater Aperture,
makes no Difference in the Angle it receives: For imagine E F to be an
Objeft-Glafs of a Telefcope, and *cis plain. "Thirdly, 'Tis evident why a
greater or lefs Aperture on a Telefcope ithould make the Obje;ls appear
lighter, or darker ; for thereby more or lefs Rays are admitted to determine
on the Projeolion of each Point. But all this by the by : And this is fufii-
cient for a Confutation of Gajfendus and Faber. But our foremenrioncd Abbé
fuperadds to a greater or leifer Aperture of the Pupil, as a neceifary Confe-
guent,
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gnent, a greater and leiTer Convexity of the Cryilalline, as alfo a Lengthen-
Ing and Shortening the Tube of the Eye. And this | mud: confefs would do
fomerhing, if we find it true in our Cafe 1 and this let us try. Firfl”™ (fays
lie) The buikiflinefs of the Moon nigh the Horizon admits the Pupil to en-
large itfclf, the Cryflalline to flatten, and the Ivye to lengthen : But what if
me change our Objeft, and inflead of the Moon take the DiPiance between
fomc of the Fixed Stars (as fuppofe thofe of Orion s Girdle) we ihall find the
lame Pk-cnommn in them, and yet | hope neither he nor Gajfendus will af-
lerr, that they at one Time ftrain the Eye more than at another, or that at
any time their Fulgur Urains the Eye at all; if he do, let him take Stars of
the leiTer Magnitudes, nay even thofe that can but juft be perceived, and
then he will be convinced : Or let him confider, whether this will hold In
looking at the Sun through very dark Glafies, which render the Sight thereof
as Inoffenfive to the Eye as that of a green Field ¢ but perhaps he will then
fay, that this other Reafon holds, which is, Secondly™ I'hat the greater ima-
ginary Diitance, at which we think the Moon near the Horizon, than when
liiore elevated, makes us contemplate her as if really the was fo, viz. w'ith
ample Pupils, But this | have fufficiently overthrown in my Remarks
againft Des Cartes: Therefore | pafs it over, only fubjoining, that if thtire
were any thing in this Surmife, methinks the horizontal Moon thculd rather
be fancied nigher to us than farther from us*, for if we are for trying natural
Tiioughts, let us take Children to determine the Matter, who are apt to
think, that could they go to the Edge of that Space that bounds their Sight,
they thould be able (as they call it) to touch the Sky e and corifequently the
Moon iI'cems then rather nigher to us than farther from us.

After | had writ thus far, | accidentally cail my Eye upon Ricctoli”*s Trea-
tife of Refra”ion”™ at the End of his Second Volume of Alma”™efi, Lib. lo.
Set}. 6. Cap. I. 13. wherein he fpeaks of our prefent Difficulty e but
to my wonder | find him affert, That he and Father Grimaldi had often
taken the horizontal Sun and Moon’s Diameters by a Sextant, when to the
naked Eye they appeared very large (Grimaldus direfting his Sight to tiie left
Edge, and Ricciolus to the right) and that even by the Inilrument they al-
ways found the Diameters greater than when more elevated, the Sun often
fubtending an Angle of almoil a Degree, and frequently 45 Minutes, the
Moon alfo 38 or 40 Minutes. This is downright contrary to the Matter of
I'adt which | have before alledged, and diredly repugnant to the Matter of
Fact affcrted by the forementioned French Abbé: Whether of us be in the
right, | leave to accurate Experiment to determine, and fubmit the Whole
to the Decifion of the illuitrious Royal Society. Only give me leave to add
one Word againft e for had his Experiments been accurately profe-
ciited, he fliould have tried them when the horizontal Moon had looked
ten rimes more large In Diameter than ordinary e and then, if it be true,
that even by an Iniirument fhe will be found proportionally broader; then
really flie fliouid fubtend an Angle of 300 Min. or 5 Deg. for very often |
have fcen the Moon when ilie appeared ten times broader than Ord\i,\r,]ﬁi%’
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which the fmall Addition of 8 or lo Min. to her ufual Diameter will never

caule.
2. | difcourfcd of this Appearance near 40 Years ago with Mr, Fciter™oisPi>tmr.n

UINDXA Profejfor of Jfiironomy in Grejham College, who did then aHTiire
(from his own Obfcrvation | fuppofe) that the’ apparent Magnitude taken by 313
Inftruments (however the Fancy may apprehend it) is not greater at the iio0-
rizon than when higher. Mr. Cdfvijelt affirms the famel’hirrg; and | do
not doubt but the Thing is fo: For though Refradion near the Horizon al-
ters the Altitude of the I'hing feen ; yet it cannot a-lter the Azimuth at all.
For fince this equally refpefls all Points of the Horizon e let the Refraftion
be what it will, the whole Horizon can be but a ClrGic; So that there is no
room for the Breadth of a Thing (as to the Angle at the Eye) to be made
greater, whatever its Tallncfs may (the Refraction not equally affecting all
Parts in the Circles of Altitude). Nor Is there any Reaibn, why this fhould
rather thrufl: the other, than the other thrufl: thisi out of Place. Whereas,
In the Altitude, 1t i1s otherwife : For while wha-t is near the-Horizon is en-
Jarged, that which is further off is thereby contraeled ; which, as to the Azi-
muth, or Horizontal Pofition, cannot be.

Suppofing then that the Sun”s apparent Horizontal Diameter, taken by
Inftrument, Is the 1iime near the Horizon, as in a higher Pofition ; | take its
Imaginary Grcatnefs, which is fancied near the Horizon, to be only a De-

ception of the Eye, or rather the Imagination from the Eye.
For fure it i1s, that the Imagination doth not eftimate the Greatnefs of the

Objeeb feen, only by the Angle which it makes at the Eye : but, by this
compared with the fuppofed Diftance. True it is, that, cateris paribus, we
judge that to«3e the greater Obje6l which makes at the Eye the greater An-
gle * but not fo, if apprehended at different Diftances.

For if through a Cafement (or lefftr Aperture) we fee a Hoiife at 100
Yards Diftance ¢ this Houfe (though feen under a lefs Angle) doth not to us
feem ieis than the Cafement through which we lee it, (or this greater than
that, becaufe it makes at the Eye the greater Angle) but the Imagination
makes a comparative Eftimate from the Angle and Diftance jointly con-
fidered.

So that of two Things feen under the fame or equal Angles, if to one of
them there be ought which gives the Apprehenfion of a greater Diftance,
that to the Imagination will appear greater. Now fure it Is, that one great
Advantage for eftimating the Diftance of a Thing feen, is from the Variety
of intermediate Objects between the Eye and the Thing feen. For then the

Imagination muft allow room for all thefe Things.
Now when the Sun or Moon is near the Horizon, there is a Profpccl of

Hills, and Valleys, and Plains, and Woods, and Rivers, and Variety oi
Fields and Inclofures, between it and us; which prefent to our Imagination
a great Diftance capable of receiving all theie: Or iIf it fo'chance that (in
fonK' Pofition) thefe Intermediates are not actually feen ; yet naving been ac-
cultonu-d to fee them, the Memory fuggefts to us a View as large as Is the vi-

fible Horizon.
Vol. I ' H h But
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But when the Sun or Moon s In a higher Pofition, we fee nothing be-
tween us and them (unlels perhaps fome Clouds) and therefore nothing to
prefent to our imagination fo great a Diftance as the other Is.

And therefore, though both be leen under the fame Angle, they do not
appear (to the Imagination) of the fame Bignefs ; becaufc not both fancy’d at
the lame Diilances : But that near the Horizon isjudged bigger (becaufe fup-
pofed farther off) than the fame when at a greater Altitude.

'I'ls true, that as to fmall and middling Diftances (befides this Eftimate
rom Intermediates) the Eye hath a Means within itfelf to make fome Efti-
mate of the Diftance. As, when we already know the Bignefs of a thing
feen, to which we have been accuftomed < as, a Man, a Tree, a Houfe, or
the like : If fuch thing appear to us under a fmall Angle, and indiftinel, and
laintly coloured, the Imagination doth allow fuch Diftance as to make
fuch a thing fo to appear. And if this, through a Perfpeclive-Glafs, be
reprefented to us under a bigger Angle, and more diilinft, it is accordingly
apprehended as fo much nearer. But the Cafe Is otherwife, when we do not,
by the know'n Bignefs, judge the Diftance ; but, by the fuppoied Diftance,
judge of the Bignels, as in the Cafe before us. And accordingly, different
Perfons, according to different fancied Diftances, judge very differently.

Again : In our two Eyes (when the Objeél is feen by both) there is yet
another Means of eftimating how far off it is. (And it is this by which we
judge of Diftances.) Namely, there are from the fime Objedt, two diffe-
rent vifual Cones, terminated at the two Eyes* whole two Axes contain, at
the Objedt, different Angles, according to different Diftances; an acuter An-
gle at a greater Diftance, and more obtufe when nearer.

Now, that fuch Obje6l may be feen by both Eyes clearly,, it Is requifite
that the Eyes be put in fuch a Pofition, as that the Sight of each Eye receive
the refpedtive Axis at Right Angles | which requires a different Pofition of
the two Eyes, according to the different Diftance of the Objedl: As will
manifertly appear, if we look with Attention on a Finger (or other fmall
Objeil) at 2 or 3 Inches Diftance from the Eye, and then upon another
like Objeél at 3 or 4 Yards beyond it (and this alternately feveral times.)
For it will be manifeft, that while we look intently on the one, we do not
fee the other (or but confufedly) though both be juft before us. And, as
we change our View, from the one to the other, we manifertly feel a Motion
of the Eyes (by their Mufcles) from one Pofture to another.

And according to the different Pofture in the Eyes, requifite to a clear Vi-
fion by both, we eftimate the Diftance of the Object from us.

And hence it is, that they who have Joft the Sight of one Eye, are at a
great Difadvantage, as to eftiimating Diftances, from what they could do
while they had tie Ufe of both.

But now when the Difl:ance grows ib great, as that the Pofition of thefe
vifual Axes become parallel, or fo near to parallel as not to be diftinguiihable
from it, this Advantage is loft, and we can thenceforth only conclude, that
It Is far off; but not how far. ilence it is, that our View can make no Di-

iIlinclion of the Moon’s Diftance from that of the other Planets, or eventﬁr
e
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the fixed Stars: But they feem to us as equally remote from us; though
we otherwile know their Diftances from us to be vaftiy different; be-
caufe the Parallax (as | may fo call it) from the different Pofition of the two
Eyes, is quite loft, and undifcernable in Diftances much lefs than the leaft of
thefe.

So that, though as to fmall Diftances we may make fome Eftimate from
the known Magnitude of the Objeot; and as to middling Diftances, from
the Parallax (as | may call it) arifmg from the interval of the two Eyes:
Yet even this latter will hardly reach beyond, if fo far as, the vifible Hori-
zon, and all beyond it is loft. And therefore, there being nothing left to
affift the Fancy in eftimating fo great a Diftancc, but only the intermediate
Objefts' where thefe Intermediates appear to the Eye (as when the Sun or
Moon are near the Horizon) the Diftance is fancied greater, than where they
appear not (as when farther from it) and confequently (though both under the
fame or equal Angles) that near the Horizon is fancied the greater ; And this
| judged to be the true Reafon of that Appearance.

VIIlI. We took a Cylinder of caft Brafs, ABCD, andcut one End  AnBmmest
it CD, perpendicular to the Axis f &* the other End AB, inclined to
at an Angle of about 27 deg. 30 min. and therefore the Perpendicular to this  LYwthop
iInclining Planeandthe Axis of the Cylinder acx”™ comprehended an Mar.An"og?
Angle f ¢ of about 62 deg. 30 min. Thefe Ends were ground very true
upon a Glafs-Grinder’s Brafs Tool, and each of them wascompafs'd about 113
with a narrow F'eril of thin Brafs b hbh. Into the upper Side of the Cylin-
der, at E, was foldered the Brafs-Pipe E F, and into the under Side, at G, the
other Brafs-Pipe G H e the former of thefe Pipes being about 3 Inches long,
and the latter 6 Inches. Upon the Plate dd d, were fixed two other Plates,
L L, perpendicular to it, and parallel to each ocher. Each of thefe two Plates
had an Arch of a Circle (whofe Diameter was equal to that of the Cylinder)
cut out of its proper Edge * fo that when the Pipe G H was let thro’ a Hole
near the Middle of the Plate ddd, the Cylinder fell into the Arches | and
being faftened there with Solder, the Axis acx hy Parallel to the Plate ddd~
and about an Inch and an half above it. The perpendicular End of the Cy-
linder, D C, was clofed with an Objeft Glafs of a 71 Foot Telefcope ooy
and the inclining End A B, with a well poiithed flat Glafs, //; which was
carefully chofen to tranfmit the Objeft diftind enough, notwithftanding its
Obliquity to the vifual Rays. The Perils were filled with Cement round
about the Edges of the Glaffes, which lay flat, and every where touched the
fmooth Ends of the Cylinder, that they might firmly fupport the Weight
and Preffure of the excluded Air.

Inftead of a Ciftern (as in the Torricellian Experiment) we made ufe of the Fg.
iInverted Syphon of Brafs M N O, folder’d to the Phteggg. One of the
Sides M N, ftood perpendicular to the Plate ggg~ and the other Side N O,
Inclined to it, and was fupported near the upper End O, with a little Piecc

of Brafs, k k,

H h 2 W ¢
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We then placed the Cylinder upon a Table, which was well faftened to
a firm Floor: The Pipe G H, was let through a Hole in the Top of the
Table; and the Plate dd  was nailed down to it: The Tube of the Te-
Icfcope ss  with the Eye-Glafs in it, was applied to the Objedc-Glais, and
a Hair fixed at  the common Focus of both GlaiT;s, in the Axis of the
Cylinder continued to it. Upon the Floor (under the Cylinder) we nailed
the Plate with the inverted Cyphon upon it, and joined M to H, by
the Infercion of the Glafs Tube T. The Joints were very carefully clofed
with Cement, and then covered over with Pieces of a Bladder wrapped hard
with ftrong Thread. There was alfo a Bladder tied below each Joint at
and when it was filled with Water it was tied about at n* fo that no Air
could come to the Cement, to infinuate itfelf through its Pores or FilTures,
If any happened to be left unclofed.

It will not (I hope) be thought more than necefikry, that in this Account
of the Apparatus™ | have mentioned fo many minute CircumlUnces ; for
we found 1t difficult enough to exclude the Air, and almoft impoffible to
difcover the very little Holes through which fo i1ubtle a Fluid would free-
ly enter and poiiefs the Spaces deferred by the fub/iding Mercury. But, with
all this Precaution, the Experiment fucceeded at laft, as 1 wiflied ; after this
Manner:

We placed the Objecb a (which was a black Thread failened ina little
Frame overa Piece of white J?aper) in the Axis of theCylinder ca: We
filled the Pipes and Cylinder with Mercury ; and having Hopped the upper
End of the Pipe at F, with the little lIron Stopple K, and doled it, at the
upper Part of the Tube and other Joints, we let the Mercury run out gently
at O (into the Bladder u) till it remained fufpended at the ufual Height (as
In the Barometer) leaving the upper Part of the Tube, and the Cavity of the
Cylinder Dbetween the Glafles(?’<7, and//, void of Air. We then faw the
Objecl, which before appear’d in the Axis at ¥, raifed confiderably above it |
and we reduced It to app?ar again at by removing it from a toa. The
Axis therefore of the vifual Ray (which was alfo the Axis of the Cylinder)
Xc  falling perpendicularly on the void Space, paffed through it without
any Refradion: but emerging obliquely into the Air, it was refradled to-
wards the Perpendicularand received a new Diredtion to «. And
therefore the Diftance a ., fubtended the Angle of Refradion aca ™ all
which we meaiured, and found as follows * viz.

Inches.  Dec.Parts.
The Height of the Objech above the Axis, or the7

unrefraded vifual Ray @ @ .ooocoovvveevvvereeeiinn, ] 000 425

The Diftance of the Objed from the refrading] 61 000
Plain & about 51 Feet, or — — — |

Deg. Min. Sec,

Therefore the Angle of Refradion ac wy was — 00 02 23

The AngleofEmerfion”™i(3, (by theConftrudion o 6 70 00
of the Cylinder) was — Yy

There-
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Therefore the Angle oFIncidence  ct—pca-r- \
acC was — — — @ — @ — ------ o 27 37

Beg, Min. Sec.

And therefore unherfally™ (according to the known Laws of Refraftion)

The Sines of the Angles of Incidence being 100000
The Sines of the Angles of Emerfion are 100036
And the refraetive Power of the dcnfe Air

By the refraflive Po'wer of a pellucid Body, | mean that Property in it
whereby the oblique Rays of L-ight are diverted from their direct Courfe,
and which is meafured by the proportional Differences (always' obferved)
between the Sines of the Angles of Incidence and Emerfion.

This Property is not always proportional to the Denfity (at Jeail not to
the Gravity) of the refraoting Medium : For the refradive Power of Glais
to that of Water is as 55 to 34, whereas its Gravity is.as S7 to 34;
that is, the Squares of their rtfraitive Powers are (very near) as their re-
fpedive Gravities. And there are fome Fluids, which, tho’ lighter than
Water, yet have a greater Power of Refradion : Thus the refradive Power
of Spirit of Wine (according to Dr. Hook's Experiment, .Mkr.agr.. Ohf. Jviii.
/). 220.) i1s to that of Water, as 36 to 213 and its Gravity recj™rocally as
23 to 36, or 36”. . But the refradive Powers of Air and Water feem to
obferve the fimple Proportion of .their Gravities diretily\ as | ha™ compared
them in the following Table. The Numbers there exprefling, the Refra-
dion of Water are taken from the Mean of Nine Experiments, madeat
fo many fevcral Angles of Incidence, Jan. 25, 164~ Dby Mr. Gafcoigne™
(the ingenious firft Inventor oi the Micrometer, and the Ways of meafuring
Angles by Telefa)pes) and thofe of Air are produced by the preceding Ex-
periment.

| | | Water.  Alr.
The (aiTumed) Sines of the Anglesofincidence 100000 100000

on the Void from — — _

The Sines of the correfpondent Angles of Emer- 134400 100036

fion outof — — — — — -
The refradive Power of — — — 34400
The fpecifick Gravity (if as 900to | at the7 22400
Time, of the Experiment) of — — — —5 -
Or (ifasssoto I) of ——¢ ~ — — - 34400 40
‘atnftcad . .. ... ... ..

. Gafcoigne's Letter to Mr. Crabtree: . . ., . ... ... ., ... ... ...
.y v+ v.v. ... 'Jonas Moor, ... . . Cbr. T™o'vnhy, ... ...,
e e e e e e Rkh. Tonvriliy™ . . 7e-ivnley .. Lancafiire, ., . ... ..., . ...
“woyarted fomc Time tigo to M r *

From
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From hence it feems very probable, that their refpeftive Denfities and
refraftive Powers are in a juft ftmple Proportion. And if this thould be
confirmed by fucceeding Experiments, made at different Angles of Inci-
dence, and with Cylinders continuing exhanfted through feveral Changes
of the Air, it would be more than probable that the refraftive Powers of
the Atmofphere are every where, and at all Heights above the Earth, pro-
dortional to its Denfities and Expanfions : And then it would be no difficult
Matter to trace the Light through it, fo as to terminate the Shadow of the
Earth, and (together with proper Expedients for meafuring the Quantity of
Light tlluminating an opake Body) to examine at what Diftances the Moon
muit be from the Earth to fufFer Eclipfes oi the oblerved Duration.

TojindthePa- IX. Givc Hie Icave to fuggefl a Speculation, which hath been in my
| Thoughts thefe forty Years or more-, but | have not had the Opportunity
pr. Wallis, v of reducing it to Praftice . It i1s concerning the Parallax of the fixed Stars,

A Earth’s annual Orbit.
suty, AN 1693, Galileo complains of it a great while finge (in his Syjiema Cofmicum) as a
N.Z02.544. attempted to be obfervced with fuch Diligence as he could wilh;
and | doubt we have the fame Caufe of complaining ftill. | know that Dr.

Hook and Mr. Flamjlead have attempted fomewhat that way, but have de-
lifted before they came to any Thing of Certainty. What hath been done
to that Purpofe Abroad 1 know not.

t Galileo hath fuggefted divers Things confiderable in order to it; as, the
7'Imes of Obfervation, the Stars to be oblerved, and the Manner of ob-
f ferving them e which yet | doubt is not practicable. That which occurred

to my Thoughts upon thefe Confiderations, was to this purpofe : That fome
circumpolar Stars (nearer to the Pole of the Equator than is our Zenith® and
not far from the Pole of the Zodiack) thould be made choice of for this pur-
pofe. And in cafe the meridional Altitude be difcernibly different at diffe-
rent Times, fo will alfo be their utmoft Eafl and Weft Azimuth, which may
be better obferved than their Rifing or Setting: And this will not be ob-
noxious to the Refradtion, as is the meridional Altitude (for though the
Refradtion do affcct the Altitude, yet not the Azimuth at all and we may
here have choice of Stars for the purpofe; which, In Obfervations from the
Bottom ofa Well, we cannot have ; being there confined to thofe only which
pais very near our Zenith, tho* very fmall Stars.

1 would then take for granted, as a Thing at leaft very probable, that
the fixed Stars are not all (as was wont to be fuppoled) at the fame Diitance
from us, but the Diitance of lbme vaftiy greater than of others | and confe-
guently, though as to the more remote, the Parallax may be unditcernib €,
It may, perhaps, be difcernible In thofe that are nearer to us.

And thofe we may reafonably guels (though we are not fure of it) to be
neareil to us, which to us do appear biggeil and brighteft, as are tnofe ot the
Firjt and Second Magnitude ¢ and there are at leaft of the Second Magnitude
pretty many not far .from the Pole of the Ecliptic (as that in particular m

the Shoulder of the Leifer Bear:) And, in cafe we fail in one, we may tJ7
again

UKD
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again and again on fome other; which may chance to be nearer to us than
what we try firft.  And Stars of this Bignefs may be difcerned by a mode-
rate Telefcope, even in the Day-time * efpecially when we know jufl: where
to look for them.

The Manner of Obfervation, | conceive, may be thus. Having firft
pitched upon the Star we mean to obferve, and having then confidered
(which is not hard to do) where fuch Star Is to be feen iIn its greateft Eaft
or Weft Azimuth ; i1t may be then convenient to fix (very firm and fted-
dily on fome Tower, Steeple, or other high Edifice, in a convenient Situ-
ation) a good Telefcopic Objeft-GJafs in fuch Pofition as may be proper for
viewing that Star. And at a due Difbance from it, near the Ground, build
on purpofe (if ah-eady there be not any) fom.e little Scone Wall, or like Place,
on which to fix the Eye-Glals, fo as to anfwer that Objedl-Glals: And having
fo adjufted it, as through both to fee that Star in its defired Station (which
may beft be done while the Star is to be feen by Night in fuch Situation,
near the Time of one of the Soliliccs) let it be there fixed fo firmly, as not
to be difturbed (and the Place fo fecured, as that none come to diforder It)
and care be taken fo to defend both the GlaiTes, as not to be endangered by
Wind and Weather. In which Contrivance, | am beholden to Mr. John
Cafwel, M. A. of Hart Hall \a Oxford, for his Advice and Affiftance, with
whom | have many Years fince communicated the whole Matter.

This Glafs being once fixed (and a Micrometer fitted to it, Ib as to have
Its Threads perpendicular to the Horizon, to avoid any inconvenience which
might arife from Diverfity of Refraétion, if any be) the Star may then be
viewed from Time to Time (for the following Year, or longer) to fee If any
Change of Azimuth can be obferved.

This | thought fit to recommend to your Confideration, who do fo. well
underftand Telefcopes, and the Managery of them : But when | fuggeft (as
a convenient Star for this purpofe) the Shoulder of the Lejfer Bear (as being
the neareft to the Pole of the Zodiack of any Star that is of the Firft or Se-
cond Magnitude) | do not confine you to that Star e but (without rctraoting
that] fuggeft another ; namely, the Middle Star™ in the Tail of the Greal
Bear, which (though fomewhat further from the Pole of the Zodiack) Is a
brighter Star than the other, and may be nearer to us.

But | do it principally upon this Confideration e namely, That there Is
adhering to it a very fmall Star (which the Arabs call Alcor, of which they
have a proverbial Saying, when they would deicribe a tharp-fightcd Man,
That he can diicern the Rider on the Middle Horfe of the Wayn: And of one
who pretends to fee fmall Things, but overlooks much greater, Vidit Alcor
at non Lunarn Plenam) which Hevelius in his Obfervations finds to be di-
ftant from it about nine Minutes and five or ten Seconds; So that befides
the Advantage ol difcovering the Parallax of the greater Star, if difcernible ;
the Difference of the Parallax of that and of the leiTer Star (being both with-
In the Reach ofa Micrometer) may do our Work as well. For if that ot
the greater Star be difcernible, but that of the leiTer be either not difcernible
or lefs difcernible, their different Diftances from each other at different Times

of
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oF the Year may perhaps (without farther bc 'diiterhed by a ~od
Telefcope of a competent Length, furniili™ with a Microixieter, if carefully
preferved from being difordercd in the Intervals of the Obfervations * and
difcover at once, both that there is a Parallax, and that the Fixed Stars are
at different Dillances from us; wherein, that | may not be miftaken, my
Meaning iIs not that the Initrument or Micrometer ibould be removed for the
obferving of the Leffer Star,.but that (when the Azimuth of the Greater
Star Is taken) by a Micrometer (confiding of divers fine Threads parallel and
tranfverfc) may (at the fame Time) be obfervcd the Diftance of the two
! Stars, cach irom other, in that Pofition (both being at once within the Reach
of the Micrometer) Which Diftance (the Inftrument remaining unmoved) If
It be found (at different | imes of the Year) not to Dbe the fame, this- will
prove that there is a different Parallax of thefe two Stars.

This latter Part of the Oblervation (of their different Diftances at different
Times). | f'uggell as more eafily prafticable, though not fo nice as the for-
mer; Fon,it may be dot>e, | think, without any hnihtt Apparatus
a good I'clefcope of ordinary Form, furnifhed with a Micrometcr, (this be-
Ing carefully kept unvaried during the Interval of theie Obfervations.) And
i"this Part only of the Obfervation (without the other) be purfued, it mat-
ters not though the two Obfervations (near the two Solftices) be, one at the
Eufiern-, the other at the Weflern, Aziirluth (whereby both may be taken
in the Night-dme) for the Difiance muLl (at both Azimuths) bs the fame.
It, after obferving the Azimu:h of the greater Star, it be necefTary to move
the Micrometer for meafuiing its Dilfance from Alcoi\ that may be done ano-

ther Night, (and it is not necefTary to be done at one Obfervation) for that
Diftance cannot be difcernibly varied in a Night or two.

CGramygte X . Sincc. the Pythagorean Syjiem of the World has been revived by Coper-

by Mathematicians accepted for the true one), there
WY. Frjacis  feemed Ground to imagine, that the Diameter of the Earth’s annual Courfe

|> lox. (whith, according to our bsfl Aflronomers, is at leafl 40000 Times bigger
than the Semidiameter of the Earth) mlght give a fenfible Parallax to the
F'ixed Stars, and thereby determine their Diftance. But there are fome Con-

liderarions which'make us lufpect that even this Bafis is not large enough for
that Purpofe.

M. Huygens (who is very exaft in his Aflronomical Obfervations) tells us,
He could never difcover any vifible Magnitude in the Fixed Stars, though
he ufed Giaifes which magnified the apparent Diameter above 100 Times.

Now, fince in all likelihood the Fjxed Stars are Suns, (perhaps of a diffe-

rent Magnitude) we may, as a reafonable Medium, prefume they are gene-
rally about the Bignefs of our Sun.

Let
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Let us then (for Example) fuppofe the Dog-Star to be fo. The DlIftance
from us to the Sun being about loo Times the Sun'« Diameter, it Is evident
that the Angle under which the Dog-Star is feen in Mr. HOygen™s Telefcope*
niuft be near the lame with the Angle of its Parallax to the Sun’s Dithnce*
or Semidiameter of the Earth’s annual Courfe 1 |Ib that the Parallax to the

whole Diameter can be but double fucli a Quantity as even to Mr. lluyens'”
nice Oblervation is altogether inferifible.

The Diilance therefore of the Fixed Stars feems hardly within the reach
of any of our Methods to determine : But from what has been Jaid down, we

may draw fome Conclufions that will much illuftrate the prodigious Vaftnefs
of It.

1. That the Diameter of the Earth’s annual Orb (which contains at leall
160 Millions of Miles) is but as a Point in comparifon of it; at leait it mull
be above 6000 Times the Diilance of the Sun : For if a Star fliould appear
through the aforefaid Telefcope halfa Minute broad, (which is a pretty len-
fible Magnitude) the true apparent Diameter would not exceed 18'", which
IS lefs than the 6000th Part of the apparent Diameter of the Sun } and con-
fequently the Sun’s Diilance not the 6oooth Part of the Diilance of the Star.

2. That could we advance towards the Stars 99 Parts of the whole Di-
ftance, and have only looth Part remaining, the Stars would appear little
bigger to us than they do here: For they would fhew no otherwife than they
do through a Telefcope which magnifies an hundred-fold.

3. That at leail 9 Parts in 10 of the Space between us and the Fixed Stars

can receive no greater Light from the Sun, or any of the Stars, than whac
we have from the Stars in a clear Night.

4. That Light takes up more Time travelling from the Stars to us, than
we In making a Wejt-India Voyage (which is ordinarily performed in fix
Weeks:) That a Sound would not arrive to us from thence in 50000 Years,
nor a Cannon-Bullet in a much longer Time. This Is eafily computed, by
allowing (according 10 Mr. Neivlion) 10 Minutes for the Journey of Light

from the Sun hither, and that a Sound moves above 1300 Feet In a Se-
cond.

X1. Among yovivJrahick Books in the Library of Merton College fi
which you have above forty, which abound with the Do(9:rine and Obferva- accordrtg
tions of the Heavens) in the: lichanic Tables, by the Care of that famous Per-
flan Choaga No/irodmis Tuftus™ | have found it reprefented in a ithort Page, or, edward
what were the Latitudes and what the Longitudes of fome of the principal
Fixed Stars, according to the Obfcrvations of divers Aitronumers. 1 his lit- Kuriington.
ele Canon 1 have enlarged, as you fee, partly from your own Stock, and n. 158/> 567.
partly from others. 1 would not pretend to have done any great Matter in

Vol. I. 1 i this,




this, but that the prefent Age may have fome Notion of the Aftronomy of
the Eall, where it is plain this Science had its firft Original. Certainly there
are many Things that recommend to us the Aftronomy of the Eaftern Peo-
ple: The peculiar Felicity and Serenity of the Regions in which they ob-
leryed ; the Largenefs and Accuracy of their Machines, being fo great that
we can hardly conceive how they applied them to the | leavens; befides the
great Number of Obfervers and Writers, ten Times more than the Greeks or
NLatins X\ boaft of; to which you may add, that their Princes were ten
Times more powerful and munificent, who fupplied ingenious Men with
Wealth, and a neceiTary Apparatus for Celeftial Obfcrvatlons. But what
the Arabian Aftronomers have juftly reprehended in Cl. Ptolomy™ the great
Conftruesor of the Celeftial Art; how diligently they diftinguithed and mea-
fured the fmalleft Parts of Time by Drops of Water, by vaft Sun-Dials, nay
(which you will wonder at) by the Vibrations of a pendulous Thread | how
fkilfully and accurately they were converfant in that great Attempt of Hu-
man Ingenuity, concerning the Extent and Diftances of the two great Lumi-
naries and of our Earth ; are too much for one Epiftle to declare.

A TaVk
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A I'able o ftheprincipal Fixed Stars, according
to the Obfervatio'ns ofthe Antients.

, Ptolomt, .. ... Magna
Syntaxis.

LLLLL

34 .. ........ .. Tluwus* ‘ | S.
© o+ ... .. iew. oo .. Cgjpopeia™s . . ... i
3 .. Perfeus™s. ... .. Nedufa Algol, 2 L
H T = 1 (o (U4 . , S
5 3. ... ..........0rion, RigsL 1 Coe S.

I

: S iieee . .. Auriga, I
7 . Orio7i"s . ... ... . C .S
: - '1.. Doz"Star, Alhabor, . .+« .. < 30 .. S.
9 . ... Little Dog, Algomeifa. L e e
. Lyo’s. .... Regulus, 1 4 - o o e ... N

«4 Spica Virginis, 5
.. 923 Ariurus, : 5 .
<3 . Amares® Scorpiones . . . .. 3 7 0 e e e 4
7
8

S _

'4 . ... . ... .. erpentarius. Z
‘5 P u [- 14 oF

>

i 6 O T h e b r i g h ot S ¢ a r o f t h e Eagle, 2 9 3
5 0
' SNivan
T h e b r i g h t s t a r i n t h e T a i | o f t h e ] 2 10 10
<.

P8 3 T h e b r i g h ot s toa r in t h e R i g h t L e g o f Pegafus, Seat- 2 11 2 10 35
19 . o oo oo oo Vegafus% . .. Algenib, : L
7 .. «.iev. ... .. Perfeus, : 4

5555

27 .. byo’s.. ‘ 4 - A o F
. South Fijh, 1 .. 7 ... S

2. 44 Canopus, ‘ c . o 7.
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y/ '"Table of the principal Fixed Stars™ ac-
cording to the Obfervations of the Antients.

O B~ W N -

Qo ooN O

Aw NDDNDN N ——0O

O© ON O O

Abdorahma-

y/// Aholcafimus. tms Sophius.
A. C. 938. A. C. 964. ~

Long. Latit. Lon{

o / o [/ ¢ o0 /
I[ 50 53 30 O 12 53
20 2U 51 45 O 20 32
12 17 22 45 | 12 22
24 35 5 15 | o5 22
2 1 31 4 2 2 3
6 49 22 50 2 7 42
i3 16 16 45 2 14 42
29 30 39 0 3 0 22
10 40 16 0 g 11 12
H 40 0] 15 4 15 12
8 23 2 6 6 g9 22
8 50 131 12 6 g 42
24 35 4 24 7 25 22
6 53 36 0 8 7 3
O 40 ©61 45 9 0 2
15 53 29 12 0 16 32
20 4 59 3» 10 21 52
14 0 31 10 11 14 52
11 24 52

6 15 30 8 I 17 32
6 40 11 50 5 7 12
10 18 12

2 29 5?2

N ——0O

OLWWDND

©O© oo~N O O

11
11

* He agrees with FiaUmy as to Latitude,

Ehnolalamus.
A. C. 980.
Long. Latit.

9 | 0 /
16 42 53 30
24 9 51 45
15 | 22 45
28 40 § 35
5 55 31 20
10 50 22 5g
17 21 16 45
3 40 39 20
15 45 10 0
18 45 0 15
12 133 2 6
12 55 31 12
28 40 4 24
11 2 36 O
4 45 61 45
20 58 29 14
24 9 59 36
18 54 3 10
24 52 1230
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A Table ofthe principal Fixed Stars, according
to the Obfervations ofthe Antients.

UnED

From the Hacimic Ta-

N — — O O

~wWww NN

O© o~N O o

11

«

bles ;?/Johanides

yEgyptius.
A. C. 996.
Long. Lade.

Q t 0 i
16 20 53 28
24 34 51 50
15 24 22 3¢9
29 7 5 15
5 30 31 35
11 32 22 3
»7 46 16 50
4 2 39 30
15 52 16 2
19 10 0 10
12 58 2 10
13 49 31 33
29 9 4 25
1t 34 35 59
5 O 61 55
20 34 29 10
23 3* 59 38
18 44 a7 12

o Ttmurus. ..., ... ... ..
. Alexandrines,

Choaga Nafirodinus
Tulius, Inthe llchanic

N — —= O O

AW wWwNDN

O© o~ O O

From the Sultanic of

N N —-— O O

Rww NN

6

Tables,
A. C. 1233.
Long. Latit.
0 Q
24 55 51 45
24 35 51 40
16 25 23 0]
29 22 g 13
6 35 31 30
11 10 22 40
18 0 16 50
3 50 39 10
15 45 16 5
19 14 0 17
13 25 | 52
13 0 31 25
29 O 4 ID
11 15 35 &5
4 40 61 5o
20 40 29 15
24  30- 59 50
18 44 3¢ 12
18 55 31 1
21 35 30 O
11 55 11 50
23 45 23 0
3 551 7 O
. Canoptis, ... ..

Ologbec.
A. C. 1437,
Lons. L atit.
Q Q /
15 40 53 45
28 | 50 48
18 54 22 0
2 31 5 If
9 25 31 I
14 43 22 42
2l 13 16 43
6 19 39 3~
18 22 16 0
22 13 0 G
16 10 2 Q
2 16 4 3«
15 13 35
8 g 62 c
24 10 29 15
28 46 £g 42
21 37 30 65>
| 22 12 34
o5 ;2 29 21
i3 49 12 ¢
20 40 21 30
A Tthk
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A T'able of the principal Fixed Stars®
according to the Obfervations ofthe

QW oo~ O OB w PR

From the A r-

noldineCode
In  Gaffen-
dus, for

A.C. 1364.

Long.

Antients.
Abdolgalilus FremihePer- FromthePer-
Segazius z» fian Tablesof fjan Tables™
his Geneth- Chryfococca Pemb. A C.
Jiacs. 1346. Me-
A.C.1261. A.C 1115  lixa 338.
Long. Long. Long.

0 6 45 0 15 10

0 95 2 0 22 5

| 16 59 1+ 14 40 18§ 10
| 29 45 I 27 O % I 30
2 0 57 2 4 50 § 20
21143 2 10 59 13 3
2 19 122 47 0 a0 30
3 4 28 3 2 40

3 16 11 3 14 10 18 0]
4 19 42 4 17 30 9 31
6 3 26 6 11 40 15 10
6 13 47 6 1 0 15 30
7 29 45 7 27 40 § 1 10
8 11 4o

9 5 3. 9 2 20 5 0
9) 20 56 0 18 50 22 20
10 25 - 10 24 10 10 20
11 18 ¢ 11 - 10 20 40

o 27 10

22 2 1 59 ¢

5 11 3 5 13 2
10 23 53 10 22 OO

3 4 3 2 2 10

g, 0]
0 18

N
I
8

13
18

6
17
20

PNO PO

15
14
21

oo O O W W PO

5

22
21
20

O

- O O

30

18
20

4(

A Taole
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A Table of the principal fixed Stars
according to feleci Obfervations.

Fri?;» From Mohammed Sahebodinus Alepen-
of Sa- Tizinius. fis, inthe llchanics™

vil ¢;zwJ]Bod- for A. C. 1436.

ley, about A. C. 1533.

A, C. 750.

Long. Afc. Red:. Declin. 4Afc. Reft.

S.. 0 0 ! 0 ' 0 f

0 12 20 170 17 41 0 132 10

2 86 55 56 41 84 2

3 1 2 50 130 14 39 43 127 44

4 |19 50 153 0 15 43 150 40

5 163 43 o 13 162 20

2 2 1 0 161 20 45 0 198 30

7 2910 173 15 6 28 171 55

8 2 24 50 187 0 15 50 185 45

9 2 6 40 199 0 6 5 197 25

- b 4 50 185 36 8 29 283 40
12 6 410 299 0 22 14 297 4
7 19 20 330 57 22 42 333 O

348 57 13 9 347 5
38 37 5 29 38 32

0o
N
=~

6 9 15 0 21 5 7 24 20 5
36 40 43 50 36 20

18 71 0 25 16 68 &5p
B 88 10 18 23 85 54
20 133 46 47 52 130 20

21 1 5 ] 45 161 20 17 55 259 30
22 68 45 33 5§51 67 25
183 40 51 135 183 30

Declin.
55 45
39 4
20
g 20
44 43
6 5
15 431
15 10
7 3~
33 8
24 12
13 30
4 20
7 3
43 15
24 30
11 30
a7 U
»{ 56
35 2
5 25
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12

13

14
15

16

17
18

19
20

21
22

liable of the prificipal fixed Stars ac-
cording to feleB Obfervations,

trom the Rodolpiiinc T<-

Olaodinus Saterides in the Damaf-

cene tables. A. C. 1480.
Long. Afeenr. Declin.
s o/ o [/ o0
| 1
O 20 34 129 4g 17 0] i.
O 18 16 g3 50 55 50
l 20 4 127 55 38 50
| 3 4 149 50 15 O
iI6> 50 5 JO
2 15 24 157 40 44 40
2 22 24 lyo 10 6 10
4 4 4 184 20 15 45
4 19 44 196 20 6 30
4 24 44 233 30 15 5
6 16 ,, 283 20 7 a0
6 17 24 297 O ., .,
8 2 4 322 O 24 15
9 7 44 4 0 38 30
g 20 H 20 0 7 5
35 10 A 30
11 22 34 68 20 24 0
o 2 34 4 5 11 30
127 20 | 40
5 14 54 ,,, 5 18 10
10 24 ,
i8t

15

51

50

bles® A. C, j6oo. at
the Conftderations 0]
Tycho Brahe.

Long-. Latit.
S. o/ 0 t
0O 21 10 53 30
0 29 35;, 51 14i
| 20 37 22 22
2 4 12¢ 5 31
2 11 37 31 Hi
2 16 16 20 505
2 15 23 16 36"
3 8 35t 39 30
3 20 187 15 57
4 24 17 0 261
6 18 16 1 59
6 18 397 ., 22
8 4 13 4 27
8 16 5090 35 57
9 9 43 61 g7A
2 26 -gmg 29 214
10 29  B3r 59 561
11 23 49t 3. A
0 3 28N 12 35
26 17 30 5
5 16 3 12 18
10 28 Hr 21 O

A Tahit



A Table of the principal Fixed Stan, ac-
cording to the Obfervations of the An-

tients.-

S.
1 O
2 I
3 I
A 2
5 2

co~N O

11
12

3

>5

16

18
19
20

21
22

23

Vol.

nED

O
© 00O OO PhwWWwDNDDN

11
11

10

Long.

O

22
O
11

5
12

17
16

9
21

26

9

19
5

17
10

16
O
24

A
27

16
29

t

O
22

/¢

14
O

10

43
10

15
O

O

30
45

O
40
40
20
40

30

25
20

20
8

O
56

Latit.
o [/
53 30
51 17
22 22
5 30
31 10
22 g1
16 5o
39 32
15 57
O 26
59
31 O
4 26
35 56
6i- 47
29 20
50 57
3» 8
12 37
30 6
12 16
20 59

C
40

50
10

45
30

10
20

30
40

30

40
20

20

40

20
40

Afcenf.

357
41
64

4

12
76

97
110

H 7

196

210
242

259
276

293

307
341

35«
44

172
339

K k

t

44

33
6

32

52

45
30
22

31

ol

10

47
19

31
26

o1

¥
52

53
37

33
54

5((
38

20

18

32
14

38
40

14
32

59

39
48

30

58

0

57
39
15

45
16

13

20

25
12

30

38

44
29

48

16
31

By Ricciolus Bononienfis, In his Ailronomia Reformata.

f

18

36
46

37

36

59
16

20

59

33
52

30
I
15

*9
34

217
20

Declin.

40

30
10

30

50
30

30

30
50

30

30
40

20
40

50
20

30

40
10

A Table



UIED

( 150)

"Tre D 1jlanees of theprincipal Fixed Stars, according

tof elecl Ohfervations.

T S U A U] i
... .......... .. Cgfiopticl™. ...
. Per/eus*s .. . .. M~du/a AlgoL
... ...... BulL
.. Orion, Rt"el®
5., ... .. Aurigar
Orion s

Little Dog, Algomeifa,

Lyojts . .... Ri™nlus,
. Bpica Firgi?iis,
1 ArBurus*
Amares. Scorplon*s. .. .. ..
.. Serpentarius,
Harp,
Eagle.
o Snvan,
. .. Fegafus Zeat
.. Vegaf. . Algenib.
.. Perfeus.
/\T
e e South Fijly,
Cattftpza:.

Scat. , 33 -4 oo SYJan.
t Perfeus”™ ., CapelUr™, . .
Sirius. 4 r5g fxom Aigoj-rmJa. .22,
3 Capilla.
dtPvrfeus. .
freom lhefam.e. 47 .
fvom'Algomti/a. .. Rig$BU-
Regii/us. . e . 3
Spica Virginis. 54 - SNoan. z 39
froth A'jiiirus. o Antares.
AAAAAA AN ulus. _ 5N_49 Che e o - :
coiew s Eagle™, tliG.iion”s Tail . 39
Spica VirAiiis. e T
Seat. - SpicaVirginis. 204
... Hatp. 34 ¢ : S"Nuan.
23 Seat.
Algenib. Y e e
... .. Perfeus. 45 ... .. CaJjiopeia. ™
BulPs Eye:
Spica Virginis»
/\je



The Declinatiom
duflry of the Anuents;

of'eight of the prmctpal Fixed Stars, hy the In-
the noble Tycho

Brahe being alfo con-

fulted.
L Anjtylius.  ~ftmocharis.  Hipparchus, Meneiaus, tioiemy, "lycho,
4 - . Bull'l Eye, 1528
Capella, . - e
Sirius. 15 20 S 1611 s.
Regulas,,
Spica Virginis* | 24 n. O 36 n ... S
.. Arnutas, 31 30 n. 31 . N
13 Antares. 18 20 s, . - S L
. AguUa g 48 n AN c . .4

Longitude o) the Bull’l

Hermes,

Hipparchus. :
Ptolemy. T
Ahomafar,

Thabetus,
Ar%acheL
Alhaianius
R. G*oJlet,

V. ENe/ham”?

Longitude c>/Regulus according to

Hipparchus. :
Ptolemy. Sl
Alhaianius.
Ptoiomak . . .
.. Rigulus . . .
. Racra.

U 1ED

Eye according to

Longitude i“"Spica Virginis according to

fii
NTimocharit. ™ U_(“

Hipparchus. - :
Menelaus. 2 4.

r 2 17

Added to the Ptolomaic Longitudes of
the Fixed Stars, by

IV mundus.
Walter Vigom™

foir il

f I\IICS is d i f t a n t f r o m t h e \em a |

W altti' Vigornicnjisy Cod. 13*

Kk 2
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The Fixed Stars go forward one Degree
Solar Tears,

I. A Ccording to Hipparchus”™ Ptolemy, "Theo, Proclus, and Atfcrganus, loo
2. Tmocbaris Alexandrinus™ who obfcrved Spica Virginis In the
Years of Nabonajfar 454, 466 ; Abdorahnanus Salchius, and D. Petavius,

60x12;
72; Or-------- >and 5 inevery lear.

3. By Johannides jEgyptius, the Compiler of the Tlacimic Tables, 707
4. By Jabias Abomanfor, and ocher Authors of what they called the approved
Ailronomy * alfo by Nafirodinusl'u/ius, Cothodinus Sira/nis, Ologbec Prince
of the Mogols, Xacholgius, Abolphetachus Abene/dra, Maimonides, and

moft of the Moderns — —. 70. and 51", 26™.
5. Chryfjscoccain Perfic. znaAdtron. Angllc An. Chr. 1300— 68.and 52", 23",
6. By mofl: of the Arabian Aftronomers under Prince Mamon  — 66j-.

7. By Abdorahinamis Sophius, Bahoninus Chorcius™ King Alphonfus, Alba™
lanius 01 Racca, (whicli is Callinieos of Mefopotamia) Abdolgaiilus Segazius,

. Ltvi and Zacutus the Jews, and fome of the Maragenfian Obfervers
/0 66. and 53", 33"
8. By Copernicus, McdfiU™ and others upon their Credit,— near 71. and 50".

i 2lll
9. By fome in Chorcius the Arabian — — — 54

j 0. By Tycho Brahe, Ktpler, BulUaldus, from the Obliquity of the Zodiac

23r° 70t\- *nd 51"
'y Longomontanus —. . — —125-

12 By Gall'endus — 704- and 5r". 19", 24™
1 By Rtcciolus in Alir. Reform, from the Obliquity of the Zodlac 23" 30

20", 71.19f°.50".40"",
14. By us, and the Hierophants of die ~Egyptians, 71 .9f menj. 6? 50". 9]™.

fere.
2" PleiagessfA X111, | have a Tube of Feet, furniilied with Convex Lens’s, anda
/enc), In 1671 moit exa(® Tolunley*s Micrometer, with which, in the ferene Nights of the
MY, Flag- of OSlober and November laft pail, | have often meafured the minute

CCA, IN.

. 306i] 3OC2 Diftances of the Pleiades, and that wicii fueh Succefs, that my repeated Ob-
fervations never differed from one another 20", and very ieldom 10". They
are confirmed by die preceding Obfervatior.s of the deceafed Mr. Gcfcoigne,
and the late ones of Mr. Townley (what great Men!) which were performed

In the fame Manner. Thefe rooft concdt Diilances are as follows..

Sar.S

UIED
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Dijlances according Dijlances accordinsx
NMars. Stars.
ToMe 0 Mutus ro Me To Mutusl
/ /7 / f A/ / 1
a b 35 40 a d 18 30 22
a e 27 40 31 e d 26 10 30
e b 20 00 39 d 1 16 25
cC b 121 45 272 a | 18 18
c ¢ 10 00 I f 1 29 04
e g 14 40 f a 23 00 27
C || 55 h a | 23 201
b d 22 04 24 f a 104451 04 1

Jyixe. Mutus adds in his Epiftle to the moil learned Ricciolus (which he
mentions In his Appendix to Jim. No. Tomn. i. Pag. 747) that the Weitern
brighter Star paiTed over the JVTeridian jufl: at the fame Altitude as the bright
Star of the Pleiades. Relying upon which Notice, and the obferved Di-
ftances, | have afiigned their Places to thofe Stars as below | firft having,
given the fame Place and Latitude to the middle bright Star, as the Caroline
Author has thought fit | and the reft alfo being fettled from thence. All
which however, if I might follow my own Opinion in this Matter, 1 fhould
advance three Minutes, or two at leaft: And I fhould aflign them a greater
Latitude from the Ecliptic. At the Beginning of the Year 1672 were
conftituted

Long, b’} N. Lat. mag.

o " " 0
The Weftern brighter Star — — 24 45 15 4 08 51 ¢
Between this and the Northerly Telefcoplc Star 24 46 47 4192c¢c 8
The Weftern and more Northerly — — 24 54 45 4 28 19 6
The higheft in the Quadrilaterum — 25 ol 24 4 20 39 s
The loweil Southern oppofite — — — 25 02 18 9 53 59 6
The middlemoil bright Star — o — 25 1948 4 00 00 g3
That in the Point to the Eaftt — — — 25 41 29 3 55 19 5
rile upper Telefcopic of the Eaitern Stars 95 42 55 3 56 51 7
Another Telefcopic Star — — — — .25 14 04 3 42 37 9

1T
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le Between the Great Dog and the Ship | lately difcovered a Nebti-
K- «3.£565. lous Star, which was very beautiiul to beliold, if it was viewed with large
Teiefcopes*, being compofed of Stars very clofe together. W ith the Lejfer
Dog it divides the Heaven into equal Parts.
EHC%*\ Flam- 2. Viewing the Heavens below the Lejfer Dog, | found a Nebulous Star,
,'bid,p, s;  dbroad and very thick, fet with fmall Stars, | fuppofe this to be the fame as
was dlifcrved by Mr. Cajfini.
tritof ares X1V AN, 1664. | difcovered the firftStar in the Head of Aries to be a
at O double Star, made of two confiderable Srars, fo near as not to be difcovered

Hook.

ebiL cell. n. 4. TWO, but by a Giais of lix or eight Feet long,
loS. Mérg,

gﬁﬁd wren X V. | There arc wanting in the Heavens two Stars of the fecond Mag.
w s. monta-  NItude, In the Stern of the Ship and 1ts Hatches, according to Bayer |3 and
e 7&-&9 J', near the Greater Dog, which were obferved and recognized by me and
| - others, chiefly on occafion of the Comet, An. 1664. To what Year we are

to refer its Difappearance 1 cannot fell; but this is certain, that from the

loth Day of April, 1668, | can no longer obferve any Traces of them;

while the other Stars about them, even of the fburdi and fifth Magnitude,

continue immoveable. | have taken Notice of above an hundred Changes in
the other fixed Stars, but not of fuch Confequence.
By  CaiTmi. 2. M. Cajfmi hath difcovered many new Stars; viz. One of the Fourth

no7a.0. 5200 Magnitude, and two of the Fifth, in Cajfiopeia. He hath difcovered two others
tov.-ards the Beginning of Eridanus, where we w'ere fure they were not yet
about the End of the Year 1664. confidering that this Place of the Heavens,
where paiTed the then appearing Comet, was diligently beheld by many, who
perceived divers others fmall Stars, without obferving thofe two. The fame
lath alfo obferved, towards the Arctick Pole, four of the Fifth or Sixth
Magnitude.
He hath alfo obferved, That the Star which Bayerus puts near that which
lie marketh in the Figure of Urfa Minor, appears no more| that that whicl
Is marked A, iIn the Figure of Andromda, Is alfo'difappeared * that in lieu
of that w'hich Is marked u, at the Knee of the fame Figure, there are two
others more Northward ¢ and that that v.*hich is |, Is vy much diminiihed,;
the Star which Tycho placeth at the Extremity of Andrcmeda’s Chain, aiu
calls it of the Fourth Magnitude, is now fo fmall that one can fcarce fee in
and that which is in his Catalogue the 20th of the Conftellation of Pz/ii-S
IS now no more feen,
~hekno starin 3. On the 24th of {St. N.) 1666, | have obferved that New Star in
M HoeLus Perore Cygni, (which from the Year'1662 until this Time, hath been almoft
K 349 altogether hid) not only with my naked Eye, like a Star of the Sixth or Se-
N. 2173127 yenth Magnitude, but alfo with a very great Sextant, It is ftill in the very
fame Place oi the Heavens where it was imm Ann. 1661 to almoft 1662,
For its Diilance from Scheat Pegafi hath been by me found 35® .51". 20", and
from Marcab, 43° . 10'. 50". which Diitances are altogether equal to thoi;

which | obferved Ami. 1658. the Firft of Ntvemkr. For the DiiIanceSfrigm
ckili
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S'e¢ 2l at that Time was 3.5°. . and from Marcaba 430 . 10'. 2r"
where that former from Scheal exadly anfwers to the Recent; and that fronl
Marcaba *tis true, differs in a very few vSeconds; but that Difparity is of no
moment, fince it ohly proceeded from thence, that this New Star is not yet
fo dillinftly to be feen as at that Time, when it wasof the Third Magnitude.
It Is therefore certain, that it is the feJf-fame Star which Kepler did firft fee
Ann. 1601, and continued till Ann. 1662. He that will obferve this Star,
muft take care left he miflalce the Three more Southern ones of the Sixth
Magnitude | the- highefi: of which is diftant from Reheat Pegafi.”> 36“. 25'. 45",
the middlemoil from the fame 37®. 25'. 20". and the lowell 38%. 4" 30"
An. 1662. |™ov. 28. Tiiac new Star in the Swan’s Brealt, which forn, 1347 557,
fomeTime, from An. 1662, was intirely hid, the Heaven being clear, feemed
as It were to revive.
An. 1666. Sept. 21. It appeared to tiie naked Eye, even when the Moon
flilned, Sept. 24. It was lel's than thofe three preceding in the Neck, and
fcarcely feemed of the fixth Magnitude.
An. 1670. Aug. 26. It feemed fenfibly to increafe, though not yet greater n. es.  10SU*
than Stars of the fixth Magnitude. Sept. 3, It feemed ilill to increafe. 8, We
found it rtill increafing. O”ob. 13, Icjppeared plainly enough.
An. 1671. Apr. 29. It hardly appeared greater than in the foregoing Year, n. i34 i-85>»
for it was equal to Stars of the fixt 1 Magnitude.
An. 1671. Jun. 26. It almoft feemed greater.
An, 1672. March 29. It ilill feemed to increafe.
An. 1675, July 22. It appeared ftill as a Star of the fixth Magnitude.
An. 1677. It was not yet arrived to its former Magnitude, which was n. 154,/ 8»,
that of the third, nor had it attained its ufual Brightnefs and Splendor, as it
appeared In the Years 1657, 1658, 1659; for it did not yet thine but as a
Star of the fixth Magnitude.
Ann. 1681 Aug.. 18. The new Star in the Swafi“s Neck was hardly to be S«
feen by the naked Eye becaufe of its Smallnefs and Obfcurity, yet at lall was™'
found by the Telefcope.
4. 1. Don Anthelme™ zCarthuftan at On the 20th 0i June, I
1670, difcovered a Star of the Third Magnitude beneath thtHead of cygni?™
fituated in the Seftion of the two |Ire|&ht Lines, one of which goeth from n. GSA%Q%O
Lyra to the neareil of the ~.adranglc in the Dolphin™> and the other from the
Eagle to the Star, which ison the Top of the Upper IVmg of Cygniis. He [
fent the News of this Difcovery to M. UAhhe Mariotte™ one of the Royal -
Acacemy., who communicated it to the reft. They all agree *tis a New Star,
though M. B-------- oppnfed it at firft, affirming it to be In Bayerus™s, Ta-
bles  but they prove that Star in Bayerus to be another; giving for Di-
ilinguiiliment thele Meafures.

VA
The bright Star ad Roftrum Cygnt, its Afcenfio Recta 289 22 00 )1121
Declinatio Borealis 27 19 Z0 fo
But this Neiv Star’s Afcenfto Renc- is - 293 38 00
Declinatio Borealis

00 20 >
Longi* E).
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l.ongtiudo bs | 55
Laiitildo 47 28 10
its Diiliince fiom tliat ad Rojlrim Cygni towards Jaculum 3 47 .,
From the Tail of Cygmis 20 54 .,
And from the LucidaLy< 138 = 40
In came to the Meridiuii after the Star in.RolJiro Gygni 16 ,,

AnahtlOi<; N Lucida/lquiLe O 27

In the Beginning of July, this Star was obferved to decreafe: July i1,

ic Icarce appeared of the Fourth Magnitude.
Miig. 10. k was of tlie Fifth, and continued to decreafe till it wholly

dilappeared.
/omo 1671. March 17" D. Anthehne it again of the Fourth Mag-

nitude.
April 4. M. Cafmi found it greater than the two Stars of the Third Mag-’

nitude that ai'e below in the Conileliation ot Lyra™ anda little fmaller than

that in the Beak of Cygnus, but more radiant.
9. He found it a little diminithed, and almofl; equal to the greatefl;

of the two Stars that are below in Lyra.
The 12th, it was equal to the leait of thefe two Stars.
The 15th, he perceived that it Increafed, and found it equal the fecond

time to the greateft of thefe two Stars.
From the 16th unto the 27th, it appeared of different Magnitudes, being
fometimes equal to the biggefh of thefe two Stars, fometimes equal to the

leafl-, and now and then between both.
But the 27th and 28th, it was become as big as the Star in the Swanh

Beak.
The 30th, it appeared a little clearer; and the firft fix Days in May it

was greater.
le 15th of Mayy It v/as feen fmaller than the fame Star.
7’he 16th, 1t was in Bignefs between the two Stars that are below in Ly-
ra: And ever fince the hath ftill diminiflied.
Thus this Star hath been twice in her greatefl Splendor ; firft on the 4th

of Aprils and the fecond time in the Beginning of May.

3 M Havoljus* | write you this to acquaint you with a certain remarkable Obiervation,
| " and at the fame Time to let you know my Mind of the Matter. | mean of
that new fixed Star, almoft of the third Magnitude, about and below the

Swan's Head, and conipicuous among the unformed Stars. Its Longitude is

now 1°.82' 26".isi and Latitude 47°. 25" . 22", as plainly appears by my
Obfcrvations, Jn. 1670. July 25. There is no Reafon to doubt but that this

IS Intirely a new Star, and altogether iInconfpicuous In the Heavens in the

Year 1660- For it happened that inthe Years 1659, 1660, 1661, | ob-

lerved aJmoil all thofe Stars, that appear in the Conftellation of the Swa

with the utmoft Diligence and with proper Inftruments; and fo took Notice]c
0
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of all thofc ahout the Neck ?nd Head, and meafured their Diftances from
jeveral fixe Stars. But | found no Star of the third iVIingnitude in that Place
where the above-mentioned new Star is now to be feen; which if it Juui been
there | muit have feen it. So that, firil, | am fure from hcnce, that in the
Years 1660 and 1661 this Star was not yet vifible ; and then it clearly ap-
pears from Bayer”s Uranometria™ that this now mentioned new Star did noc
appear In the Year 1603, and confequently not to 1%cho™ and much lefs
to Hipparchus. For Bayer would have found a Star of that Magnitude,
fince he defcribes one of the fixth Magnitude not far from it; as may be feen
In his Conileliation of the Szvan. But perhaps you will fay, this Is the very
fame that you call a new one-, for fince Bayer did not obferve the Stars V/itli
proper Inftruments, it may eafily be, that he might err a Degree or two
from the true Place. But this cannot be the Thing, fince that fmall Star
ftill continues in the fame Place’ where Bayer puts it, nor is it greater than
a Star of the fixth Magnitude, as heobferved it. For, as | have Jately found,
it is ditlant from Pegafus’s Mouth 32*.39". 00" .and from Pegafus's Right
Knee 39°.23"'. 45" . Hence its Longitude comes out 00°, 08 .28"". iki, and its
Latitude 46° . 11'. 14" North, to the current Year 1670, in July. Bur the
new Star is diftant from Pegafus™s Mouth 32°. 31'. 25", and from the Righc
Knee of Pegafus 38® , 18 . 50". From which Diftances the Longitude Is
found to be 1°.52' 26 . and Northern Latitude 47°.25"'. 22", So that
this new Star is plainly different from that of the fixth Magnitude obfcrved
by Bayer™ though thele two are not above two Degrees removed from each
other. And from what Is faid it i1s manifeft, that this new Star did not fhine
among the other Stars, neither 1603, mv An. 1670.

When it was firll obferved by me, as to Magnitude and Brightnefs it was
not inferior to the Star in the Eagle's Breaji, unlefs that its Light was a little
more obtufe. As to its Situation in refpeodt of the other Stars, it was placed
Ina Right Line with that in the bending of the upper Wing of the Silban,
and that in the Shoulder of the Eagle ; as alfo with the bright Star of the
Hap™ and that in the Rhombus of the Dolphin, which is the more Northern
of the middle ones. It made an Equilateral Triangle with that in the Head
and Beak of the Savan.

It wonderfully decreafed in the Month of September, fo that on the 14”1

October | could not obferve it at ail with my Sextant, though | ufed all
my Induflry for that Purpofe.

An. 1b*Ji.Apr. 29, 1 obferved again. It exceeded that In the
Beak, and likewifc tiiat in the bending of the lower Wing of the Swan, and
was almoft equal to that in the S'-jjan's Breajt, except that it ihone with a
Light a little more dull and reddifli. But upon what Day it rirll began to
fhine | dare not affirm. This | am lure of, that it was not confpicuous In
the Months of December, January, or even February. For after O™ob. 14,
when It cealed to be feen, | remember | often fought for it in its Place, but
It did not appear. Therefore as far as | can recolleit, it hardly came into
Sight again before the Beginning & March, or rather later.  On April
1 meafured its Diffance from the other fixed Stars, i1t is difl.ant from the
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Szuau's Tail 20°. 55', 20", From the bending of the upper Wing of the
Swan 17°, 47' 50" . From the Head of Serpentarim 34°. 19' 40", fo that
it 1till continues In the fame Place where it was.

N. 134.i. s56.  May iho. 17th, it feemed fomething lefs thanthe Beak, and that
In the Shoulder of the Eagle”™ as alfo duller in its Light 5 but greater than
that in the Point of Sagitta, and almoil equal to that following In the Body
of the Harp.

May 25. It feemed lefs than on the 29th of yipril, when it was firil feen,
fo that it feemed to decreafe. Lefs than that in the Swan’s5 Beak, or than
that in the bending of the Southern Wing * or even lefs than thofe in the
Belly of the Harp and the Eagle's, Shoulder. It appeared hardly greater than
the lefler of the two Iin the Swanh Foot, and tiat in the Breail of the
Eagle.

Jun. 26. It appeared lefs than that in the Swan’s Neck, fo that it had
decreafed notably.

July 3. Lefs than that in the Swan's Neck;and on the 18th ithardly
feemed equal to Stars of the fifth Magnitude.

Aug. 2. It hardly appeared of the fixth Magnitude, nay lefs than all the
other Stars about the Neck and Head of the Swan. It only twinkled now
and then.

Sept. II1. It was not to be feen any more.

N. 8iArao0iss AN 16y2. Mar. 6. | obferved it again; but it can hardly be feen with
the naked Eye.
5{5-4(1(34-/- 857, Mar. 29. It hardly appeared of the fixth Magnitude*, from which Time
to An. 1667. it came no more into Sight, though I often fought for it very
diligently,

~kt Nebulofa 5. Ann. 1667, \njan. The Nebulofa in Andromeda's Girdle (which may
A gre e o well enough be feen by the bare Eye) appeared much obfcurer than the Year

M* Bullialdus.  Defore. In the Months of February and March | did not fee it.
NooNeiw it 0+ 1. Ajjn. 1667. Jan. 20. The New Star in the Neck of the Whale®
collo ceti; oy dId approach to the Bignefs of a Star of the fixth Magnitude, and grew
N bigger afterwards.
Feb. 12.1 faw it at leaft of the Fourth Magnitude.
Feb. 24. It was equal to the Stars of the Third Magnitude, ihining very
bright.
Feb. 26. and 27. It appeared yet to increafe.
ByM. Heveliuis 2. ANN. 166Yy. In the Beginning of January this Star did not appear.
N.25.  460. Jan. 23. | found a little Star of the Sixth or Seventh Magnitude about
N- 1385855 the fame Place where the faid New Star ufes to appear. But it then feemed
to me not the genuine New Star., but another; to wit, preceding the Nelv,
whofe Longitude in An. 1660. was defined by me, r 25° 43" 3", and the
Latitude 14*41- 32"
Feb. 2. It appeared very bright, and that, when the Moon flione, of the
Bignefs of that in the Mouth of the Whale, or Nodo Uni \ from which time

| always obferved it to grow bigger.



( )
Mar. 13; | did ftill find it extremely bright, but could not by my naked
Eye, becaufe of the vivid Crepufcle, and the low Sight of the Star, accu-
rately determine its Magnitude.

An. 1668. 030b. 26. The new Star in the Whale\ Neck was firfl. feen, n. S|s*
but like the fmalleft of the fixed Stars.

Ng-v. 7. The new Star in the JVhale'» Neck was almoil equal to the mid-
dle Star in the Mouth.

An. 1669. Jan. 28. It was lefs than that in the Mouth.

Sept. 26. It appeared like a Star of the fixth Magnitude.

oh. 16. It was greater and brighter than that in the Mouth.

07, 27. It was equal to the bright Star in the Jaw.

JSov. 19. It was greater than that in the Mouth, and lefs than that in the
Jaw.

An. 1670. Aug. 27, It thined with very much Light, and was almoft
equal to the Stars of the fecond Magnitude in the Whale'%Jaw.

Sept. 3. It was very bright, and on the 8th wasequal tot h e J a w .

To the middle of the Month of OFfiober it was almoil equal in Magnitude n. 66.A =0%2.
to that in the Whakh Jaw, and nearly exceeded it in Brightnefs; fo that this
Year it was of the fecond Magnitude, and greater than in the former Years,
excepting An. 1660, when | found it to be even greater than the Whak\ Jaw.
At other Times | do not remember that it exceeded Stars of the third Mag-
nitude. It 1s therefore certain, that it did not always appear of the fame
Magnitude or Brightnefs, however it may be in its greateft Increafe.

Dec. 5. It had fo dwindled away, that it was hardly equal to a Star of n. 34./. 8%*
the fixth Magnitude.

An. 1671. Aug. 14. It was equal to the Star at the Cheek, nay it feemed
to be fomething larger.

Spt™ 12, 1t was equal to that in the Mouth, of the fourth Magnitude.

Oct. 30. It appeared to be hardly of the fixth Magnitude.

Nov. 3. It appeared no more.

An. 1672. Aug. 9. It fhined with very bright Rays, and was greater than
that in the Mouth, and lefs than that in the Jaw.

Sept. 17. l.efs than that In the Cheek, was hardly of the fourth, nay of
the fifth Magnitude, and on the 25th was hardly of the fixth Magnitude.

From about the Month of October to December 23, 1676, It did notonce
come to view, though | diredled my Eyes towards it very attentively, when-
ever | applied myfelf to Obfervations on a clear Night.

An, 1676. Dec. 10. | remember very well, | could not fee the new Star in
the Whale**Neck, though | obferved very many little Stars in that Part of
the Heavens.

Dec. 23. The Heaven being very clear, we faw very plainly the new Star
In the Whale'%Neck, It (hone with fo much Brightnefs, and was of fuch a
Magnitude, that it was not only equal to, buteven exceeded the Jaw of the
Whale.

Dec. 31. It was rather greater than the Jaw, thatis, of the fecond Mag-

nitude.
An, 1677. Jan. 1, It again flione very brightly, rather greater than the
L 12 JVhbale*s
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Irhaie’s Jaw, and rather greater than that in the Extremity of the Wing of

PegafuSy and Marcab™ in Colour and liight not unhke to the Jaw. Yet |
remember to have obferved formerly, when it was of the iecond Magnitude,

th.u it was a little whiter and brighter.
PhU. Coll- An. 168r. Aug. 18. The new Star in the IVhahh Neck this Night, the’

N5 /183 the Moon was full and ihining, was greater than that in the WhaWi, Mouth,
but yet not equal to the bright Star in the Jaw.
lyy M, Cafiin% 3. An. 1676. March. 1 viewed the new Star In the Whalers Mouth,

Ne“ 3/-s65 which had dilkppeared for fome Years, being immerfed iIn the Sun’s Beams,
at the Time of its greateft flilning. Now It plainly exceeds Stars of the thirc

Magnitude.
4. For eight Months before, | have often feen the new Star in the Whakh

r, Flain-
;@M Breall, which was not Icfs than Mr. Caffini mentions.
’ p%m 7. March 10. 1668. Not far from the Star in Endamis”™ which i1s called

irjdanus; the 14th by Bayerus™ there appeared a Star equal to the brighteil of the 4th
| ' Magnitude, almoit in the fame Place where was obferved the Comet of An.

N. 55.~. 6S3.
1664. Dec. 31. which Star was not then feen, nor at other Times elfewhere,
nor is defcribed in any Catalogue, on any Globe or Map, that | can learn;
which therefore | deem to be a Nezv one, that is, of New Appearance.

~ Nwostartn 8. The Comet, Anno 1672, had (on the ifl: oi April., N, S.) paiTed 45

raurus] by peyond the mofl; Northern Star of the Head of Taurus, and was diftant i®

N.8774046. 43'from the Star’ that was neareit to that towards the South. M. Caffini
having confidered thefe two Stars, obferved that the Second is not leis bright
thian the Firil, andyet that Bayerus hath not marked it ; and that at firil fight
It fcems that "Tychohath left it outin his Catalogue : For he puts four Stars
In the Place he calls in ~adrilatero Cervicis-, and he fpeaks not of this, which

*1s the fifth, and maketh, with the other four, an irregular Pentagon. This

Omifiion of Bayerus, and the Denomination which Tycho ufeth to denote thele
Stars, v/hich fui®s not with the Number nor the Configuration that now ap-
pears, do adminirter Caufe to doubt whether the Star in queftion be not one

of thole that appear from Time to Time.

[ afin e A- N N

phcfiiadotfh - XVT.:. Mr. ciijfmi fuppofes, that to the Planet moving in an Ellipfis
R ght Lines are extended from the two Foci, one of which Isthe Line

Qx/)Td ¢y of mean Motion, and the other of true Motion. Now the Conitruflion is this

Mr* Nic. Mer-
"M s the Center of the Concentric | B I 1s perpendicular to R H G.

§5r5.7-,{;-, 11166786_ A Rr - | is the Center of the Ellipfis,
B L D IS the Diameter. L 1 is the Excentricity.
" - gQ are appearing Intervals. [0 = LL

DE,DF, D are intervals of mean O is the Focus; about which the mean
Motion. Motion Is performed | L abuuc

BF, BF,BQ,asalffoDA,D C,DP, which the true.
are Right Lines. IM = IN = LB.

BE cuts D Ainfl; BFcutsDC in M isthe Apogeum, N the Perigeum>
G, B Q”cuts D P InR. B L M the true Anomaly.

RH Gis aRight Line.
Demonjlration. 1. The mofi: illuftrious and Right 'Rtvixtwa Ssth

Bifliop of Saliibury, in his ExL'niir'.ation of the Philolaic A|Ironom%/au has



( )

t3Usnt US 3 Nicthod”™ Trotn the rncsn Anomaly of the Planets belno" given, to
find the true one, which is thus:

C Is the Center of the Ellipfis A E P, F the Focus about which the mean
Motion is performed, S the Focus of the true Motion, A the Apoc”eum,
P the Perigeum, E the Planet, A FE the mean Anomaly, ASE tf true
Anomaly, FET aRight Line, ET = SE. ST Isa Right Lint.

In the Triangle SFT are given, 1. SF, the Diftance of the Focl.
2, FT = FE-|-ES= AP. 3. AFT the external Angle, or the mean
Anomaly, equal to the Sum of the Angles F ST and T. Therefore F S E may
be found, or the true Anomaly, equal to the Difference of the Angles F ST
and T ; thus,

Js half the Sum ofthe SidesF T and F S, Is to half the D'fference of the
fme”fo is the Tangent of half the Sum of the AnglesF ST and T to the Tan-
gent of half their Difference.

But the Halffiim of the Sides F T and FS Is found, by fubftitiuing for
FT its Equal A P, Mhofe half is A C, which added to CS, halfof F S,
makes the Semi-fum A S, the Planets greateft Diftance.

Then 1if from the Half-fum A S be taken the leiTcr Side F S there re-
mains the half-difference of the Sides F A equal to P S, the leaft Diftance of
the Planet. Then from the mean Anomaly to find the true one, the Rule Is.

As A S, the greatefi Difiance of the Planet™ i1sto P S the leaif Diftance™fo Is
the Tangent of half the mean Anotnaly to the Tangent of half the true Anomaly.

Corol. 1. If SE Is continued as far as V, fo that EV = FE, and the
whole SV = Axis A P ethe Angle V of the Triangle F SV will be half
the Profthapherefis F ES, and therefore equal to the half-difference of the
Angles of the mean and true Anomaly, that is, ot the Angles AF E and
A S E. (And the external Angle A F V isequal to half the Sum of the fame
Angles AF E and ASE) by taking away the Semi-difference V F E from
the greater A F E ; whence arife thefe two Analogies,

1. Asthe Sine of half the Sum of the mean a/td true Anowalies A F \, to
the Sine of half the Difference of the fame V | fo SV, equal to the iranj-
verfe Axis A to S F the Difiance of the Foci.

2. As the Sine of half the Sujn of the mean a}id true Anomaly A F V, to the
Sine of the true Anomaly™ FSV-, fo 1sSV, or the Axis AP, FV the
Subtenfe of the true Anomaly ; andfo Is the Semi-axis A C, to the Semi-fubtenfe
NXCerkFX. . .

Corol, 2. If in the fame Triangle F SV, from the middle Point X 01 the
Subtenfe F V, be raifed the Perpendicular X E ; it will divide SV into two
Parts, one of which V E Is equal to the Line of mean Motion F E, the other

SE i1sthe Line of true Motion itfelf.

2. Let a be the Center of the Concen- ¢dh s the Angle of half the true
tric chfi. Anomaly, and

cad the Diameter, and likewife the dci1the Angle of half the mean Ano-

Line of the Apfids.
ch the Arch of the true Anomaly, to C! ana/dh are Right Lines, whic Lin*
which anfwers, terfcdt one another in g.

di the Arch of mean Anomaly; therefore |

From

Fig. NQ.
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From the Point of Interfeclion g let Y®N\\gb perpendicular to c d\
Then db.bg".". Radius . T ang. hdg or cdh. i
And cb.bg".: Radius . Tang, beg or dci.
Therefore dby. Tang, cdb = bgy. Rad. =:c bx Tang, dcil.

Wherefore db .cb :: Tang- dci.”Lang. cdh.
That i1s, db will be to cb, as the Tangent of half the mean Anomaly to the

'I'angenc of half the true Anomaly : And therefore by the Rule above-men-
tioned, as the greateil Diftance of the Planet to the leail Diftance. There-
fore db will be equal to die greateil Dillance of the Planet, cb will be equal
to the lead, and a b 10the Eccentricity..

And fince the fame Thing may be demonftrated in the fame Manner of
all the other Points of Interfedtion, that is, that Perpendiculars from them
to the Line cd will fall upon the Point  ’tis neceffary that a Right Line
joining thofe Interfedtions muH be congruous with the Perpendicular bgf.

3. Drawing the Diameter /& make the Arch A/rrr; and draw Kc
and b I cutting one another inp. From h upon bgf\<tt filll the Perpendicu-
lar hr, and the fune is parallel to the Line of Apfids c¢d. Then the Angle
rbs wW b the half-diaerence of the Arches of the true Anomaly cb and
eof the niean di. Then from the fame Point b let the Right Line 164 be
drawn, making an Angle with kb equal to the Angle rbs, and meeting
the Line of Apfids In then the Angle ah of the Triangle b will be
the Meafure of the Arch cb, or of the true Anomaly; and jiba the half-
difference of the true and mean Anomaly, by Conftrudtion e and the external
Angle c”b (equal to the two internal and oppofite Angles ~ab and 8,
and therefore compounded of the true Anomaly a'nd its half-difference from
mthe mean) will be the femi-fum of the true and mean Anomaly. Therefore
by the firft Analogy of the iiril Corollary, as the Sine oi c”b to the Sine of
pa, fo is Radius to the Excentricity » But we have demonftrated
above, that ¢ isequal to the Excentricity. Therefore the Point (51Is con-
gruous with the Point b.

Then from b let b1 be raifed perpendicular to bb. | fay, that tiiis being
continued wiil fall upon the Point of Interfeftion p. For the Triangles rhs
and bb t are fimilar by Conftrudion. Wherefore alfo the Triangle bp k is
fimilar to the Triangle bgi.”™ fince the Angles pkl and gib, infifting upon
mthe ikme Arch.ci», are equal ¢as alfo the Angles A.nagh 1 are equal, as in-
filling upon equal Arches kl and 1d. Therefore the third bpk is equal to
the third bgi. And froin Equals p bk and g b1 taking away Equals bht
and r bs, there remain Equalspbb and gbr . Whence | argue thus, srb
==.tbb, 2LArbs=:bht therefore bsr —b t® and therefore the Com-
plements of thefc to a Semicircle are equal, thatis, rsiz=ibtk, znasig="
t kpi  Therefore ANolig 5= kf t, which being taken from Equals 1gb and
kp b, there remains hgs:=:bpt., andgbr —pbb. Thereforealfobrg =
bbp. But IS a Right Angle, and therefore alfo bbp Is a Right Angle.
And fince by the Conftruction bb t is a Right Angle, thence t ONNWmake
a Right Line NNNDbp. And fince the fame Thing may be demonftrated
after the fame Manner of any other Intcrfedion of Lines from b and £,

drawn to congruous Points of the true and mean Anomaly ” it is plain, that
not
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nor only tho P.'glit Line thatjoins the Interfedions, will pafs through the
Poifit h. bur alfo the Line b b will be perpendicular to the fame ioinino- Line
SIEB. ° -

Corolhry. If from any Point of the true Anomaly, fuppofe  to the cor-
refponding Point 1 of the mean Anomaly, a Right Line hi be drawn; b f
perpendicular to cb  being drawn from the Center of Excentricity  will
cut hiin  in the Ratio of the Line of the mean Motion to the Line of the
true Motion.

For by the latter Analogy of the firft Corollary, hb\s the Semi-fubtenfe
therefore by the fecond Corollary, a Perpendicular ht erefted at b cuts the
Diameter hk in /, in the fame Ratio that the Line of mean Motion has to
the Line of true Motion. Thereforer | or¢/cuts the Line hiin the fame
Ratio in s\ bccaufe of the Similitude of the Figures tbhkfhb and sr hig hr
juft now demonftrated.

But from the above-quoted Method of the Right Rev. Dr. TVard™ for
finding the firil Inequality, it will not be difficult to produce ilill another
Way of inveiligating the Apogeum and the Excentricities, which is not lefs
direft and Geometrical, and admits of any Number of Obfervations * which
| ihall explain in a few Words. The Lovers of Aftronomy may find feve-
ral Ways In the Right Rev, Author’s /Nlrommia Geometrica™ to which

therefore | refer them. But now

Let land d be the two Foci of the Ellipfis, tand utwo Points of the Fig, 1as.

Planet’s true Motion, /« an Arch of the Ellipfis, which from | is viewed un-
der the Angle tlu™ and from d under the Angle tdu-, alfo the Diflance of
the Foci Id\s viewed from t under the Angle dt I, and from u under the
Angle dul. | fay, the Difference of the Angles tin and tdu\?, equal to the
Difference of the Angles d11and dul.

For fince all the three Angles of the Triangle lux taken together are
equal to all the three Angles of the Triangle when taken together, if
from each be taken away the equal Angles Ixu and dx the Sum of the
other two ulx  lux will be equal to the Sum of the others tdx dt
and if from thefe equal Sums be taken away Unequals, that \%ulx from the
former and tdx from the latter ; the Difference of the Remainder lux and
dt Xwill be equal to the Difference of the Angles taken away ulx and tdx.
Which was the Thing propofed.

With Center /, and Diftance of the tranfverfe Axis m», let a Circle ab ¢
be defcribed, whofe Arch ab Woagain viewed from /under the Angle alb,
and from d under the Angle adb. Alfo the Diftance of the Foci /i/is
viewed from a under the Angle lad., and from b under the Angle Ibd.
Therefore again the Difference of the Angles alb and adb\% equal to the
Difference of the Angles lad and Ib d. But by Carol, I. the Angle lad Is
half the Angle lud, and the Angle Ibd half the Angle /1d. | herefore
the Difference of thefe Angles la d and Ibd is equal to half the Difference of
the Angles lu dand Itd. Therefore alfo the D.iference of the Angles alb
3nd adb is equal to the half difference of the Angles uiland ua/, the for-
nier of which Is the apparent Interval of the two Obfervations™ and the latter
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Is the Interval of the mean Motion. Therefore the Difference of thefc In-.
tervals being given, half this Difference Is alfo given, or the Difl'erence of
the Angles alb and adb. But alb\” the fame as the given Angle
ditrefore the Angle abd\% alfo given, under which the Arch ab"i3 viewed
Ijom d.
" In a like manner it may be iliewn, that the Difference of the Angles
/ly and tdy is equal to the Sum of the Angles lid and /jd; alfo the Dif.
fcrence of the Angles blc and bdc ‘sequal to the Sum of the Angles Ib d
and led. And fince /;;/1s half of // and led halfo"tly d\ the Sum of
Ib d and Ic d will be equal to half the Sum of the Angles Itd and ly d that
IS, the Difference of tle Angles blc and hdc will be equal to the half Dif-
ference of the Angles tly and tdy™ of which the firft is the apparent Inter-,
va) of the two Obfcrvations, and the latter the Interval of the mean Motion.
Tiierefore the Difference of thefe Intervals being given, halfof this Difiierence
Is allb given, or the Difference of the Angles blc and ; dc. But blch the
lame with the given Angle tly\ therefore the Angle bdc is alfo given, un-
der which the Arch bc viewed from d.

Whence It appears, that the mean and apparent Intervals of the Obfcrva-
tions being given, the Angles alfo are given, under which any Archcs of the
Circle abc are feen from d, which Arches are intercepted by Lines of the
true Morion. [I'herefore by Herigon”>s Theory of the Planets, lib. 1. cap. 3.
Prop. 12. Scboi. 1. fo many Segments of a Circle may be defcribed, capable
of receiving Angles under which thofe Arches are viewed from ¢/ all which
Segments will interfe;t one another in d. Therefore by this Method the
Apogees and Excentricities of the Planets may be found by a Geometrical
Delineation, and applying any Number of Obfcrvations; Nor is ic more
difficult co draw Circles than Right Lines.

But to grant what is true, that Mr. Cafin'r%Geometrical Delineation s
fomething more expeditious 5 it is however to be feared, that If we purfue
that Exadnefs required by Anronomers, it requires Diagrams of an enor-
mous Size, and thereby becomes more operofe than the Calculation itfelf.
But If we make ufe of this, we 1hall find both Methods to be equivalent.
Now left any one ihould think, that the Difference from the Truth, of the
Apogeum and Excentricity found by either Method, Isto be imputed to an
Error of Calculation we thall now difcufs the Hypothefis itfelf.

The Invention of the Elliptic Orbit without any doubt is owing to Kep-
ler | but to determine by what Degrees of Acceleration and Retardation the
Planets move, does not lefs belong to the completing the Hypothefis, than
to determine the Orbit itfelf. Though from Mr. Cdffini's Words, or thofe
of his Interpreter, it no where appears; yet it is plain from his Conftruftion
of the Problem, and from his Analyfis, that he fuppofed the Planet, if feen
from the upper Focus, to move with an equable Motion. This was becauie
Kepler thought the fame, as may appear to thofe who will confult his Writ-
Ings. But when he perceived that this by no means agreed with the Obfer-
vations, he changed his Opinion, and efpoufed this, that the L.ine of the

Planet’s true Motion defcribed equal Elliptical Areas in equal Times. But
that
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that Point from- whence the Planet may be feen to proceed cxadly wich an
equable Motion, is no where to be found In the Univerfe, unlcf® we have, a
Mind to make it fluduating. Yet no Point comes nearer to this equable
Motion of the Planet, than that of the upper Focus of the Elljufis. Nor is
any one yet found that will deny, but that Kcpler™s Area’s facisfy tiie
PhiEnomena; but fince neither he himfelf, nor any one fmce his Time, has
neen able to exhibit them by a diredc Calculation, lbme have been apt to
nlame Kepler, as laying too great a Strefs upon Phyfical Caufes, and thereby
departing from Geometry. As though Phyfical Caufes can be contrary to
Geometry, or as if the Problem is lefs Geometrical which 1Is thus propofcd,
without making any mention of Phyfical Caufes: The Area of the I'rilinium
heing given, which is comprehended between the Lines of the Apftds, -of the true
Motion, and alfo the Elliptical Arch; to find the Angle at the Sun. They
that obje<3: to this, a departing from Geometry, may take Kepler*s An-
fwer e Let them go and folve the Problem.

But though Kepler was fo fcrupulous, as not to give up an Hypothefis
v/hich, he was fully perfuaded, obtained In Nature, yet it may be free for
others to make a Tryal, whether any other Way may be found, by which
the firft Inequality of the Planets may be inveftigated by a dired Calculus,
Therefore the learned Bullialdus undertook to fearch out by Geometrical
Reafonings, In what Path, and with what Degrees of Intenfion and Remif-
fion the Planets might be urged, fo that by the Rule of equable Motion
which was aiTumed by the Aftronomers before Kepler, we might be brought
to that Inequality we behold. The Monuments of that great Man are Uill
In being, whence the Lovers of Aftronomy may be informed of his whole [
Method. The Right Rev. Seth Ward has embraced the fame, and is the
firft that has thewed, that it performs the fame Thing as a Line of equable
Motion revolving about the other Focus of the Ellipfis. He has alfo fupplied
It with a dired Method of Calculation, the fame which we have recited a
little before. So that nothing feems to be farther required, than I Ura-
iia would profper fuch happy Attempts. And in her Name it was that the
Illuilrious Count Pagan, ina Treatife publithed two Years after, of the fame
Tenour, ventured fo far to aiTert the Truth of this Hypothefis, as to chufe
to afcribe to the Ignorance of Aftronomers that Difcrepancy that was difco-
vered about the Odants. But the learned Bullialdus judged it fafer to hear
Aftronomy herfelf, fpeaking as it were by the Mouth of Obfervers; and by
his fecond Endeavours he exterminated that Difcrepancy, by a certain Limi-
tation v/hich he annexed to his former Difcoveries. Whence we may finally
conclude, that this Hypothefis, on which Mr. Cajftni has founded his Inve-
ftigation of the Apogee’s and Excentricities, is fo far removed from the
Truth, as to make Bullialdus's> Lim.itation necefiary ; and from that Defcd

proceeds the Difagreement between the Calculation and the Heavens them- i
felves.

2. The Annual Motion of the Earth through the Ecliptic occafions an e
Optical Inequality in the Motions of the other Planets, which is well known aug. an. 1676.
to Aftronomers that embrace the Copernican by the Name of theN. Iss.)». es].
Vol. |. * L1 Paral-
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Parallax of the Orbit. And this Inequality, which without much Labour is
derived from Obfervations, | lay down as the ftrongeft Foundation of the
following Method. In which, befides Obfervations, nothing elfe is fuppofed,
than that the Orbits of the Planets are Ellipfes, and that the Sun is placed iIn
the common Focus of all the Orbits ; and laftly, that the Periodical Times
of them all are fo well known, that no Error can be perceived at leaft in
two or three Revolutions. Thefe Things being granted, firft I muft begin
with the Motion of the Earth, which i1s neceflarily required to account for
the Motions of the other Planets.

Let S be the Sun, A BCDE the Orbit of the Earth, P the Planet
which for many Reafons is chiefly to be preferred for this Purpoie, And
Hrft let the true Time and Place be obferved, when Mars is oppofite to the
sun  for then the Sun and Earth coincide in the fame Right Line with
Mars: or, if he has Latitude, (which almoft always happens) with that Point
where a Perpendicular from Mars falls upon the Plain of the Ecliptic. Thus
In the Scheme S, A, and P are in a Right Line. Again, after 687 Days
Mars returns to the fame Point P where- he was oppofed to the Sun in the
former Obfervation ; but as the Earth does not return to A till after 73
Days, in B it regards the Sun iIn the Line S B, but Mars in the l.ine BP ;
and the Longitudes of the Sun and Mars being obferved, all the Angles of
the Triangle PB S are given, and PS being fuppofed 100000, Iin the fame
Parts the Length of the Line SB is found. In like manner, after another
Period of Mars”™ the Earth being In C, the Line S C is found, and fo like-
wife the Lines SD, SE, SF e and the Differences of the obferved Places of
the Sun are the Angles at the Sun ASB, BSC, CSD, DSE. Thus we
come at laft to this Geometrical Problem, ~hree Lines being given both in
_ength and Pofttio™ meeting in one of the Focus's of an Ellifjis, tofind the
_eyigth of the tranfverfe Diameter™ and the Dijiance of the Foci. The Refo-
ution of this Problem may be extended alfo to the other Planets, if, after the
Theory of the Earth’s Motion is known, we find out (according to the Me-
thod propofed by the Right Rev. the Bifhop of Salisbury in his Geometrical
Aftronomy, Lib. 2. Part 2. Cap. 5.” three Diftances of any Planet from the
sun with its Pofitions. Now becaufe the Biiliop fuppofes the Planet fo to
move Iin its Orbit, that in equal Times it compleats equal Angles at the
other Focus of the Ellipfis, and upon this Suppofition builds his Calculation ;
it will not be improper to fhew how the fame Thing may be done without
that Suppofition ; which Obfervation obliges us to rejeft.

Let S be the Sun, A L B K the Earth’s Orbit, P the Planet, or the Point
In the Plain of the Ecliptic marked out by the Perpendicular from the Pla-
net ] A B the Line of the Earth’s Apfids. Firft let the Longitude and La-
titude of the Planet be obferved, and alfo the Sun’s Longitude from the
Earth in K ; and after a Period of the fame Planet, the Earth being in L,
Jet two Pofitions ofthe Planet and the Sun be again obferved as before. Now
from the obferved Longitudes of the Sun and the Earth’s Aphelion are gi-
ven the Angles ASK, A SL, and confequently the Sides SK, SL. Now
In the Triangle K S L are given the Sides K S, L S, and the Angle K S L ;

required
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required the Side K L, and the Angles SK L, SLK Thm In fi. -r.
angle K L P are given KL, K P L the Difference of the obferred Lni»t
tudes of the Planet, and P K L the Difference of the Ane; SKr 1ft
found, and of SK P the Planet's Elongation from the Sunt& firlfOh}
vation ; required L P. Then in the Triangle L SP a% « K Q5

f” 'k Planet’s Elongation froS the Sun in the
fccond Obfemtion 1 required the Side SP and the Angle L S P e which be

1"® AT Iy _ .Tangentof th?Latitude obfetved.i

L, to the Tangent of Inclination or Latitude to the Sun | and as the Co finp
of Inclinat on to Radius, fo 1s SP, the curtated D iftaC co ; ,ue d”!
ftance of the Planet fiom the Sun. So at Jail we have found the defined Po-
fition and Longitude. It remains to thew, how from three given Diftances
from sun, with the intercepted Angles, to find the middle Diilance
with the Excentricity of the Ellipfis.

Let S be the Sun and S A, SB, SC, three Diftances in due Pofition,
and drawing A B, B C, Jet A B be the Diilance of the Foci in an Hyper!
bola, and SA SB ™ E H bDbe the tranfverfe Diameter. Thefe Thinc”s
being premifed. Jet that Hyperbolical Line be defcribed, whofe internal fS-
cus 1s at the Point A, and the Extremity of the longer Line S A. In like
manner let B, C, be the Foci of another Hyperbola, whofe Diameter is S B

SC — KL ; from which let the Hyperbolical Line be deicribed, havine
Its interna Focus at the Point B. 1fay thefe two Hyperbola’s thus de-
fcitbed will mterfed one another in the Point F, which is one of the Foci of
the Elhpfis required ; and drawing the Line FA, F B, or F C, either SA

A AR SC-{-F C, will be equal to the tranfverfe Diame-
ter, and SF Is the Djftance of the Foci. Thefe being fuppofed, the De-
kription of the Ellipfis will be very eafy. But whereas the Reafon of this
Conftruclion may not be obvious to every one, 1t will not be improper to

give fome llluilration of it. 1 fay therefore, that from the moft known Pro-
nerty of the Ellipfis, *tis SB  FB = SA-4FA, and tranfpofing the

Parts of the Equation FB— F A SA — SB, fo that though we did not
know F B and F A, yet their Difference i1s equal to SA — SB, thatis, to
EH. Andfince it is from the Nature of the Hyperbola, that it has any
two Lines from their Foci to any Point in the Curve, conilantly differing
by the Quantity of the tranfverle Diameter| it is plain that the Point F Is
fomewhere in the Curve of the Hyperbola, whofe tranfverfe Diameter Is
equal to SA —ISB, and its Foci A and B. In a like manner it may be
demonilrated, that the Point F is in an Hyperbola, whofe DLimeter Is
SB — SC, and its Foci B and C* Therefore it muft neceiTarily be in the
inrerfefiion of thole two Hyperbola’s, which, as they interfedl one another
In one Point only, plainly thew where the other Focus of the Ellipfis required
muft be.

Now that the fame Thing may be performed Analytically, fuppofe it
done, and let FB = a, S«— SB= FB—F A=, AB= ¢ SB —
SC = FC — FB d BC 7/, and let the Sine of the Angle ABC = §,

and the Cofine of the fame = s.

|l 12 Then
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Then c.I>:2a— . ) BD, by 36,
7 Ud“f“dd ff—1ad dd
3. Eucl. And/.d:: la-~d. --—--- ] - >"and )7/ BG, by
| | | cc— bh
the fame. Now to abbreviate the Calculation, inake 2 ¢ g, and
ff—
i A h', alfo make 2/dd k, and y .. Then BD h and
BG= — la. And becaufe in every

{Tcutrgtd } Triangle the Square ofthe Bafc is equil to the [

of the Squares of the Sides, and of the double Reftangle of the Sides into
the Cofine of the contained Angle ; it will be gg ‘A”™igha-\‘hhaa-\-kk
— ~kla-\-llaa-\-igks — 2glsa-\-Q.khsa — 2hlsaa\%equal to the
Square of D G. But D G is equal to the Sine of the-Angle DF G or D BG
drawn into F B or ;(for F B D G i1s a Quadrilaterum infcribed in the Cir-
cle whoie Diameter is F B) therefore SSaa—gg-\-igha-\-hhna-\-kk
— 1kla-\-llaa'-\-2gks — 1glsa i1khi1ta— 1thlsaa\ Which E-
guation is eafily reiblved, fince it does not exceed an afFeded Quadratick,
and 1s always compofed of thofe Squares and ReiStangles, Yet the Signs -p
and — , becaufe of the different Conftitution of the three Lines, muil be ap-
plied to the Reodlangles with good Caution.

Tredbloutyar ™ XV LI 1. jIn. 230. before the Birth of Chrift™ Eratojihenes found the Ob-

«rim \btobfer-  UquUIty ofthe Ecliptic, 23° .51, 19" 31" .5
"ArnTri-Tnr according to him the Diilance of the Tropicks was of the Circle of

E(TBernard.  thc Meridian, or 47°-ff* Plolemy”™s Magna Syrlaxis, p. ik 21. Wherefore
. An. 1684. Eratojihenes*™ Obliquity was lefs than Ptolem{” by only of a Second,

N . |65 />. 7Z1. y « ?
““' ‘which IS a very contemptible Difference.

Eratojihenes according to Cleomedes ("as derived by Ricciolus) makes it 23
Degrees, and 46 Minutes befides.

Eratojihenesy as corredted by Ricciolus., 31', 5". (above 23°).

Hipparchus (140 Years before'has retained the Obliquity of Erato-
jlhenes. Ptol. Mag. Syntax,p. 18. and/). 60.

Theo, as raken more exadly, 51' 19" .31"" 5",

Yet the Chovarejmic Tables, compiled 830 Years after Chrijl, exhibit the
Canonic Obli U|ty of the Alexandrians., accordins to a Latin Manufcrlpt of
D. Hatton, 51" S

Pytheas I\/Iafflllenfts., 324 Years before Chriji., (in Ricciolus) 52'. 41",

Arijlarchus, before Chriji 280 Years, by the illuftrious SavlU’s Computa-
tion, 51°. 20"

Arijlarchus, as Ricciolus has deduced it, 30'. 00",

Strabo the Geographer, p. 93. 30 Years after Chriji, makes it §Vof a
Circle, or above 23®, Yyet I more, or 60 .

Nor ocherwife Geminus”™ In Qhrijt™ Time, Chap. Iv. Elem. Ajlron. And
| atius,
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latius, cap. 26. and Proclus of the Sphere. And the Aftrologers In Nod-
damus the Arabian, Ahraham Abenefdra, &c.

Noddannis the Aftronomer, who flourithed about An. Bom. 1200, takes
Notice, that the Obhquity was never ohferved greater than 24 Degrees, nor
lefs than 23° . 33", and yet that it continually decreafes.

Claud. FtoUmeus., after Chriji 14c. having often tried it with his Ring and
his Table, always found it nearly the fame with that of Eratofthmes.” 51 .20".

For the Diftance of the Tropicks was between 47] and 471. But he
chofc for his little Table 47“.42' 40", p. 18. 20, 21, and
27. He took nearly the middle, 23“.51". 20" \ nor otherwife in his Hy-
jothefes of the Planets. But”~Theo iIn his thorter Tables, for the Sake of
expedition, omits the Seconds. But Ricciolus i1s miftaken, when from the
Climate of Rhodes he deduces the Meafure of the Obliquity for Ptolemy to be
23Pa|cigpus of Alexandria™ (390 Years after Chriji) I. 6. Theor. 35. by Riccio-
lus 30.

Pappus”™ as Fr. Com'inandinus computes it, 50'. 00" . 00 "

STAii?, (after Chrifi 370 Years)  88. more accurately, 51'. 20". 00",

Elfewhcre in a round Number, as 57. and frequently in his thorter Ta-
bles noc yet publiilied, 51'. 00" .00".

Ahnamon the Prince, An. Chriil. $25. of the Hegira 210, makes it 23°.
35'. Grav. p. 44. from Ehn-Shatir of Damafcus.,, MS. Selden. many Aftro-
nomers afiiiling him.  For lb Abenefdras relates, MS. Lat. in the Archives
of Digby. Allb an uncertain Aftronomer in Archiv. Seld. affirms, that Jabia
Ebn Albimanfur, with many other Philofophers, in the Time of Almamon™
found the Obliquity to be by Obfervation 23°. 35"

The moft learned Al Noddam., in his Commentaries upon the Ailronomi-
cal Works of Hofein Nifaburienjisy fays the fame Thing of the Obfervations
of Ahnamon. To which he adds, that in the fame Age Beni Mufa often ob-
ferved the fame Meafure to be 23*. 35" in the Neighbourhood of Bagdad.
MS. Arab. Coll. St. John Oxon. And this was approved by moil of the
Aftronomers that fucceeded. At leaft Alfergamis acquiefces In 1t in his
Aftronomy, Chap. 5.

Mohammed Ebn Gaber Al Baianius (or Baiegnius) at Racca”™, according to
Riccithis, An. Dom. 880. Savil. 890. Graviusp. 44. S82. of the Hegira, 269.
He died In the Year of theHegira, 317. An. Bom.929. In theHiftory of
Abolfaragus, p. 191, 35'. ¢co".

Al Batanius In this Afikir makes no Scruple of preferring his own Obfer-
vations before the W ords of Ptolemy, cap. 4, and fays, that being aflilied
with a very long Albidada, or Parallaclical Ruler, in Relemblancc of thole of
Ptolemy, with great Care and Diligence he found at Racca, that the Diftiwce
of the Tropics was 47° . 10", (that is, 59® . 36'— 12" 26) and therefore
the Latitude of Racca was 35'* 5 which yet Ulocbeg makes 36%“. 10 ; Schic. -

ard in Curtius, {p. 33.) and Ricciolus make it 36°. .
rhabet Ebn Corra, Ricaolus, An. Bom. 1210.more truly 901, m

the 289. of the Hegira) found the Obliquity to be 33'. 30" s\
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Ji;id Hofein Ebn Suphty 35'. 00",

Abul 1IVaffi Albuziani, and Abn Hamed Saganien/is, a yer/ ingenious Pcr-
fon, (A. D. 987. 377.) at Bagdad found the Obliquity to be very near
35",

So a Perfian Author in the Archives of Selden™ 35’

In like manner the Perftc Tables of Cryfococca™ 35",

AlBatrunius Abul Rihan, {A.D, 995. of U\tHegira s- “bolfaraglus
puts him at 463. of the Hegira™ ox A. D. 1070.) maae ufe of a Quadrant
whofe Radius was 15 Cubits {Grav. p. 54. from an Arabic Book of Birunius)
35But Abu Joafer Alchazan”™ with his Affociate Abufaldus Harwanenfis at
Edeffa™ and others of that Age, {A. D. 970,) obferved that the Obliquity
did not quite come up to 23° .35, but was fomething lefs.

Almac?i Son of Almanfor (A. D. 1140. Ricc.) 33'. 30". But according to
Clavius and Maftlin he made 1t 33' only.

Ifmael Abulfeda Prince of Hama, (A. D. 1311 of the Hegira 711 | In his
Manufcript loables Arab. Coll. St. John, retains 35'. 00" . perhaps on the Au*
thority of Almamon.

Prophaiius the Jew, (A. D. 1300, Ricc. 1303. Majllin in Curtius p. 40.
230 Years atGXArzachel, faith Copernicus) and in Ricciolus, and a Manu-
fcript of Merton College, 32'. 00",

Abu Mahmud Al Chogandi, (A. D..992. of the Hegira 382.) in the Time
of Fecrodaula™ with a Sextant whofe Radius was 40 Cubits, and the Limb
mes divided into Seconds, found the Obliquity lefs than it had ever been

£ taken by any of his Anceftors; thatis, 32'. 21",

YIoAcQ Noddamus the Aftronomer affirms, (‘MS. Coll. St. John) that the
sun’s greateil Declination was hardly ever found lefs than 23®. 33'.

Arzachel Ol Spain, (Grav. p. 44. A. D. 1089. of the Hegira 2. Ricc*
1070. Mafilin in Curtius, p. 35. 1075. Copernicus, 1 3. ¢. 6. 190 Years
after Al Baianius) has propofed the Obliguity 23°. 33'. 30". So MS. Cadll.
Mert. Oxon. where it is faid, that there is a Difference of 17'. 30". between
the Obliquity of Ptolemy and that of Arzachel.

J At Maraga the moit noble Perfian Chojah Nafiroddinus Tufenjis™ A. D,
1629. of the Hegira 668. fbut Grav. p. 44. 1261. Hegir. 660 ) obferved the
Obliquity moft accurately, and found it 23 ®. 30", 00".

This Is the leaft of the Sun’s greateft Declinations, that has been found 'to
this Day, fays the very learned Commentator upon the Afironomical Works
of Hofein Nifaburienfts.

Ebn Shatir Damafcenus, MS. Seld. A. D. 1363. fays that he correéled the
Obliquity, not negieding the Sun’s Horizontal Parallax, which was found
2°. 59". Hence the Sun’s greateft Declination, 23°. 31' . 00"

Olocbegtis the Prince, A. D. 1437. A1- withyi/i Cufhgius and other
Aftronomers, with very great Care and the largeft Inftruments, (fee Graves,
p. 44.) found the Obliquity 23°, 30'. 17". So MSS. Coll. St. John and oi

the Savilian Library. For Seldenh Manufcript makes it 23°. 30" 27".R "
abbi
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RabU Moyfes Ben Maimon”™ the mofl: learned of the Jews”™ fays in Jad,
de Confecratione Calendarum, c¢. ult. feSt. 4. that the gnsateft Obliquity ot'the
Zodiac, A. D. 1174, was 23° . 30", very near.

| mufl: let you know, that | have confulted fcarce half of the Oriental
Aftronomers, whofe Writings are preferved in the Libraries of the Univer-
fity of Oxford. But from thefe Obfervations, and fome others which | keep
to myfelf from the Vulgar, | conclude, that the Obliquity of the Zodiac
has always been the fame from the Beginning of the World. For the latter
Ages, as you may perceive, by the AlTiilance of better Inftruments, have
truly corredled the Error and Excefs of the antient Ailronomy.

2. Whether the Poles and Axis of the Earth be really fixed in the Globe, neCOMaouhyef
or fubiedl to be transferred from Place to Place, Is an old Enquiry,
now fately revivéd' by Mr. Hooky M his Mgenious Efiays upon the great g™ 'Sk
Mutations and Cataftrophes which, in all appearance, have happened to
Earth’s Surface. A necefiary Confequence of fuch a Tranflation of the Poles nov. an. 1687.
would be the Change of the Latitudes of Places, which would increafe in”'
thofe Reglons towards which the Poles approach, and decreafe in thoie
from which they recede: and under the Meridian, 90 Degrees removed from
that in which the Poles iliifr, the Latitudes continuing the fame, the Meri-
dian Line would only alter j but not two Places confiderably differing In'
Longitude can be fuppofed, wherein, if there be any fenfible Motion of the
Poles, it ithall not be perceived by the Alteration of the Latitude of one or
both of them.

The accurate M. TFurtzelhaur has lately furnifhed us with the Means of
examining this Hypothefis by Obfervation, having fent us the Meridian Al-
titude of the Sun taken at Nuremberg about the two Sollices in the Year
1686. June 10. he found the Meridian Altitude of the Sun 64® 2' 20", and
the next Day 64° 2" 25". And on Decemb. 14. (three Days after theSolftice,
wherein the Sun was got two Minutes higher) he found the Meridian Alti-
tude 17° 9' 10". wherefore the folftitial Altitude was 17° 7' 10". Thefe
Heights were taken by an Inilrument of 6 Foot Radius of Brafs| and the
Skill and Diligence of the Obferver Is not to be doubted.

To compare with thefe, | find among Bernard Walther* Obfervations,
made in the fame City of Nuremberg two hundred Years before, viz. in the
Year 1487. that the Meridian Altitude of the Sun in the Sum.mer Solflice was
obierved by the parallailick Inilrument of Ptolemy, whereby the Chord of
the Sun’s Diftance from the Zenith was obferved 44890 Parts of 100000 Ra-
diusj the fame being obferved by the Concurrence of the Obfervations of
feveral Years both before and after. The Arch anfwering to this Chord gives
the Sun’s Diffance from the Zenith 25° 56" 30", and confequently the Me-
ridian Altitude, i1ts Complement to a C”adrant, 64° 3" 30". Adgain, the
fame Year 1487. the Chord of the Meridian Diftance of the Sun from the
Zenith, on the Day of the Winter Solilice, was found 118790, confirmed
likewife by many fubiequent Oblervations ; the Arch anfwering to this Chord
IS 72* 52" 40". and its Complement 17/® 7'20", the Meridian Height of

the Sun In the Winter Solftice.
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Hence It appears, That the SolHitial Heights were very nearly the fame
at Nuremberg 200 Ytars ago as now they are; that of the Summer Solftise
being but one Minute differing, the ochcr only 10 ; both which may poiTi-
bly arife from the Defeéls of tiie Inftruments ot thefe Obfervers, being made
with Plane Sights: But wliat | fliall neceiTarily conclude from hence, Is,
That if there be luch a Motion of the Poles, it iseither very flow, or elfe
nearly at Right Angles to the Meridian of Nuremberg *in which latter cafe,
the Latitudes of Places about "Tuiking, Siam, Malacca., and Java, on the
one Side, and in our American Plantations of New-England, Virginia™ Ja-
maica™ &c, on the other, ought to change taftefl;; But | have never yet
heard of any fuch thing obferved by any ot our Navigators; whence, If there
be luch a Change of the Earth’s Poles, it muft neceiTarily require a long
time to become fenfible.

Befides, from thele Obfervations, it appears. That the Obliquity of the
Ecliptick has continued unaltered for thefe 200 Years laft paft | that Is to fay,
that the Angie which the Earth’s Axis makes with the Plane of the Eclip.
tick or Orb wherein flie moves annually round the Sun, has been without
fenfible Change in all that Time; which will be very hard to conceive, if we
allow a Tranfiation of the Earth’s Poles ; for the Diredlion of the Axis being
perfeitiy at Liberty, it muit be purely cafual, If it fo hit, that after fuch
Change, it make the fame Angle with the Ecliptick as before.

A farther Argument of this Siownefs of the Change of the Poles, Is the
Latitude of Alexandria, the Habitation of thofe famous Aftronomers of An-
tiquity, Eratonhenes, Timocharis™ Hipparchus, and Ptolemy, and for that
Reafon it may be concluded, that this, of all the Latitudes the Ancients have
left us, ought to be one of the moft Corred. This by Ptolemy is faid to be
30° 58" North, (which he ufes in all his Computations in his Almagin, ant
feems derived from the Proportion of the Gnomon to its Equinodial Shadow,
as 5 to 3, butin his Geography, 31° juft.) In the Year 1638, the curious and
Ingenious Mr. Graves, when he went to vifit the Egyptian Pyramids, of which
he has given fo good an Account, did, with a fufficient Inftrument, obferve
the Latitude oi Alexandria, and found it 31° 4 or 6 Minutes more than it
IS reputed by Ptolemy, and before him by Eratofihenes; ib that in about
2000 Years, the Latitude of Alexandria has altered only a few Minutes * and
fo few, that the Accuracy of the Obfervations of the Ancients may well be
queftioned : But, both being granted, this Motion will amount to no more
than a Degree in 20000 Years.

This 1s not faid with intent to Invalidate what Mr. Hook hath from fo
good Grounds advanced, 'viz. That the Ball of the Earth, at leaft the Fluids
thereof, being neceflarily of the 01 z Spheroides prolatus, or flat Oval,
whofe fhorteft Diameter is the Axis, and greateft Circle the Equinodtial; if
the Poles be fuppofed changed, the Equinoctial will be fo too ; and confe-
guently the Water mufl; rife and cover tiofe Parts from which the Poles re-
cede, and fall off and leave bare thofe Places towards which the Poles ap-
proach. By this Means it may be accounted for, how fuch fl’range Marine
things are found on the Tops of Hills, and fo deep under Ground; and fcarce

any
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any other Way. But from thefe, and the like Obfervatlons, it will follow,
| 'hat If thefe Inundations are produced by any regular Motion of the Poles*
it would require a prodigious number of Ages to effeft die Changes we may
be certain have been. Befides, If the Accefs and Recefs of the Sea were after
fuch a gradual manner, as when produced by fuch an eafy Trannation of the
Poles, as can by Obfervation be admitted, thole Inundations could never be
fatal to the Inhabitants ; for that they would always give notice of their comino-
fo that the People might provide for their Safety. But the Holy Scrips
lures, and Pagan Tradit;on, do unanimouily agree, That the laft great De-
luge was brought to pafs in a few Days, with no previous Notice « fo that the
Account we have thereof, could not, by this Hypoihefis, be made out, witliout
the Suppoiition of a great and fudden Alteration in the Poles of the Earth’s
Diurnal Revolution : For which, whether we fliould have recourfe to the intel-
ligent Powers, that firit imprefs’d this whirling Motion on the Ball, or leave
It to be performed naturally, by the cafual Shock of fome tranfient Body,
fuch as a Comet, or the like, whereby the former Axis might be loft, and a
New Revolution produced, differing both in Time and Pofition from the
Old ; I thall not undertake to difpute ; Such a Suppofition would include iike-

wife a Change of the Length of the Year, and Eccentricity of the Earth’s

Orb | for which we have no fort of Authority.

1. As | was wondering how an ordinary Mathematician could mifs fo eafy A fliopofed Al~
a thing as the drawing a true Meridian, fo far as in the inftance of the old werigen Lire
Meridian in the Church of St. Potronio in Banonig™ which is found by M. Caf- ===+ ---
fini to vary 8 or 9 Degrees from the true Meridian of the Place ; and in that jin An. 1600«
of the Meridian of Uraniburge™ which is found by M. Picarte and others, to
vary 18't | hit upon this Thought, that Meridians muft needs vary. For
you know, that (taking it for granted that the Earth moves, 1”*c.) befides the
Diurnal and Annual Revolutions, there muft be alfo a third to account for
that flow Motion of the Fixed Stars upon the Pole of the Ecliptick, in
about 25000 Years; which is folved by the Diredrion of the Earth’s Axis
from one Point to another of the polar Circle. And that Diredion being
nothing but a certain Wabble in the Earth’s Motion, muft needs make the
Noon-lhade of a Perpendicular not lie always in the fame Line.

2. This being a new Suggeftion, deferves to be confidered : For it is not Qnfcered Iy
probable that fo careful a Man as lycho™ and thofe concerned in the Church jhg o
of St. Petronio, thould be fo much miftaken in the Meridian Line. But if
there be ought of this Nature, it muft arife from a Change of the Terreftrial
Poles (here on Earth) of the Earth’s Diurnal Motion; (not of their point-

Ing to this or that of the Fixed Stars:) For if the Poles of this Diurnal Mo-
tion remain fixed to the fame Place on the Earth, the Meridians, (which pafs

thro’ thefe Poles) muft remain the fame.

XVIIIl. | have had the good hap to meafure the Diftances of Mars from
two Stars the fame Night | whereby | find, that his Parallax was very fmal ~ piamfteca.
certainly not 30": So that 1 bdieve the Sun’s Parallax is not more than 10",
N. 96, p. 6iQd.
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X1X. It may perhaps pafs for a Paradox, if | fliould 7afifert. That it Is an

TriplLt™dul eafier Matter to be alfiired of the Moments of the Tropicks, or of the Times
oy Mr. Edmund O the Sufi’s Entrance into Cancer and Capricor™ than it is to obferve the true

n*1?5. f. 1. Times of the Equino6lials or Ingrefs into Aries and Libra, But | here defign
Feb. ~n. 1695. t0 1Thew a Method to find the Moment of the "Tropicks, capable of all the Ex-

Fi¢. 124.

ajtnefs the moft accurate can defire; and that without any'Confideration of
the Parallax of the Sun, of the Refra6bions ot the Air, of the greateft Obli-
quity of the Ecliptick, or Latitude of the Place-, all which are required to ai-
certain the Times of the Equinodtial, from Obfervation ; and which, being
faultily aiTumed, have occafioned an Error ot near three Hours in the Times
of the Equinoibials deduced from the Tables of the Noble Tycho Brahe and
Kepler, the Vernal being fo much later, and the Autumnal fo much earlier
than by the Calculus of t lefe famous Authors.

Now before we proceed, it will be neceffary to premife the following lem-
mata, ferving to demonftrate this Method e viz.

1. That the Motion of the Sun iIn the Ecliptick, about tlie Time of the
Tropicks, Is fo nearly equable, that the Difference trom Equality Is not fenfi-
ble, from 5 Days before the Tropick to 5 Days after, by reafon of the near-
nefs of the Apogaon of the Sun to the Tropick of Cancer.

2. That for 5 Deg. before and after the Tropicks, the Differences whereby
the Sun falls thort of the Tropicks, are as the Ferfed Sines of the Sun’s Di-
ftance in Longitude from the Tropicks; which Verfed Sines in Arches under
5 Degrees, are beyond the utmoft Nicety of Senl'e, as the Squares of thofe
Arches. From thefe two follows a third ;

3. That for 5 Days before and after the Tropicks, the Declination of the
sun falls thort of the utmoft Tropical Declination, by Spaces which are in
Duplicate Proportion, or as the Squares of the Times by which the Sun is
wanting of, or paft, the Moment of the Tropick.

Hence it Is evident. That if the Shadows of the Sun, either in the Me-
ridian, or any other Azimuth, be carefully obferved about the time of the Tro-
picks, the Spaces whereby the tropical Shade falls fhort of, or exceeds, thofe
at other times, are always proportionable to the Squares of the Intervals of
Time between thofe Obfervations and the true Time of the Tropick; and con-
fequently if the Line, on which the Limits of the Shade is taken, be made the
Axis, and the correfpondcnt Times from the Tropick, Expounded hy
be ereéted on their refpe6live Points in the Axis as Ordinates, the Extremities
of thofe Lines thall touch the Curve of a Parabola. Thus, a, b, c, e, being
fuppofed Points obferved, the Lines aB, bC, f A, i F, are refpeftively pro-
portional to the Times of each Obfervation before or after the tropical Mo-
ment in Cancer.

This premifed, we ihall be able to bring the Problem of finding the true
Time of the Tropic by three Obfervations, to this Geometrical one : Ha-

ving three Points in a Parabola, A, B, C, or A, F, C, given, together ‘wilh
the Direifion of the Axis \to find the Dijiance of thofe Points from the Axis.
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o f this there are two Cafes; the one, whenthe Time of the fecond Obferva-
tion B is precifely in the Middle between A and C: In this Cafe, putting /
for the whole Time between A and C, we ihall have Ac, the Interval of the
remoteft Obfervation A, from the Tropick, by the following Analogy.

As 2ac— bcto2ac — ~bc™ fois7 or AE, to Ac, the Time of the
remoteft Obfervation A, from the Tropick.

But the other Cafe, when the middle Obfer\"ation is not exaftly in the
Middle between the other two Times, as at F, Is fomething more operofe,
and the whole I'ime from A to C, being put = /, and from A to F, =

ce— andbe — the Theorem will ftand thus, ''C PSS

fm e (ofjé‘ht. — 2bs

~To illuftiate this Metliod of Calculation, it may, perhaps, be requifite to
give you one or two Examples. r N

In the Month oljune”™ 2x Nuremberg, obferv*d
the Chord of the Diftance of the Sun from the Zenith, by a large Paral-
laEftck Inftrument of Ptolemy, as follows |

June 2. 45477~ June S. 44¢gy5>
June 9' 44934 and June 12. 44/MN3-
June 16. 4499 June 15. 44990.

In both thefe Cafes the middle Term is exaftly in the middle between the
Extremes, and therefore in the former three, ac =. 533, be = 477, and t,
the Time between, being 14 Days, by the firft Rule, the Time of the Tro-
pick will be found by this Proportion ¢ as 589 to 8277, fo » or 7 Days, to
9 Days, 20~. 2*. Whence the Tropick, An. 1500. isconcluded to have fallen
June 11. 20*. 2. In the latter three ~i IS = 107, and be =. 15, and the
whole Interval of I'ime Is 8 Days = t* whence, as 199 to 206t, foiIs 4
Days to 4= 37'; which, taken from the i16th Day at Noon, leaves Ii'*.
20~. 23'. for the Time of the Tropick, agreeing with the former to the third
Part of an Hour.

Again; Ann. 1636. Gajfendus zi Marfeilles obfer\"ed the Summer Solftice
by a Gnomon of 55 Feet high, in order to determine the Proportion ot the
Gnomon to the Solftitial Shade, and he hath left us thefe Obfervations, which
may ferve for an Example for the Second Rule.

St. N. Shadow Parts, whereofthe Gnomon was 89428.

M m?2 Thefe
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Thefe being divided Into two Setts, of three Obfervations, each, v/z. The
19th, 20th, and 22d, and the 19th, 21ft, and 22d, we thall have in the firft
three’, ¢= 13, and ( = 7, ¢= 3 Days, s= 1 and In the fecond, c=
15, and = 7, =31 andi = 2. Whence, according to the Rule the
19th Day at Noon the Sun wanted of the Troplck a Tin:ie proportionate to
one Day, asiU — ss¢>t02i¢:— 2¢J; thatis, as 100 to 64 in the firft Sett,
or 105 to 62 iIn the fecond Sett; that is, ™, jy". 15" In the firft, or
25'. In the fecond Sett; So that we may conclude the Moment of the Tro-
pick to have been Juf/e lo™ 17*, 20°. in the Meridian of Marfeilles.

Now that thefe two Tropical Times thus obtained, will be found to con-
firm each other’s Exaftnefs from their near Agreement, appears by the Inter-
val of Time between them, viz. 1* 2". 30". lefs than 136 Julian Years,
whereof 1™ 1". 8'. arifes from the DefeCl of the Length of the Tropical
Year from the Julian., and the reft from the Progreffion of the Sun’s Apogaon
In that Time ; fo that no two Obfervations made by the fame Obferver in the
fame Place can better anfwer each other, and that without any the leaft Ar-
tifice or Force in the Management of them.

What were the Methods uTed by the Ancients to conclude the Hour of the
Tropicks, Piolemy has no where deliver'd ; but it were to have been wiihed
that they had been aware of this, that fo we might have been more certain
of the Moments of the Tropicks we have received from them * which woulc
have been of fingular Ufe to determine the Qiieftion, Whether the Sun’s
Jpogson be fixed In the Starry Heaven-, or, if it move. What is the true
Motion thereof ? It Is certain, that iIf we take the Account of Ptolemy, the
Tropick faid to be obferved by Eustmon and Melon, Junii 27 Mane, Am
432. anle Chrifium, can no ways be reconciled, without fuppofing the Ob-
lervation made the next Day, or June 28 Iin the Morning. And Plolemyh
own Tropick, obferved in the 3d Year of Antoninus, Ann. Cbrijl. 140, was
ccrtainly on the 23d, and not on the 24th Day of June, as will appear to
thofe that iliall duly confider and compare them with the Length of the Year
deduced from the diligent and concordant Obfervations of thofe two great
Aftronomical Genii, Hij'parchus and Albatani eftablifhed and confirmed by
the Concurrence of all the Modern Accuracy. For the Obfervations give
the Length of the Tropical Year, fuch as to anticipate the Julian Account
only one Day in 300 Years | but we are now fecure, that the faid Period of
the Sun’s Revolution does anticipate very nearly 3 Days in 400 Years ¢ fo
that the Tables of Piolemy, founded on that Suppofition, do err about a
whole Day iIn the Sun’s Place for every 240 Years. Which principal Er-
ror In fo fundamental a Point, does vitiate the whole Superftrudure of
theb Aﬁlmageft, and ferves to conviSl its Author of want of Diligence, or Fidelity,
or both.

But to return to our Method : The great Advantage we have hereby, i
That any very high Building ferves for an Inftrument, or the Top of any

high Tower or Steeple, or even any high Wall whatfoever, that may bfe fuf-
Icient
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ficient to intercept the Sun, and caft a true Shade, and make the Spaces large
and fairj though the Heighth and Diftance of the Building, and Pofition of
the Plane upon which you receive the Shade, and ot the Line on which
you meafure the Spaces, be not exaftly known. But it Is convenient that
the Plane on which you take the Shade be not far from perpendicular to the
Sun, at leaft not very oblique, and that the Wall which cafts the Shade, be
ftreight and fmooth at the Top, and its Diredion nearly Eaft and Weft.
The principal Objeftion i1s, That the Penumbra, or Partile Shade of the Sun,
IS, In Its Extremes, very difficult to diftinguiih from the true Shade «which will
render this Obfervation hard to determine nicely. But if the Sun be tranf-
niitted through a Telefcope, after the Manner ufed to take his Species In a
Solar Eclipfe® and the upper Half of the Objeil-Glafs be cut off by a Paper
pafted thereon, and the exaol upper Limb of the Sun be feen juft emerging
out of it, or rather continging the Species of the Wall, (the Pofition of the
Telefcope being regulated by a fine Hair extended in the Focus of the Eye-
Glafs) | am aiTured, that the Limit of the Shade may be obtained to the ut-
moft Exadnefs. | ihall only further advertife. That the Winter Tropick by
this Method may be more certainly obtained than the Summer’s; by rea-
fon that the fame Gnomon does afford a much larger Radius for this manner
of Obfervation.

XX. | have found it neceffary to make new Solar Numbers, becaufe inm Solr mm-
my old | have negledted to apply Refraélions in all the Altitudes above
30 Degrees; wherein yet Reafon and fome little Experience hath ihewed fteed

me, they are not infenfible. | found 5. Caffmi'c Obfervations, which | jIn” Anfl6Ah*
took from Rkciolus his Afironomia Reformata, much more accurate than

"Tycho’s, and therefore fought out Numbers that might anlwer them. The

Apogaum | found it neceffary to promote 44 Minutes; fo that Anno
Ineunte 1655, 1t might be in s 7. 30. co. and to make the greateft Equa-
tion only 1° 54", | whereby | found the Phanomena would be anfwered

much more accurately than | expeéted, and as near, all things confidered,
as | could defire.

But ftill | was uncertain, whether the Refraftions Iin the faid
Tables were juil Meafures or not, and | had no Conveniencies for mak-
iIng Trial. At lait | thought on this Expedient, which fully fatisfied
me | ViZ.

| confidered. That if fome of thofe Obfervations of the Diftances of 2
from the 0 by Day, and from the Stars Iin the Night preceding or follow-
Ing, were ikilfully examined, they might fliew me the true Quantity of
the Equations of the Sun’s Orb, or rather the Difference of his Mean and
Equal Motion. 1 turned over his Progymnafmata, and pitched on two:
The firft made”««. 1585, March 5. 4™ 42" and f. 12'. pojt Meridiem :
whereby | found the © at 4~ 42°. was 9¢4-. 47 In the Antecedence of the

Luci(¢a Calcis D i the fecond made Ann. 1585, September is™® u’ 47’

and 6\ cr'. Mane. Where-from (applying and confidering .
« fraélions

NEo
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fradions in both) I found the Sun at 6& 5". to be 74° 30' In Confe-
cjuence of the Lower Head of !l The Difterence of Longitude betwixt
thefe two Stars i1s 17”. 59': And therefore, now the Sun, In Confequence
of the Lucida Calcis 1l- 92°. 29'. So that the Sun’s apparent Motion be-
twixt the Year 1582. Mar. 5. 4", 42'. and the Year 1585. Septcmb. 15. 6*
55'. Mane™ (befides the whole Revolutions) was 1S7®. 16'. but the Mean Mo-
tion i1s 191°. 2'. greater than the Apparent by 3°. 46'. Avhich parted In pro-
portion to the Equation of the E>arth’s Motion, collefted for thole Times
from my New Tables, gives the greateft Equation of the Orb, 1° 54' 15"
confenting, to my w'onder, v/ithout any wrefting of the Obfcrvations, with
that, which | deduced from Cajftni‘'s correet Meridional Altitudes.

'I'ne Sun’s Motion, by the Tables which I now ufc, grounded on this E-
guation, is lefs than Tycho’”~ by no lefs than 9. That great Equation made him
commit no fmall Errors, and put him upon ftrange Shifts to hide and folve
them. So that all his Obfervations oi the Planets in their Oppofitions to the
Sun are to be correfted before we attempt to reprefent them by Numbers;
for his Errors in the Sun’s Place made him err fometimes 5 or 6 Hours inthe
Time of the Oppofition i which muil be reformed.

XX1. There is ftill no fmall Difagreement among Aftronomers, how great
the Prolthaphacrefis is In equating Time; fo that Longcmontanus confeiTes,
that he has found no greater difficulty in all his Aftronomical Labours : Which
when | took notice of, | confidered in fome Obfervations of the Heavens
made by me, what might be the refult. And having a very exadt Pendulum

~ Meridian Line artificially contrived, | obferved the Sun’s
Tranfit over the Meridian every Day, with which my Clock agreed exaftly,
and If at any time it difagreed, it very feldom difagreed two Minutes, which
| reéetified when there was occafion. So that perfifting for three Years, and
duly obferving the Sun in the Meridian, whenever it could be done, (which
In this part of the World is very often,) | was fatisfied at laft, that no natural
Day, at this or that Seafon of the Year, had alonger Revolution than another
Day; whence | can boldly pronounce, that all natural Days are equal, and
that if there fhould be any minute Difference among them, it is quite infenfi-
ble. This I was willing to make known, that | might releafe Aftronomers
from this Scruple, which has perplexed fo many, and ftill perplexes them
every Day; though the Equation of Tycbo, becaufe of the Obliquity of the
Ecliptick, muft not be rejeded.

2. How Natural Days can be equal, and yet Tycho’s Equation be admitted,
| confefs | cannot comprehend. For becaufe of the unequal Right Afcenfions
of equal Parts of the Ecliptick, one Equinoftial Day will be ithorter than a
Tropical Day, by 40 Seconds of an Hour ; and 14 Tropical Days are longer
than fo many Equinodial ones by the fixth Part of an Hour, or ten Minutes.
But this Difference | think muft be greater than that the ProfeiTor of Seville
fnould not perceive it in his Obfervations | and therefore in examining them,

| imagine he admitted Tycho's, Equation.
Now

| I
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JNow if we fuppofe that the Revolutions of the Primum Mobile are all

equal, (which was never denied by any that received the Ptolemaick Hypothefis.,)
It will however neceflary follow, that the Equation of Time is not to be re-
jefted, which proceeds from the unequal Motion of the Sun in his Orbit | for
whereas the Apogee advances daily only 57'. 10" but the Perigee 61'. 15",
the Apogee will return fooner by 16" (or in the Time in which the Primum
Mobile revolves 4'. 5".) from Noon to the Noon of the Day following, than
the Perigee can. Yet fometimes the Equation proceeding from this Caufe
admits of a flower daily increafe, that is, 8" daily at moil when it is fwifteft,
and in 15 Days it hardly amounts to the Quantity of two Scruples, which |
believe is taken away In his Clock, by that Corredlion of two Scruples which
he mentions; Which therefore this learned Man ihould confider.

But laftly, if he is more inclined to admit the Copernican Hypothejis than tlie
Ptolemaick , in that allb the fame Equations will follow, fuppofing the Revo-
lutions of the Earth to be Ifochronal, Indeed | confefs, that the Equation of
Time proceding from the unequal Motion of the Sun in its Orbit, may be
removed, and direéled the contrary Way, if we fuppofe the Earth, or the
Primum Mobile, to make unequal Revolutions: But if he will confider the

Nature of Time, he will eafity underftand, that it is impoflible all its Inequa-
lity ihould be removed.

XXU.A
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A Table of the Equation of Days, to be
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A Table of the EquUation of Days, to be

entered with the Place of the Sun.
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XXII,. yfws», 1660. Jjril-zy. About 8.of the Clock in the Morning there
appear’d a Spot iIn the. lower Limb of tlie Sun, 7a little towards the South of
Its Equator, which was entered about of the Diameter ot the Sun itfclf,
being about In its iliorteft Diameter, of tliat of the Sun j its longeft,
about of the fame. It difappeared upon Wednclliay Morning, May
though we faw it the Day before about 10 in the Morhing, to be near about
the fame Diftance from the Weftward L.imb, a little S(juth alfo of its Equa-
tor, that it firft appeared to be from the Eaftward Limb, a little South alfo
of its Equator. It feem’d to move fafter in the middle ot the Sun than to-
wards the-Limb. It was a very dark Spot, almoft of a Quadrangular Form,
and was encloled round with a kind of duikilh Cloud.

We firft obferved this very lame Spot both tor Figure, Colour, and Bulk,
to be re-entered the Sun, 25, when It appeared to be in a Fart of the fame
Line it had formerly traced * and was enttred about of its Diameter about
7 0’ Clock in the Afternoon. At the fame time there appear’d another Spot,
which wasjuft entered, and appear’d to be entered not above tt» of the
Sun’s Diameter. It appeared to be iongeft towards the North and South, and
Ihoiteft towards the Eaft and Weft.. There feem’d to be difpers’d about it
divers fmall Clouds here and there.

XXIV. 1.1671. 'M. Picard, at Sea near the 7("/, obferved a Spot
in the Sunfrom Aug. 3. st. N. to the19th. It appear’d at firfikalike#thao
Tail of 3 Scorpion, but on the 19th Day" refembling a Melon-Seed.

2. Aog. I1. {S. N'.) 1&71. About 6 0’ Clock at NNigght, M. Ccdjffiii, with a
three-foot-Glafs, remark’d in the Sun’s Difk, two Spots very dark, diilont
from its apparent Center about the third Fart of his Semidiameter. They
were In the Southern Part of the Sun, and their Elongation trom the Pardlel
of the Equator pafling through the Center of the Sun™ was about patt of
his Diameter. The Timé which lapfed between the Tranfit of the Sun’s Cen-
ter and that of the firft of thefe Spots, was 22"™. or 23". the Semidiameter
of the Sun then paifing in 66". The firft of thefe Spots, being looked upon
with a Telefcope of 17 Feet long, appeared witi a fomewhat Oval Fi-
gure the other was oblong and a little curved, like the Hebrew Letter
and both together were furrounded by a Corolla., or Coronet, made up ot litde
dark Points, which conformed itfelf to the Figure of the Spots, confidered as
they were join’d together.

Aug. 12. He perceived that they were nearer his Center. The Time be-
tween the FaiTage of the Sun’s Center, and that of the interior Edge of the
Corcnet which encompaffed them both, was then of 16". At 7 0’ C.ock it
was but of 15". and the Southern Limb of the Coronet touched the Parallel
pafling through the Sun’s Center, The firft; Spot was compoftd of two
others almoft round, and conjoined. . fccone reprereniea 1. ONAPE Ofa
Scorpmi. The third was round. And they were al three environed with a
Coronet, which was compofed, as we faid above, of abundance of little obicure

Pricks. This Coronet appear’d to be clearer than the reft of the Sun,I v{(heg
ooke

UliuXu
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looked upon with the iliort Glafs, and darker when feen with the long.
Without it there were other Points, but very black oneseviz. Five near the
round Spot on the South-Side, and another near the Scorpion’s Tail on the
North-fide.

At 8 o’'clock 48'. the Figure of the Scorpion was feen divided into feveral
Pieces, as if the Tail and Arms had been cut off. The Northern Point ap-
mear'd no more, there remaining none but thofe on the South-Side ; and the
| .ength of the Inciofure of all the Spots™® comprehended between the Extre-
mities, was of 1'. 15". and the Breadth of 30".

The fame 12th Day at 6 in the Evening, he found no great Change In the
firft Spot. The other two were fevered into 5 diilincl onts, compafs’d about
with a Coronet, together with 5 black Points, which ftood in a ftrait Row,
and after another Manner than they did in the Morning. From 6 at Night un-
to 7, the Time when the Paffage of the Sun's Center, and that of the Coro-
nefs Limb, was found to be at one time of 8"- and another time of 7/, the
Diftance of the Spots unto the Parallel pafling through the Sun’s Center, was
near the fame on the North-fide with what it had been obferved to be In the
Morning on the South-fide.

Aug. 13. Between the Rifing of the Sun, and half an Hour pail 6 in the
Morning, the Edge of the Coronet was turned to a Point on the South-fide,
and was diftant from the Mquatcr on the North-fide, half a Minute; and
there was but a Second of Time from the PaiTage ot the Sun’s Center unto
the Pafiiige of the fame anterior Edge of the Coronet.

At 8 o’clock 30'. the fore Edge was in the fame Horary Circle with the
Center of the Sun: So that in one Day and Half, thefe Spots have run thro*
very near the third Part of the Sun’s apparent Semidiameter, which giveth
an Arch of 19 Degrees and a Half of the Circumference of the Sun’s Body ;
and confequently their Diurnal Motion about the Sun’s Axe hath been of 13
Degrees; and the time of their Periodical Revolution, as iar as we could con-
jeture In fo little time, muft be about 27 Days and a Half.

Aug. 14.. At 6 In the Morning, there paiTed j5". ot Time between the
Pafiage of the anterior Limb of the Croitn, and the PaiTage of the Sun's Cen-
ter through the fame Horary Circle: And then the Southern Limb of the
Cro-u-n was a Minute and an half diftant toward the North from the Parallel
of the Mquator., paiTing through the fame Center of the Sun. The Figure
ot the firft Spot was almoft the fame with that of the Day before. The fe-
cond had taken the Form of an Heart, the Point of which was turned to the
North-fide, and its Bafe between the South and the Eaft. Three other fmall
Spots, difpofed triangle-wife, ftood over the faid Bafe, and were accompa-
nied with two others upon a Line turned Southward. And they were all en-
compaifed by a Crown running out into a Point on the South-fide ; and on
the North-fide, Eaftward, it had an Appendix.

Aug. 15 At 6 in the Morning, there paifed 27". between the PaiTage of
the anterior Limb of the Crown, and that or the Sun’s Center through the
fame Horary Circle. The Southern Limb of the fame Crown was two M i-

nutes and an half diftant from the Parallel of the jEquator, pafling through
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the Center of the Sun, whofe Diameter pafled in 2'. 9". through the fame
Horary Circle. The firft Spot had a little changed the Figure * the fecond
was guadrangular, longer from Eaft to Weft than from North to South ; It
appeared bigger than ordinary, and had withal on its Tides, within the com-
pafs of the Crown, three other fmall Spots. There were alfo feen tour more
witliout the faid Crown on the South-fide.

Aug. 16. At 6 in the Morning, there was 27". between the PaiTage of the
Suri™ anterior Limb, and the PaiTage of the anterior Limb of the Cnvon
through the Tame Horary Circle ; and 38". between the PaiTage of the an-
terior Limb of the Crown, unto the PaiTage of die <Sa«’s Center. The Southern
Limb of the Crown was 31' off from the Parallel of the JEqmtcr, paiTmg
thro’ the Center of the Sun towards the North : And the Obfervation laving
been made yet more exadly at half an Hour paft 7 of the Tame Morning, this
Diftance was found of 3' 33 The Figure of the firft Spot Iin the Begin-
ning of the Obfervation, differ’d not much from that of the precedent Day;
but afterwards it was Teen divided into two. The Tecond, which likewife
Teemed to be the Tame In the Beginning, was afterwards divided into three,
accompanied with black and dark Points without the Crown on the South-fide.
The Tame Day at 6 0’ Clock, and 15'. at Night, the Figures of thefe Spois
were much changed. There were 5 Spots encloTed in the Crown; The two
foremoft were Part of that which had been feen in the Morning as one ; the
two others following thofe two firil, were Part of the fecond in the Morning;
and without there were 5 Points on the South-Tide, and two more a little
further to the North e which Points were ranged as in another Area made up
of other Points, fo fmall that they could fcarely be perceived.

Aug. 17. In the Morning, immediately after the Rifing of the ;%w, there
appeared three very dark which form’d Iin a manner thefe Letters FnJ,
ponted from Eaft to Weft, and included in their wonted Crown, which ftretched
out, as 'twere, two Arms, or two Handles, one to the South, and the other
to the North. There pafTed 18". between the PaiTage of the foremoft Limb
of the Sun, and that of the foremoft Limb of the Crown, and 47t'- between
the PaiTage of the anterior Limb of the Crown, unto the PaiTage of the Sun’s
Center. The Southern Limb of the izmz Crown was diftant i1i'. 17". from
the Parallel that touched the Sun on the North-Tide, and 4'. 38". from the
Parallel that paTs’d through the Center.

Au”. 18. at 7 In the Morning, the Spots, which appear’d through Tome
Clouds, had almoft the Tame Shape with thoTe of the Day before, only with
this Difference, that they were a little clofer together, drawing from Eaft to
Weft. There lapfed 13". between the PaiTage of the anterior Limb of the
Sun, and that of the anterior Limb of the Spot, through the fame Horary
Circle, and 524-". of the foremoft Limb of the Spot unto the PaiTage of the
Center. The Southern Limb of the Spot was 9'. 13". diftant from the Pa-
rallel that touched the Northern Limb of the Sun, and 6'. 41". from the Pa-
rallel that paiTed through his Center, At 5 0’ Clock and 55'. at Night of
the fame Day, there lapTed 11". between the PaiTage of the anterior Limb

of the Sun through the fame Horary Circle, and the PaiTage of the anlt_e_riog
Imp’
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3LImb of the Crown j and from thence unto the Pafiage of the Smh Center
e;dii". Tlie Limb of the Crown next the Parallel paffing through the Center
of the Sun™ was diilantfrom the fame Parallel y'. 40",

j'"g. 19. from 4 to 5 In the Evening, the Spot appear’d oblong near the
Smfs Circumference, from which it was diftant about the Breadth of the
fame Spct.

Aug. 20. Inthe Morning, which was not the full feventh from the Day that
they were arriv’d to the middle of the Diik, they difappear’d.

The apparent Velocity nigh the Center was fuch, that if it had continued
the fame, the Spols would have arrived almoft in 4 Days to the Limb of the
Diitk  but in this Hypothefis, that the Spols were adherent to the Sun’s
Surface, or at leaft very nigh to it, this apparent Velocity was to lefien accord-
Ing as they lliould remove from the Center ; as hath come to pafs in efFeft. The
Diminution of the Length of the Mifty Crown was in amanner proportionable
to the Diminution of the apparent Velocity « fince that, when t lis Crown was
In the Middle, and In a Situation wherein its true Figure could be beft feen®
It appear’d oblong, and of the Form of an human Ear, its greateft Diameter
refpefting Eail and Weft « but being nigh the Limb, the fame Diameter
feemed to i1horten and having appeared greateft in its firft Situation, It ap-
pear’d leaft in this, becaufe it was almoft in a Circle that pafs’d through the
Center of the Sun, whofe equal Arches are by fo much the more oblique, by
)Jiow much they approach more to the Limb of his Diik, and confequently
appear lefs, according to the Rules of Opticks : mean time, the Diameter,
that was turned from South to North, apparently kept the fame Bignefs it
had near the Center, becaufe it was in a Circle almoft Parallel to the Horizon
of the Sun™ which formed the Reprefentation of its Limb, and whofe equal
Arches (by the fame Optical Reafons) do not appear contraded.. .

3. Several curious Obfervers at London”™ have feen one of thefe Spots recurr’d Bypiverjitr
to the Sun’s Eaftern Limb, about Aug. 25. St. N. as M. Caffini predided they 51”3.

lhould return.
4. Auz. 20. 1671. | faw a large Spot In the Center of the Sun*s Face about SyDr. Hok

Noon. N.77.7«95.»

Sept. 1. At 3 0*Clock, | faw the fame Spot moved about a Quarter of the
Diameter of the Sun Weftward,; it confifted of one greater and two lefier
black Spots, with a dujky Cloud encompafling them : The Diameter of the
whole Phaenomenon was about -7~ of the Diameter of the 5««, and it was
diftant from the next adjoining Limb (that is, exadly one Quarter) of the
Diameter of the Sun.

5. The folar Spots have been obferved by us at Ham hfj, from Aug. 26, sy Mr. Hn
Old Style, (almoft the firft Day on which they began again to appear) as
as Sept. g. on which they approached very near to the Limb.

XXV. An. 1676. Jun. 26. St. N. we have In the Sun a pretty hrge Spot™ spotsdfervcd in
which was in the middle of the Sun at Four in the Afternoon, with South g*
Latitude 47- Its Diftance from the fouthern Pole of the Sun by many Ob- N 127, 666"
iervations | determined to be 784 Degrees. |Ifit is of a fufficient Confiftence
to compleat its Circle, its Reftitution may be exp6ited at the Middle, in the

Evening of Jtdy 25, with greater South Latitude.

V
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Spoti ohfirved in
the Sun's by Mr,
Flamfteed, N\rd
Mr. Hallcy.
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At Greenwich, At Oxford,
A. D. 1676. A. D. 1676.
Tmgit.
7ul. Times of Obferva- from the South. 'Tmes of Obferva-
0.S. lions. sun’] Lat. lons. South.
Center. Long. Let.

hoo / /4 it ho / 4J / /4
25 6 46p.m.Con. 13 40 2 8

27 ID 3a.m.Con. g 34 3 25

28 4 5A 5 40 2 50
29 10 3la. m. - - 3 g5 3 27 6 21 am .- 3 55 3 22

2 54 p.m. - - 2 2: 3 10
30 9 15amAnt. g 37 3 33 7 20a m.-— 0 00 5 g
/7 40 a m .----- 3 36 3 28
~Jg. I. 9 - 6 48 4 09 7 33.111.--- § 54 3 g
5 6p.m--- 8 ! 3 53
2 8 8am, - 9 49 3 55 /7 ll6am.--— 9 57 3 40
3 9 36am.--—- 82 28 3 27 S5 9p.M--- 13 15 3 &g
4 16yp. m --12 55 3 583 6 2p m.-— 13 25 3 26
4 [ 38 a m.--—-- 14 02 g4 4 [ 33am --- 44 7 3 14
4 54 P*m. --- 14 43 3 23

Mr. Hailey faith. That he faw a Spot again on the fifth Day, S" io\
mane™ very near the Limb of the Sun, fo that it appeared only as a fine Line ;
but by reafon of its Finenefs and the too great tieight of the Sun, he coulc.
not take any Meafures to determine its Place and Latitude by < and that while
the Spot continued one, as it was Juk 25. he meallired to the middle of it
as alfo when the Pieces were divided, but not far disjoined: Afterwards, when
they were feparated confiderably, he obferved the middle ot the bigger Spot,
which was to the South, apparently | fuppofe, but really Noirh : lor fo only
his Obfervations will agree with thofe of r. Flamfieed exaftly.

Hence it feems very evident, (faith Mr. Flamfteed) that the Spot’s Way was
not inclined to the Ecliptick fix or feven Degrees, as Schemer and fome others
make it, but much lefs, by the joint Confent of the Obfervations of both
our Obiervers. Mr. Hailey adds. That confidering the Motion of the Spot
crofs the Sun’s Diik, as both their Obfervations give it, it appears that the La-
titude was not fo great at its Entrance into the Sun as in the middle of him.
And by Mr. Flamjieed's Obfervation, it was greateft on the firft of Augufi®
and then again inclining tov/ards the EcHptick. If you grant this, it will
follow, (infers Mr. Fiamjieed) that the Sun’s Axis was inclined to the Plane

of tlie Orbis magnus | but the quantity of this Inclination muft not be very
great.
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great. Ths Nodes of the Sun’s Equinox and Ecliptick he guelTes to be not
far from the beginning of Cnncer and Capricorn « and that from Cancer to Ca-
fricorn the Earth is North of the Sun’s Equator e from Capricorn to Cancer™
South of the fame : And the Period of the Sun’s Revolution in refpeet of the
fix™d Stars 25 Days 97 Hours, fufficiently exad. Of which things thefe two
Obfervators iliy they might have been more certain, had not the INn its
PaiTage broken into fo many Parts, and thofe often varied tlieir Pofitions to
each other.

2. We here obferved the Solar Spot, from Aug. 6. to 14. and by com-Sj-Caffini,
paring our Obfervations v/e have found, that it was in the middle of its courfe
In the apparent Difk of the Sun about iVIidniglit after the 8th Day of Augv.in
at the apparent Diftance of 3 Minutes from the Center towards the South.
It Is feparated into feveral Parts, which are disjoin’d from one another at a
confiderable Diftance, daily towards the North and South ¢ fo that befides
their com.mon Motion about the Sun’s Axis, each of the Parts have a direfl
Motion of their own among one another | think this Spot to be different
from ti".at which we obferved in the preceding Month of June. For fmce that
had the middle of its Courfe iIn, the apparent Diflc of the Sun on the 28th
Day of the fame Month, it muil iiave 