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that adhere to any of thofe Hypothefes, ihould feekfor other Caufesof thefe 
EfFeóls, unlefs (to ufe the Objedtpr’s Argument) will muliiply Entities 
ivithout Necejfity.

The third Thing to be confidered is, the Condition o f the Animadverfor’s 
ConceiTions, which is, That I would explicate my Theories by his Hypo- 
thefis: And if I could comply with him in that Point, there would belittle 
or no Difference- between u s : 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. H e grants my third, fourth, 
and fixth Propoñtions ; the Senfe o f which is. That uncompounded Colours 
are unchangeable, and that compounded Ones are changeable only by re- 
folving them into the Colours o f  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 I will ex
plicate Colours by the two Sides of a fplit Pulfe, and fo make but two Spe
cies o f  them, accounting all other Colours in the World to be but various 
Degrees and Dilutings of thoíé two. And he further grants, that White- 
neis is produced by the Convention o f  all Colours; but then I mufl: allow 
it to be not only by Mixture o f  thofe Colours, but by a farther uniting of 
the Parts o f  the ^ay fuppofed to be formerly fplit.

If I would proceed to examine thefe his Explications, I think it would be 
no difHcult Matter to iliew, that they are not only infuíHcient, 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 I underiland not, by what Artifice any linear Motion 
can by a refraóling Superficies be infinitely dilated and rarefied, fo as to be
come fuperficial: Or, if that be fuppofed, yet I underftand as little, why 
it iliould be fplit at fo fmall an Angle only, and not rather fpread and dif- 
perfe through the whole Angle of Refraótion. And further, though I 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-iart again, and recover the former Unlikenefs j notwithftanding that I con- 
jedure the Ways by which the Animadverfor may endeavour to explain it.
So, that the direil, uniform, and undifturb’d Pulfes ihould be fplit anddif- 
turbed by Refraélion ; and yet the oblique 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 o f  this Hypothefis, 1 
hope I may be excufed from taking it up, fince I d̂ o not think it needful to 
explícate my Dodlrine by any Hypothefis at a l l : For if Light be confidered 
abftradedly without refpeét to any Hypothefis, I can as ealiJy conceive, that 
the feveral Parts o f  a Ihining Body may emit Rays o f different Colours and 
other Qualities, o f  all which Light is conftituted, as that the feveral Parts of 
a falfeor uneven String, or o f 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 
0Í founding Bodies in the World together, íTiould produce Sounds o f feveral 
Tones, and propagate them thro’ the Air confufedly intermixed. And if 
there were any natural Bodies that could refleft Sounds o f one Tone, and lli- 
fle or tranfmit thofe of another; then, as the Echo o f 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 Animad ver for’s Conceffions) there 
are Bodies apt to reflect Rays of one Colour, and ftifle or cranfmic thofe of 
another i I 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; I 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 I 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 of feveral 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 f e r i e s  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 in the Glafs, or any other con
tingent Irregularity in the Refractions. Amongfl other Irregularities, I know 
not what is 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 of a Comet or as the Animadverfor now 
fuppofes to be effected by the fplitting and rarefying of his asthereal Pulfes. 
And to prevent the Sufpicion o f any fuch Irregularities, I told you, that I 
retraced the Light contrary ways, with two Prifms fucceíTively, to deftroy 
thereby the regular Eííeíts 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 o f 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 Refraótíon,
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Obut are every one o f 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

quainting you with this further Circumftance. I 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 
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 
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, I found itotherwifej the Image being as regularly oblong as 
before, and inclined to both the Prifms at an Angle of 45 Degrees.

I tried alfo all other Pofitions o f the fecond Prifm, by turning the Ends 
about its middle Part ; and in no cafe could obferve any fuch Irregularity. 
The Image was ever alike inclined to both Prifms, its Breadth anfwering to 
the Sun’s Diameter, and its Length being greater or Jeis, according as the 
Refractions more or lefs agreed or contradicted one another.

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 o f  the Ray ; and therefore at 
leaft the Light incident on that Prifm muft be granted an Aggregate o f  Rays 
unequally Refrangible in my Senfe. And fince the Image was equally inclined 
to both Prifms, and confequently the RefraCtions alike in both, it argues that 
they were performed according to fome conftant L aw , without any Irregu
larity,

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

That all Colours cannot by that Experiment be produced out o f  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
ing to the various Thicknefs of the Liquor. And fo the Solution o f Cop
per, which afforded the other Colour, was of various Blues and Indicoes. 
So that inftead of two Colours, here is a great Variety made ufe of for the 
Production o f áll 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 i f  the Animadverfor contend, that all the Reds and Yellows of the 
one Liquor, or Blues and Indicoes of the other, are only v a r i o u s  Degrees and 
Dilutings of the fame Colour, and not divers Colours j that is a begging of

the
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the Queilion : And I iliould as foon grant, that the T w o Thirds or Sixths ia 
Mufick are but feveral Degrees of the fame Sound, and not divers Sounds. 
Certainly it is mucli better to believe our Senfes, informing us, that Red and 
Yellow are divers Colours; and to make it a philofophical Qtiery, W hy 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 o f  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 o f  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 o f 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 o f  Blue, exhibited by the Solution o f Copper, 
by reafon o f 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 M ixture; 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 o f 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 I faid that they had a double Ori- 

 ̂ gin, the fame Colours to Senfe being in fome Cafes compounded, and in 
others uncompounded ; and fufficiently declared in my third zná fourth Pro- 
pofuionŝ  and in the Conclufwn, by what Properties the one might be known 
and diftinguiih’d from the other. But becaufe I fufped by fome Circum- 
ftances, that the Diftinftion might not be rightly apprehended, I ihall once 
more declare it, and further explain it by Examples.

That Colour is 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: T o  know whether the Colour o f 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 i t : But
if it appear diftinfi:, and well defined, and entirely Green to the very Edges,

without
un£o



IL.

( i s S  )
without any other Colours emerging, it is o f an original and uncompounded 
Green. In like manner, if a refracted Beam of Light, being caft on a white 
W all, 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 
Refraólions, and the Green be transformed into Blue, Yellow, or any Variety 
of other Colours, you may conclude that it was compounded o f 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 I 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 o f  other Colours ; I 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, I 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 is 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 diíTimilar Mixture of all Colours? 
T h e  Experiment which I 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 o f 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 I there declared, 
o f  which I fee no Notice taken; and it is. That if any Colour at the Lens 
be intercepted, the Whitenefs will be changed into other Colours: If all 
the Colours but Red be intercepted, that Red alone in 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 o f Rays apart exhibit feveral Colours, a Confufion o f  all together 
malves White. For Inftancc, If Red alone be firfl tranfmitted to the Paper at 
the Place o f 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 Bíue 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
quer 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 is, why their Colours in the 
Air, where the Rays that convey them every W ay 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 o f a Wheel with many Spokes 
or Coggs in its Perimeter, whofe Interitices and ThicknelTes may be equal, 
and of fuch aLargertefs, that, i f  the Wheel be interpofed between the Prifni 
and the white Concourfe of the Colours, one half o f  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 o f  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 fucceiiively inter
rupted by the Spokes or Coggs o f  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 o f feveral Colours remain diftind from one another in the White
nefs, and that from their previous Difpoñtions are derived the Colours of the-
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fecond Pnfm. And, by the W ay, what is faid of their Colours may be 
applied to their Refrangibility.

The aforefaid W heel may alfo here be made ufe o f;  and, i f  its Gyration be 
neither too quick nor too flow, the SucceíTion o f the Colours may be difcern’d 
thro’ the Prifm, Avhilil to the naked Eye of a By-ftander they exhibit Whitenefs.

Tiiere is fomething ftill remaining to be faid o f this Experiment. But this, 
I conceive, is enough to enforce it, and fo to decide the Controverfy. How
ever, I ihall now proceed to flievv forne other Ways o f producing Whitenefs 
by Mixtures, fince I perfuade myfelf, that this AiTertion above the reft ap. 
pears paradoxical, and is with mofb Difficulty admitted. And becaufe tie 
Animadverfor defires an Inüance of it in Bodies of di '̂ers Colours, I 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 i p h  Propofuion: And therefore the Light reflected from an 
Aggregate o f 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 colleéled from the Colour of 
Duft found in every Corner o f  an Houfe, which hath been obferv’d to con- 
fift of many colour’d Particles. There may alfo be produced the like dirty 
Colour, by mixing feveral Painters Colours together. And the fame may be 
effeóled by painting a T o p  (fuch as Boys play with) o f divers Colours. For 
when it is made to circu ate by whipping it, it will appear o f fuch a dirty 
Colour.

Now the compounding of thefe Colours is proper to my Purpofe, becaufe 
they difter not from Whitenefs in the Species of Colour, but only in a De
gree o f  Luminoufnefs: Which (did not the Animadverfor concede it) I 
might thus evince. A  Beam o f  the Sun’s Light being tranfmitted into a dark
ened Room, if you illuminate a Sheet of white Paper by that Light, reflected 
from a Body of any Colour, the Paper will always appear o f the Colour of 
that Body, by whofe refleéled Light it is illuminated. If  it be a Red Body, 
the Paper will be R ed; if a Green Body, it will be Green; and fo of the 
other Colours. The Reafon is, that the Fibres or Threads, o f  which the 
Paper confi'fl:s, are all tranfparent and fpecular ; and fuch Subftances are known 
to refled Colours without changing them. T o  know, therefore, to what 
Species o f  Colour a Grey belongs, place any Grey Body (fuppofe a Mixture 
o f Painters Colours) in the faid Lighr, and the Paper being il uminated by its 
Refleftion, iliall appear White. And the fame Thing will happen, if it be 
illuminated by Refledtion from a Black Subfl:ance.

Thefe therefore are all of one Species; but yet they feem difliinguifli’d not 
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 D e fe d o f  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
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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 I have ibmetimes doubted, whether they be any at all, when I 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 in a Light ilill fainter, hath, in Comparifon of the Black 
Body, itfelf appeared Black.

This leads me to another W ay of compounding Whitenefs; which is, 
that, if 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 o f the other Colours which are not intercepted. Now 
that this Whitenefs is a Mixture of the feverally coloured Rays, falling con- 
fufedly on the Paper, I 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 o f 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 Refleñion 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 Refleólion 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, I have alfb difcerned the feveral Colours on each Bubble j and 
yet at a greater Diflance, v;here I could not diftinguifli them apart, the troth 
hath appeared entirely White. And at the fame Diflance, when I look’d in
tently, I have feen the Colours diflinClly on each Bubble j and yet by ftraining
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my Eyes, as if I 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 W all, by whofe Refledion the Paper, Me
tal, Froth, and other white Subftances may be illuminated. And I ufually 
made my Trials this W ay, becaufe I could better exclude any fcattering Light 
from mixing with the Colours to dilute them.

T o  this W ay of compounding Whitenefs may be referred that other, by 
mixing L>ight after it hath been trajeiled through tranfparently colour’d Sub- 
ñances. 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, i f  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 A l
teration to be reduced to an Uniformity, the Glafs would not in the remoteft 
Parts o f  the Room appear of the very fame Colour, which it doth when the 
Speftator’s Eye is very near i t : Nor would the Rays, when tranfmitted into 
another dark Room through a little Hole in an oppofite Door or Partition- 
W all, 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 o f  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 iame as in the open Air. Now the Light in this Room be
ing fuch adilTimular Mixture, as I have defcribed in my T̂ heory, the Caufes of 
all thefe Phaenomena muft be the fame that I have here affigned. And I fee 
no rcafon to fufpeft, that the fame Phsenomena ihould have other Caufes in 
the open Air,

T h e  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 in the open Air, when it is illuilrated with Clouds of va
rious Colours.

There are yet other Ways by which I have produced Whitenefs; as by cart
ing iê ’eral Colours from two or more Prifms upon the fame Place *, by refraft- 
ing a Beam o f 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 Ŵ 'ay o f mixing Colours by concave Wedges 
filled with coloured Liquors) I have obferved the Shadows of a painted Glals-
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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 EíFeóls 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 lb great a Diltance that you cannot diftin- 
guiih the Colours one from another, the Froth will appear perfectly White.

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

VI. I .  Methinks that the moil important Objedlion which is made againft-S' ŵi 
Mr. Newton by way of Query, is that. Whether there be more than two forts 
of Colours? For my part, I 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”iy> An. 16-5. 
more deeply charged, (as appears by the Prifms o f  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 I 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 o f 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 o f a darkened Room the Colours o f  
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

Y  2 Paj-'icr

Hi

!

i l c C



r
1

>y\

f I
I

Í'jI

tí
r

Lé
I'!

Ü*' ’ • 

.1
( • '

;T

Ü:!

♦ H .

■if:
91I

' i '  ' !  

I

( ' ^ 4  )
Paper appear White, as well as when they all gave Light. I even doubt, 
whether the lighteft Place of the Yellow Colour may not all alone produce 
that Effcft, and I 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 W ay o f examining the Na- 
it Newton.̂  o f  Colours, whilil he proceeds upon compounding thofc that are already

Aug.'ÁÍ. 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 o f thofe; and laflly, by feparating them again, to 
examine what Changes that Re-conjunflion had wrought in them. I 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. I f  you' afk, what Colours cannot be derived out of 
Yellow and Blue ? I anfwer. None of thofe which I defined to be Original; 
and if  he can ihew by Experiment how they may, I 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 yi!chereal 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 I 
ihould 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 o f  Motion on the adjacent ^die- 
rcal Medium, or any other W ay beget but two Sorts o f  l^ays. But to examine 
how Colours inay be explain’d hypothetically, is bcfide my Purpofe. I ne
ver intended to Ihew wherein conliiis the Nature and Difi'erence of Colours, 
but only to fiiew, that de faito 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 o f thefe Qualities; which I 
take to be no difficult Matter. But 1 would not be underllood, as if their 
Difference confilled in the different Refrangibility o f  thofe R a y s ; for that 
different Rcfrangibility conduces to their Produclion no otherwife, than by fe- 
parating the Rays whofe Qualities they are. Whence it is, 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 o f 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 o f  the Yellow
will afford no other Colour but Yellow, if the Experiment be made in a
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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 I have produced White out o f  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, I fee n ot; for the two Co
lours were compounded o f all others, and fo the refulting White (to fpeak 
properly) was compounded of them all, and only decompounded o f 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 if  the Powders had been all mixed at once.

This is fo plain, that I 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 is compounded; which having explain’d 
in another Place, I need not now repeat. I f  therefore N . would conclude 
any Thing, he mud ihew how V'/hite may be produced out of two uncom- 
:)Ounded Colours: Which when he hath done, I will farther tell him, why 
le can conclude nothing from that. But I believe there cannot be found an 
Experiment o f that Kind ; becaufe, as I remember, I 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, I remember not well the Circumftances, and therefore recommend it 
to O t h e r s  to be tried again.

3. Seeing that Mr. Neivton maintains his Opinion with fo much Concern, h
I lift not to difpute. But what means it, I pray, that he faith, 'Though 6112.
Jfmld Jloew him̂  that the While cculd be produced only of two uncomponnded 
Colours, yet I  could conclude 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 heAni-wend', ly 
produced out of two uncompounded Colours, I  will tell hî n, why he can conclude
nothing from that; my Meaning was, That fuch a White (were there any fuch) July, A n .  1673. 
would have different Properties from the White which I had refpe<5lto , when 
Idefcribed my 'Theory, that is, from the White of the Sun’s immediate Light, 
of the ordinary Objeds o f 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
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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 o f  that from other Whites, 
it would appear, that other Whites are not compounded of only 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, I ihall lay down this Pofition.

Thai a compounded Colour can be refolved hito no more fimple Colours than 
thofe of which it is compounded.

This feems to be felf-evident, and I have alfo tried it feveral Ways, and 
particularly by this which follows; Let a reprefent an oblong Piece o f White 
Paper about or ¿ of an Inch 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 t ley 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 /3 and y j where 
fuppofe /3 the Scarlet, and y the Blue, without Green, or any other Colour 
between them.

Now from the aforefaid Pofition I deduce thefe two Conclufions; i .  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 I find by Experiment that they are) then they muft 
be compounded o f  more than two.

T o  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 a convenient Diftance, view thefe two Whites 
through a Prifm, and A  will be changed into a Series o f  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 o f which it was compounded, and thofe not con
terminate like the Colours at B C, but feparate from one another, as at /3 and 

by means o f the different Refrangibility o f  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 o f  more Colours than ot,. 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 I fee no 
Hopes o f  compounding fuch a White.

As
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As for Monfieur N. his Expreflion, That I  maintain my "DoUrine •vuith ¡orne 

Concern^ I 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!.̂  
there are other fimple Colours befides Blue and Y ellow ; I inftanced in a fim- 
pie or homogeneal Green, fuch as cannot be made by mixing Blue and Yellow, 
or any other Colours, And I alfo fhew’d why, fuppofing that all Colours 
might be produced out o f  two, yet it would not follow t lat thofe two are 
the only original Colours. The Reafons I deiire you would compare with 
what hath now been faid of White. And fo the Ncceffity o f all Colours to 
produce White, might have appear’d by that Experiment, where I 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, I ihall endeavour to explain myfelf a little further in thefe Things, 
according to the following Method.

Definitions.'] i. I 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 o f  Light, in which I 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, I 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 I .  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 R e

frangibility : For to every Degree of Refrangibility belongs a different Co
lour, by Prop. 2. and that Colour is fimple, by Def. i ,  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
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Colours alone: For fuch a Compofition muft be made by Rays that have 
only two Degrees of Refrangibility, by Def. i ,  and 3 ; and therefore it can
not be like that o f  the Sun’s Light, by Prop, i \ nor, for the fame Reafon, 
like that of ordinary white Objeéts.

5. Whitenefs, in all Refpeéls like that of the Sun’s ini mediate 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. i .  And thofe infer as 
many Simple Colours, by Def. i ,  and 3. and Prop, 2, and 3.

T o  make thefea little plainer, I have added alfo the Propofitions that follow.
6. The Rays o f Light do not a d  on one another in-paíTlng through the 

lame Medmn. This appears by feveral former PaíTage?, and is capable of 
further Proof.

7. The Rays of Light fufFer not any Change o f  their Qualities from Re- 
frartion.

8. Nor afterwards from the adjacent quiet Medium. Thefe two Propofi- 
tions are manifeit de faolo in homogenea Light, whofe Colour and Refran
gibility is not at all changeable, either by Refraftion, or by the Contermi- 
nation of a quiet Medium. And as for heterogeneal Light, it is but an A g 
gregate of feveral Sorts of homogeneal L ig h t; no one Sort o f  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. I ’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 o f  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 I call homoge
neal Colours alfo primitive or original.

Aiimadverfmi VII. I. I doubt not of what Mr. Newton aiiirms; and have myfelf fome- 
'‘htbtlnd^-^ times in like Circumftances obferved the like Difference between the Length 
ilts; by Mr. and Breadth of the coloured SpeSirwn ; but never found it fo when the Sky was 

. 217. Clouds, near the Sun : But then only appeared this Differ-
Jan. An . 1675. cnce o f Length and Breadth, when the Sun either fliined thro’ a white Cloud,

or enlightened fome fuch Clouds near unto it. And then indeed it was no mar
vel, ihe faid Spe£lrumího\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 o f  Interfeition in the Hole, than the true Rays of the Sun 
do m ake; and therefore are able to enlighten the whole Length of the Prilm> 
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 P rifn i; for altho* in a clear 
Heaven, the Rays o f the Sun pafiino; thro’ the faid Hole, never make a
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Spedrum longer than broad,* becaufe they then can occupy but a fim ll Part 
of the Prifm; yet i f  the Hole be fo much bigger as to enlighten the wiiole 
Prifm, you lhall prefently fee the Length o f  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 I conclude. That the Spe< r̂um, 
this Learned Author favv, much longer than broad, was not efFedfced by the 
true Sun-Beams, but by Rays proceeding from fome bright Cloud, as is faid \ 
and by Confcquence, that the Theory of Light grounded upon that Experment 
cannot iubfift.

W hat I have here faid, needs no other Confirmation than meer Experience, 
which any one may quickly t r y : neither have I 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 o f 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. 
o f  Light, made by divers Refraclions and Refledtions, and took Notes upon 
them i 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 yoû »fweríAby
would be pleafed to confider the Scheme in Mr. Newton^s fecond Anfwer ro ‘ *
P, ParideSy and reftaffured, that the Experiment, as *tis reprefented, was tried jin?Á°nfi675! 
in clear Days, and the Prifm placed clofe to the Hole in the Window, fo that 
the Light had no room to diverge, and the coloured Image made not parallel 
(as in that Conjefture) but tranfverfe to the Axis of the Pnfm.

3. I f  thefe AJferlions be admitted  ̂ they do indeed direótly cut off whatlyiReffyiyMr. 
faid o f Mr. Newtonh being deceived by a bright Cloud. But if we compare^'’-̂ ^̂ ""'- 
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 of the 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, near five times as long as 
broad) then the one End thereof will run out into a fharp Cone or Pyramis 
like the Flame o f 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 in a clear Day but with a bright Cloud, and the Prifm not 
placed clofe to the Hole but in a competent Diilance from the fame, then ihefe 
Semicircular Ends always appear, with the Sides thereof, ftreight Lines, juft
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as Mr. Ne'xton defcribes them. Neither is the Leftgth o f the Image tranfverfe  ̂
but parallel to the Length of the Prifm. Out of all which it evidently follows, 
that the Experiment vvas not made in a clear Day 5 nor with the Prifm clofe 
to the H o le ; nor yet with the Image tranfverfe, but by a bright Cloud and 
a parallel Image fas I conjedured) j and I hope you will alfo now fay, I had 
good Realbn lo to conjedüre, 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 iormer 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 Opticŝ  
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 o f  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 jmpoffible the tranfverfe Image ihould be fo much longer 
than broad, unlefs tiiofc two Refracftions be made very unequal; as both the 
Computation according to the common Rules of Refraélion and Experience 
telliiy.

Ar̂ ivcr'dtyMr. 4. What it is that impofes upon Mr. Line I cannot imagine •, but I fufpeííl:
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-1676. obfei vc the Figure of the coloured Image. I 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 Sun ŝ 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 flowly 
about its Axis, and he íhall 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. Wlien 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; f o r  t h e n  are the 
Rays equally refraéled on both Sides the Prifm. In this Fofl;ure oí 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« ’̂s Conjeture, but from one End to the 
ether j and the Length o f the Figure being not parallel but tranfverfe t t̂he
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Axis of the Prlfm. After this manner I 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, I 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, I know he has not done ye t as they 
fliould be try’d) I 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 d̂ the Experiment again and again, zndrbtExprriment 
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 Af/-. Cafcoignc, 
ihewed the leaft Defire to fee the fame, fo that for Point of Experience,
Newton cannot be more confident on his Side, than we are here on the other ; Jan-An. 1676. 
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 Vt̂ ill hardly ftand.

6. By Mr. Letter one might fufpe6t, th:jt Mr. Linus try’d [he-<?"/wírfíí¿y
Experiment fome other Way than I did ; and therefore I lhall expecc, till his/,-,''̂ . 3̂'
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 j 
and this is made by two Refraétions only. Another there is made by two 
Refradions and an intervening Reflexion and this is round and“cclourlefs, 
if the Angles of the Prifm be exadly equal j but if the Angles at the refíeól- 
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 o f the Firjl^ but by its different Motion too;
For, whilll the Prifm is turned continually the fame W ay 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 o f  Paper placed at the 
Wall, fuppofe 15 or 20 Feet from the Prifm, or further o t f ; they will fee 
the Image in fuch an oblong Figure as I have defcribed, with the Red at 
one End, the Violet at the other, and the bluiih Green in the 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 I have fet down, that no Body, into whofe Hands a Prifm 
iliali 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 I ihall 
defire that theŷ  will fend a full and dear Defcription how they try*d it. I 
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.

ExcepticKs by 7. ]VJr. Gafco¡g}2€ wanting Convenience to make the Experiment, according
to the frelh Diredions from Mr. Newton, requefted me to fupply this Want.

Aug. An. 1676. Xhe vertical Angle of my Prifm was 60 Degrees •, the Dillance of the Wail,
whereon the coloured SpeSirum appeared from the Window, about 18 Feetj 
the Diameter o f the Hole in the Window-ihuts about 7 Inch, which, upon 
Occafions, I 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 
o f  the Sines 2 to 3. The Diftance o f 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 in the Shuts was covered.

Now as to the liTue of my Trials; I conftantly found the Length o f  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, I found itfometimes exaótly as Mr. Line 
wrote to you, namely, broader than long, efpecially while the Prifm was 
placed ata great Diftance from the H o le: Which Experiment will not, I con
ceive, be quefl;ion*d by Mr. Newton, it beingfo agreeable to the received Laws 
o f  Refraófions, 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 D a y ; whereas Mr. Line only maintained 
the Excefs of Breadth,, parallel to the fame Axis, while the Sun is in a bright 
Cloud. Tho* as to what is further deliver’d by Mr. Newton, and oppofed 
by Mr. Line, namely that the Length o f  the coloured Image was five times 
the Diameter of its Breadth j I never yet have found the Excefs above thrice 

' the Diameter, or at moft 3 while the Refraólions on both Sides the Prifn̂  
were equal. So much as to the Matter of Fa6l.

Now as to Mr. Newton*% Theory of Light and Colours, I confeis his neat 
Sett o f  very Ingenious and Natural Inferences was to me, upon the iirft 
Verufal, a.ftrong Conjedurc in Favour o f his new Doitrine *, I having foj"'
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merly obferved the like Chain o f Inferences upon Search into natural Truths. 
But fince feveral Experiments of Refraftions remain ilill untouched by him, 
I conceived a further Search into them would be very proper, in order to a 
further Difcovery of the Truth o f 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 Experi
ments I 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, I 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 o f the for
mer, one and the fame Point of the Scarlet Objed aíFeéling feveral Nerves in 
the Retina. Yet upon frequent Trials I have not been able to perceive any 
Inequality in this Point.

2. The fecond Experiment I made in Water. I took a Brafs Ruler, and 
faftning thereunto feveral Pieces o f Silk, Red, Yellow, Green, Blue, and 
Violet, I placed it at the bottom of a Square Veffel o f Water : Then I 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, I conceived I ihould not fee all the mentioned 
Colours in a ílreight 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,. I conftantly found them in as ílreight a Line, as 
the bare Ruler had appeared in.

3. T o  advance this Experiment, I adjoined a fecond Refraftion to the 
Former of Water, by placing my Prifm fo, as to receive perpendicularly the 
refraited Species o f the Silk and Ruler; whereby only the emergent Species 
liiffered a fecond Refraction :■ but ftill with equal Succefs, as to their appear
ing in a ftrcight Line to the Eye placed behind the Prifm.

4. T o  thefe two Refraftions I 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 o f the Eye (as fometimes 1 have obferv’d 
to happen to the Judgment the Eye paiTeth upon the Diftance of Objeds) 
I 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, ? r o f. 5. and 13.) as follows. Having caft two coloured Images
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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; I then looked upon 
both through another Prifm, and found them ftill appear in 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 diíFerervt 
Rays, I 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 iii a fireight Line parallel to the Horizon,

6. Another Experiment I made, in order to Ibme further Difcovery of 
that furprizing Phenomenon o f 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 
luJpe6led, that not only the diredl Sun-Beams, but allb other extraneous 
Light, might pofiibly influence the coloured Speilrum, I 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, 
I thought at length o f a more feafible Method, in order to the defigned Dif- 
covery ; as in the following Experiment.

I iaftned a very white Paper-Circle (about an Inch in Diameter) upon my 
Window ihuts; and beholding it thro* my Prifm, I found a coloured Image 
painted thereby upon my Retina  ̂ anfwerable in almoft all refpedis to the for
mer o f the Sun-Beams upon the W all, 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 I was not furprized at, having 
obierved upon diíTefting the Eye, that Obje6ts are painted on the Retina after 
a contrary Poñure to what they appear to fight. Having thus rendered the 
coloured Image much more tradable than formerly it was, I 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, I 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 I removed the mentioned Circle from the Shuts, and 
placed it in the open Window, fupported only by the EdgCíí: whereupon, to 
my Ailoniihment, all the former Colours exchanged Poltures in the Retina % 
the Scarlet now appearing below, the Violet above, the intermediate Co
lours fcarce difcerni ble. And here, by the by, *tis very remarkable, that du
ring this Obfervation I clearly perceived both Blue and Scarlet Light to be 
tranfparenc, I being able to difcern feveral Objedts thro’ both, namely, Stee
ples oppofite to my W indow : Whence it follows, that thefe Colours do in 
great Part arife from the neighbouring Light. I-aftly, I 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 
quite contrary. Hence I make the following Inferences.

Fitft,
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8- The next Experiment was 
o f primary Colours, as Prop. 5. 
fliuts witli a thin Slice o f  Ivory,

( )
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- 
eially as to the Violet and Scarlet Colours. Whence, perchance, it will not 
hereafter feem ftrange that the coloured Speélrum 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 o f  
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 
o f Colours arifeth rot from any intrinfical Property of Refrangibility.  ̂ (as 
maintained by Mr. INewton') but from contingent and extrinfical Circumltances 
of neighbouring O b jed s: 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.

made in order to Mr. íV¡?íí;/(?;í’s Doctrine 
Having covered the Hole in the Window- 
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 o f 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, I filled two fmall GlaiTes with flat poliih- 
ed Bottoms, the one with Aqua fortis 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, 
I was able todifccrn feveral Bodies thro’ both. Whereas, according to Mr. 
Neivion’s Theory, no Objedt lliould appear through both Liquors ; becaufe 
i f  one tranfmit only Red, the other only Blue, no Rays can pafs thro’ both.

P. S. J u J l upon the clofe of the adjoined L e t t e r I  received frora Mr. Gafcoigne 
yours of May the /\Sh ; wherein you are pleafed to favour us with an exaSf 
Account of the faraous Experir/ient of the coloured Spetlrum, lately exhibited 
before the Royal Society. I  was much rejoiced to fee the trials of that 
Illufirious Company agree fo exaSlly with ours here ■, tho* in fomewhat ours 
difagree from Mr. Newton.

8. The Things oppofed by Mr. Line being upon Trials found true and 
granted me, I 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 I did, feeing he tried the Experiment with a lefs
Angle.

The
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T h e Angle indeed which I 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 
1 2  Min. is too little to reconcile us i  but yet it will bring us confiderab 
nearer together. And if this Angle was not exaétiy meafured, but the round 
Number of 60 Degrees fet down by guefs, or by a lefs accurate Meafure (as
I fufpe(5t by the conjedural Meafure o f the Refraftion of his Prifm, by the 
Ratio of the Sines as 2 to 3, fet down at the fame Time, inftead o f an Ex
perimental one) then might it be two or three Degrees lefs than 60 Deg. if 
not ftill lefs: And all this, if it ihould be fo, would take away the greateft 
Part of the Difference between us.

But however it be, I am well affured my own Obfervation was exaól 
enough. For I 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 I wrote before: And that it might 
appear experimentally, how the Increaíé of the Angle increafes the Length 
o f  the Image, and alio that no body, who has a mind to try the Experiment 
exa6lly, might be troubled to procure a Prifm which has an Angle ju il of 
the Bignefs affigned by me, I 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 I ufed, which are meafured as exadlly 
as I could, by applying them to the Angle o f  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 o f the Hole in the Window-lhut  ̂o f  an Inch.

I.

Tf

The firft Prifm

Angles Lengths

56^
60

63

Angles Lengths
10' 7k S 5 4 ’ 0' 71
24 9 r The fecond Prifm -<62 12

r /
lO i

26 I 10^ ¿^3 48 10|

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

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

Angles Lengths 

, 54*" 0' 7 t
The fccond Prifm < 62 12 io ¿

63 48 II

The
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The Reaíon o f this Difference, I apprehend, was, that In the clearefl: Days 

the L ight 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’s Light at 
the fame time becoming briiker, and fo ftrengthening the Colours, and making 
the faint ones at the two Ends more confpicuous: For I 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 i f  the Light o f  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 I 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) I took a third Prifm, 
whofe Sides were as much Concave as thofe of the other were C onvex; and 
this made the Breadth of the Image to be two Inches and a third Part o f  an 
Inch Í the Angles of this Prifm, and the Lengths of the Image made by each 
o f thofe Angles, being thofe expreffed in this Table.

Angles Lengths
58"
59 t
62,- I o f

In this Cafe yoü fee the Concave Figure of the Sides of the Prifm, by ma
king 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. I f  a 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, becauíé the Image will thereby become 
much better defined: For this Convexity of the Sides does the fame Effect, as 
if you ihould ufe a Prifm with Sides exactly plain, and between it and the 
Hole in the Window-fhut, place an Objeót-Glafs o f  an 18 Foot Telefcope, 
to make the round Image of the Sun appear diftinólly defined on the Wail

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

One Thm g more I íhall 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 I fet down the Length 
to be five Times the Breadth, I called that Length the utmofc Length of 
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the Image *, and I meafured the utmoft Length, becaufe I account all that 
Length to be caufed by the immediate Light of the Sun, feeing the Colours 
(as I noted above) become vifible to the greateft Length in the cleareft Days, 
that is, when the Light of the Sun tranfcends moil the Light o f the Clouds. 
Sometimes there will happen to fiioot out from both Ends o f  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 o f  the Image.

By thefe Things fet down thus circumilantially, I 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 íhould ilill remain, that need not trouble us any 
further, feeing there may be many various Circumftances which may conduce 
to i t ; ilich as are not only the different Figures of Prifms, but alfo the diffe
rent refractive Power o f  Glaffes, the different Diameters of the Sun at divers 
Times o f 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,
I took Care to do thefe Things as exaftly as I could. However, Mr. Lucas 
may make fare to find the Image as Jong or longer than I have fet down, 
if  he take a Prifm whoíé 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 I ufed, as that he hath hitherto tried it with, is 
lefs *, that is, whofe Angle is about 66 or 67 Degrees, or (if he will) a little
greater.

Concerning Mr. Lucas’s other Experiments, I 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 I thank him fo much the more, becaufe he is 
the firft that hath fent m ean 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 o f Things, 
try only the Experimentum Crucis: For it is not Number o f Experiments, but 
W eight to be regarded; and where one will do, what need many?

T h e main Thing he goes about to examine is, the Different Refrangibility 
o f L ig h t; and this I demonftrated by the Experimentum Crucis, Now if 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. A t  prefent I ihall fay nothing in Anfwer to his Experi
mental Difcourfe, but this in general. That it has proceeded partly from fome 
Mifunderftanding o f what he writes againft, and partly for want of due Cau
tion in 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, I know, for proving the difFerent Refrátigibility o f  
Light, which he brings it to prove againft.

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

P. S. I  had like to have forgotten to advife, that the Experimentum Crucis» 
and [uch others as fhall be made for knowing the Nature of Colours, he made 
with Prifrns that refraSl fo much, as to make the Length of the Images five 
Times its Breadth, and rather more than lefs; for otherwife. Experiments 
w ill not fucceed fo 'plainly with others  ̂ as they have done with me.

VIII. I took a iliff Piece o f brown Paper, and pricking a fmall Hole there-opucaiEx- 
in, I held it at a little Diftance from m e; then applying a Needle to my Eye,
I was furprized to fee the Point of it inverted. The nearer the Needle wasN.'iai.^ ásó. 
to the Hole, it was fo much the more magnified, but lefs diftinft; and if itJ'̂ "'̂ > *̂ 9̂ *
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 Speculum j and fo I take leave to call them 
Aerial Speculums.

IX. I.  Having this Opportunity I fend you a Conflruillon of the P r o - « r  
blem. o f Alhazen, which my Colleges here approve o f  very much.
Problem is this: A  Concave or Convex Speculum being given, alfo the Eye and ñny%sns. 
a Point of the Ohje5l, to find the Point o f Reflexion. oV  aÍ.

Let the Speculum be a Part of a Sphere whofe Center is the Point A ,  let "rig. 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 \n the 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 is Z :  Let A E  produced meet it in 
R, being perpendicular to B C, and to the two Lines R A ,  O A , let N A  be 
a third Proportional, and N M  parallel to B C  will be one of the Afymptores.
Again, let thefe be Proportiona s E  A , i  A  O, A  I, and the Sum I Y  being 
equal to I N, let Y  M  be drawn parallel to A  Z  •, which will be the other 
Afymptote. Laftly taking I X ,  IS ,  each of which is equal in Power to halt 
the Square A  O , together with the Square A  I-, the Points .v and 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

A  a 2 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 I reduced the Conftruftion of the ingenious Mr. Huygens to Cal
culation, I 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 o f one, and I o f  the other as being the ea- 
fier. Now it is plain, that nothing elfe is 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 A P ,  fome Point asP fhould be found, from whence 
drawing Right Lines P E ,  P B ,  to the given Points E ,  B, atan unequal Di- 
ftance from the Center A ,  the Right Line A P  being produced may bifeft 
the Angle E  P B. Now this admits o f  a Variety of Cafes. Either the Per
pendicular from A  upon the Right Line E B ,  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 o f A  O, or is greater or lefs. Concerning the Cafe o f  Equality we 
ihall fee afterwards; now we ihall comprehend the other three Cafes nearly 

Fig. 79, So, S i.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 A O ,  it muft be produced towards A j  but i f  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 E B ,  cutting the given Circle in N , let it be made, 
as the Reflangle D A O  is to the Square o f A N ,  fo i  A X  to A H ,  which 
muft be taken towards X  if O falls between E.and B, or the Reftangle E O B  
be lefs than the Square of O  A ,  or on the contrary Side if it be greater. 
N ow  let us fuppofe O  Q^to be equal to A H ,  (directly to E  B in the firft and 
fecond Cafe, but towards E  in the third) then let thefe be made Proportionals 
X  A ,  N  A ,  H  K , to be taken in all Cafes towards X  ; and A  O being di
vided in V , that K  A  to A  V  may have the fame Ratio as A  D to A  X ; let 
K  V be joined, 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 
Q^L will be the Afymptotes of the Hyperbola, which being defcribed through 
the Point O  will anfwer the Purpofe : Yet v îth this Difference, that in the 
firil and fecond Cafe an Hyperbola through O  will folve the Problem in 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 QJl.. K  L ,  would fuíRce 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 , L K ,  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 whoíé Circumference the Problem may be Iblved by a plane 
Place. Now the Radius o f  this Circle, i f  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 o f 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  iubtrading the double Rectangle O A D, to the double 
Square of A  D , fo is the Square of A  O to the Square of A  N.

Now there remains another Cafe to be conítruóted, that is, when the Rect
angle E O B  is equal to the Square of A O ,  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 o f  either an Hyperbola, or an El- 
Jipfis, nay an infinite Number o f  them, if  any one ihall proceed by our M e
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 
Conítruólion 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 íhall compare the 
Cafes above conftruded with his Conftruétion. Now that I may return to 
the Cafe of Equality, and that I 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  A D  X , let there be three Proportionals X  A ,  N  A ,  Z  A ,  the 
half o f which is A  L .  Again let there be three Proportionals 2 O A , N  A ,
I 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, O V ; 
with Axis S L  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 T h in g ; 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 re£ium Z  A  •, for it 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, vig. 83. 

being a third Proportional to the double o f A  O, and A  N. Therefore will 
Z  I be greater than Z  A ,  fince the double of A  O  is lefs than X  A . Then in 
the Point I let the Right Lines I Q , I M, be inclined to the Right Line
I Z  on both Sides to half a Right Angle, and be produced indefinitely both

W  ays.
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Ways. Then about them as Afymptotes let an Hyperbola be defcribed 
through A ,  and another oppofite to i t ; for this will fatisfy the Problem in 
the Convex Speculum, and the other in the Concave. But fince Z  I 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  P P ;  for then the Point o f Contagi itfelf will fatisfy the Queftion. 
And fo much concerning a Problem, which has exercifed the Wits oTmany, 
and whofe Solution I compleated fome Years ago. 

echtmuifc by M r.  I fend you here my fecond Thoughts about the Problem of Alhazen.
Let a Circle be given whofe Center is A  ; 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 o f 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 E C  and the Ray ¿ E  meet 
the fame produced in B. Now make D  A  =  2, A  I =  «, N  A  =  «, 
E I  =  f, d N  B A  = y ,  A  E  =  and C A  =  ;í. Therefore, fince the 
Angles D E C ;a n d  C E B  are equal, and C  E  A  is a Right Angle, by the 
Hypothefis the three Lines D A ,  C  A , B A ,  will be Harmonically Propor
tionals, which is eafily fliewn. Therefore it will be as D A  to B A  fo is
D  C  to C  B •, or in Analytical Terms j 2 2: —  x . x _j ,  and 2 z j  —  xy

2 z y
z  Xy  or 7 :-------- :  =  .V . r \  ow fince the Redlangle C A I ,  or x a ,  is equal to

S lu fm s. 
6 1 2 3 .  
JVf. S4.

z  -y y

the Square of A  E , or j  it will be x Ü ,  
a '

and confequently
2 z y

2 z a i i
y- Again, it is as tí?N  to E  I, fo is N  B to I B  j or

b . e ::y  —  n .y a.

Therefore
z q q

Therefore jy e

b a —  ne

ne —  by —  h andy
b a n e

2 z a Í Í
> 0 T 2 z b a a  —  2 z  ii a e q q b a qqfi e

b z q q  —  z q q e .  Which is an Equation to the Hyperbola about its 
Afymptotes, the Conílruétion o f which with a given Circle fatisfies the Pro- 
biem. But becaufe o f  the Circle, fince it is qq=zaa-\-ee^  if inftead of 
2 b z a a  its Value 2 b  z q q  —  2 b z e  e is fubftituted, we fhall have b z q q  —  
2 b z e e — 2 z n a e — qqba-\-qqn £■=.— z qqe ,  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 Efíeélions 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

f
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W e have reduced, as you will perceive, the Sum o f 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 oí the Labour 
of a new Calculation. For if you apply to the Right Line d A  and to its 
Parts the fame Analytical Terms as before, that is, if you make d A = z ^  
T)n=ii>y n A  —  riy A I  =  ^, 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. I ihould be tirefome if L  
was to puriue all the Cafes, fince their Equations differ only by the Signs -|- 
and — . I except only one, which is when i  A D is a 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, 2 z b a a  —  q ^ b a = . b z q < i  —  z q q e ,  or this, z b q q  —  qqba —  ' i z  
hee  —  z q q e ,  inftead of 2 z h  a a writing its Value.

Yet it is to be obferved, that although by referring the Analyfis to the 
right Line D  A ,  two Hyperbola’s in 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 o f  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 Refleólion 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 refleóiied Ray is E Q ^  Let D  A  be 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 ; that is, D A  =  2:, 
C A  =  ?i, A E  =  j ,  B A = _ ) ',  A I  =  ,̂ l E z = e .  Now becaufe of the 
three Lines harmonically Proportionals D A , C A ,  B A ,  and the three Geo
metrically Proportionals C  A , A  E , A  I, we fliall always have the Equation

2j 0 Ü
y =  ’  upon whatever point of the Circle the Ray D E  may fall.

Therefore if  the Point E  be required, in which if the Ray D E  fiills, it may 
be reflcded parallel to the Diameter L A V  perpendicular to D A ,  the re- 
iledted Ray Q_E produced will pafs through I, as is plain ; and I and B wiH

coincide. Therefore <«=:jy
z q q

2 z a t X z
and

the Problem will be folved by Plains.
If the Point be required, from whence a Ray may bé .refleíled parallel to

any other Line, as A K  drawn from the Center A ;  from the point L  draw
a Tangent to it K  L  =  c/; it is plain the Triangles A  K  L ,  E I  B, will be
iimilar, fince all the Sides of one are parallel to the Sides of the other.

qa —  de
Therefore A  L  to L  K , as E I  to IB, or q . d \ : e  . a — y ; and -  =

I
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1 ' '

It! 
f  
t i l l



Í 1

(  1 8 4  )

and z f  =  2 q z a a —mz z e i a  dfff or for

e e ,  zq^ =: 2 z q i - 2  z q e e  —  2 z  d a  e —  a f  dc.  
But either o f 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 o f Alhazen, or that being produced to
wards the Point o f  Refledion E , it may meet the given Point N. From 
N  let N  O =  » fall perpendicularly upon A  L ,  and make A  O =  ¿. It is 
plain it will be, as A O  to the difference of O N  and A  B, fo is E  I to 
I B ;  that is, b . n — y \ \ e , a — y \ O i h , y - — n w e . y  —  a.  Therefore
h G . n e ^ ?

y  =  Whence 2 z h a a  —  2 z n a e  —  q q h  a -\-q q n e
b —  e 
- b z q q

2 z a Í?*
^ z q q e - ,  which is the very Equation of Alhazeris  Problem, which

b a ' \ - n e   ̂Q
we deduced above. Or in the lecond cafe - j —r —  = z y  -

2 z a or

q q e .2 z b a a - \ -  2 z n a e  —  q^qb a —  qqn  e ~ z h  qq~^
And thefe are the Problems commonly propofed about the Point o f  Re

flexion, in which hitherto we have fuppofed the Diftanceof the point D  to be 
finite. But the Analyfis will be eafier i f  we fuppofe it infinite. For C A 
being divided equally in G, it is plain from the Property o f  the three harmo- 
nical Proportionals D A ,  B A ,  that the three Lines D G ,  C G ,  B G , 
■will be Geometrical Proportionals, whatever the Diftance o f the point D is 
fuppofed to be. Therefore if it is.fuppofed infinite, B G  will become nothing, 
and the Points B, G , will coincide. Therefore A B  will always be equal to 
B C, and C  A  =  2 jy, and the Reftangle C A I  being equal to the Square of

A  E, will give in Analytical Terms 2 a y  -=z qq  ̂ orjy =  — * And fince the

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

Ca.fe a and j  coincide, it will be  ̂=  jy =  —  ̂ ov a a z=. i  q q ' i  if  it is deiired
2a^

to be parallel to A  K , it will be again q .  d  ::  e . a  — j ,  anc
qa de

y -
t l  
2 a-)

or 2 q a a  d a  e't=: I f  it is required to pais through N , it will be as

above
b

b +  e
L i
2 dy and therefore 2 b aa;jr '^  n a e  =  b q q - ; ^ q q f >

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.

Y o u
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You cannot expert, learned Sir, that as hitherto I have given Examples 
only in concave Speculum’s, fo now I ihould proceed to convex. For you 
know the Analyfis is the' fame in both, and their Equations differ only in
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 I fliall only add, that by the fame 7\nalyfis 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 P o in t: But with great Facility 
when the Rays come parallel, which yet Í 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 A R  in 
drawing the Tangent E C  it will be C B  =  B A . Let the Semiaxis A R  be 
bifefted in Q j, therefore Q^will be the Focus  ̂ and Q J 3 will be the Space 
required. But Q^B is half C R ,  becaufe of the Equals A Q ^  C^R» A B ,  B C , 
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, A C  will be 101246, and

B ( ^ — — o f A R .
^  100000
4. This is the Compendium that I found at the fame time, about the ñrñ:ottírimfefy iffr.

Conflruftion communicated to you at firit. Drawing the Line A T ,  p a r a l l e l ^ - 9 8 .  

to C  B, and that being bifedled in V , 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 E D  whofe Center is A ,  and the points given B and C.
Drawing the Lines A  B, A C ;  let thefe be Proportionals, B A ,  the Radius 
of the Circle, and F A  ; and likewife C A ,  the Radius of the Circle, and 
G A . Then let F  G  be joined, and let it be bifefted in H . Through this 
Point let the Lines L  FI K , M H N ,  be 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 o f the Circle will mark 
out the Points o f Refleftion required.

5. Here the great Huygens has well obferved, how the Equilateral Hyper-
bola may be accommodated to all the cafes, which, as I infinuated in my f o r - a4>. siuCus. 
mer, immediately offered itfelf in the cafe of a Right Angle. Alfo of thofe' '̂' '̂^̂ *̂ ’' ’ 
infinite Ellipfes wli ĉh 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 o f no difagreeable Speculation : That is, fince the SetTcicns 
which with the given Circle are made uie o f for the Solution of the Problem, 
cut it in four Points, o f  which only two can ferve for the Reflexion ; it may 
be inquired, what Problem is folved by the other two, and how is the Propo- 
ficion to be expreíTcd fo as to include all thofe four Caíés ? And again, do

V o l . I. B b not
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not thofe four Cafes occur, when thofe Points are equally diílant 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, I will here produce the Equation which he has conilirufted. RecoJ- 
s£t (if you pleafe) what I wrote to you, when I ient you my fccond Thoughts, 

and you will find, that I affign’d two Equations proper for folving the Pro
blem by an Hyperbola about its Afymptotes. They were thefe following.

2 2;

And
b a a  

b z q q
2 z n  a e 
2 z  a e

qqba  
q q b a -

qqne  
- q q n  e

b z q q  
2 zbee

zqqe,
z qqe y

Then Í added, that by a fmall Alteration (for inftance, by fubtlituting for 
qq 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 b z q q  let its Value be fubftituted ; then

z b  a a —  i z n a e  —  q q b  a-\-qqne =  b z e  e~~. zqqe-,
q q a  qqe 2 n a e  q q n

b z bOr, a a e e
z  ■ b

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

I happened lately upon the following Conñruclion, which I 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 E A , B cutting the Circle in F  and C ;  let E A ,  F A ,  V A ,  be three 
Proportionals, and three others B A ,  C A ,  X  A . Then V  X  being joined 
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 o f  a Concave. I f  you defire to have the Afymptotes they will eafily be 
found, by producing V X  till it meets E B  produced in L. Then bî ' '̂ ’̂"" 
V  X  in I, and taking L  D equal to L  I ; for D I being joined will be 
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 Conñrudion. Know then that I deduced it thus from my former Anaiyfis. 
The fame things being given as before, let flill the Perpendicular A O  upon EB, 
and let the Point defired be P, from which let P R  tall perpendicularly upon 
A O .  M a k e A O = :/ ^ , E 0  =  2, O B  =  ,̂ A P  =  ?, A R = a .

Difediing 
one of

Then this Equation is eafily derived.
2 z d a e ^ \ - 2 b b a e  —  2 b qqe

------------- e e =: aa
qqa

z b  — b d
into thefe.

z d a e - \ - b b a e  —  b q q e
z b  —  b d 

And z  d a e Ar b b  a e ^ b qqe

aa

bd
ee

which may be changed

i i l f ,
■ b

. i l f .
b

The

y
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The Conftrucfcion of this laft I have fent to you already, and Mr. Huygens 

has fent you the Conftru6tion o f the other. But as to the firft, tho’ ic pre- 
fently came into iny View, yet I alnfiofi: negle£ted it, becaufe its ConftruCtion 
feemed to be difficult. But I find myfelf to have been deceived by a needleft 
Fear, fincc I 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

, 2 mae  —  2 ag e qqa
% b b 7U \ It W i l l  hz 6 e -|- * 7  ̂ ^ aa

ding
4̂ -j- f}î  —  2 q‘>-m a

kk on both Sides, it will be (? ^-|-

b
ma e .

And ad-

q q e

m r>i a a ^
k k 

ir _

2 qqrn a
(that is, the Square of e +

k +

m
a a

a -  m a
k k

-------• Therefore there will be this Analogy, k k . k k

mm : a a 

q q ^ m  a

k k q q a 2 q qm a -^q''^
b k k A - h m m  kk in m And the Square o f  e

m ?n

Which may b

k y

Ck reduced to an eafier Equation, if  making kk

+
my

pp^ itihallbe 

q q k y
y y

P
2 qqiny

a. A t  length ic is, the Square o f  e Í Í
k

bp k p
i i ,ITk 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, B E , the 
Analyfis is 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 o f 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 
fought. For it is the fame thina as if in the other Problem the Diirance of

gi.

the Points A  and E  were fuppofed infinite. In which Cafe the third Pro
portional to E  A  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 

‘y you v/ill folve the Problem. That is, with Vertex X , and latus iraiifverfuat
V X  or A X ,  and lalus return equal to it, defcribe the Hyperbola X  E, 

j whofe Ordinates to the Diameter A X  are parallel to the Right Line A E .
6. It is true, and likev.áfe wonderful, that the Conftru6lion I fent ypu for- ĵ̂  

merly, may aifo be found by Mr. Slufiits*s Calculation, after the Change of;í' :̂ 
qq into aa-\-ee. But this leems to be done by chance, nor does the Sim-
plicity of the Conílruólion 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-,  to find a Point t l  in the Circumference of the given

B b 2 Circleneo

K u y g e n e *

6143.



( 1 8 8 )

Circle  ̂ ’whence drawing the Lines H B , HC^ they Jhall make equal Angles at
the Circumfcrence.

Suppofe ic found, and drawing the Right Line A M  which ihall bifefl the 
Angle B A C ,  draw H  F  perpendicular to it, as alfo B M , C L .  Then join 
A  H , to which let H  E  be perpendicular, and let H  M  meet the Lines B H, 
H  C , in the Points K , G.

í7, M B = :¿ ,  A L  =  c, L.Cz=Ln,  Radius A  D  =r 
Now becaufe the Angles K  H  E  and C H  Z  are

Now let it be A  M  =
A  F  =  A.', and F  H  
equal, as alio E  H  G ; and E  H  A  is a Right Angle •, it will be as K  E  to 
E  G, lo K  A  to A G .  And becaul'e B M  to M  D, fo H F  to F K ,  it will 
be as B M  -|- H  F  to H  E , fo is M  F  to F  K . That is, b ~\-y .y :: a —  x.
a y  —  Ky

bAr-y Add F  A  =  A', then K  A
ay -\-b

y
Again, becaufe C L  to L  G, as H  F  to F  G , it will h z permutando is? di

videndo, C L  —  H  F to H  F , ib is L F  to F  G. That is, n —^ y. y :: c —  x„
cy  —  xy  ̂ ^ . r._AT? A

n — y 

But it is E  A

"Which being taken away from A F  =  x, tis G A  

d d
n

E A  — G A

d d

X

E G

becaufe F A ,  A  H , A  E, are Proportionals. Therefore

d d
71

A n d K A  — E A  =  K E
ay- ■hx
b-\-y

X

But we have faid it is K E  to E G ,  fo is K  A  to A G .  That is, 

d d ^ d d  n X c  y a y - X - b x ^ n x  —  c y
n ~ y  "  h - Y y

a y -
b - "J

X X
• Whence is found

I
n — y

2 a nx x y - \ - 2  bnx^— d d b n x — ddnxy —  n a ddy-^- nbddx ^
2 b c x x y - \ - dd b c y - \ - d d c y y  —  addyy  —  b ddxy.

b e  ' i b b c  b b d d c x  i b b c y y x

zacxyy

And becaufe n
a

it becomes
a

r

caufe Xx —  dd—̂ yy. But it is
i b b c

X

Cl
i b b c d d x  i b b c y y x

be

be-
a a

i h b c x y y  d d h c x y
a

a a
a d d y y ^ b d d x y .  And dividing all by and multiplying

caufe X xzzzdd-^yy.  Therefore

d d c y y  =  -  
by
—  2 bh c x y  —  ddb c x —  i a a c x y - \ - d d c a y  

a b d d X —  c b d d x - \ ~ a c d d y J f - a a d d y  
a b d d x ~ — c b d d x - \ - a c d d y - X - a a d d y

1 a c  x.yy

to  an Hyperbola.
2 a a c A - 2 b b c

—  a a d d y  —  b d d a x
2 a a c X  y i b b  c X y 

xy  ̂ which is an Equation’

Or



■

Or becaufe h c — n a .

( 189 )
a b  d d x  —  a n d á x - \ ' a c d d y ^ o . a d d y

Let
a d d

a a - \ - b  b
therefore

^ a a c - \ - 2 b  t> c 

p b  ic —  p n x  - ^ - p  c y - \ - p a y

2 c

X y.

X V,

Now from hence the following Conflrudion was not, difficult to find. Let 
B A ,  A C ,  be joined, 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 Q^let 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 B A  C. Now R D, R  N , will be the 
Afymptotes of the oppofite Hyperbolas, one of which muft pafs through the 
Center A , and which will cut t le Circumference in H  the Points required. 
Alfo the Hyperbolas will pals through the Points P,

T h e Reafon o f the Conftruilion appears, when P  5/, Q^, are drawn, per-
ct d  d

pendicular to A  M . For it is A y  —  ----- =  />, and A   ̂ *

Fig. 93.

Alfo P  y  z 

p b  —  pn^

p  n
and

p  b
a  a - \ - b  b

Therefore A O  =
p  c - ^ p  a

2 c
) and O R

2 c
Whence the reft will be eafy.

7. You will ceafe to wonder, learned Sir, that in the Problem of A lh a zen B yi}} 1) 6
the fame Conftruflion iliould be derived from diíFerent 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 is A ,  the Points H  and I and let the Point required be K , to which 
from the Points I and H  let be drawn the Right Lines H K ,  I K ,  and the 
Tangent K  D. 7 'hen from A  let any Line A  G be drawn, meeting H  K  in
E, I K  in B, the Tangent K  D in D  ; the Lines if  needful being produced. 
I'hefe Things fuppofed it is plain, becaufe o f equal Angles E  K  D  and D K  B, 
and the Right Angle A  K  D, that the three Lines A  E, B E ,  D  E, will be 
Harmonically Proportional. Therefore drawing K  C, I F ,  H  G, perpen
dicular to A  E, and calling A  K  =  A C - = . a ,  C K  =  H  G =  A  G =  ¿4
F A  =  2, F I  =  «, by the Method I formerly ufed in my fecond Analyfis ot 
this Problem, we fliall have this general Equation, n d a a  —  b z a a — nqqa^

f

h qq a = .  n d e  e —  z h  e n a e 2 z d a e  —  d  q q e  - ~ .z  q q e .

Now fuppofe A  G to be perpendicular to H  I ; there will be no Variety in 
the Equation, except that A F  and A G  (that is d and z j  will be equal. 
Writing therefore d for 2, the Equation will become n d a a  —  b d a a  —  
n q q a ^  b q q a  —  n d e e —  d b  e e-^2 h n a  e~\~ 2 d d a e  —  2 dqqe .  Or ap-

2 bn(ieA(- 2 ddae— 2 dqqe ̂q q a
plying all to n d  ^ d b ,  the Equation is a a — - j -  = .e e n d— db

Whicbt
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Which is the ilime that I deduced from my firft Analyfis, though anotlier 
W a y , and which I 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 n d a a  —  n q qa ■=: n d e 2 % d a e —  d q q e — q q z e .  
This as you may remember I gave you as my Iccond Thoughts, and another 
like to it, in the Cafe wherein the Right Line A  G paiTes through I.

Then let us fuppofe the Right Line A G  to bifeót the Angle H  A I ; then 
becaufe o f  the Similitude o f  the Triangles H A G ,  I A  F, it will be as H  G 
to G  A ,  fo is I F  to F  A  or J . z, or n d = .  b z.  Therefore taking 
away Equals, *tis h q q a  —  qqa ■=. 1 h n a e z % d a e —  d q q e  —  qqze.  
I 'he fame which, as Í underlland by your Letters, Mr. Huygens has con- 
ñrudled.

Laftly^ let it be fuppofed that the Right Line H  G  bifeds the Right Line 
I I I ;  therefore H  G = 1 1 G, or h = . n .  Then it will be by taking away 
F.quals, h da a —  h z  a a —  b d e e —  b z e  e-^^ibh a e - ^ i %  da e —  dqqe  — • 
q q z e .  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 e e their Values qq —  e e or qq —  a a.

You iee 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. B jt  to invefhigate them is o f  no great Con- 
lequence, fince in this Problem, though formerly Solutions were wanting, 
yet now we have Plenty enough. I will only add a Conílruólion by the Pa
rabola, and that two W ays; 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 o f the other Conic Sedlions.

The fame Things then being given, let A  I 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 A C  be drawn. Then 
making three Proportionals I A ,  A C ,  A  E, let it be as S A  to A  E, fo is 
M  Q_̂ to A  D, and R S 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 bifeét 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 O B . I fay, if it be V X  to X 
fo is X  B to B L , 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 I have hinted already, which will 
do the fame as this, and whofe Defcription may eafily be deduced from this, 
ib that there is 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.

bilcct
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blfefl P «Í in and through  ̂ let the Right Line s? 1 3  be drawn perpendicular 
to X  B, meeting v/ith S x, perpendicular to O A , in sí, and upon which let 

■the Perpendicular ta/3 fall. Then let it be as to ^3 , fo is | 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 . L e t B E 3 b e  a double Convex Lens, C  the Center of the Segmen1 
E B ,  and K  the Center o f the Segment E 3 ;  B 3  the Thicknefs of the L e n s , «/ 
D  a Point in the Axis of the Lens •, and it is required to find the Point 
at which the Beams proceeding from the Point D are col!e<5l:ed therein, thê ’’^ ' " - H a  
Ratio of Refraction being as m to n. Let the Diftance o f the Objeót D 
=  D A  (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  3 i or K  « p, and let B 3 , the Thicknefs of 
the Lens, be =: /, and then let the Sine of the Angle o f  Incidence D A G ,  
be to the Sine of the Refracted Angle H  A  G, or C  A  (p, as m to ?/; -and in 
very fmall Angles the Angles themfelves will be in the fame Proportion ; 
whence it will follow, that, as d to r, fo the Angle at C  to the Angle at D,

Fig, 96.

and d

io d -\

r will be as the Angle of Incidence G A D j  and again, as tn to 

fo ' -— ■) vvhich v/ill be as the Angle G A  H  =  C A  (p. This be-
m

ing taken from A  C D , which is as d, will leave
n d nr

m analogous to

the Angle A  e> D •, and the Sides being in this Cafe proportional to the Angles 
they fubtend, it will follow, that as the Angle A  <p D is to the Angle A D  ip,

"})% d T
fo is the Side A  D or B D , to A  (p or B : that is, B <p will be =

which ihews 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 is on the fame Side of the Lens beyond D. But i f  « r
be equal to m _nd  ̂ then they proceed parallel to the Axis, and the Point <p
is infinitely diflant.

The Point <p 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

<i p«
Diilance fought, is equal to —  /• room of <f fub1 ^ / 2  — —  ft o ^ ^ fit

flituting B —  B 3

m —  
m d r

m n d n r m— n
after due/, putting p  for 

mp d r   ̂—  n d^t-\-n p r ^ t ____
Reduñion this Equation will arife, ^^r - ^- md^— mp r  i ~ m  —  n d l + n r t

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

ED
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Terms arife from onr taking ¡n the Thickhefs of the Lens, which in moil Cafes 
can produce no great Effed ; however, it was neceíTary to confidei it, to 
make our Rule perfedt. If therefore the Lens confift o f  Glafs, whofe Re-
r  r -  • > -Ml 6 d r f ^ 2 d f í - \ - 4- r p í
fracftion is as 3 to 2, twill be -----77^— — -----=  /. If
o f  Water, whofe Refraólion is as 4 to 3, the Theorem will irand thus:

11  d r   ̂—  •¡d it~ \-c)ro t
— ;;;— j----- -̂---------------- ~TTn-T =  A If it could be made of Diamant4 í/ r - j - 4 ¿ íp — 12 r d t - Y  t
whofe Refradion is as 5 to 2, it would be

- f - d r f — 2 d g i  '

5 d r - \ - 5 d ^ §

 ̂ r pt-------------  f
^d t ^ 2 r i

And this is the univerfal Rule for the Foci of double Convex Glafics eJc- 
pofed to diverging Rays. But if the Thicknefs of the Lens be rejeélcd as

■p d r  0
not fenfible, the Rule will be much fhorter, "jiz. — ¡— r— -----  ~  or* d r — p r  ̂ J ^

2 p
in Glals, '-j--------j-------------—  f. AH the Terms wherein t is found bc-d r ~~ d f —  2 r f ^
ing omitted, as equal to nothing. In this Cafe, if  d be fo Imall, as that
arpexceed dr-j~d^^ then wilJ it b e — /, or the Focus will be Negative, 
which ilievv that the Beams after both Refraflions ftill proceed diverging.

T o  bring this to the other Cafes, as of Converging Beams, or o f 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 o f  Con
verging Beams from the Point B, or the firft Surface of the Lens, I call a 
Negative Radius, or —  r i f  it be the firft Surface, and —  if it be the 
fecond Surface. L et then converging Beams fall on a double Convex of

_2 d r  p
Glafs, and the Theorem will fland thus---- --------1----------- =  /*, which—  d r  —  d^ —  2 r g  ‘
Ihews, that in this Cafe the Focus is always Affirmative.

I f  the Lens were a Menifcus o f  Glafs, expofed to diverging Beams, the

Rule i s ---- — ¡— — y-------- =  f :  Which is Affirmative, when 2 ?* p is
—  ¿ r i/ f 2 r   ̂ ^

Jefs than d r  —  Jp, otherv/ife Negative : But in the Cafe o f  converging
 ̂̂  2, d T* p

Beams falling on the fame Menifcus^ ’ twill b e — -----^ 'j l T V I  — /•~ d r  —  d ^- \ - 2 r  f
it will be whilft d^ —  d r  is lefs than 2 rp; but if it be greater than
2 r  it wil always be found Negative or — /. I f  the Lens be double Concave, 
the Focus o f converging Beams is Negative, where it was Affirmative in th

Cafe of diverging Beams on a double Convex, 'u iz .-----■,------- ——d a d r  —  2 r g
vvjiich is Affirmative only when 2 r o exceeds d r  d p \ But diverging

Beams

j n E D
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Beams piíTmg a double Concave, have alvvayt a Negative Focus,

_______________ l í u _______________

The Theorems for converging Beams are principally o f ufe to determine 
the B ogus refulting fro m  any fort of Lens placed in a Telefcope, between the 
Focus o f  the Obje6l-Glafs and the Glafs itfeif j the Diilance between the faid 
Focus o f  the Objeél-GIafs 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 j — j Term  p f^  vaniíhes, as being finite, which

is no Part o f  the other infinite Terms 5 and dividing the Remainder by the in-

finite Part the ’Theorem will ftand thus — ¡—  =  / , or in Glafs — j—  =s f.
r - j - f  r  +  f  J

In cafe the Lens were plano-convex expofed to diverging Beams, inftead of
P d r  0 . P d p  2 d r

•v„ I ,-------  — -"i r  being infinite, it will be -t— = / ,  or -j--------- =  /, if
d r A - a ^ — p r   ̂ °  d — 2^ ''
the ,ens be Glafsi

 ̂ I f  the Lens be double-conVex, and r be equal to as being formed of
> p  d p r I

Segments o f  equal Spheres, then will ---- ¡— —̂  be reduced to- i r »  d r - \ - d ^ — p r ^
p d r  . . ,

=  / i  and in cafe d be infinite, then it will be yet farther contrafted ;

ii
to i  /> r, and p  being =  ------- > the Focal Diilance in Glafs will be =  r, intn
Water i f  r, but in Diameter -j r.

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 
Objeil, or from the Focus and Diftance given we may find o f 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 / :  As 
likewife from the Lens, Focus, and Diftance given, to find the Ratio of
Refraction, or o f  m  to », requifite to anfwer thefe Data. A ll which, it
IS obvious, are fully determined from the Equation we have hitherto ufed, 
viz. p d ^r  z=. d r / - | -  d -\-p r For to find the Theorem is

p r Diftance o f the Obje6l; for the Rule is

d r f
J T 7̂ 7p ; ^ r f =  e i but for A  it will be =/■ s which lat-

Eer determines the Ratio of Refraftion* m being to » as i to 
f lE D  !• G c  I fliall
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I ihall not expatiate on thefe Particulars, but leave them for tlie Exercife of 
thofe that are defirous to be informed in Optical Matters, which I 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 o f finding the Focus, I fliall only ihew 
t'A’o confiderable Uiosof them ; the one to find the Diftance whereat an Ob- 
je(5l  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 have p d r  0 z=z d d r  

d d  ̂—  d p  ^r  \ and dividing all by dy p r d r  -\-d   ̂ ^  ̂ is,
2  ̂ jO

d', but if the two Convexities be of the fame Sphere, fo as r =

( 1 9 4 )

i.
then will the Diftance be r, that is, if the Lens be Glafs —  2 r-̂  fo that
i f  an Obje6l be placed at the Diameter o f a Sphere diftant, in this Cafe the
Focus will be as far within as the Objeft is without, and the Species repre- 
iented thereby will be as big as the Life ; but i f  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 is required to make 
a vaftly diftant O bjed be reprefented at a given Focus, after the one Surface 
o f  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

T f  . .
p ,  that is, in Glafs, — -p ;  whence, if/  be greater than 2 r,

f r ~ - - f  

p becomes Negative, and
r f

2 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.

mp d r   ̂—  n d^ t —  n p r ^ t
md r A ^ md ^  —  mp p r m n d t  —  rir t / ‘

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 
to 2 r, and r  =   ̂ ; and after due Redudlion, the Theorem v/ill ftand thus,

^,jpdr —  2 n r r _   ̂ be infinite, it is contraded to
'  ̂ J  \ rs 'in ^ J

rapr  
2 n

2 n d - \ - 2 n r
2 f!

mp r 
m

r ~  f i  wherefore a Sphere o f Glafs collefts the 

Sun’s Beams at half the Semidiameter of the Sphere without it, and a Sphere^
2 tn —  i n



of Water at a whole Semidiameter. But if the Ratio of Refraiftion w to « 
be as 2 to i ,  the Focus fails on the oppofite Surface of the Sphere; but if it 
be of greater Inequality, it faIJs within.

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

orem refults-------------r —  f   ̂ that is, in Glafs it is 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 L e n s : 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 ObjeÁ, 
/ does occafion no Difference, but the Focal Diftance /  =  2 r. But when 
the Convex Side is towards the Objeil, it is contrafted to 2 r —  1 fo that 
the Focus is nearer by \  /. I f  the Lens be Double Convex, the Difference 
is lefs j if a Menifcus, greater. I f  the Convexity on both Sides be equal, the 
Focal len gth  is about f  / ihorter 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 is Affirmative, is this
3 r  —  3 —  t

for double Convexes o f different Spheres. But for Menifci the fame Difíe-
'2, T t —j— 2  ̂/

—   — r — . o f  which I need give no other Demoniira-
3 ^— ‘ 3 P * f ^5 ^

( i 9 í

rence becomes

I

tion, but that by a due Reduilion it will follow from what is premifcd, as 
will the ’Theorems for all forts o f Problems relating to the Foci o f  Optick 
GlaiTes.

XI. I. Let D  B and E C  be oppofite Hyperbola’s, whofe tranfverfe Axis^ '̂C '̂"»-"*» 
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 i f  the H y p e r b o l a ’ s  c h r i n . ’  

are converted about the Axis O  M , it is plain, by fuch a Revolution an Hy-N .̂' '̂. .̂ 
perbolical Cylindroidal Body will be generated, whofe Bafes and Seftions par- Jan*.An. 1669. 
allel to the Bafe will be Circles. I fay moreover, i f  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 j 
alfo through the Axis into a generating Figure, whofe half is B D  E  C, in the

C  c 2 Plain
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PJain o f 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 o f O  H  or O D, 
fubtrading the Square o f  O  G, is equal to the Square o f G H . And becaufe 
D O  is 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 o f  A B, 
or the Square of A  N . Therefore the Square o f G H  is equal to the Square 
o f  A  N , and thence G  H  is equal 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 o f  a double Flexure, innumerable Right Lines may neverthelefs be 
drawn. It appears alfo, that there is another Way o f  generating this Body, 
that is, by the Revolution o f a Parallelogram about the Axis at reft, in an 
A ngle 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 o f  theChiíTel 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 o f  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 o f  the Hyperbola will be va
ried, according to the different Inclination or Magnitude o f the Angle G A G  
fo that it is 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.

7ke Application L et there be three Bodies fit for Grinding, P, Q ¿ R  j of which letP
c ‘r7Sr.gl/Hv- and Q^be equal, and formed in the Shape o f  a Pillar, but let the Body R be 
ferh'jicaioptick Shapc o f  a Lens. L et P  have a Rotation about the Axis A  B,
c f f iV w ^ r  about C  D , and R  about E  G. But let A  B and C D  be in different Plains, 
N. S3-Í- J059- yet fo that E  G  produced may be at Right Angles to both A  B and C D.

 ̂ 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.

I fay, that by the Revolution and mutual Attrition o f  the Bodies before 
fuppofed, new Geometrical Bodies will arife, o f  which P and d w i l l  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 o f  the Machine it-
felf, which is intended for the grinding o f Hyperbolical Lenfes. To de-
fcribe which by the laborious Apparatus of aPidure, and a tedious Explica-

 ̂ c o n ,
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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 is eafy to guefs what fort o f  an Inftrument it is. The 
Parts are three oblong Boards, plain, ilrong, moveable, and placed upon 
0ne 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 o f each o f  the Mandrels. I 'he  
Puppets of the uppermoft Board are equal, and diipofed according to the 
Length o f the Board ; and the Mandrel is let through the neareft Puppet, be
ing perforated for that End. I 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  is a Lens o f Glafs; Q^is the Model 
grinding the Lens •, P is the Pattern that corrects the M odel; which as it is 
carried by an oblique Motion, and different from the Motion both of the 
Lens and the Model, continually giinds and wears away whatever Imperfe- 
ñion is communicated to the Model by the Attrition o f  the Lens and the 
Matter.

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

XII. This Phaenomenon appears very eafily explicable, from the my four Convtx
ration of placing Glafles in a Tube *, which is thus: After the Objedb-Glafs,^ "̂- '̂ "̂^  ̂
the firft Eye-Glafs is placed fo much diftant (towards the Eye) from the Focus î î by
of the ObjetSl*Glafs, as is the Focus of the Eye-Glafs; then the middle Eye- 
Glafs is placed fo much diftant from the Focus o f 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 in 
the Focus of the neareft Eye-Glafs.

I fay therefore, i. That one fingie Convex-Glafs cannot properly be faid 
by itfelf to fliew Objeóts Ereél or Reverfe, but in refped: of the placing of the 
Eye that looks through i t : 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; i f  the Eye h/e 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, I 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; P’or 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

nED
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3. If che ftícond Eyc-GIafe (the fitft beinc that next the Objeél-Glaís) be 

placcd, as it ought, in a Tekfcope, place the Eye nearer in this middle Eye* 
Glafs than its Focus, and it fees the Objeñ inverted and confufed: Place the 
Eye in the Tocus, and ¡t 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- 

ii 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 Diílin<5l  Bale; that b, the Species is inverted 
in the Diílinñ Bafe o f the Obje<5t-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 o f an Objeit-Glais 
and three Eye-GIafTes, as two Telefcopes, each confifting o f 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- 
f i f h  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-GlafTtís 
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 o f the Ob- 
jeft-GIafs 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 o f the third, that is, Ereft.

t

W.I'
XIII.
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XIII. I. Mr. Auzont hns found that the Apertures, which Optic-Giaffes^^-j'^*' 
can bear with Diftindtnefs, are in about a fubduplicatc Proportion to their^
Lengths: And, accordingly, he hath made the. following ^abk.  ̂ júmAo.'Veós.

Letigtbi
of

G¡̂ iJ[cs,

Jpertures for Lengths

iGlajfcs,

JlpertuTts for

Excelient Gto,i Oréirtary Excelltnt 1Or̂ ituaty

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 8 3 2 2 7
P 7 6 5 35 4 0 3 4 2 10

I
✓
0 8 7 6 40 4 3 3 7|3 I

I 6 9 8 7 45 4 6 3 10 3 2
2 0 1 i 10 8 50 4 9 4 0 3 4
2 6 I 0 z 1 9 55 5 0 4 3 3 6
/S6 0 1 1 I 0 10 60 5 2 4 6 3 8

0¿1 6 I 2 I i j 1 % 5 4 4 8 3 20

4 0 z 4 I 2 I 0 70 5 7 4 10 4 0

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

5 0 I 6 I 4 I 1 80 5 11 5 2 4 5

6 I 7 1 5 1 2 90 6 40 5 6 4 7
7 I Q 1 6 I A: ICO 0 8 5 9 4 10/
8 1 10 1 8 I 4 120 7 6 5 5 3
9 I 11 1 Q✓ I 5 150 8 0 7 0 5 1 1

10 2 1 I 10 I 6 200 9 6 8 0 6 9
12 2 4 2 0 I 8 250 [0 6 9 2 7 8
14 2 6 2 2 I 9 300 1 i 6 [O 0 8 5
16 2 8 2 4 I 11 350 12 6 lO 9 9 0

18 2 10 2 6 2 1 400 ' 3 4 IX 5 9 8
20 3 0 2 7 2 2

2. This Theory of Apertures leems to me not very clear ; For the 
Glais will endure greater or leíTcr Apertures, according to the lefler or greaterf'-* h«a. 
Light of the O yeit j if ic be for looking on the Sun and Vemŝ  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 Saiurn̂  or Jupiter  ̂ or Marŝ  then the largeft.
Thus I have often made ufc of a 12 Foot Glaís 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, I looked on the Sun or Venuŝ  I 
ufed both a fmalJcr Aperture, and iballower Clwrge,

XIV.
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X IV . I have Found long fince a W ay to meafure, with a great Telefcope, 

the Diftance of Objefts upon the Earth from one Station. The Praftice indeed 
does not altogetlier anfwer the Theory, becaufe that the Length of the Tele- 

ĉ7. ’Att.̂ i66s> Scopes admits o f  fome Latitude j ytt one comes near enough, and perhaps as
juft as by moft o f  the Ways ordinarily ufed with Inftruments. That which I 
am propofing, I doubt not but Mr. Hook will foon underftand, and fee the 
Determination o f  all Cafes pofiible. I ihall only fay. That if we look upon 
the foie Theory, we may make ufe o f  an ordinary Telefcope, whereof the 
Eye-Glafs is 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 Objeót will appear Ereft. They 
may be done two manner of Ways j either by leaving the Telefcope in its or̂  
dinary Situation, the Obje¿t-Glaís before the Eye-Glafs j cr by inverting it, 
and putting this before that. But if any will make ufe of two Objeól-GIafíes, 
whereof the Focus’s are known, the Diftances o f them will be known. If it 
be fuppofed, that the Focus o f  the firft be B, and that of the fecond C, and 
the Diftance given, B -j- 2 D , and that D  —  C be equal to F  ; for this Di
ftance will be equal to B C  -I- F  —  r F* C ‘ . And if you have the Focus

  - A ________________ - -  __ •  _  _________ .  A *  _ ̂

o f the firft Objeót-Glafs equal to B, the Diftance where you will put the
fecond Glafs, equal to B

C D
C  D , the Focus o f the fecond Glafs will be

found equal to | 0 » And if  you will that the Objedt ihall be magnified

as much with thefe two GlafTes as it would be with a fingle one, whereof the
Focus ihould be o f  the Diftance given, having the Focus o f the Objcd- 
Glafs given equal to B, and the Diftance given to B ^ D  •, the Diftance be-

, 2 B* +  2 B D
tween the firft and fecond Glafs will be equal to — 7̂-̂  | —  ■

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

whence, 

B D
B -|-D

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

‘To maii a Plano- two Glaflcs, the onc exadlly fiat on both Sides, the other
convtx Glafs of a flat on thc One Side, and convex on tlie other, o f  what Sphere you pleafe. 
ua\btRa’sat'a '̂^  ̂ be a little broader than the other. Then let there be

mzAt a Cell or Ring o f  Brafs, very exadly turned, into which thefe two 
% GlafiTes may be fo faftened with Cement^ that the plain Surfaces of them may
N-' tz. 'p. roa. lie exadlly parallel, and that the Convex Side of t le Plano-convex Glafs may 
lu " ’ An inward ; 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 o f  Wine, Saline Liquors, ^c.
then ftop the Hole with a Screw : And according to the differing Refradion 
o f  the interpofed Liquors, fo fliall the Focus o f  this Compound Glals be

 ̂ But
longer or fliorter.

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

X V I. I .  S. Campani pretends to have found a W ay to work great Optic-7eií¡c<,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. paniWDivi-

The Great Duke oiTufcany, and Vrmct Leopold his Brother, upon Trial Mar.An.̂ i'eVs. 
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 diftinguiih Peo- 
pie at 4 Leagues Diftance.

But Etijiachio Divini pretends, that in all the Trials made with them, his n. izt 209* 
great Glaffes have performed better than thofe of Campani; and that Cdm- 
pani was not willing to do what was neceíTary for well comparing one with 
die otherj 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 W ay o f  grinding Heveiius. 
Optic-Glaffes, and reduced it alfo into Praftice; by which *tis eafy, with- Nov. An?i665. 
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 o f any 
Sedion o f 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. Huygens.
3. M . du Sons doth at prefent employ himfelf in London, to bring Tele- îl .̂dusons. 

fcopes to Perfedlion, by grinding Glaffes of a Parabolical Figure. I have feen n>idf. 99, 
two Eye-Glaffes o f  that Shape, about one Inch and a half deep, and one Inch DKrAii/16̂ 65. 
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 ihall lear the Author undertake to 
excavate other fuch Eye-GIaffes to above 2 Inches, and Obje6l-Glaffes oí 
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 zi.
one of 10, the ocher of 8 Foot. They bear a great Aperture in refpeél of^‘ 374* 
their Length.

5. Mr. Fr. Smethwick having found a W ay of grinding Glaffes not Sphe- SyMr.Trandi 
rical, produced before the Royal Society 27. i66f)certain  Speciminâ ^^^ '̂̂ ¿̂ ^  ̂
of that Invention ; which were, a 1  elefcope, a Reading, and two Burning-
Glaffes.

V ol. I. D d  The
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T h e 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.

. T h e  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 o f this new-invented Figure, were- 
the one o f  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 o f 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.

T h e  Biihop o f Salisbury  ̂ Dr. Seth Ward^ was by at another Time, wheii 
the deeper o f  the two Concaves turned a Piece o f  Wood into Flame in the 
Space o f  10 Sec. of Tim e, and the íhallower in 5 Sec. at moil, in theSeafon 
o f  Autumn  ̂ about Nine o f the Clock in the Morning, the Weather gloomy.. 
T h e  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.j 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 A ir in the Day-time, which it would ncc 
do after Sun-íét.

6. W e have an Artiil at Paris that polifhes Optic-GlalTes on a Turn. I 
have feen a Glals o f  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. BoreUi. 7. M . Borclli hath found out a fure and very eafy Method to work all forts

great GlaiTes. H e hath already made one o f them very good of 200. 
Aug. n. I 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 o f them. He hath entrulled the Secret to

one o f  the Royal Academy o f Sciences.
Campani and Divini have commonly ibid their Glafies at a Piilole the Foot, 

Sometimes they have far exceeded that Price. One of Divini’ ŝ  of 12 Foot, 
was fold for 400 Livres ; and another o f  Campani*s, of 34 Foot, for 2000 
Livres. Notwithilanding which, S. Borelli is willing to part with the belt 
o f  his own Glafi ês, o f  50, 60, or 65 Poot, for 500 (French) C ro w n s; an 
the fmall Glaflfes, from 6 to 12 Foot, at a (trench) Cfown a f o o t ;  from 
12 to 18, at half a Pifióle; and from 18 to 26, at a Pifióle.

B. Though

By an Aftifl ai 
Pjris* N * 40«

795

N * 140.^. 7005« 
July, An. 1678.
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8. Though it- be commonly believed, that Roik Cryjlal is not fit ¿y

Optic-Glaffes, becaufe there are many Veins in it; yet Euftachio DiwwzE»ft.Dwm.’ 
made one o f  it, which he faid proved an excellent one, though full of
Veins: But perhaps they were only fiiperficial Striélures and flight Scratches, 
not Veins. " . . / '

9. Drops o f  fair Water being let fall on a Piecc of plain Glafs, form
Jfelves into Plano-convexes, having a Convexity proportionable to the Heights Gray, 
from which they d^fcend *, from a greater Height a lefs, from a lefs a greater^- 
Degree of Convexity, I 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 o f  the Water obliges one to keep the 
Glafs Horizontal, which I after devifed a W ay to remedy. I took a fuffici- 
ent Quantity of Ifing-Glais, and diíTolved it in Water over the Fire, and 
whilft it was warm I dipt a Stick into the Solution, and let fome Drops o f  it 
fall on the Glafs as before j and in a quarter o f 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 o f  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 preíTing 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.

I 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 I had found, thzt. Light confifis of Rays differently refran-'^t Advantagtt 
I left off my Glafs-works ; for I faw, that the Perfediion of Telefcopes f̂,f*^ '̂° /̂* 

was hitherto limited, not fo much for want o f 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 f̂i>‘ An. »6̂ »» 
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, I wondered, that feeing the Difference 
of Rcfrangibility was fo great as I found it, Telefcopes ihould arrive to that 
Perfeftion they are now a t : For, meafuring the Refradlions in one of my 
Prifms, I found, that fuppofing the common Sine o f Incidencc upon one

D  d 2 o f
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o f  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 o f  Refraélion o f the utmoft Rays on the other End 69 
Parts; fo that the Difference is about a 24th or 25th Part o f  the whole Re- 
fráélion. And confequently, the Obje£t-GIafs 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 o f  the Diameter o f  its Aperture ; which is an Irregularity, 
fome hundreds of times greater, than a circularly figured Lens  ̂ o f fo fmall a 
Seftion as the Objeft-GlaffesoflongTelefcopes are, would caufe, by the Un- 
fitnefs o f 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 o f Incidence, I 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 I have almoit thought them infuperabie, when I farther confider’d 
that every Irregularity in a refleóting Superficies makes the Rays ftray five or 
fix times more out o f  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 I proceeded fur
ther. But then having thought on a tender way o f  polilhing, proper for 
Metal, whereby, as I imagined, the Figure would be corrected to the laft, 
I  began to try what might be effefted in this kindj and by degrees fo far per- 
feded an Inftrument (in the eíTential Parts o f  it like that I fent to London) 
by which I could difcern J-K/í//ír’s four Concomitants, and ihewed them di
vers times tOiLwo others o f  my Acquaintance. I could alfo difcern the Moon
like Phafe o f  Venus  ̂ but not very diftinilly, nor without fome Nicenefs in 
difpofing the Inftrument.

! "rom that time I was interrupted till this laft Autumn, when I made another. 
A nd as that was fenfibly better than the firft (efpecially for Day-Objefts) fo I 
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 newCataii- 2. This new Inftrument IS compofed o f  two Metalline Spcculums, the one

Concave (inftead o f an Objeft-Glafs) the other Plain : and alfo o f  a fmall Plano- 
j !̂"Kewion. 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.

4̂* 99* ^  another Metalline Speculum, whofe Surface is flat, and the Circum
ference oval.

G D ,  an Iron Wire, holding a Ring o f Brafs, in which the Speculum C D
is fixed; ‘

F, a

n £ D
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F, a fmall Eye-Glafs, flatabo\re, and convex below, of the 12th Part o f  an

Inch Radius, if not lefs.
G G G ,  the fore Part of the Tube (which is open) failened to a Brafs Ring

H I. to keep it immoveable.
P Q J C L , the hinder Part o f  the Tube, fattened to another Brafs Ring

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

M Q JG I, a croo ced 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-GIafs and the Concave Speculum ; that is, E  F,
4. of an Inch, and E T  V , 6  ̂ Inches; and the Ratio will be found as i 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 Reñeéling 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 poliihing, than the other Parts of the Metal i 
and fo, however the Metal feem polite, yet it ihall not refledl with fuch an 
accurate Regularity as it ought to do. Thus Tin-GIafs 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 o f  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 
I have fometimes ufed) or rather fuch like Subfl:ance, will do, deferves parti
cular Examination,

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

But not having tried, as he faith, many Proportions of the Arfenick and
Metal, he does not affirm which is abfolutely beil, but thinks there may con
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vcniently be ufed any Qy^otity o f  Arfenick equalling In Weight between a 
fixth and an eighth Part o f  the Copper ; a greater Proportion makino- the 
Metal brittle.

The W ay 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, in the 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 ñirrecí 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 ŵ as melted, a higher Degree o f Fufion would have made 
the Metal porous-, but he thought that W ay he proceeded to be thefafeft. 

i  He adds, that in the Metal, which he fent to London  ̂ there was no Arfenick,
but a fmall Proportion o f 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 poliíhed, as good in rendering 
it white and luminous.

A t  another time he mixed Arfenick one Ounce, Copper fix Ounces, and Tin 
two Ounces j and this an Acquaintance o f his hath, as he intimates, poliíhed 
better than he did the other.

As to the Objeélion, that with this kind o f Perfpedlives, Objeds are diffi
cultly found j he anfwers. That that is the Inconvenience o f  all Tubes that 

|íí 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 

f  which way they were pofited, from other Objeóls 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 
O b je f l ; as Des Cartes in his hath defcribed, for remedying the
fame Inconvenience of his beft Telefcopes. 

jipprwed h M. 3- I by the Defcription you have fent me of Mr. Newton*s admirable 
HugensdeZu- Telefcope, that he hath well confidered the Advantage which a Concave
4oosT* Speculum hath above Convex-GlaiTes in colleding the parallel Rays *, which

certainly, according to the Calculation I have made thereof, is very great. 
Hence it is, that he can give a far greater Aperture to that Speculum, than 
to an Objeél-Glafs o f the fame Diilance o f the Focus ; and confequendy, that 
he can much more magnify Obje6ls this W ay, than by an ordinary Telefcope, 
Befides, by it he avoids an Inconvenience, which is infeparable from Convex 
Objed-Glaffes, which is the Obliquity o f  both their Surfaces, which vitiateth 
the Refradion o f  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 
aietalline 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 o f  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 Glaífes, and a W ay of giving th^
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PolíHi without vitiating the Spherical Figure. Hitherto I 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, I apprehend his Te- 
lefcope will not fo well diftinguifh Objedsas thofe withGlaffes. But ’ tis worth 
■while to fcarch for a Remedy to rhislnconvehiency, and I del'pair not of finding 
one. I believe that Mr. Newton hath not been without confidering the A d 
vantage, which a Parabolical Speculum would have above a Spherical one in this 
Conilruibion ; but that he defpairs, as well as I do, of working other Surfaces 
than Spherical ones with due Exadnefs i tho* elfe it be more eafy to make a 
Parabolical, than Elliptical or Hyperbolical ones, by reafon o fa  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 W ork 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 I gave you occafion to fufpeil that the Inftrument which
I fent you is in fome refpeél or other indifpofed, or that the Metals are tar- fbTTnjirLtrt  ̂
nifiied j and by yours I am fully confirmed in that Opinion : For, whilft I had Newton,
it, it reprefented the Moon in fome Parts of it as diftindly as other Telefcopes 
ufually do which magnify as much as that. Y et I very well know, that that Jn- 
ftrument hath its Imperfeótipns 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 o f the Metal of it on the poliihed Side, and alfo in the Figure of that 
Metal near thatTcabrous Place : And in all thoie Refpe6ls that Inftrument is 
capable of further Improvement.'

You feem to intimate, that the Proportion o f  38 to 1, holds only for its 
magnifying Objeéls at fmall Diftances. But if for fuch Diftances, fuppofe 
500 Feet, it magnify at that Rate, by the Rules of Optics it muft for the 
greater Diftance imaginable magnify more than 37 to i ,  which is fo incon- 
fiderable a Diminiihing, that it may be even then as 38 to 1.

Here is made another Inftrument like the former, which does very well.
Yefterday I compared it with a fix Foot Telefcope, and found it not only to 
magnify more, but alfo more diftinftly : And to Day I found, that I could 
read in one of the Philoibphical Tranfa£tions, placed in the Sun*s Light, at 
100 Foot Diftance, and that at 120 Foot Diftance I could difcern fome 
of the Words. When I made this Trial, its Aperture (defined next the Eye) 
was equivalent to more than an Inch and a third Part of the Obje<5t-MetaJ.
This may be of fome Ufe to thofe that ihall endeavour any thing in Reflections 
for hereby they will in fome meafure be enabled to judge of the Goodnefs of 
their Inftruments,

5. I know that the Aperture was i 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 j.

{ 107  )

one Point of the Object. by Mr» Newton.

I ihould tell you alfo, that the little plain Piece of Metal next the Eye-Glafs Apriî  in. 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.
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which I find more Difficulty than one would expe£l) they will appear all over 
diftind:, and diilinder in the middle than at the Edges. And I doubt not but 
that the Performances will then be greater.
• But y e t i  find, that there is more Light lofl: by Refiedtion o f the Metal 

. which I 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 o f  magnifying 38 or 40 times, with fufHcient 
Diílinélnefs. And for all Objeds, the fame Charge, I believe, may witli 
Advantage be allowed, if  the fteely Matter, employed at London  ̂ be more 
ftrongly refleótive than this which I have ufed.'

T h e  Performances of one o f thefe Inftruments o f  any Length being known, 
it will appear by this following Table, what may be expeóted from thofe of 
other Lengths by this W ay, i f  Art can accomplifh what is promifed by the 
Theory. In the firft Column is expreíTed the Length of the Telefcope in 
Feet 5 which doubled, gives the Semidiameter of the Sphere on which the 
Concave Metal is to be ground. In thefecond Column are the Proportions of 
the Apertures for thofe feveral Lengths. And in the third Column are the 
Proportions o f  the Charges, or Diameter o f  the Spheres, on which the Convex 
Superücies of the Eye-GlaiTes are to be ground.

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

1
I C O 100 8 800 200

I 168 119 10 946 2 [ I

2 283 141 12 1084 221

3 383 157 16 1345 238

4 476 168 20 1 5 9 1 251

5 5 6 2 178 24 1824 263

6 645 186

The Ufe o f 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 o f a four Foot Telefcope : By the fecond Column, as 100 
to 476 ; fo are the Apertures, as alfo the Number o f  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 o f  the Eye-Glafs for a half Foot Telefcope be f  of an Inch ; that 
for a four Foot fhould be that is about ^ o f 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 I 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 A perture fhould

Jlncnes,



1

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.

XVIir. I .  I doubt not but M . A. will allow the Advantage of Re- Sitne Objê iont 
fleflion in the Theory to be very great, when he iliall have informed him- 
felf of the different Refrangihility o f the ieveral Rays o f Light. And for Mr.Newion. 
the praélick Fart, it is in fome Meafure manifeft by the Inftruments already 
made, to what Degree of Vivacity and Brightnefs a metalline Subitanqe may 
be poliflied. Nor is 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 o f  Tarnifhing feems to be the conden- 
fing of Moifture on its poliflied Surface, which, by an acid Spirit, w'herewith 
the Atmofphere is impregnated, corrodes and ruits it i 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 is not occafion to make frequent Ufe o f the Inftrument, 
there may be other Ways to preferve the Metal for a long time ; as perhaps 
by immerging it in Spirit o f Wine, or fome other convenient Liquor. And 
if they chance to tarnifli, yet their Polifh 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.

Í am very fenfible, that Metal refleils lefs Light than Glafs tranfmits; and 
for that Inconvenience, I gave you a Remedy in my laft Letter, by aftigning a 
ihallower Charge in Proportion to the Aperture, than is ufed in other Teie- 
fcopes. But as I have found fome metalline Subftances to be more ftrongly 
refieélive, and to polifh better, and be freer from tarniiliing than ocliers fo 
I 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 rotCsn/,JiratK>:i 
of improving Optics by Refraélions. If he had obliged me by a pnvatê .̂̂ ŷ̂ -̂̂ ^̂ ^̂  
Letter on this Occafion, I would have acquainted him with my Succefs on Ñ e w w n .  n . s s .  

the Trials I have made o f that kind, which, I fhall now fay, havi: been lefs than '
I 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, I 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 I 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 
W ay, do neceffarily more and more augment the Errors of the firft Refra- 
ftion i 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, I 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- 
jp<5t-GIafs, on whofe Conftrudtion the Perfedion of the Inftrument chiefly 
depends.

T o  the Affertion, that Rays are lefs true, refleded to a Point by a Con
cave, than refraéled by a Convex, I cannot aíTcnt *, nor do I underiland, 
that the Focus of the latter is a lefs Line than that of the former. The 
Truth o f  the contrary you will rather perceive by the following Table, 
computed for fuch a refleding Concave, and the refraéling Convex, on 
Suppofition that they have equal Apertures, and colledt parallel Rays at an 
equal Diftance from their Vertex; which Diftance being divided into 
1 5000 Parts, the Diameter o f the Concave Sphere will be 60000 of thofe 
Parts, and o f 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 o f  their 
principal Focus.

0.
 ̂ ■ » ; 
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Ihe Parts of the Axis in-
The Diame tercepted between the The Errors by

ter of the Vertex and the Rays.
Aperture.

RefleSied. RefraSIed. Refle£lion. Refra5iion.

2000 14991I 14865 135
4000 14966 14449 33 551
6000 14924 13699 76 1301
8000 14865 12475 135 2525

lOOOO 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 o f the rcfleóting 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 Reflcólions as iifelefs for the promoting of Optics; yet I muft 
for this, as v/eil 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 I 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 Poliih to. And for Dioptrique Telefcopes, I told 
you, that the DifHculty confifted not in the Figure of the Glafs, but in the 
Difformity of Refracftions •, which if it did not, I could tell you a better and 
more eafy Remedy than the Ufc of the Conic Se£iions.

3. W e fee that a Fiélure made by an Objeft-Glafs of 12 Foot in a dark oh¡t(i¡om', by
Room, is too diftinót, and too well defined, to be produced by Rays, that 608*7. 
ihould ftray the 50th Part of the Aperture. July, An. 1673.

T o  take away this Difficulty, I muft acquaint you, that though I put Aj»
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 o f 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 by this 
Excefs of Denfity, the Light which falls in or invifibly near the iuil Point, 
may, I conceive, ftrike the Senformm fo vigorouily, that the Imprefs of the 
weak Light, which errs round about it, ihall, 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 expedís.

4. I am fatisficd with the manner whereby Mr. Nevoton reconciles the /t Rtpiy ty 
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 impoíTible 
to execute, as the Difficulty of the Form obftrudls the Ufe of the Hyperbole 
of M. Des Cartes.

IfM . iV----- pleafes to compare the Errors of a Glafs and Speculum
that colledl Rays at equal Diilances, he will find how much he is m.ftaken ; j ^
and that I have not been extravagant, as he imagines, in preferring Refie-juiy, An. 1673. 
dtions. And as for what he fays of the Difficulty of the Praxis, I know it is 
very difficult; and by thofe Ways which he attempted it, I believe it im-
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pra6licable. But there is a W ay infinuated above, by which it is not iftipro- 
babie, but that as much may be done in- large Telefcopes as I have thereby 
done in ihort ones j but yet not without more than ordinary Diligence and 
Curiofity,

X IX . I. M . CaJJegrain has communicated the Figure of a Telefcope, al- 
moft like that o f Mr. Newton.

A  B C D  is a ftrong Tube, in the bottom o f which there is a great Cott- 
cave Speculum C D ,  pierced in the middle E.

F  IS a. Convex Speculum, fo difpoied, as to its Convexity, that it reñefts 
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 Iiiilrument above that of Mr. New- 
tofi, is, I. That the Mouth or Aperture A B  of the Tube may be of what 
Bignefs you pleafe and confequently you may have many more Rays upon 
the Concave Speculum  ̂ 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 íhall 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'  ̂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  ̂
■with a Hole in the midft o f  the Objeit Metal, to tranfmit the Light to an 
Eye-Glafs placed behind it; I had thence an Occafion of confidering that fort 
o f  Conftrudions, and found thefe Difadvantages in i t ; 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 is 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 will 
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, I find it convenient to make the Tube no wider than is ne- 
ceiTary, that the Eye-Glafs be placed as near to the oval Plane as is poifible, 
without obftru(5ling 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 o f the little Convex; whereas I find by Experience that it is 
much mwe difficult to communicate an exa<5l  Figure to fuch fniall Pieces ot

l e y
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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 
]arge 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 mu ft 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 lb much 
ihallower as is neceíTáry, 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 w'ill be but a very fmall Part feen at onc¿.\

By this you may perceive, that the three Advantages, which Mr. CaJJe- 
grain propounds to himfelf, are rather Difadvantages. For according to his 
Defign, the Aperture o f the Inftrument will be but fmall, the Objed dark 
and confuied, and alfo difficult to be found. Nor do I fee, why the Re- 
fiedlion is 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 o f thefe Inilruments, in the aforefaid Book, p. 95. 
faith; I ihall fay nothing about the Mechanifm o f thefe Specula and Lenfes, 
which has been tried in vain by others; and as to myfelf, I am but little 
verfed in Mechanics. So that there have been Trials made of thefe Tele- 
fcopes, but yet in vain. And I am informed, that about 7 or 8 Years fmce,
Mr. Gregory himfelf, at London, caufed one o f 6 Foot to be made by Mr.
Reive, which I take to have been according to the aforefaid Defign deicribed 
in his Book; but, though made by a íkilful Artiil, yet it was without 
Succefs.

X X .  S. Salvetii hath made a Profpeétive-Glafs according to Mr. Ne%víG}¡̂ & '''
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"  ̂ n'jofl: noble one.

X X I. I. 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 io 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 encompaíTed on every Side with a Board or Cloth. I f  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 Refraólion, 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. I f  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 ere¿l, 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 R oom ; 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 Objeóls, accord
ing to the feveral forts of them.

2. There are every where made of thefe Lanthorns to reprefent and mag- 
Figures upon a W all;  but then ’ tis only in the Dark: wherefore to give 

Rob. Southwell. Variety o f Colours, take Oil of Spike, and therein mix the feveral Colours, 
o£i"AV/ifc9». wherewith you will have your Glafs to be ilained ; paint them finely on, they

dry prefently, and penetrate any Glafs.

y}¡Vay tohti¡> 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- 

pb.CniL jefts at any Diihince diftinCt, and that any one may be made fiiort-fighted, 
üéo Aa.\̂ 6Sr. 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: I concluded that 
what GlafiTcs fliould make this Man, whilfl: looking thro’ thefe Specftacles, to 

ie Things at a greater Diftance, would alfo help any other Perfon that fliould 
e ihort-fighted by Nature. I 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 
airObjeá'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

■ . ' O b je c t,
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O b jeft ,  in the fame manner as i f  the O b je i t  itfe lf  were in that P lace. But 
then, becaufe the Pictures themfelves are fo inverted, and therefore wiiJ be 
uncouth to one, not ufed to fee them  in that Pofture, I  confider’d o f  thefe 
Expedients to help that D efe ft  a l fo :

Firft̂  I f  it be only for reading o f  a B o o k ,  or  W r i t in g ,  there needeth 
nothing but the Inverfion o f  the B o o k ,  and then holding the Convex at a 
due D if ta n c e ; for the P id u re  o f  the L etters  will appear ereéted in the due 
Place, for the E y e  to fee and diilinguifh them very plainly.

Secondlŷ  F o r  feeing to write, I  thought this would be the beil E xp ed i
ent, T h a t  the Perfon ihort-fighted ihould firft learn to read with his naked 
Eye (both printed Letters and alfo written H and) upfide downwards, which 
is quickly attained to by one that can do both  the right W a y .

khirdly  ̂ F o r  diftinguiihing O b je d s  at a D iftance, I  can aflert by m y 
own Experience, that with a little U fe  o f  contem plating O b je its  inverted, 
one fliall have as good an Idea, and as true a Knowledge o f  all manner o f  
Objeóls,. as i f  they were feen eredted in their natural P o ilu re .

X X I I I .  I .  Euitachio Divini hath made a M icrofcope o f  a new Invention, 
wherein, inftead o f  an E ye-G la is  C onvex on both Sides, there are tvyo Piano- 
Convex-Glaflcs, which are fo placed, as to touch one another in the middle 
of their Convex Surface, I t  hath this Peculiar, that it  iliews the Objedls 
flat and not crooked ;  and although it takes in m uch, yet neverthelefs m ag- 
nifieth extraordinarily.

I t  is almoft i 6 y  Inches h ig h , and adjufted at four different Lengths, L i  
the firft, which is the ieaft, it ihews Lines 41  times bigger than they appear 
to the naked E y e  •, in the fecond 9 0  times j in the third 111 times j and in 
the fourth 143  t im e s :  W h e n ce  one may eafily calculate how m uch it aug
ments Surfaces and Solidities.

2 , S.Salvetti lately fliew’d one o í  his M icrofcopes, made in Im itation o f  
thoie o f  Divini and Campanî  to the G reat D uke of Tufcanŷ  which was judged 
by all much better than any o f  the beft his H ighnefs hath. It was found, 
for M agnify ing , D efin ing, and Clearnefs, to be very excellent,

3, M . Leetiwenhoeck hath lately contrived M icrofcopes, excelling  thofe that 
have been hitherto made by Euftachio Divinî  and others,

4 , I  have M icrofcopes o f  the manner lately brought out o f  Holland by
Mr. Huygenŝ  o f  feveral Fafliions ready made. I have tried feveral W a y s  for
the m aking o f  Glaffes o f  the Bignefs o f  a great P in ’s H ead and lefs ■, as in the
Flame o f  a T allow -C and ie , and o f  one o f  W a x .  B ut the beft W a y  o f  all
I have yet found, to m ake them clear and without Specks, is with the Flam e
of Spirit o f  W in e  well rectified, and burned in a L a m p . Inftead o f  Cotton
I make ufe o f  very fmall S i lv e r -W ire ,  doubled up and down like a Skein ol
T h re a d ; which being wet with the Spirit o f  W in e ,  and made to burn in
the L a m p , g iveth  through the Veril o f  the L a m p , a very ardent Flange
Then take your beaten Glafs, being firft waihed very clean, upon the P oin t
of a Silver Needle filed very fmall, and wet with Spittle. H old  it thus in
the Flame till it be quite round, and no longer, for fear of burning it •, and

it
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i f  the fide o f  the Glafs next the Needle be not m elted , you may put it off, 
and take it up w ith  the N eedle on the round fide, prefenting the rough iide 
to the F la n ie ,  til! it be every where round and fniooth, then wipe and rub 
one or levcral o f  them together with foft L eather, which makes them  much 
the better. T h e n  put them between two Pieces o f  thin Brafs, the Apertures 
very round and without B u r ,  and that towards the E y e  fo b ig  alm oft as the 
D iam eter o f  the Glafs, and fo placed in a F ram e with the O b je d  conveniently 
for O bfervation.

5 . I  took a fmall P artic le  o f  Glafs, about the B ignefs I  defigned m y G lo 
bule, and laying it on the End o f  a Charcoal, I  could, by the H e lp  o f  a 
B laft-P ip e , with the F la m e  of a Candle, loon m elt it into a Spherule ; and 
by this means could m ake them  indifferently clear, and the fmallefl: very 
round, and I could m ake them m uch larger, than by the unafiiited H e a t  of 
the  C a n d le :  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. T o  rem edy this Inconvenience, 1 was wont to grind 
them and poliili them  on a Brafs-Plane, and fo reduce them to H em ilphe- 
rules ; but I  found the clear fmall G lobules, n o t to m ention that they mag
nify more, ihew Objedls m ore diftinétly.

X X I V .  I .  A  B ,  I call the F ra m e  o f  tiie M icrofcope. I t  may be about
-V  o f  an Inch in T h ick n e fs .  A t  A  there is a fmall H o le ,  near o f  an Inch

• D iam eter', this feives for the Aperture o f  the W a te r ,  be ing  in the  Center of 
' a larger Spherical C avity , about 4. o f  an Inch D iam eter, and in D ep th  fome- 

what more than half  the T h ick n efs  o f  the Brafs. O ppofite  to this, at the 
other fide, there is another Concave, but half  the Breadth o f  the fo rm e r ; 
which is fo deep, as to reduce the Circumference o f  the fmall H o le  in the 
Center, to almoft a fliarp E d g e , In thefe Cavities the W a te r  is to be placed, 
being taken upon a P in ,  or large N eedle, and conveyed into them  till there 
be formed a double C onvex Lens o f  W a t e r ; Vv’h ich , by the Concave’s being 
;o f  different D iam eters, will be equivalent to a double C onvex, of unequal 
Convexities. By this means, I  find the O b je é l  is rendered m ore dillinit 
than by a Plano convex o f  W a te r ,  or by a double one, form ed on the plain 
Surface o f  the M era!.

C D  E ,  is the Supporter, v/hereon to place the O b je f t ;  i f  it be Water,
in the H o le  G  •; if a folid Ü b je ¿ l ,  on the P o in t  F ,  T h is  is fix ’d to the Frame
o f  the M icrofcope by the Screw  E ,  where ’ cis bent upwards, that its upper
P art  may rtand at a Diftance from the F r a m e ; ’ tis m oveable on the Screw
as a Center, to the end that either the H o le  C , or the P o in t  F ,  may be ex-
j)ofc'd bt*fore the M icrofcope j and that the O b je d  may be brought to, and
f ix ’d in its F o cu s. T h e r e  is another Screw , about h a lf  an Inch  m L.ength,
which goes through the round P late  into the F ra m e  o f  the M icrofcope
A  E ,  the Screw  and Plate tak ing  hold o f  the Supporter about D ,  where
there is a S lit  fom ew hat larger than the D iam eter o f  the Screw , which is
requifite for the A d m ifilon  o f  the H o le  C , or P o in t  F ,  according to the
is^ature o f  the O b je c t ,  into the F o cu s  o f  the G la fs ; for by turning the Screw

G , the
4
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O ,  the Supporter is carried to or from the fame ; which may be fooncr done, 
i f  whiift one rurns the Screw with one H a n d , the other hold the M icrofcope 
by the E nd  B ,  and one continue lo o k in g  through the W a te r  till the O b je c t  
be faen m oil d ii l in d ly .

l i i e  Supporter mult be made o f  a thin P ie c e  o f  Brafs well hammer’d, that 
by its Sp ring  it may the better follow  the M otion  o f  the Screw. 1 choie 
rather to fix the Supporter by the Screw  E ,  than by a R i v e t ; becaufe it 
may nqw, by help o f  a K n ile , be unfcrew’d, and by ihe other Screw G ,  
be brought clofe to the F ram e o f  the JVlicrofcope without weakening its 
Sp ring , and fo becom e more conveniently portable. I f  the H o le  at G be 
fi led with W a te r ,  but not fo as to be Spherical, all O b jects  that will bear 
it ,  are feen therein more diílinélly,

2, H a v in g  obferv’d fom e irregular Particles in Globules o f  G b fs ,  and find
ing them diftinft, but prodigioLiily m agnified, when held clofe to the Eye-,
I concluded that if I  convey’d a fmali G lobule o f  W a te r  to my E y e ,  anc 
that there were any opacous or lefs tranfparent P artic les  than the W a te r  there
in, I  m ig ht fee them  d iilin ftly . I  therefore took on a P in  a fmall Portion 
o f  W a te r ,  which I knew to have in it fome minute A nim als, and laid it on 
the E n d  o f  a fm all Piece o f  Brals W ir e  (that lay then by me) o f  about J -  o f  
an Inch D iam eter, till there was formed fomewhat more than an H e m iip h e -  
rule o f  W a te r  j  then keeping the W ir e  ered:, I  applied it to my E y e ,  and 
Handing at a proper D iilan ce  from  the L ig h t ,  1 law them  and fom e other 
irregular Particles, as I had predifted , but m oil enormouQy magnified ; for 
whereas they are fcarce difcernible by m y G lafs-M icrofcop cs, or ñríl  A que
ous one, within the G lobule they appeared not m uch different both in tlieir 
F o rm , nor lefs in M agnitude than ordinary Peafe. T h e y  cannot well be feen 
by D ay -lig h t,  except the R o o m  be darkened after the manner o f  the famous 
Dioptrical E x p e r im e n t,  but m oft d i í l in d ly  by C a n d le - l ig h t ; they may be 
very well feen by the full M o o n -l ig h t .  I f  the W a te r  be conveyed into the 
H ole  B  (w hich may be about o f  an Inch D iam eter) till there remain near n. 223./». 355. 
an H em ifphere o f  W a te r  on each fide o f  the H o le , the O b jeé ls  are feen more 
diilin6lly ; and the Spherical F o rm  o f  the W a te r  is this way better lecured, 
than on the P o in t o f  a P in -W ir e .

T h e  R eaibn  o f  this Appearance may be thus explained. I . e t  the C i r c l e  

D  B B  D  reprefent a Sphere o f  W a te r ,  A  an O b je f t  placed in its Focus, 
fending forth a Cone o f  R ays, two o f  which are A B , A  B ,  w hich. Opticians 
know, co m in g  into the W a te r  at B  and B ,  will be refradled from their dire<5b 
Courfe, and becom e B  D ,  B  D  •, at D  they will, at their paifing into the 
A ir, be again rclradled into D  E ,  D  E ,  and fo run parallel to one another, 
and to the A xis o f  the Sphere A  F  C  G . N o w  ’ tis a kr;own and fundamental 
Principle in O ptics , that the A n g le  o f  R eflexion is equal to the A n g le  oí 
Incidence: wherefore let the R a y s B D ,  B  D ,  be imagined to come from 
fome P o in t  o f  an O b jed : placed within a Sphere o f  W a te r ,  by being re- 
fleded from the interior Surface o f  the Sphere at B B  j C  B  D  is the A n g le  of 
Reflexion •, to which m akin g  C  B  F  equal, F  will be the Place where an OH. 

je f t  fending forth a Cone ot R ay s , two o f  which are F  B ,  F B ,  which are 
V o l .  I. f  f  rtñeóted
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refie¿led into the R a y s  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- 
fcquentJy be as fit for d iftin ft  V ifio n , w hether the O b je c t  be placed in F 
vvirhin, or in A  without the Sp h ere , i f  its interior Surface be confidered as a 
Concave R e f le d in g  Speculum .

X X V .  F ro m  the D ii l in i l io n  I  have elfewhere ñ 'ven between Compounded 
and Uncompoitnded Colourŝ  I  take occafion to com m unicate  a W a y  for the 

N?'33°,"/. sc.go. In ip rovem ent OÍ M icrofcopes by R cfra ft ion  ; viz. B y  illum inating the O b-
)cft  in a darkened R o o m  with L i g h t  o f  any convenient Colour not too much 
Compounded for by that means the M icrofcop e will with D iftinélnefs bear 
a deeper Charge and larger A perture, efpecially i f  its Conftru6lion be fuch 
as I may hereafter deicribe for the A dvantage in ordinary M icrofcop es will 
not be fo fenfible.

T-^icrofcofh

J-y M i'. Stephen 
( i r a y .

N .  54- 1'

Fig, IC4.

JÍp.efniiir.̂  X X V I .  I .  I have Ibm etimes thought to m ake a M icro fco p e , which ihould
/v;Avo/fo/,f; by have, inilead o f  an O b jeé t-G la fs ,  a reflecting P iece o f  M eta l .  F o r  thefe
K  Initriiments feem as capable o f  Im p ro v em en t as Telefcopes, and perhaps

m ore •, becaufe but one reflc6tive Piece o f  M eta l is requifite in them , as you
may perceive by the D ia g ra m , where A  B  reprefcnteth the Objeél-M etaI>
C  D  th e  E ye-G laf'! ,  F  their co m m o n  F o cu s ,  and O  the other P’ocus of the
M e ta l ,  in v/hich the Objcéb is placed.

2 .  A  reprefents a fmall flat R in g  o f  Brafs, whofe interior C ircle  muft not
m u ch  exceed /-r o f  an In ch  D iam eter, and about ~  o f  an Inch  th ick  : T h is
v;e may call the F ra m e  or Cell o f  the Glafs-, it muft be prepared for U fe
after the follow ing m anner. T a k e  a fmall G lobu le  o f  Q u ick -fi lver , and dif-
folve it  in a few D rop s o f  Jqua Fortis  ̂ to  w hich you m ay add 1 0  Parts of
com m on W a te r  ;  d ip  the E n d  o f  a S t ick  in this L iq u o r, and rub the inward
C ircle  o f  the R in g  with i t ;  fo as it will have acquired a mercurial Tinólure»
and being wiped dry, be fit for U fe . T h e n  let it be laid on the T a b le ,  and
pour a D ro p  o f  Q u ic k  filver within it ,  which prefs gently  with the Ball of
th e  F in g er , and it will adhere to the R i n g ;  then cleanfe it with a H a r e ’s Foot>
and you will have a C onvex-Sp ecu lu m . T a k e  up ihe R in g  and Speculum
carry ing  it H orizon ta l,  and lay it on the Brim s o f  the hollow Cylinder B v
fo will the M ercu ry  becom e a Concave R eflecting  Speculum , which from
th e  SmalJnels o f  the Sp here  o f  w hich it feems to be a Se¿tion , may be ufed
as a M icrofcope. T h e  Cylindric Vefifel B  has a Screvv-Hole at the Bottom ,
by which it is fcrewM to the T o p  o f  the  Pedeftal C D ;  C E F G  is the
Supporter o f  the O b jeót-P late , w hich, as you fee, may be raifed higher, or
let lower, as there is O ccafion , by the Screw  on the P e d e f ta l : T h e  Objeót-
P la te  m uft be of G iais cem ented to the R in g  G .

T h i s  In ftrum ent, w'ith a little V aria tion , m ay be made a M icrofcope o f
W^ater, if, inftead o f  the R in g  G ,  there be only a fmall A r m  with a  Hole in
it to receive a D r o p  o f  W a te r ,  and the Cylindric Vefl~el B  be either taken
a w a y , or fcrew cd on w ith  its Bottom upw ards, fo as to m ake an Objeél-PJate. 

 ̂ T h is
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T h is  will be more convenient for view ing the T extu res  o f  opacous O b je c ts ,  
than that above defcribcd, which is more fit for fluid and tranfparent ones.

X X V I I ,  I .  T h e  F igu re  o f it is round, being 3 0  Inches and fom ew hat.^  
better in D iam eter. O n  one fide it hath a F ram e o f  a Circle o f  Steel, to r h e “ '^ "̂' 
end that it may keep its jnil; IVIeafure. ’T i s  eafy to remove it from Place to vlkn^ n ^  
P lace , tho ’ it be above an Hundred W e ig h t ,  and *tis eafily put in all forts of^ ‘ 95* 
Poitures. T h e  Burning P o in t is diilant h o m  the Center o f  the Glafs about 
3 F o ot. T h e  Focus is about h a lf  a Louis d'Or large. O n e may pais one’s 
H an d  through it, i f  it be done nimbly ; for i f  it ftay there the time o f  a Se
cond o f a  M inute , there is danger o f  receiving much hurt. Green W o o d  takes 
F ir e  in it in an inftant, as do alio  many other Bodies.

Seconds.
A  fmall P iece  o f  Pot-Iron  was m elted, and ready to drop down, in - 4 0
A  Silver Piece o f  Fifteen Pence was pierced, in — . —  —  —
A  Grofs N ail (called k  Clou de Pifan) was melted, in —  ■—  — ,
T h e  E n d  o f  a Sword Blade o f  Olinde was burned, in —  —  —
A  Drafs Counter was pierced, in —  — . —  —  —  —  —
A  Piece o f  R ed  Copper was melted ready to drop down, in —  —
A  P iece  o f  a C ham ber Q uarry-Stone was vitrified, and put in to 7 

a G la fs-D rop , in —  —  —  —  —  —  —  —  — 3
Stee l,  whereof W a tch m a k e rs  m ake their Springs, was found m e l t - ^

A  M ineral-S tone, fuch as is ufed in HarquebuiTes a rouét̂  was 7 
calcined and vitrified, in —  —  —  —  —  —  — 3 ^

A  Piece o f  M o rta r  was vitrified, in —  —  —  —  — . —  5 2

In  ihort, 7 'here is hardly any B o d y  w hich is not deflroy’d in this F ire .
I f  one would n u l t  by it any great Q uantity  o f  M etal •, that would require 
much T i m e ,  the A élio n  o f  B u rn in g  not being performed but within the 
Bignefs o f  the Focus, fo that ordinarily none but fmall Pieces are expofed to 
it. O ne M .  de Alihert buys it, paying for it 1 5 0 0  L ivres.

Y o u  incline to believe, that the GlaiTes o f  Maginus and Septalius do ap- 97«
proach to that o f  Lyons j but I can afi^ure you they com e very iar fhort o f  it.
You may confult Maginus his B o o k , where he defcribes h is ;  and there are 
fome Perfons here who have íeen one o f  his b ed , which had but abouc 2 0  
Inches D iam eter *, fo that this o f  Lyons m uil perform at leaO; twice as much.
As to Septaliuŝ  we expeól the Relation o f  it from  Intelligent and Impartial 
M en. k  cannot well be compared with that o f  Lyonŝ  but in B ign efs ; and 
in this Cafe, i f  it have five Palm s (as you fay) that would be but 3 -  F o ot 
Frencĥ  and fo ic were a F o o t  bigger, which would m ake it hair as much 
greater in S u r fa c e : B u t as to the EíFe¿ts, feeing it burns fo far off, they 
cannot be very violent. A n d  I have heard one fay, that had feen it, that ic 
did not fet W o o d  on F ire  but after the tim e o f  laying a Mifcrers. Y o u  may 
judge o f  the Difference o f  the E f t l c h ,  finre that or Lyons gathers its Beam s

F  f  2 together
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together within the Space o f  7 or 8 L i n e s ; and that o f  Septalius muil fcatter 
them  in the Com pafs o f  3 Inches.

I t  was difpofed o f  to the K in g  of Denmark.
T h e  fam e M ,  de Vilette of Lyons hath made another B u rn ing  Concave. 

I t  is o f  3 4  Inches Diameter, and melts aJl forts o f  M etals, and Iron itfelf 
o f  the T h ick n e fs  o f  a vSiiver Crown, in lefs than a M inute o f  T i m e ,  and vi
trifies Bricic in the fame T i m e  •, and as for W o o d , whether green or dry, 
it fets it on F ire  in a M o m en t. T h e  K in g  liath feen it, and the P erform 
ances of it, with great Sacisfadlion ; and his M a jeR y  is likely to m ake it his, 
and then to bellovv it on his Royal Academy of Philofophers, for m aking  o f  
farther E xperim ents with it.

T h is  kind o f  Concaves burning the m oft forcibly  o f  any F ire  we know of, 
would be o f  great U fe ,  i f  they could be fo contrived as to have a Focus o f  
any confiderable Largenefs, to take in a good Q uantity  o f  com bu ííib le  M a t
ter at once.

3 , S. SetlaUa at Alilan caufeth to be made a Burning-G lafs o f  7 F o o t  in 
D iam eter. H e  pretends to m ake it burn at the D iftance o f  5 0  Palm s, which 
is about 3-3 F o o t .

4 .  T h e  outer C ircle  o f  the Concave Burning Speculum , which I  lately 
caufed to be made in lA ifa c e , is near 3 Leipftck E l ls  in D iam eter, exceeding 
that great one at Paris by o f  fuch an E l l .  I t  is made o f  a Copper Plate 
fcarce twice fo th ick  as the B a c k  o f  an ordinary K n ife , and may therefore 
be eafily removed from Place to  P lace , and order’d ior U l e  : A nd the W ork- 
m anfliip  o f  it may, by the Contrivances I  have invented, be eafily, and in 
little  T i m e  performed by one M an . T h e  P o liih  thereof is very good, and 
reprefents by d i i l in d  Refleitions all thofe A ppearances which arife from  the 
C oncave P'igure thereof.

T h e  Force  o f  this Speculum  is incredible. F o r ,  i .  A  P iece  o f  W o o d  put
into the Focus (w hich is 2 E l ls  o ff)  flames in a M o m e n t ,  fo as a trefh W ind
can hardly put it  out. 2 . W a te r  applied in an Earthen  VeiTel prefently boils,
fo  as to boil an E g g * ,  and the Vefiel being held there fom e T i m e ,  the W ater
evaporates ail away. 3 . A  P iece  o f  T i n  or  L ea d  3 Inches thick , as foon as
it is pur into the Focus, melts away in D r o p s ; and held there a little T im e ,
is in a perfect F lu o r, fo as in two or three M in u tes  to be quite pierced
through . 4 .  A  P la te  o f  Iron or Steel placed in the Focus, immediately is
k-en to be red-hot on the B ackfide , and foon after a F lo le  is burnt through :
I  have made three fuch H o les  in a Plate in fix M inutes T im e .  5 .  Copper,
S ilver, and the like , applied to the Focus, m e l t ;  which I have tried with
fcverai Sorts o f  Coin am ong the re ll ,  with a Rix-Dollar; and the fame
happened to it as to the aforefaid Iron Plate in five or fix M inutes. 6. Things
not apt to  m elt, as Stones, B r ic k ,  and the like, foon becom e red-hot like
Iron . 7 . S iate  at firft is red-hot, but in a few M inutes lurns into a fine
fort of b lack  G la fs ;  o f  w hich, if  any Part be taken in the ' l o n g s  and drawn
out, it runs into Glafs T h read s. 8. T i le s ,  w hich had fufFered the moft in-
tenfe H e a t  o f  F ire ,  in a little T i m e  melt down in a  yellow G la fs :  A s  do,
o .  PüC-Shreads, not only well burnt at firft, but m uch ufed in the F’ire, into
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a blackifli yellow Glafs. l o .  P u m ice-S ton e , faid to be that o f  Burning 
M ountains, in this Solar F ire  melts into a white tranfparent Glafs. i r ,  A  
Piece o f  a very ftrong C rucible  put into the Focu s, in eight M in u tes  was 
melted into a Glafs. i 2 .  I  have feen Bones turned into a kind of opake 
Glafs, and a Clod o f  E arth  into a yellow or  grceniih  Glafs.

T h e fc  Experim ents were made in Auguft and Sepicmier  ̂ when the Sun has 
not the fame F o rce  as when he is about the Su m m er Solftice. T h e  Beams o f  
the F u ll  M o o n ,  concentred by this Speculum , did not produce any D egree 
o f  H e a t ,  th o ’ the L ig h t  was not a little increafed.

5. Som e Years ago, Dr.Hook made a Propofal to the Royal Society con--Sy i)'-. Hook, 
cerning the fame T h in g .  H e  conccives one m a y b e  made o f many F oo t 
D iam eter, for a fmall Price, being hammered out o f  a Copper P late, and 
tinned over with a M ixtu re  o f  T i n ,  L e a d , and T in -G la fs ,  which is found to 
b far  a very good Polifli, Such a Spcculum  m ight be o f  great U fe  in per- 
fe d in g  the A r t  o f  PaPces, or lid itious Jew els , which require the m o d  intenfe 
D egree o f  H e a t ,  to bring them  to an cxa¿l M ixtu re .

X X V I I I .  A  L in n e n -C lo th , firfl: being  wet in fair W a te r ,  and then laid c 
on a Concave Cylinder, as the V erg e  o f  a Sieve, K eeler, or the like , its 
central Parts will defcend fo as to form a Very regular Concave Superficies. aiumpttd ¿y 
A nd a T h re a d ,  being firft wet in com m on  W a te r ,  and then fuijjended with 
its two E nd s, or any two Points nearer than their ucmoil E x te n t ,  fo as it n. 542.
m ig h t  touch the Center o f  the fufpended C lo th , and its two oppofite Points 
on the R in g ,  was found to have t ie  fame Curvature. M y  Bufinefs was then 
to exam ine the F igure o f  the T h re a d  thus fufpended ; which I did in manner 
following. O n  the fide o f  a W a ll  I  defcribed Parabola s o f  feveral Species, 
vvhofe Axes were perpendicular, and Perm ieter horizontal -, to which the 
L ine being applied, fo as it m ig h t touch the V ertex , pafs’d very nearly 
through all the intermediate P o irts  o f  the Parabola^ much nearer than the 
Portion o f  a Circlê  which paiTed through the E x trem ity  o f  the Perim eter, 
and Latiis return, would do.

From  hence I  conclude, T h a t  a ponderous and pliable Subilance, being 
fufpended on a R in g  or hollow Cylinder, fo as that its central Parts may 
clefoend, will form itfe lf  into a F igu re  that is more com m odious for B u n iin g - 
GlafTcs than the Spherical, o f  which they are now made, being m uch jiearcr 
their m oil abfolute F ig u re , the Parabola.

N ow  if  there may be a V/ay found to give to C loth  or L ea th er  a metalline 
Surface, o r a V a r n i f l i  rhat may bear a good P o l i f l i ;  or i f  this be found im - 
prafticable, perhaps ir'iates o f  M eta l may be beat out fo th in , as being fuf
pended on a large R in g ,  will by their own G rav ity  receive their true F i -  
i^ure; cne may majce Speculum s o f  v/hat Largenefs he pleafeth.

U pon this Confiderdtion, I devifed the following Experim ent. T h e r e  
was taken a fuffi ¡ent Q uantity  o f  P o tter ’s C lay, o f  which there was formed 
a plain circular l^'late, by help o f  an Iron R in g  about 13 Inches D iam eter,
T h is  wis laid on a leiTer R in g ,  w hich was fupported by four Feet*, and it 
immediately became a very regular Concave on its upper, and C o n v ex  on

its
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its under Superficies *, but notw lthilanding ’ twas fet to dry in the Shade, yet 
before it was dry encJugh, its central Parts extended io as to becom e almofi: 
plain, not w ithout fom e D c fe d ls ; i f  it had continued in its R eg u larity , I 
defigned to have burned and glazed it in a P o tter ’s Furnace.

X X I X .  T a k e  Quid-ifilver, M arch afite  o f  S ilver , each three O u n ces ; 
T i n  and L e a d , each half an O unce j  thefe two firft throw on the M archa- 
fite, and laft of all the Q u ic lc f i lv e r ;  ftir them  well together-, but they muit 
be taken from  the F ire ,  and be towards cooling  before the Q uickfilver be 
added ; let your Glafs be well warmed, and pour in the M ix tu re ,  and roll it 
from  Side to Side.

Notê  T h is  will do alfo when co ld , b u t ’ tis beft wlien the Glafs is heated 
and very dry.

l>ioie aljô  T h a t  i f  at the G lafs-H ou fe  your B all  be o f  yellow Glafs, then^ 
all will ihine like  G o ld .

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

1. having (in his 'defcribed a new E n g in e  for
I  y  Grinding Optic-Glajfes p f  very great L en g th s , M .  Auzotit (in a 

fm all French Trail) o b je d s  leveral Difficulties to this E n g in e  i t f e l f : But 
however he thinks it im practicable to m ake any GlaiTes o f  above 3 0 0  or 
4 0 0  F o o t  at m oft (and fears that neither M a tte r  nor A rt  will g o  even fo far) 
w hich  will be very far from  iliewing us Plants or Animals in the Moo'n *, and 
then propofes R em edies to fom e o f  the Inconveniencies o f  the T u rn .  T o  all 
th is , D r .  Hock here replies i H e  anfwers the Objeóíions, and rejects the pro- 
pofed Expedients.

2 . Carlo Ant. Mancini having , in his Occhlale alP Occhiô  defcribed a par
ticular W a y  for m a k in g  C onvex-G lafles upon a P lan e , his M eth o d  is here 
tranflated from  the Italian into Englifh. But ’ cis added. T h a t  though the 
C on trivance  be ingenious, yet it is conceived by fk iliu l A rtiits ,  tha«t it will 
be  very difficult to put it into Pradlice.

X X X L  Accounts o f Books omitted.

79.p. 3 0 6 8 .  I .  'Yyt-Jyfico-Mathefs de Limine^ Coloribus., ^  Iride., & c . ' Franc.
M aria  G rim ald o , Bononiie \66 .̂ in/!̂ to.

N. -ji.f. 2163. 2 ,  Cogitationes Pbyfco-Mechanica de Natura Vifionis. Auth. J o .  O tt .  Schâ
“phufa Helvetio. H eidelberg ie  1 6 7 0 .  in 4/í?.

N. 32./-. 6j6. 3 .  Synopfis Optica. Auth. Wonor^io F a b r i .  Soc.Jefu. L u gd u n i 1667 .
in 4to.

N.4Í./». S37. 4 .  V  Occhiale air Occhio., overo Dioptrica Prattica del Carlo  A n t .  M an
c in i,  / « B o lo g n a  1 6 6 0 .  in \lo.

N. 75./-.aa.s. 5 .  Leíliones xv iii  i Cantabrigia in Scholis publicis habita., in quibus Optico-
rura Phanomenun genuina Rationes invejligantur  ̂ íá  exponunturah  Ifaaco
Barrow'. L o n d .  i 6 6 q .  in Ato,  ̂ ^

^  6 . L a
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6. Lñ "Dioptrique Occulaire, par le Pere Cherubin Orleans, Capucín. A  n. 78./. 3045, 

Paris, 1 6 7 1 .  in Folio.
7. Chúi\.\d.m AJirofcopia Compendiaria  ̂ Tulfi Opfid fnolimine libe-1̂ .161.f .cez.

rata: or, The T>eícr\pt]on oí ün y^erialTele/cope. H a g u e ,  16^4., in 4.10.
8. A  T re a tife  o f  D iop trics . B y  fVill. Molineux, Eiq; F .  R .  S .  in 4 . Í 0 .  n. 105.  ̂967.
9. Catoptricie Dioptrica Elementa. Auctore D av id e  G re g o rio , D . iki. n. aig,/». 214. 

Oxon. 1 6 9 5 .  in Svo.

C H A P .  IV.
A S T R O  N O  M T .

I. ¿  ^  H E  lOand Ween (vulgarly termed ú\̂  Scarlet-IJland)^^v!\om fom e oifet-vaurf 
I  the Obfervations o f  Tycho Brabe  ̂ that renowned Danifh Ajirono-I /  • I o  I • t  T  ) V r  h M r .  G o iird o n .J L  rncr (with a ! bubm illion to better Ju d g m en ts)  was none o f  t le n. 266. 

fitted iwr A ftronom ical O bfervations o f  all forts, fuch as the taking the exaél 
T i m e  o f  the true R if in g  and Se ttin g  o f  Celeitial Bodies, together with their 
refpe£live Am plitudes-, becaufe the Ifland lies low, and is I .a n d -lo c k ’d on all 
the Points o f  the Com pafs, fave three. Befides, tlie fcnfible L-and-H orizon 
o f  úvt Ween is extrem ely uneven and rugged, the N o rth  and E aftern  Parts  
thereof being  fome rifing H ills  in the Province o f  Schonen ; and the W e i le r n  
Part is m oftly  overfpread with T r e e s  on the Ifland Zealand, from  the rem o- 
teil o f  which Coafbs the JVeen is not diftant above three Leagues.

rcfjo-I I .  Vi.Weighelius hath invented an Inftrum ent, which he calls AJirodi5licum, AmoAji 
by the means w hereof very many Perfons fhall be able at one and the fame 
T im e  to behold one and the iiime Star. H e  hath alfo invented an exceeding fL . 
great G lobe o f  the W o r ld ,  capable o f  10  Perfons to fit in it all at once, and
to behold the M o tio n s  o f  the celeftial Bodies, &c.

I I I .  T h e  Bignefs o f  this G lo b e  is only o f  four Inches Diam eter, T h e  ACcUjiiniGUr, 
Body o f  the G lobe  o f  burniihed Steel, where all the f ig u re s  o f  the Conilel- p.
lations are defigned in S ilver-C olour, but the Stars ihcm fclves of all M a g n i-  n. 905. 
tudes are put on in em boifed G old .

T h is  G lobe moves from  E a i l  to W efl: in 2 4  H o u r s ; and you m ay there 
fee the Sun exaflly  rife and fet as in the great W o r ld ,  together with the iVIoon, 
as allb the Stars o f  the Conftellations ; likewife, how the Sun o f  this G lobe 
comes to his M erid ian , with an admirable R eg u lar ity , conform  to the Primum 
Mobile. A nd  you m ay alfo there perceive the mean M otions o f  the Sun and 
Moon from W e f t  to E a ft ,  and all the L u n a t io n s ; and by the Diurnal M o 
tion o f  the M o o n ,  it ihews the F lu x  and R eflux o f  the Sea.

T h e
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T h e  M eridian ferveth fora N eedle to fiiew the H ours, w hich hath two main 
K ay s , one w h e re o f  goeth  d ircd ly  N orthw ard, the other Southward. T h a t  
o f  rhe N o rth  m arks the W a y ,  or D e g re e ,  which the Sun m aketh  irom  W e ft  to 
lu f t  upon the Signs o f  the Z o d iack , and upon a Circle o f  S ilver, where the 
3 6 0  D eg rees  o f  th.; C ircle  are m arked. I ’he other R a y  of the Sou th , marks 
upon another Circle o f  S ilver the D ays o f  the M o n th ,  where the 3 6 5  Days 
are noted. T h e  Circles o f  the L o n g itu d e  o f  the Stars, which feparate the 
S ig n s , and which com e from the Poles o f  the Z o d ia ck , are m arked by Gold- 
"W ire s ; as alíb the E q u a to r ,  t h e T r o p ic k s ,  and the P o la r  Circles.

T h e r e  is but one great S p r in g , the Primum Mobilê  which puts all the reft 
in M o t i o n ; I t  is wound up by the An!ar£lick P o le ,  and you may wind it up 
to the R ig h t  or L e f t  f ia n d ,  without w ronging any contrary M o tio n  : And 
by the ArSllck Pole , you may advance and retard this M o v em en t, i f  you 
fliould find any Inequality, v/il;hout altering at all the great Spring.

IV^ I  applied m yfe lf  the laft Su m m er to the taking o f  the Diam eters o f  the 
Sun, M o o n ,  and the other Planets, by a M e th o d  which M .  Pkard  and 
m y fe lf  have, efteemed by us the beft o f  all thofe that have been prailifed 
hitherto-, fince v/e can take the D iam eters  to Second M inutes, being able to 
divide one F o o t  into 2 4 0 0 0  or 3 0 0 0 0  Parts, fcarce failing fo much as in one 
only P art ,  fo as we can in a manner be aíTured not to deceive ourfelves in 3 
or  4  Seconds. I  lliall not now tell you m y O b fe rv a tio n s ; but I m ay very 
well afiure you, that the D iam eter  o f  the Sun has not been m uch lefs in his 
Apogeê  than 31 m in. 3 7  or 4 0  fee. and certainly not Icfs than 31 min. 35 
fee. and that at prefent in his Perigee it pafíes not 3 2  min. 4 5  iec. and may be 
lefs by a Second or two : T h a t  which is at the  prefent troublefom e, is, that 
the  vertical D iam eter , which is the m o il  eafy to take, is dim iniilied, even at 
N o o n , by 8 or 9  fee. becaufe o f  the Refradlions, which are m uch greater 
in W in te r  than Sum m er at the fame H e i g h t ;  and that the horizontal Dia
m eter  is difficult, becaufe o f  the fwift M o tio n  o f  the Heavens.

A s  for the M o o n ,  1 never yet found her D iam eter  Jefs than 2 9  m in. 4 4  or 
4 5  fee. and I have not feen it pafs 3 3  min. or if it hath, it was only by a few 
Seconds. B ut I have not yet taken her in ail the K inds o f  Situations o f  the 
Apogees and Perigees which happen, with the Conjundlions and Quadratures.
I do not m ention all that can be deduced from thence ; I lliall only tell you, 
that I have found a W a y  to know the Parallax of the M o on , by the means 
o f  her D ia m e te r ;  viz. I f  on a D a y , when ihe is to be in htx Apogee or Peri
geê  and in the m oft Boreal Signs, you take her Diam eter towards the H ori
z o n , and then towards the Sou th , with her Altitudes above the Horizon. 
F o r  i f  the Obfervation o f  the D iam eters be exa£t, as in thel'e Situations the 
M o o n  changes not confiderably her D iftance from  the E arth  in 6  or 7 Hours, 
the Difference o f  the Diam eters will fliew the P roportion  there is o f  her Di- 
l la n ce  with the Sem idiam eter o f  the E a rth . I  do not eoJarge, be auie that 
as foon as one hath this Idea, the reft is eafy. T h e  fame would yet be pracli- 
fed better in the Places where the M o o n  paiTes through the Z- nith, than
j i e r c ;  for the greater the DiiFcrence is o f  the H e ig h ts ,  the greater is that of
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the D iam eters, I  do not note (for  it eafily appears) that i f  one were under 
the fame M eridian or the fame Azimuth  ̂ in two very diftant Places, and took  
at the fame I ' i m e  the D iam eter  o f  t i ie M o o n ,  one would do the fame T h i n g ;  
tho’ this M eth od  goes not to Precifenefs,

F ro m  what has been faid may be co]le(5led the Reafon o f  the Obfervation, 
which M .  ilevelius made in the lail E ciip fe  of the Sun (July 2. St. N. 1 6 6 6 .)  
tonching the Jncreafe o f  the M o o n ’s D iam eter  about the E n d . I  am exceed
ing  glad, that a P crfon , who probably knew  not the Caufe o f  it, has made 
the E x p e r im e n t ; but it is firange, that until now no A ilro n o m er has fore- 
feen that that iliould liappen, nor given any Precepts for the Change o f  the 
M o o n ’s D iam eter  in the E clip fes o f  the Sun, acco id ing  to the Places where 
they fliould happen, and according to the H o u r  and H e ig h t  the M o o n  fhould 
h av e : F o r  w hat happened in that E c lip fe , o f  A ugm entation , would have 
fallen out contrarily, if  it had been in the E v e n in g ;  for the M o o n , which 
in that E clip fe  that began in the M o rn in g  was higher about the End than at 
the B eginn in g , v/as nearer us, and confcquently was to appear b i g g e r : But 
i f  the E clip fe  iliould happen in the E v en in g , flie would be ower at the E n d , 
and therefore m ore diftant from us, and confcquently appear lefier. So  alfo 
in tv;o different Places, w hereof one fhould have the E c  ipfe in the M o rn in g , 
and the other at N o o n , the M o o n  fliould appear bigger to him  that hath it 
at N oon  : A nd flie muft likewiie appear b igger to thofe who fliall have a lefTer 
E lev atio n  o f  the Pole  under the fame M erid ian , becaufe the M o o n  will be 
nearer them.

V .  1. I  fhould be looked upon as a great W ro n g e r  o f  our N ation , iliould Account of̂
I  not let the W o rld  know , that I  have, out of fome fcatte red Papers and L e t -  
ters that formerly cam e to my H an ds, o f  one M r .  Gafcoignê ^̂  found out, that Kiciurd
before our late CivilIVars he had not only devifed an Inftrum ent o f  as great a 
Pow er as M .  Auzouî ŝ  but had alfo for fom e Y ears  made ufe o f  i t ; not only An. 1067,
for tak ing  the Diam eters o f  the Planets, and D illances upon Land  ; but had 
farther endeavoured, out o f  its Precifcnefs, to gather many Certainties in the 
H eav en s ; am ongft which I fliall only mention one, viz. ‘The findifig the 
Moon̂ s Dijiance  ̂ from two Obfervations o f  her H orizontal and M eridional 
Diameters ;  which I  tlie rather m ention, becaufe the French Afironomer efleems 
himfelf the firft that took any fuch N o tice ,  as thereby to fettle the M o o n ’s 
P ara lla x ; F o r  our Countrym an fully confidered it before, and imparted it 
to an Acquaintance o f  his, who thereupon propofed to him  the DifHculties 
that would arife in the Calculation ; with Confiderations upon the ilrange 
Niceties, neceíTary to give him a Certainty o f  what he defired. T h e  very 
Inftrument he firft made, I have now by m e, and two others more pcrfeéled 
by him ; which doubtlels he would have infinitely mended, had he not been 
flain unfortunately in his late M a je i ly ’s Service. H e  had a Treaiife o f Oplics 
ready (or the P re fs ;  but though Í have ufed my utm oft Endeavour to retrieve 
it, yet I have in that P oin t been totally uiiruccefsful; But fome looie P a 
pers and Letters I have, particularly about this Inflrument for taking of A n 

es, which was far from  perfe it .  N everthelefs, I  firid it fo m uch to ex- 
V o l .  I .  G  g  ceed
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D r ‘  H o o k ,

N . 29* f .  542»

ceed all others, that I  have iifed m y Endeavours to m a k e  it exa6l, and ea- 
fily t r a i la b le ; w hich above a Y e a r  fince I  eíFeéted to m y own D efire, by 
the H e lp  o f  an ingenious and exaél W a t c h m a k e r ; S ince w'hich tim e, I  have 
not ak ogeth er  n eg led ed  it, but employed it particularly in tak in g  the D/- 

ftanees (as O ccafion  ferved) o f  the Circum-joviaHJls, towards a perfect fettling 
their M o t io n .  I  ihail only fay o f  if .  T h a t  it is fm ali, not exceeding in 
W e ig h t ,  nor much in Bignefs, an ordinary P o c k e t -W a tc h ,  exatflly m arking 
above 4 0 0 0 0  Divifions in a F o o t ,  by  the help o f  two Indexes j the one fliewing 
H undreds o f  Divifions, the other D ivifions o f  the H undred ■, every laft D i-  
v ifion  in m y fm all one containing yL o f  an Inch , and that fo precifely, that, 
as I  ufe it ,  there goes about 2 ¿  Divifions to a Second. Y e t  I  have taken 
L a n d -A n g le s  feveral T im e s  to one D iv ifion , th o ’ (for the R ea fo n  mentioned 
by M .  Auzout) it be very hard to com e to that E x a ftn e fs  in the H eavens, 
{viz. the fwift M o tio n  o f  the Planets.) Y e t ,  to rem edy that F a u lt ,  I  have 
devifed a Reft̂  in w hich I find no fmall A d v antage , and not a little pleafing 
thofe Perfons who have feen it, being fo eafy to be m ade, and by the O b - 
ferver managed without the help o f  another ; which fecond Convenience my 
yet namelefs Inflrum ent hath in great P e r fc d io n ,  and is, by reafon o f  its 
Smallnefs and Shape, eafily applicable to any T elefcop e.

2 .  a a a a ,  is a fmall oblong Brafs B o x ,  ferving both to contain the Screws 
and their So ck ets ,  or F em ale  vScrews, and alfo to m ake all the feveral m ove- 
able Parts o f  the Inftrum ent to m ove very  true, fm o o th , and in a fim ple di- 

Nov. An. 1667. M o tio n . T o  one E n d  hereof is fcrewed on a round Plate o f  BrsSs bhbb,
about 3 Inches over •, the ex trem e L i m b  o f  whofe Outfide is divided into 1 0 0  
equal P arts , and numbred by 1 0 , 2 0 ,  and 3 0 ,  ^ c. T h ro u g h  the M id d le  o f 
this P la te ,  and the M id d le  o f  the B o x  aaaa^  is placed a very curioufly wrought 
Screw , o f  about the  B ignefs  o f  a G oofe-Q u ill ,  and o f  the L e n g th  o f  the B o x  ; 
the  H ead  o f  which is, by a fixed R in g  or Shoulder on the Infide, and a fmall 
fprin ging  Plate dd  on. the Outfide, fo adapted to  the P la te ,  that it  is not in 
th e  leaft lu b je it  to ihake. T h e  other E n d  o f  this Screw  is by another little 
Screw  (whofe fmall Points fill the C enter or H o le  made in the E n d  o f  the 
lo n g er Screw  for this Purpofe) rendered fo fixed and fteddy in the B o x ,  that 
there appears n o t  the leaft D an g er  o f  ih ak in g . U p o n  the H e a d  o f  this 
Screw , w ithout the fpringing Plate , is put on a fm all Index e and above 
that a H an d le  mm  ̂ to  turn the Screw  round as often as there ihall be O cca
fion , without at ail endangering the difplacing o f  the In d ex , it being put on 
very ñifF upon a cylindrical P a r t  o f  the H e a d , and the H an d le  upon a 
Sq u are . T h e  Screw hath that "I’hird o f  it, w hich is next the P la te ,  bigger 
than the other tw o T h ird s  o f  it, by at leaft as m uch as the D ep th  o f  the 
fm all Screw  made on i t : T h e  T h re a d  o f  the Screw  o f  the b igger T h ir d  is as 
fm all again , as that o f  the Screw o f  the other two T h ird s .  T o  the groifer 
Screw  is adapted a S o c k e t  / ,  faftened to a long Bar or B o l t ^ ¿ - ,  upon which 
is faftened the m oveable S ig h t  fo that every T u r n  o f  the Screw  pro
m otes the S ig h t  e ither a T h re a d  nearer, or a T h r t a d  farther o f f  from the 
fixed S ig h t  i. T h e  B ar^ '^ ',  is made exaétly equal, and fitted into two fmall
Staples kk . w hich will not ad m it o f  any ih ak in g . T h e r e  are 6 0  o f  thefe 

^ y o  Threads,

( 126 )
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Threads, and anfwerable thereto are made 6 o  Divifions en the E d g e  o f  the 
B o lt  or R u l e r a n d  a fmalJ Index / fixed to the B o x  aaaa^  denotes how 
many Th reads the E d g es  o f  the two Sights h and i are d iftan t; and the In 
dex eê  iliews on the circular P late  what P art o f  a Revolution there is more ; 
every R evolu tion , as was faid before, being divided into l o o  Parts. A t  the 
fame T i m e  that the m oveable S igh t h is moved forv/ards or backwards, one 
or more T h read s o f  the coarfer Screw , is the P l a t e />/>, by the means o f  the 
S o ck e t  to w hich it is fcrewed, moved forward or backw ard, one or more 
T h rea d s  ot the finer Screw  : S o  that this P late  be in g  fixed to the Telefcope 
by the Screws r r ,  fo as the middle betw ixt the S ights  m ay lie in the A xis  
o f  the Glafs, however the Screw  be turned, the m idft betw ixt the Sights 
will always be in the A x is ,  and the Sights will equally either open from  it, 
or fluit towards it.

It is conceived by fom e ingenious M e n ,  that it will be more convenient, 107.

inilead o f  the E d g es  of the two Sights h and z, to employ two Sights r and 
j ,  fitted with the H airs  t and fo that they may be conveniently ufed in 
the P lace  o f  the folid E d g es  o f  the Sights h and i.

T h e  Inftrument is thus applied to the T e le fco p e . T h e  T u b e  A  D  is di- 
vided into three L e n g th s , o f  which (as in ordinary ones) B  C  is to lengthen 
or co n tra ft ,  as the O b je6 t  requires: B u t A  B is here added, that at A  you 
m ay put fuch E ye-G lafies  as ihall be thought m o d  convenient, and to fet 
th em  ftill at the D iftance m o il  proper from  the Indexes or Pointers, which 
here are fuppofed to be at B ,  w hich L e n g th  alters alfo in refpeót o f  divers 
Perfons Eyes. E  is a Screw , by which the great T u b e  can be fixed fo, as 
by  the help o f  the F igu res any fmaller P art  o f  it can immediately be found, 
meafuring only, or know ing  the Divifions on B  C ,  the D iftance o f  the O b -  1»?*
je d -G la fs  from  the Pointers. F  is the angular P iece  o f  W o o d ,  that lies on 
the upper Screw  o f  the R eft .

T h is  R e ft* (b y  D r .  Hook’s Suggeftion) may be rendered m ore convenient, S5<>' 
if, inftead o f  placing the Screw H orizontal, it be fo contrived, that it may 
be laid parallel to the Equinoótial, or to the Diurnal M o tio n  o f  the Earth  \ 
for, by that M ean s, the fame T h i n g  may be performed by the fingle M o tion  
o f  one Screw , which in the other W a y  cannot be done but by the turning o f  
both Screws 5 as will eafily appear to thofe that lhall confider it.

3 . I  have by  m e two or three feveral W a y s  o f  M eafuring the Diameters MonU'eyst, 
o f  the Planets, whether H o rizon ta l,  Perpendicular, or Inclined, to the E x -  Diflancei intt- 

ailnefs o f  a Second, by the help o f  a T e le fco p e  j as alfo o f  tak ing  the Po-
fition and D iftance o f  the fmall fixed Stars one from  another, or from any 
o f  the lefs bright Planets, i f  the D iftance be not above two or three D e- 
grees.

4. W i t h  a M icrom eter  and a T u b e  o f  14 F e e t ;  I  have often meafured
V 7-v* 1 I • '  1 / 2  0  I Mtcrcmeter\ ofthe Diam eters o f  the Planets, and their Diftances irom the n x t  btars, a l - p b mf t e j d .  

moft to Seconds j w hich, without having tried it, you would hardly believe, n . 96./-. 6099.

VI. I.

ED



Tlatn Sighn f i -  
jf& id ; by 
Mr, Flatnftead. 
N . 89* f* 5*19* 
N* 96* p* 6 j o c *
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V I .  I , I t  m ay be  proved by many A rgum ents, that Tycho erred from  the 
T r u t h ,  by tw o , three, nay fom etim es four or five whole M inutes, both in 
the Places and Latitudes aifigned to fom e o f  the fixt Stars. W e  have heard 
that that great M a n  John Hevelius has undertaken the Reilicution o f  the fixt 
vStars i yet as it is reported he makes ufe o f  Sights without GlaiTes, it is 
doubtful whether we fliall have their Places m uch more correct from  him 
than thole left us by Tychô  unlefs where he has been very m uch miftaken.

2 .  I perceive that all your P eo p le  do not agree with m e, in the Bufinefs 
o f  S ig h ts ,  concerning which I have treated in the O rganographia o f  m y Ma
china Ctclejlis. B u t th o ’ M r .  Hookzná M r .  Flawjleady and others are o f  a 
diflerent O pinion, yet I have been taught by daily E xp erien ce , and am ilill 
convinced, that the M atter  is far ocherwife in thofe great Indruments, as 
Qiiadrants, Sextants, and O d a n ts ,  and chiefly A zim u th  Quadrants, and 
other Qi.iadrants conílruóled by R ulers, which cannot ib eafily or indeed by 
any means be diflurbed and inverted (which happens to I 'e le fco p ic  Sights 
when they are exam ined) as thole Inflruments of three or four F eet  conftrufted 
w ith a Perpendicular. T h e  M a tte r  chiefly amounts to this, that they can 
undertake no Obfervation with their T e le fco p ic  S igh ts , till they exam ine and 
re<5lify  them  a n e w ; in which E xam in atio n  there is R o o m  to m illake perpe
tually, and difi'erent W a y s ,  th o ’ you perform  it never fo induilrioufly. And 
indeed I  cannot underfland by what M e th o d  this E xam in ation  can be per
form ed, in A zim uthal Quadrants, Odlants, and Sextants, at all T im e s ,  with 
C onvenience, and w ithout a great L o fs  o f  T i m e .

I fee there are fom e alfo (a m o n g  w hom  is M r .  Flamjlead) who have un
dertaken to g ive Ju d g m e n t upon our O bfervations, whatever they may be, 
before they have feen or exam ined th em , or  can know  any T h in g  about 
th em , I  do not defire to be a vain Boafter o f  m y own Affairs, nor did I 
ever im agine, that in this A tte m p t o f  the Refl;itution o f  the fixt Stars, know
in g  my own W eak n efs ,  that I iliould be perfeól: in every thing. B u t this I 
am  convinced of, that i f  I  had undertook the Bufinefs with the help o f  T e -  
Jefcopic S ig h ts ,  I  m uii not only have wailed many Years with fruit efs E x a 
m inations, but doubtlefs I iliould have been difappointed o f  my H o p es , and 
that on various A ccou n ts , which it is nor neceflary to mention here. Hence 
I  congratulate with myfelf, that I never could em brace that O pinion, but 
that I  performed every T h i n g  by my own M e th o d , whatever by the Afiift- 
ance o í  G od  I have perform ed. N ow  when we fhall have Obfervations on 
bo th  Sides, continued for the Space o f  2 0  or 3 0  Y ears  j that is, as well thofe 
that are made w ith T e le fco p ic  S ights, as thofe which are derived from the 
H eav en s hy our plain S igh ts , the M a tte r  will then be brought, to a fair 
T r ia l .  In  the mean T i m e  Jet every one e n jo y  his own O pinion, and pro
ceed in his own W a y .

V I I .  1. I t  is well known that the mean apparent M agnitude o f  the Moon. 7 . , ^  _ Pull

( i i 8  )

JVby Ctltjiial 
Q b j e S i  a p p e a r  

r̂̂ ater ̂ bcn
nigh the Horiz  ̂ _

greaieil Northern Latitude, and confcquently the utmoft that fhe can be ele
vated

r  is 3 0  m in. 3 0  fee. we will take  it Numero rotundo to be 3 0  m in . at a Full 
M o o n  in the midfl: o f  W in te r ,  and when ih e ’s in the M eridian , and at her
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vated in our H orizon  : ’T l s  as well known alfo, that when flie is in this P o- 
ilure, being looked upon by the naked E y e ,  flie appears (that we may ac- lintux.’ ' ° 
com m odate all to ienfible M eafures) to be Magniltidms Pedalis  ̂ about a F o o t  n- i%y-p- 314- 
broad. B u t  the fame M o on  being looked upon ju i l  as fne rifes, ihe appears 
to be three or four F oo t broad, and yet i f  with an Inilrum ent we take her 
D iam eter, both in one Pofture and the other, we ihali find that ftill ihe fliall 
be but 3 0  min. T h a t  this M atter  o f  F a d  is true, befides the Authority o f  
many Authors, I can aíTert that I  have accurately tried it m yfclf, and I have 
fo found it. O ne o f  the W a y s  I proceeded was t h u s : I took  a very good 
Telefcope o f  about 6  F o o t  long, in the inward Focus o f  whofe Eye-G lafs I  
applied a very fine L attice  made o f  the fingle H airs o f  a M a n ’s Head ; then 
looking  with this at the M o o n , when fhe w a s ju ft  rifen, and looked extraor
dinary b ig , I  oblerved what N u m b er o f  the Squares o f  the L attice  were oc
cupied by her B o d y ; and then obferving her again, when more elevated and 
free from all extravagant Greatnefs, I  ftill found the fame Squares o f  the 
L a tt ice  polTefled by her. T h is  W a y  is equivalent to that now more ufed, 
o f  taking her D iam eter  by M r .  Touünlefs M icrom eters-, but I  have alfo 
tried and found the fame T h in g  by an accurate Sextant, taking the Difliance 
o f  the M o o n ’s oppofite L im b s .

T h e  celebrated Des Caries attributes this Appearance rather to a deceived 
Ju d g m e n t,  than to any natural A ffe í l io n  o f  the Org?in or M edium  o f  S e n fe :
F o r  the M o o n  (fays he) being nigh the H o riz o n , we have a better O p p o r
tunity and A dvantage o f  m aking  an E ftim ate  o f  her, by com paring her with 
the various O b jects  that incur the S ig h t ,  in its W a y  towards h c r j  fo that 
tho* we im agine íhe looks bigger, yet ’ tis a m eer D e c e i t ; for we only th in k  
fo, becaufe ihe feems nigher the T o p s  o f  T re e s ,  or Chim neys, or Houfes, or 
a Space o f  G round, to which we can com pare her, and ertimate her there
by •, but when we bring her to the T e f t  o f  an Inilrum ent, that cannot be 
deluded or impofed upon by thefe Appearances, then we find our E ft im a te  
wrong, and our Senfes deceived. T h e fe  T h o u g h ts ,  m ethinks, are much be
low the accuftbmed A ccuracy  o f  the noble Des Caries ; for certainly i f  it be 
fo, I  m ay at any T i m e  increafe the apparent Bignefs o f  the M o on , tlio’ in 
the M eridian j for it  would be only by getting behind a Clufter o f  C h im 
neys, a R id g e  o f  a H i l l ,  o r  the T o p s  o f  Houfes, and com paring her to them  
in that Pofture, as well as in the H orizon  •, befides, i f  the M o on  be looked 
at juft as ihe is rifing from an H orizon  determined by a fmooth Sea, and 
which has no more Variety o f  Obje(5ts to com pare her to, than the pure A ir , ,  
yet (lie will feem b ig , as i f  looked at over the rugged T o p  o f  an uneven 
T o w n , or ro ck y  Country. M oreover, all Variety o f  adjoining O b je d s  may 
be taken off, by looking  through an empty T u b e ,  and yet the deluded 
Imagination is not at all helped thereby.

T h e  famous 'T/jomas Hobbes gives this Solution. L e t  the Point G  be the no. 
Center o f  the E a rth ,  and F  the E y e  on the Surface o f  the E arth  j on the 
fame Center G  let there be ftruck the two A rches E  H ,  determ ining the A t-  
mofphere, and A  D  to reprefent that blue Surface in which we imagine the 
Fixed Stars, and let F  D  be the H o riz o n : Divide the A rch  A  D  into three
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.equal Parts by  the L in e s  B  F ,  C  F  ; it is manifeft that the A n g lé  A F  B  ¡s 
greater than the  A n g le  B  F C ,  and this again is greater than the A ngle  C  F  D . 
W h erefore  (fays he) to m ake the A n g le  C  F  D  equal to the A n g le  C  F  B, 
the  A rch  C  D  m uil be greater than the A rc h  C  B ; and confequently, that the 
M o o n  may in the H orizon  appear iinder the fame A n g le , as when elevated, 
ilie muft cover a greater A rch , and therefore feem greater *, that is, the 
M o o n  in the M eridian appearing under the A n g le  B  F  C , that ihe may ap
pear under an equal Angle in the H o riz o n , as fuppofe C  F  D ,  ’ tis neceíTary 
that the A rch  C  D  ihould be greater than C  B  i and confequently, th o ’ ilie 
appear to fubtend a greater A rch  when in the H o rizon  than when elevated, 
yet flie appears under the fame A ngle  •, and all this without Refraólion. T h e  
G eo m etry  o f  this F ig u re  is m o ll  certainly true and dem onftrable. A t this I 
quarrel not-, but it m akes no m ore in our prefent Difficulty than i f  nothing 
had been faid : F o r  he has made the C ircle  G  F ,  reprefenting the E a rth , 
very large in Proportion to the Circle A  D  j  and then indeed taking the Point 
F  in the E a r th ’s Surface, and by L in es  from  thence dividing the A n g le  A  F  D  
into  whatever equal Parts, the intercepted A rches A  B ,  B  C ,  C D ,  ihall be 
unequal. B ut if he had confidered, that the E arth  is, as it were, a P ou it  in 
refpeél of the Sphere o f  the F ix e d  Stars, nay the very annual O rb it  o f  the 
E a r th  is alm oft im perceptible, he would have found that the Lines F  B ,  F  C, 
F" D ,  muft be all conceived as drawn from  the P o in t  G ,  and then equal 
A n g le s  will intercept equal A rches , and equal A rches equal A n g le s :  And 
fo it happens (at lealt beyond the PoiTibility o f  the D ifcovery  of’ Senfe) to the 
E y e  on the Surface o f  the E a rth  •, fo that his drawing his L in es  fo far from 
G  as F  is, and to another concentric Circle fo nigh as A D ,  deceived him 
in this Point.

T h e  famous Gajfendus has written four large Epijlles on this Subjeót, the 
Su bllance  o f  all which is. T h a t  the M o o n  being nigh the H orizon , and look
ed at through a more fog gy  A ir ,  cafts a weaker L ig h t ,  and confequently forces 
not the E y e  fo m uch as when brighter ; and therefore the Pupil does more 
enlarge itfelf, thereby tranfm itting a larger Pro jection on the R e tin a .  In 
this Opinion I find he is not a lo n e ;  for this Difquifition being  lately revived 
by  a French he therein follows the Sentim ent o f  Gajjenduŝ  with this 
A d d itio n , T h a t  this contra6ling and enlarging o f  the Pupil caufeth a diffe
rent Shape in the E y e  ; an open Pupil m aking  the Cryftalline flatter, and the 
E y e  longer, and the narrower Pupil fliortening the E y e ,  and m ak in g  the 
C ryifa lline  m ore convex  : T h e  firft attends our lo o k in g  at Objedls which are 
rem o te , or which we th ink  f o ;  the latter accom panies the view ing O bjeds 
n igh  at hand. L ik e w ife  an open Pupil and flat Cryftalline attends O b jeótsof 
¿I m ore ftdate  L i g h t ,  whiKt O b jects  o f  m ore forcible R ay s  require a greater 
C o n v e x ity  and narrower Pupil. F ro m  thefe Pofitions the Abhé endeavoured 
to  g iv e  an A cco u n t o f  our Ph¿enomenon̂  as fo l lo w s : W h e n  the M o o n  is nigh 
the H o r iz o n , by Com parifon with interpofed O bjeóls , we are apt to imagine 
her m u ch  farther from  us than when m ore e levated ; and therefore (fays he) 
\vc Cider our E y e s  as for v iew ing an O b je f t  farther from  u s ; that is, we
lo m cth in g  enlarge the P u p il ,  and thereby m a k e  the CryibUliiie m ore f la t :

more-
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moreover, the D uík ineís  o f  the M o o n  in that Pofture does not fo  m uch 
fírain the S i g h t ; and confequently the Pupil will be more large, and the 
Cryftalline more flat. H en ce  a larger Im age ihall be projefted on the Fund 
o f  the E y e ,  and therefore the M o o n  ihall appear larger. A nd this Difpofi- 
tion o f  the E y e  that magnifies her, magnifies alfo the Divifions o f  our fore
mentioned L a t t ic e ,  and confequently ilie by her Body ihall poifefs no more 
of the Divifions than when ilie fcems lels. T h e f e  two forementioned A cc i
dents, viz. T h e  M o o n ’s imaginary D iilance and D ufkifhnefs, gradually va- 
nifliing as ihe rifes, a different Species is hereby introduced in the E y e ,  and 
confequently flie feems gradually lefs and lefs, till again ihe approaches nigh 
the H o riz o n . T h e fe  two Opinions o f  GaJJendus and the Abbé being fo near 
a-kin, I  fhall confider them  both together : A n d  firft I  aflcrrt, T h a t  a wider 
or narrower A perture o f  the Pupil increafes n o t, neither diminiihes the P ro -  
je d io n  on the R etina . I  know , Honoratus Faber, in his Synopfts Optica, 
endeavours to prove the clear contrary to this m y AiTcrtion, and that after 
this m an n er : A B  is an O b je f t ,  E F  the greater A perture o f  the P u p il,  ad
m itting the Projeólion K  I on the R etina , whereas the leifer Aperture C D ,  
admits only the Projeólion G  H  ; but G  H  is lefs than K  I ,  wherefore a leifer 
Aperture diminiihes the P ro je d io n . I admire that any M a n  that undertook 
(as Honoratus Faber) to write o f  Optics more accurately than all that went 
before him , ihould be guilty  o f  fo very grofs an E r r o r ; and I do more ad
m ire , that the celebrated Gajfendus, and with him  the noble Hevelius, ihould 
be o f the fame Opinion : F o r  tho’ the aforefaid Dem onftration hold mofb 
certainly true in d ire d  P ro je d io n s ,  as in a dark R o o m  with a plain H o le  ;  
yet it will not hold in Projeélions made by R efraé lion , as it is in thofe on the 
R etin a  in the E y e ,  by means o f  the Cryftalline, and other Coats and H u 
mours o f  the E y e . F o r  let A  B  be a rem ote O b je d ,  and E  F  the Cryilalline 
at its large A perture , p r o je d in g  the Im ag e  I M  on the R t in a .  L e t  then 
C  D  be the leifer Aperture o f  the Pupil before the C ry ila ll in e ; I  fay, the 
Im age I  M  fhall be projeéled as large as before ; for the Cone o f  R ay s E  A  F  
confiils partly o f  the Cone o f  Rays C A D ;  therefore where the form er E A F  
is pro jefted , the latter C A D ,  as being a part o f  the form er, ihall be pro- 
je á e d  alfo. S o  that no m ore is effecled by this narrow A perture, but that 
the Sides o f  the radiating Cones are intercepted, and confequently the P oin t 1 
ihall be afFefted with lels L ig h t ,  but it ilia 1 ftill be in the iame P la c e : W h a t  
is laid o f  that Cone and that P o in t, m ay be faid o f  all other Cones and other 
Points o f  the O b je d .  F ro m  hence appears, Firft, T h e  Invalidity o f  the 
Account given o f  the M o o n ’s A ppearance by GaJJendus from this Reafon, 
Secondly, T h e  R eafon appears why a T e le fco p e ’s leifer or greater Aperture, 
makes no Difference in the A n g le  it receives: F o r  imagine E  F  to be an 
O bjeft-G lafs  o f a T elefcope, and *cis plain. 'Thirdly, ’T i s  evident why a 
greater or lefs Aperture on a Telefcope ihould m ake the O bje¿ls  appear 
lighter, or darker ; for thereby more or lefs Rays are admitted to determine 
on the Projeólion o f  each Point. But all this by the by : And this is fufíi- 
cient for a Confutation o f  Gajfendus and Faber. But our foremenrioncd Abbé 
fuperadds to a greater or leifer A perture o f  the Pupil, as a neceifary Confe-
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qnent, a- greater and leiTer C onvexity  o f  the C ryilalline, as alfo a L en g th en 
in g  and Shortening the T u b e  o f  the E y e .  A nd this I  mud: confefs would do 
fom erhing, i f  we find it true in our Cafe i and this le t us try. Firfl̂  (fays 
iie) T h e  b u ik if l in e fs  o f  the M o o n  nigh the H o rizo n  admits the Pupil to en
large itfclf , the Cryflalline to flatten, and the Ivye to lengthen : B u t  what i f  
■we change our O b je£ t ,  and inflead o f  the M o o n  take the DiPiance between 
fom c o f  the F ix e d  Stars (as fuppofe thofe o f  Orion s Girdle) we ihall find the 
iam e Pk-cnommn in th em , and yet I  hope neither he nor Gajfendus will af- 
ie rr ,  that they at one T i m e  ftrain the E y e  more than at another, or that at 
any tim e their F u lg u r Ürains the E y e  at a l l ; i f  he do, let h im  take Stars of 
the leiTer M agnitu des, nay even thofe that can but ju ft be perceived, and 
then he will be convinced : O r  let him confider, whether this will hold in 
lo o k in g  at the Sun through very d ark  G lafies, which render the S ig h t thereof 
as inoffenfive to the E y e  as that o f  a green Field •, but perhaps he will then 
fay, that this other R eafon  holds, which is, Secondlŷ  I 'h a t  the greater im a
ginary D iitan ce , a t w hich we th in k  the M o o n  near the H o riz o n , than when 
iiiore elevated, m akes us contem plate her as i f  really ihe was fo, viz. w'ith 
am p le  Pupils, B u t this I have fufficiently overthrow n in my R em ark s  
againft Des Cartes: T h ere fo re  I  pafs it over, only fubjoining, that i f  thtire 
were any th ing in this Su rm ife , m ethinks the horizontal M o o n  ihculd  rather 
be fancied nigher to us than farther from us*, for i f  we are for try ing  natural 
T i io u g h ts ,  let us tak e  Children to determ ine the M a tter ,  who are apt to 
th in k , that could they g o  to the E d g e  o f  that Space that bounds their S ight, 
they ihould be able (as they call it) to touch the S k y  •, and corifequently the 
M o o n  i'cems then rather nigher to us than farther from  us.

A fte r  I had writ thus far, I  accidentally ca il  m y E y e  upon Ricctolî s T rea- 
tife o f  Refra^ion^ at the E n d  o f  his Second V o lu m e  o f  Alma^efi, Lib. lo . 
Set}. 6. Cap. i .  1 3 .  wherein he fpeaks o f  our prefent Difficulty •, but
to my wonder I find h im  affert, T h a t  he and F a th e r  Grimaldi had often 
tak en  the horizontal Sun and M o o n ’s D iam eters by a Sextant, when to the 
naked E y e  they appeared very large (Grimaldus d ireftin g  his S ig h t to tiie left 
E d g e ,  and Ricciolus to the right) and that even by the In ilrum ent they al
ways found the D iam eters  greater than when more elevated, the Sun often 
fubtending an A ngle  o f  a lm oil a D eg ree , and frequently 4 5  M inutes, the 
M o o n  alfo 38  or  4 0  M inutes. T h is  is dow nright contrary to the M atter  of 
I 'adt which Í have before alledged, and d ired ly  repugnant to the M atter o f  
F a c t  affcrted by the forementioned French Abbé: W h e th er  o f  us be in the 
r ig h t, I  leave to accurate E xp erim en t to determ ine, and fu bm it the W hole 
to  the D ecifion  o f  the illuitrious Royal Society. O nly  g ive m e leave to add 
one W o r d  againft •, for had his E x p erim en ts  been accurately profe-
ciited , he fliould have tried them when the horizontal M o o n  had looked 
ten rimes m ore large in D iam eter than ordinary •, and then, i f  it be true, 
that even by an Iniirum ent fhe will be found proportionally b ro a d e r ; then 
really flie fliouid fubtend an A n g le  o f  3 0 0  M in .  or  5  D e g . for very often I 
have fcen the M o o n  when ilie  appeared ten times broader than ordinary,

which
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which the fmall Addition of 8 or lo  Min. to her ufual Diameter will never 
caule.

2. I  difcourfcd o f  this Appearance near 4 0  Y ears ago with M r ,  FcJter̂ rbisPi>,tnm,r.n 
ú\tx\ Profejfor o f Jfironomy in Grejham C o llege , who did then aHTiire 
(from  his own Obfcrvation I  fuppofe) that the’ apparent Magnitude taken b y 313. 
Inftruments (how ever the Fancy  may apprehend it) is not greater at the i i o -  
rizon than when higher. M r .  Cdfvijelt affirms the f a m e l ’ hirrg; and I do 
not doubt but the T h i n g  is fo : F o r  though R efrad io n  near the H orizon al
ters the Altitude o f the I 'h i n g  feen ; yet it cannot a-lter the A zim uth at all.
F o r  fince this equally refpefls all Points o f  the H orizon  •, let the R efraftion  
be what it will, the whole H orizon can be but a CIrGic; So  that there is no 
room for the Breadth o f a T h in g  (as to the A n g le  at the E y e )  to be made 
greater, whatever its T allncfs  may (the Refraction not equally affecting all 
Parts in the Circles o f  Altitude). N o r  is there any R eaibn , why this fhould 
rather thrufl: the other, than the other thrufl: thisi out o f  Place. W hereas, 
in  the A ltitude, it is otherwife : F o r  while wha-t is near the-H orizon is en- 
Jarged, that which is further o f f  is thereby contraéled ; which, as to the A z i 
m u th , or H orizontal Pofition, cannot be.

Suppofing then that the Sun^s apparent H orizontal D iam eter, taken by 
Inftrum ent, is the iiime near the H orizon , as in a higher Pofition ; I take its 
im aginary Grcatnefs, which is fancied near the H orizon , to be only a D e 
ception o f  the E y e , or rather the Im agination from the E y e .

F o r  fure it is, that the Imagination doth not eftimate the Greatnefs o f  the 
Objeéb feen, only by the A ngle  which it makes at the E y e  ; but, by this 
compared with the fuppofed Diftance. T r u e  it is, that, cateris paribus, we 
judge that to«3e the greater O b je6 l  which makes at the E y e  the greater A n 
gle *, but not fo, i f  apprehended at different Diftances.

F o r  i f  through a Cafement (or lefftr A perture) we fee a Hoiife at 1 0 0  
Yards D iftance •, this H oufe (though feen under a  lefs A n g le)  doth not to us 
feem ieis than the Cafement through which we lee it, (or this greater than 
that, becaufe it makes at the E y e  the greater A n g le)  but the Imagination 
makes a comparative E ftim ate  from  the A n g le  and D iftance jo in tly  con- 
fidered.

So that o f  two T h in g s  feen under the fame or equal A ngles, i f  to one o f  
them there be ought which gives the Apprehenfion o f  a greater Diftance, 
that to the Im agination will appear greater. N o w  fure it is, that one great 
Advantage for eftim ating the D iftance o f  a T h i n g  feen, is from the Variety 
o f  intermediate O bjects  between the E y e  and the T h in g  feen. F o r  then the 
Imagination muft allow room for all thefe T h in g s .

N ow  when the Sun or M oon is near the H o rizon , there is a Profpccl o f  
Hills, and Valleys, and Plains, and W o o d s , and R ivers, and Variety oí 
Fields and Inclofures, between it and u s ;  which prefent to our Im agination 
a great Diftance capable o f receiving all theie : O r  i f  it fo'chance that (in  
fonK' Pofition) thefe Intermediates are not actually feen ; yet h a v i n g  been ac- 
cultonu-d to fee th em , the M em o ry  fuggefts to us a View  as large as is the v i -  

fible H orizon.
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B u t when the Sun or  M o o n  is in a higher Pofition , we fee nothing be
tween us and them  (unlels perhaps fome Clouds) and therefore nothing to 
prefent to our im agination fo great a Diftance as the other is.

A nd therefore, though both be leen under the fame A n g le ,  they do not 
appear ( to  the Im agination) o f  the fame Bignefs ; becaufc not both fancy’d at 
the lame D iilances : But that near the H orizon  is judged bigger (becaufe fup- 
pofed farther o ff)  than the fame when at a greater Altitude.

’ I ' i s  true, that as to fmall and middling D iftances (befides this Eftim ate 
rom  Intermediates) the E y e  hath a M eans within itfelf  to m ake fome E fti

m ate o f  the Diftance. A s ,  when we already know  the Bignefs o f  a thing 
feen, to which we have been accuftomed •, as, a M a n , a T r e e ,  a H ou fe , or 
the like : I f  fuch th ing  appear to us under a fmall A n g le , and indiftinél, and 
iaintly coloured, the Im agination doth allow fuch D iftance as to make 
fuch a th in g  fo to appear. A n d  i f  this, through a Perfpeclive-G lafs, be 
reprefented to us under a b igger A n g le ,  and more d iil in ft ,  it is accordingly 
apprehended as fo much nearer. B u t  the Cafe is otherwife, when we do not, 
by the know'n B ignefs, ju d g e  the D iftance ; but, by the fuppoied D iftance, 

ju d g e  o f  the Bignels, as in the Cafe before us. A nd  accordingly, different 
P erfons, according to different fancied D iftances, judge very differently.

A g a in  : In our two E yes (when the O b je é l  is feen by bo th) there is yet 
another M eans o f  eftim ating  how far o f f  it is. (A n d  it is this by w hich we 
ju d g e  o f  D iftances.) N am ely , there are from  the f im e  O b jed t, two diffe
rent vifual Cones, terminated at the two E yes *, w hole two A xes contain, at 
the O bjedt, different A ngles , according to different D if ta n c e s ;  an acuter A n
g le  at a greater D iftance, and more obtufe when nearer.

N o w , that fuch O b je6 l  may be feen by both E y es  clearly,, it is requifite 
that the E y es  be put in fuch a Pofition, as that the S ig h t  o f  each E y e  receive 
the refpedtive A xis  at R ig h t  A ngles j which requires a different Pofition of 
the two E y es , according to the different D iftance o f  the O b je d l : As will 
manifertly appear, i f  we look with A ttention  on a F in g e r  (or other fmall 
O b je ¿ l )  at 2 or 3 Inches D iftance from  the E y e ,  and then upon another 
like O b je é l  at 3 or 4  Y ards beyond it (and this alternately feveral times.) 
F o r  it will be manifeft, that while we look intently on the one, we do not 
fee the other (or  but confufedly) though both be ju ft  before us. A n d , as 
we change our V iew , from the one to  the other, we manifertly feel a Motion 
o f  the E y es  (by  their M u fcles) from one Pofture to another.

A n d  according to the different Pofture in the E y es , requifite to a clear Vi- 
fion by both , we eftim ate the D iftance o f  the O b je c t  from us.

A n d  hence it is, that they who have Joft the S ig h t  o f  one E y e ,  are at a 
great D ifadvantage, as to eftiimating Diftances, from  what they could do 
w h ile  they had t i e  U fe  o f  both.

B u t now when the Difl:ance grows ib great, as that the Pofition o f  thefe 
vifual A x e s  becom e parallel, or fo near to parallel as not to be diftinguiihable 
from  it ,  this A dvantage is loft, and we can thenceforth only conclude, that 
it is far o f f ;  but not how far. i l e n c e  it is, that our V iew  can m ake no Di-
ilinclion of the Moon’s Diftance from that o f the other Planets, or even or
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the fixed S ta r s : B u t they feem to us as equally remote from u s ; though 
we otherwile know their Diftances from us to be vaftiy d iffe ren t ; be- 
caufe the Parallax (as I  may fo call it) from the different Pofition o f  the two 
E yes, is quite loft, and undifcernable in Diftances m uch lefs than the leaft o f  
thefe.

S o  that, though as to fmall Diftances we may m ake fome Eftim ate from 
the known M agnitude o f  the O b je ó t ;  and as to middling Diftances, from 
the Parallax (as I may call it) arifmg from the interval o f  the two E y e s :
Y e t  even this latter will hardly reach beyond, i f  fo far as, the vifible H o ri
zon, and all beyond it is loft'. A nd  therefore, there being nothing  left to 
affift the Fancy  in eftim ating fo great a D iftancc, but only the intermediate 
O b je f t s ', where thefe Intermediates appear to the E y e  (as when the Sun or 
M o o n  are near the H orizon) the Diftance is fancied greater, than where they 
appear not (as when farther from it) and confequently (though both under the 
fame or equal A ngles) that near the H orizon  is fancied the greater ; A nd this 
I  judged  to be the true Reafon o f  that Appearance.

V I I I .  W e  took a Cylinder o f  caft Brafs, A  B C D ,  and cut one E n d  An Expenme>>t
it C D ,  perpendicular to the A xis f  a* *, the other E n d  A B ,  inclined to 
at an A n g le  o f  about 2 7  deg. 3 0  min. and therefore the Perpendicular to this L̂ ŵthorpc.
inclining P l a n e a n d  the A xis o f  the Cylinder acx^ comprehended an Mar.^An. '̂ógj?'
A n g le  f  c o f  about 62  deg. 3 0  m in. T h e fe  Ends were ground very true 
upon a G lafs-G rinder’s Brafs T o o l ,  and each o f  them was compafs’d about 113.
w ith a narrow F'eril o f  thin Brafs b hbh. In to  the upper Side o f  the Cylin
der, at E ,  was foldered the Brafs-P ipe E  F ,  and into the under Side, at G ,  the 
other Brafs-Pipe G  H  •, the former o f  thefe P ipes being about 3 Inches long, 
and the latter 6  Inches. U p o n  the Plate d d  d, were fixed two other Plates,
L  L ,  perpendicular to it ,  and parallel to each ocher. E a ch  o f  thefe two Plates 
had an A rc h  o f  a C ircle  (whofe D iam eter was equal to that o f  the Cylinder) 
cut out o f  its proper E d g e  *, fo that when the P ipe G  H  was let thro’ a H o le  
near the M iddle o f  the Plate ddd, the Cylinder fell into the Arches j and
being faftened there with Solder, the A xis a c x hy  Parallel to the Plate ddd^ 
and about an Inch and an h a lf  above it. T h e  perpendicular E n d  o f  the C y 
linder, D  C ,  was clofed with an O b je f t  Glafs o f  a 7 Í  F o o t  T elefcope ooy 
and the inclining E n d  A  B ,  with a well poiiihed flat Glafs, / / ;  which was 
carefully chofen to tranfmit the O b je f t  d if t in d  enough, notwithftanding its 
O bliquity  to the vifual R ays. T h e  Perils were filled with Cem ent round 
about the E d g es  o f  the Glaffes, which lay flat, and every where touched the 
fmooth Ends o f  the Cylinder, that they m ig ht firmly fupport the W e ig h t  
and Preffure o f  the excluded A ir.

Inftead o f  a Ciftern (as in the Torricellian E xp erim en t) we made ufe o f  the F,g. 
inverted Syphon o f  Brafs M  N  O ,  folder’d to the P h t e g g g .  One o f  the 
Sides M  N ,  ftood perpendicular to the P late  g g g ^  and the other Side N O ,  
inclined to it, and was fupported near the upper E n d  O , with a little P iecc  
o f  Brafs, k k,
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W e  then placed the Cylinder upon a T a b le ,  which was well faftened to 

a firm F l o o r :  T h e  Pipe G  H ,  was let through a H o le  in the T o p  o f  the 
T a b l e ;  and the P la te  d d was nailed down to i t :  T h e  T u b e  o f  the T e -  
Icfcope s s with the E y e-G la fs  in it ,  was applied to the Objedc-Glais, and 
a H a ir  fixed at the com m on Focu s o f  both GÍaíT¿s, in the A xis  o f  the 
Cylinder continued to it. U p o n  the F lo o r  (under the Cylinder) we nailed 
the Plate with the inverted C yphon upon it, and jo ined  M  to H ,  by 
the Infercion o f  the Glafs T u b e  T .  T h e  Jo in ts  were very carefully clofed 
w ith C em en t, and then covered over with Pieces o f  a Bladder wrapped hard 
w ith ftrong T h re a d . T h e r e  was alfo a Bladder tied below each Jo in t  at 
and when it was filled with W a te r  it was tied about at n *, fo that no A ir  
could com e to the C em en t, to infinuate itfe lf  through its Pores or FilTures, 
i f  any happened to be left unclofed.

I t  will not (I hope) be thought more than necefíkry, that in this A ccoun t 
o f  the Apparatus  ̂ I  have mentioned fo m any minute C ircum lU nces ; for 
we found it difficult enough to exclude the A ir ,  and alm oft impoffible to  
d ifcover the very little H oles through which fo iubtle a F lu id  would free
ly enter and poííefs the Spaces deferred by the fub/iding Mercury. B u t ,  with 
all this Precaution, the E xp erim en t fucceeded at laft, as 1 wiflied ; after this 
M a n n e r :

W e  placed the O bjecb a (w hich  was a b lack  T h read  failened in a little
F ra m e  o v e r a  P iece o f  white J?aper) in the A xis  o f  the Cylinder c a :  W e
filled the Pipes and Cylinder with Mercury ; and having Hopped the upper 
E n d  o f  the P ip e  at F ,  with the little Iron Stopple K ,  and doled  it, at the 
upper P a rt  of the T u b e  and other Jo in ts ,  we let the Mercury run out gently 
at O  (into the B ladder u) till it remained fufpended at the ufual H e ig h t  (as 
in the Barometer) leaving the upper P a rt  o f  the T u b e ,  and the Cavity o f  the 
C ylinder between the GIafles(?<7, a n d / / ,  void o f  A ir. W e  then faw the 
O b je c l ,  w hich before appear’d in the A xis  at ;>i, raifed confiderably above it j 
and we reduced it to app?ar again at by rem oving it from  a to a. T h e  
A x is  therefore o f  the vifual R ay  (which was alfo the A xis  o f  the Cylinder) 
X c falling perpendicularly on the void Space, paffed through it without 
any R e f r a d io n :  but em erg ing  obliquely into the A ir ,  it was refradled to
wards the P e r p e n d i c u l a r a n d  received a new Diredtion to « . And 
therefore the Diftance a ¿ ,  fubtended the A n g le  o f  R e fr a d io n  a c a  ̂ all 
w hich we meaiured, and found as follows *, viz.

T h e  H e ig h t  o f  the Objecb above the A xis , or t h e 7 
unrefraded  vifual Ray a a ............................ j

T h e  D iftance o f  the O b je d  from the r e f r a d in g ]
P la in  ot, about 5 1 F e e t ,  or —  —  —  j

T h e re fo re  the A n g le  o f  R efra d io n  a c uy was —  
T h e  A n g l e o f  E m e rf io n ^ i(3 ,  (by th eC o n ftru d ion  ■) 

o f  the Cylinder) was —  y

Inches. Dec. Part s.

0 0 0 425

6 1 2 0 0 0

Deg. Min. Sec,
0 0 02 2 3

6 2 2 0  0 0
There-
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T h erefore  the A ngle  oF Incidence ct—pca-r-
ac  was —  —  —  —  — ------

Beg, Min. Sec. 
}  6 . 2 7  37

A n d  therefore unherfally  ̂ (according to the know n L a w s o f  R efraftion)

T h e  Sines o f  the A ngles of Incidence being 
T h e  Sines o f  the A ngles o f  Em erfion are 
A n d  the refraétive Pow er o f the dcnfe A ir

I 0 0 0 0 0  
1 0 0 0 3 6

-  3 6

By the refra£live Po'wer o f  a pellucid B ody, I  mean that Property in it 
whereby the oblique R ay s  o f  L-ight are diverted from their direct Courfe, 
and which is meafured by the proportional Differences (alwayS' obferved) 
between the Sines o f  the A n g les  o f  Incidence and E m erfio n .

T h is  Property  is not always proportional to the D enfity  (a t  Jeail not to 
the G ravity) of the refraóting M edium  : F o r  the refradive Pow er o f Glais 
to that o f  W a te r  is as 5 5  to 3 4 ,  whereas its G ravity  is. as S 7 to 3 4 ;  
that is, the Squares o f  their r tfra it iv e  Pow ers are (very near) as their re- 
fpedive Gravities. A nd there are fome F lu id s, w hich, tho ’ lighter than 
W ater , yet have a greater Pow er o f  R efrad io n  : T h u s  the refradive Pow er 
o f  Spirit of W in e  (according to D r .  Hook's E x p er im en t, .Mkr.agr:. Ohf. Jviii. 
/). 2 2 0 . )  is to that o f  W a te r ,  as 3 6  to 213 and its Gravity recĵ procally as 
23 to 3 6 ,  or 3 6^ . . But the refradive Powers o f  A ir  and W a ter  feem to 
obferve the fimple Proportion  o f  .their Gravities diretily\ as I  há^ '̂ com pared 
them in the following T a b le .  T h e  N um bers there exprefling, the R efra -  
dion o f  W a te r  are taken from  the M ean of N in e  E xp erim en ts , m a d e a t  
fo many fevcral Angles o f  Incidence, Jan. 2 5 ,  1 6 4 ^ ,  by M r. Gafcoigne  ̂
(the ingenious firft Inventor oí the M icro m eter , and the W a y s  o f  meafuring 
Angles by T e le fa )p es)  and thofe o f  A ir  are produced by the preceding E x 
periment.

}
T h e  (aíTumed) Sines o f  the A ngles o f  Incidence

on the Void from  —  —  —  — . _  —
T h e  Sines o f  the correfpondent A ngles o f  E m e r 

fion out o f  —  —  —  —  —  —  _ _
T h e  refradive P o w er o f  —  —  _ _  _ _  —
T h e  fpecifick G ravity  ( i f  as 900 to i  at the 7

T im e ,  o f  the E xp erim en t)  o f  —  —  —  — 5
O r ( i f  as 850 to I )  o f  —  — ¿ ~  —  —  —

Water. Air. 
1 0 0 0 0 0  10 0 0 0 0

1 3 4 4 0 0  1 0 0 0 3 6

3 6
3 4 4 0 0

«

3 4 4 0 0
3 4 4 0 0

3 8

4 0

a c c u r a t e  A f t r o n o m e r  M r .  

a n d  f e v e r a l  P a f l ' a o r c s  r e -

*  1 a m  i n d e b t e d  f o r  t h e f e  E x p e r i m e n t s  t o  t h e  R e v e r e n d  a n d  v e r y  ¡

‘atnftcad;  w h o  c o p i e d  t h e m ,  t o g e t h e r  w i t h  m a n y  o t h e r  O b f e r v a t i o n s  

a t i n g  t o  t h e m ,  f r o m  M r .  Gafcoigne's Letter to M r. Crabtree: T h e y  w e r e  h a p p i l y  p r e l e r v e d ,  

^  t h e  T i m e  o f  o u r  C i v i l  W a r ,  b y  t h e  l a t e  S i r  'Jonas Moor, a n d  M r .  Cbr. T ô-'vnhy, a n d  t h e y  

? r e  n o w  i n  t h e  H a n d s  o f  M r .  Rkh. Tonvriliŷ  o f  ^e-ivnley i n  Lancafiire, b y  w h o m  t h e y  w e r e

“«»parted fomc Time ügo to M r . *
From
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F r o m  hence it feems very probable , that their refpeftive Denfities and 
refraftive P ow ers are in a ju f t  ftmple Proportion. A n d  i f  this ihould be 
confirmed by fucceeding E xp erim en ts , made at different A ngles o f  Inci
dence, and w ith Cylinders continuing exhanfted through feveral Changes 
o f  the A ir ,  it would be more than probable that the refraftive Powers of 
the  A tm o fp h ere  are every w here, and at all H eig h ts  above the E a rth , pro- 
3ortional to  its Denfities and Expanfions : A nd then it would be no difficult 

M a tte r  to trace the L ig h t  through it, fo as to terminate the Shadow of the 
E a r t h ,  and (together with proper E xp ed ients  for meafuring the Quantity of 
L i g h t  illuminating an op ake Body) to exam ine at what Diftances the Moon 
m uit be from  the E a rth  to fufFer Eclipfes oí the oblerved Duration.

TojindtbePa- I X .  G iv c  Hie Icave to fuggefl a Speculation, w hich hath been in my 
i T h o u g h ts  thefe forty Y ears or more-, but I  have not had the Opportunity

Dr. Wallis, to o f  reducing it to P ra ftice  : It is concerning the Parallax  o f  the fixed Stars,
^  E a r th ’s annual O rb it .

July, An. 1693. Galileo complains o f  it a great while fin¿e (in his Syjiema Cofmicum) as a 
N. Z 0 2 . S 4 4 .  attem pted to be obfervcd with fuch D iligen ce  as he could w ilh ;

and I doubt we have the fame Caufe o f  com plaining ftill. I  know  that Dr. 
Hook and M r .  Flamjlead have attem pted fomewhat that way, but have de
lifted before they cam e to any T h i n g  o f Certainty. W h a t  hath been done 
to that Purpofe A broad 1 know  not.

Galileo hath fuggefted divers T h in g s  confiderable in order to i t ; as, the 
7 ’ imes o f  O bfervation, the Stars to be oblerved, and the M anner of ob- 
ferving them  •, which yet I  doubt is not practicable. T h a t  which occurred 
to  m y T h o u g h ts  upon thefe Confiderations, was to this purpofe : T h a t  fome 
circum polar Stars (nearer to the P o le  o f  the E qu ator than is our Zenith  ̂ and 
n o t far from  the P o le  o f  the Z o d iack )  ihould be made choice o f  for this pur
pofe. A n d  in cafe the meridional A ltitude be difcernibly different at diffe
rent T im e s ,  fo will alfo be their u tm oft E a f l  and W e f t  A z im u th , which may 
be better obferved than their R if in g  or S e t t i n g : A nd  this will not be ob
noxious to the Refradtion, as is the meridional A ltitude (for though the 
Refradtion do affcct the A ltitude, yet not the A zim u th  at all ánd we may 
here have choice o f  Stars for the p u rp o fe ; w hich , in Obfervations from the 
B o t to m  o f  a W e l l ,  we cannot have ; being there confined to  thofe only which 
país very near our Z en ith , tho* very fmall Stars.

1 would then take for granted, as a T h i n g  at leaft very probable, that 
th e  fixed Stars are not all (as was wont to be fuppoled) at the fame Diitance 
from  us, but the Diitance o f  Ibme vaftiy greater than o f  others j  and confe- 
quently , though as to the more rem ote, the Parallax may be u n d i f c e r n i b  e, 
it  m ay, perhaps, be difcernible In thofe that are nearer to us.

A n d  thofe we may reafonably guels (though we are not fure o f  it) to be
neareil to us, which to us do appear b iggeil and brighteft, as are t h o f e  o f  the
Firjt and Second M agn itu d e •, and there are at leaft o f  the Second Magnitude
pretty  many not far .from the P o le  o f  the E clip tic  (as that in particular m
the Shoulder o f  the Leifer Bear:)  A n d , in cafe we fail in one, we may t|7

again
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( * 3 9  )
again and again on fom e o t h e r ; which may chance to be nearer to us than 
what we try firft. A n d  Stars o f  this Bignefs may be difcerned by a mode
rate T e le fco p e , even in the D ay -tim e *, efpecially when we know jufl: where 
to look for them .

T h e  M anner o f  O bfervation, I  conceive, may be thus. H av in g  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 in its greateft E a ft  
or W e f t  A zim u th  ; it may be then convenient to fix (very firm and fted- 
dily on fome T o w e r ,  Steeple , or other high Edifice , in a convenient Situ
ation) a good T eJefcop ic  O b je ft-G Ja fs  in fuch Pofition as may be proper for 
viewing that Star. A nd at a due Difbance from it, near the Ground, build 
on purpofe ( i f  ah-eady there be not any) fom.e little  Scone W a ll ,  or like P la ce ,  
on which to fix the E y e-G la ls ,  fo as to anfwer that O b je d l-G la ls : A nd  having 
fo adjufted it, as through both to fee that Star in its defired Station (which 
may beft be done while the S tar  is to be feen by N ig h t  in fuch Situation, 
near the T i m e  o f  one o f  the Soliliccs) let it be there fixed fo firmly, as not 
to be difturbed (and the P lace  fo fecured, as that none com e to diforder it) 
and care be taken fo to defend both the GlaíTes, as not to be endangered by 
W ind and W eath er . In which Contrivance, I  am beholden to M r . John 
Cafwel, M .  A . o f  Hart Hall \n Oxford, for his A dvice  and Affiftance, with 
whom I  have many Years fince com m unicated the whole M atter.

T h is  Glafs being once fixed (and a M icrom eter  fitted to it, lb  as to have 
its Th reads perpendicular to the H o rizo n , to avoid any inconvenience which 
m ight arife from D iverfity  o f  R efraétion , i f  any be) the Star may then be 
viewed from T i m e  to T i m e  (for the following Y ear , or longer) to fee i f  any 
Change o f  A zim uth can be obferved.

T h is  I  thought fit to recommend to  your Confideration, who do fo. well 
underftand Telefcopes, and the M anagery o f  them : But when I fuggeft (as 
a convenient Star for this purpofe) the Shoulder o f  the Lejfer Bear (as being 
the neareft to the Pole o f  the Z o d iack  o f  any Star that is o f  the F ir f t  or Se
cond M agnitude) I  do not confine you to that Star •, but (w ithout rctraóting 
thatj fuggeft another ; namely, the Middle Star̂  in the Tail of the Greai 
Bear, which (though fomewhat further from the P o le  o f  the Z o d iack ) is a 
brighter S tar  than the other, and may be nearer to us.

But I do it principally upon this Confideration •, namely, T h a t  there is 
adhering to it a very fmall Star (which the Arabs call Alcor, o f  which they 
have a proverbial Saying , when they would deicribe a iharp-fightcd M an, 
T h at he can diicern the Rider on the Middle Horfe o f  the Wayn : And o f  one 
who pretends to fee fmall T h in g s ,  but overlooks much greater, Vidit Alcor 
at non Lunarn Plenam) which Hevelius in his Obfervations finds to be di- 
ftant from  it about nine M inutes and five or ten Seco n d s; So  that befides 
the Advantage ol difcovering the Parallax o f  the greater Star, if difcernible ;  
the Difference o f  the Parallax o f  that and o f  the leiTer Star (being both with
in the R each  o f  a M icro m eter)  may do our W o r k  as well. F o r  i f  that o t  
the greater Star be difcernible, but that o f  the leiTer be either not difcernible 
or lefs difcernible, their different Diftances from each other at different T im e s

of
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oF the Y ear may perhaps (w ithout farther b c  'd iiterhed  by a ^ o d
T e le fco p e  o f  a com petent L e n g th ,  fu r n i i l i^  with a M icroixieter, i f  carefully 
preferved fro m  being difordercd in the Intervals o f  the Obfervations *, and 
difcover at once, both that there is a Parallax , and that the F ix e d  Stars are 
at different Dillances from u s; wherein, that I  may not be miftaken, my 
M e a n in g  is not that the In itrum ent or M icrom eter  ibould be removed for the 
obferving  o f  the Leffer S t a r , . but that (when the A zim u th  o f  the Greater 
S tar  is tak en ) by a M icrom eter (confid ing o f  divers fine T h read s parallel and 
tranfverfc) m ay (at the fame T i m e )  be obfervcd the D iftance o f  the two 
Stars , cach irom  other, in that Pofition (both  being at once within the Reach 
o f  the M icrom eter) W h ic h  D iftance (the  Inftrum ent remaining unmoved) if 
it be found (at different l  imes o f  the Y ear)  not to be the fam e, this- will 
prove that there is a different Parallax o f  thefe two Stars.

T h is  latter Part o f  the Oblervation (o f  their different Diftances at different 
T im e s) .  I f'uggeil as more eafily prafticable, though not fo nice as the for
m e r ; Fon ,it  may be dot>e, I  th ink , without any hnihtt Apparatus 
a  good I 'c le fco p e  o f  ordinary F o r m , furnifhed with a M icrom etcr ,  (this be- 
in g  carefully kept unvaried during the Interval o f  theie Obfervations.) And 
if̂  this P art only of the Obfervation (w ithout the o th e r )  be purfued, it  mat
ters not though the two Obfervations (near the two Solftices) be, one at the 
Euñern-, the other at the W e fle rn ,  Aziirluth (whereby both may be taken 
in the N ig h t-d m e ) for the D ifian ce  muLl (at both A zim u ths) bs the fame. 
I t ,  after obferving the A z im u :h  o f the greater Star, it be necefTary to move 
the M icrom eter  for m eafuiing its D ilfance  from  Alcoi\ that may be done ano
ther N ig h t ,  (and it is not necefTary to be done at one O bfervation) for that 
D iftance  cannot be difcernibly varied in a N ig h t  or two.

Concernhg the X .  Sincc. the Pythagorean Syjiem o f  the W o rld  has been revived by Coper-
by M athem aticians accepted for the true one), there

yî r. Frjacis feemed Ground to imagine, that the D iam eter o f  the E a r th ’s annual Courfe 
'i> lox. (w h ith ,  according to our bsfl  A flronom ers, is at leafl 4 0 0 0 0  T im e s  bigger 

' than the Sem idiam eter o f  the E a r th )  m igh t g ive  a fenfible P arallax  to the 
F"ixed Stars, and thereby determine their D iftance. B u t there are fome Con- 
iiderarions w hich 'm ake us lufpect that even this Bafis is not large enough for 
that Purpofe.

M .  Huygens (w ho is very e x a ft  in his A flronom ical Obfervations) tells us, 
H e  could never difcover any vifible M agnitude in the F ixed  Stars, though 
h e  ufed Giaífes which magnified the apparent D iam eter above 1 0 0  Times.

N o w , fince in all likelihood the F jx e d  Stars are Suns, (perhaps o f  a diffe
rent M ag n itu d e) we m ay, as a reafonable M e d iu m , prefume they are gene
rally about the B ignefs o f  our Sun.

Let
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L e t  us then (for E x a m p le )  fuppofe the Dog-Star to be fo. T h e  Dlftance 

from us to the Sun being about l o o  T im e s  the Sun’« Diameter, it is evident 
that the A n g le  under which the Dog-Star is feen in M r. Hüygem̂ s Telefcope* 
niuft be near the lam e with the A ngle  o f  its Parallax to the Sun’s D iih nce* 
or Semidiam eter o f  the E a r th ’s annual Courfe i lb that the Parallax to the 
whole D iam eter can be but double fucli a Q uantity  as even to M r. lluŷ ens"̂  
nice Oblervation is altogether inferifible.

T h e  D iilan ce  therefore o f  the F ix ed  Stars feems hardly within the reach 
of any o f  our M ethods to determine : B u t  from what has been Jaid down, we 
may draw fome Conclufions that will much illuftrate the prodigious Vaftnefs 
o f  it.

1. T h a t  the D iam eter o f  the E a r th ’s annual O rb  (which contains at leail 
1 6 0  M illions o f  M iles) is but as a P o in t  in comparifon o f  i t ; at leait it mull 
be above 6 0 0 0  T im e s  the D iilance of the Sun : F o r  i f  a Star fliould appear 
through the aforefaid T e le fco p e  h a lf  a M inute broad, (which is a pretty len- 
fible M agnitude) the true apparent D iam eter would not exceed 1 8 ' " ,  which 
is lefs than the 6 0 0 0 t h  Part o f  the apparent D iam eter o f  the Sun } and con- 
fequently the Sun’s D iilance not the 6 o o o th  P a r t  o f  the D iilance  o f  the Star.

2 .  T h a t  could we advance towards the Stars 9 9  Parts o f  the whole D i-  
ftance, and have only lo o th  P art rem ain ing , the Stars would appear little 
bigger to us than they do h e r e : F o r  they would fhew no otherwife than they 
do through a T e le fco p e  which magnifies an hundred-fold.

3. T h a t  at leail 9  Parts in 10 o f  the Space between us and the F ixed  Stars 
can receive no greater L ig h t  from  the Su n , or any o f  the Stars, than whac 
we have from  the Stars in a clear N ig h t .

4 . T h a t  L ig h t  takes up more T im e  travelling from the Stars to us, than 
we in m aking  a Wejt-lndia V oyage (which is ordinarily performed in fix 
W e e k s :) T h a t  a Sound would not arrive to us from thence in 5 0 0 0 0  Years, 
nor a C annon-Bullet in a much longer T im e .  T h is  is eafily computed, by 
allowing (according 10 Mr. Neivlon) 10  Minutes for the Journey o f  L ig h t  
from the Sun hither, and that a Sound moves above 1 3 0 0  Feet in a S e 
cond.

X I .  A m o n g  yoviv Jrahick Books in the L ibrary  o f  Merton College f¡
which you have above forty, which abound with the Do(9:rine and Obferva- Fixtd  

accordtrtg

tions o f  the H eavens) in the: Ilchanic Tab les , by the Care o f  that famous Per- 
fian Cboaga No/irodmis Tuftuŝ  I have found it reprefented in a ihort Page, Dr, Edward

what were the Latitudes and what the Longitudes o f  fome o f  the principal 
Fixed Stars, according to the Obfcrvations of divers Aitronumers. '1 his lit- Kun:ington. 
ele Canon I have enlarged, as you fee, partly from your own S to ck , and n. 158./>. 567. 
partly from others. I would not pretend to have done any great M atter in 

V o l .  I .  1 i this,



this, but that the prefent A g e  may have fom e N otion  o f  the A ftronom y of 
th e  E a l l ,  where it is plain this Science had its firft O riginal. Certainly there 
are many T h in g s  that recommend to us the A ftronom y o f  the E aftern  P eo 
ple : T h e  peculiar Felic ity  and Serenity o f  the R egions in w hich they ob- 
ieryed ; the Largenefs and A ccuracy o f  their M achines, be ing  fo great that 
we can hardly conceive how they applied them  to  the I  le a v e n s ;  befides the 
great N u m b e r  o f  Obfervers and W riters ,  ten T im e s  m ore than the Greeks or 
^Latins ĉ x\ boaft o f ;  to which you m ay add, that their Princes were ten 
T im e s  more powerful and munificent, who fupplied ingenious M e n  with 
W e a l th ,  and a neceíTary Apparatus for Celeftial Obfcrvatlons. B u t  what 
the Arabian A ftronom ers have ju ftly  reprehended in Cl. Ptolomŷ  the great 
Conftru61;or o f  the Celeftial A r t ; how diligently they diftinguiihed and mea- 
fured the fmalleft Parts o f  T i m e  by D rop s o f  W a te r ,  by vaft Sun-Dials, nay 
(which you will wonder at) by the Vibrations o f  a pendulous T h read  j  how 
fkilfully and accurately they were converfant in that great A tte m p t o f  H u 
man Ingenuity, concerning the E x te n t  and Diftances o f  the two great L u m i
naries and o f  our E a rth  ; are too much for one E p iftle  to declare.

I
I

I

A ’TaMs
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A l'able o f  the principal Fixed Stars, according 
to the Obfervatio'ns o f the Antients.

< J

B y  Ptolomt, i n  h i s  Magna 
Syntaxis.

O Q L o n g , L a i .

9

4
S .

0
/

•

•

< 0.

4

■

/ f

I 34 T h e  l a f t  S t a r  o f  Tluwus* I o 1 0 3 0  a l .  C O
S 3 s.

2 1  2
T h e  b r i g h t  S t a r  o f  Cajpopeia^s C h a i r . Í o 7 S O Í I

4 9

n.
3 1 2 Perfeus^s H e a d  o f  Ñedufa Algol, 2 9  2 0  4 0  a l . 2 0

4
» .

4 H
T h e  S o u t h e r n  E y e  o f  t h e  BtdU  ̂ * I I 1 2 4 0  a l . 2 0 s

5 3 S T h e  L e f t  F o o t  o f  Orion, RigsL 1 I . 2 0
S O

1  * ■ '

3 ?

s.

6 3 T h e  l i t t l e  K i d  o f  Auriga, I 1 0 i Z 2 ^ n.
7 2 Orio7i"s R i g h t  S h o u l d e r . I 2 2 0

1 7
0 s.

8 I '1 h e  Doz^Star, Alhabor, I 2
1 7

4 0  a l . 2 0 39 1 0 s.
9 2 T h e  Little Dog, Algomeifa. 2 2 9 3 0  a l . 1 0 1 6 1 0 j .

l O 8 T h e  Lyon̂ s H e a r t .  Regulus, 1 4 2 3 0  a l . 1 0 0 1 0 n.

i r «4 Spica Virginis, I 5 2 6 4 0 A # 0 s.
1 2 23 Arñurus, 1 5 2 7 0 3 * 3 0

n.
•3 8 Amares  ̂ Scorpiones H e a r t . 3 7 1 2 4 0  a l .  2 0 4 0 J .

' 4 1 T h e  H e a d  o f  ^erpentarius. z 7 2 4 5 0 3 6
0 n.

‘ 5 I T h e  b r i g h t  S t a r  o f  t h e  Harp, 1 8
1 7

2 0 6 2 0 n.

i 6 0 T h e  b r i g h t  S c a r  o f  t h e  Eagle, 2 9 3 5 0
2 9 1 0 n.

'7 < ;
T h e  b r i g h t  S t a r  i n  t h e  T a i l  o f  t h e  Ŝ ivan, 2 1 0 9 1 0 6 o 0 n.

i 8 3 T h e  b r i g h t  S t a r  i n  t h e  R i g h t  L e g  o f  Pegafus, Seat. 2 1 1 2 1 0 35 0 n.
19 2 T h e  l a f t  S t a r  o f  Vegafus'% W i n g .  Algenib, 2 1 1 1 2 1 0 1 2 3 0 n.
2 0 7 T h e  b r i g h t  S i d e  o f  Perfeus, 2 I 4 S O

3 0 0 » .

2 1 27 T h e  Lyon̂ s T a i l . I 4 2 4
3 0

X  I 5 0 n.
2 2 1 T h e  M o u t h  o f  t h e  South Fijh, . 1 1 0 7 0 2 3 0 s.
2 Í 44 Canopus, I 2 1 7 l O 7 « ;

0 / .

l i A Tabli
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y/ 'Table of the principal Fixed Stars  ̂ ac
cording to the Obfervations of the Antients.

* H e agrees with FiaUmy as to Latitude,

y/// Aholcafimus. 
A .  C. 938.

Abdorahma- 
tms Sop hi us. 

A .  C. 964. ^
Ehnolalamus. 
A .  C. 980.

Long. Latit. L on ".0 Long. Latit.

S, 0 / 0 /
S. 0 / S. 9 i 0 /

I 0 I [ 50 53 30 0 12 53 0 16 42 53 30
2 0 20 2Ü 51 45 0 20 32 0 24 9 51 451
3 I 12 17 22 45 I 12 22 I 15 I 22 45
4 I 24 35 5 15 I 25 22 I 28 40 5 J5
5 2 2 1 31 4 2 2 32 2 5 55 31 20

6 2 6 49 22 50 2 7 42 2 10 50 22 50
7 2 Í 3 16 16 45 2 14 42 2 17 2 1 16 45
8 2 29 30 39 20 3 0 22 3 3 40 39. 20
9 3 10 40 16 0 3 1 1 12 3 15 45 10 0

lO 4 H 40 0 15 4 15 12 4
.

18 45 0 15

r I 6 8 23 2 6 6 9 22 6 12 33 2 6
12 6 8 50 31 12 6 9 42 6 12 55 31 12

‘ 3 7 24 35 4 24 '7 25 22 7 28 40 4 24\y

14 8 6 53 36 0 8 7 32 8 11 2 36 0

«5 9 0 40 61 45 9 0 2 9 4 45 61 45

i6 9 15 53 29 12 9 16 32 9 20 58 29 14

17 10 20 4 59 3 >̂ 10 2 1 52 10 24 9 59 36
18 11 14 0 31 10 11 14 52 1 1 18 54 31 10

<9 11 24 52 1 1 24 52 12 30
✓

20 I 16 15 30 8 I 17 32

21 5 6 40 11 50 5 7 12
2̂ 10 18 12

2 29 52

\

I
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A Table of the principal Fixed Stars, according 
to the Obfervations of the Antients.

From the Hacimic ‘Ta
bles ¿?/Johanides 
. yEgyptius.

A . C. 9 9 6 .

L o n g . L a d e .

Choaga Nafirodinus 
T u iiu s , in the Ilchanic 

Tables,
A .  C . 1 2 3 3 .

From the Sultanic of

L o n g . L a tit .

O logbec.

A .  C . 1 4 3 7 .

L o n s . Latit.

S. Q t 0 i S. 0 Q S. Q Q /

I 0 16 20 53 28 0 24 5 5 51 45 0 15 40 53 45
2 0 24 34 51 50 0 24 3 5 51 40 0 28 I 50 48

3 1 1 5 24 22 39 I 16 25 23 0 I 18 54 22 0

4 I 29 7 5 15 I 29 22 5 13 2 2 31 5 I f
5 2 5 30 31 35 2 6 35 31 30 2 9 25 31 IÍ:

6 2 11 32 22 3 2 11 10 22 40 2 14 43 22 42

7 2 »7 46 16 50 2 18 0 16 50 2 21 13 16 43
8 3 4 2 39 30 3 3 50 39 10 3 6 19 39 3^
9 3 15 52 1 6 2 3 15 45 16 5 3 18 22 16 0

10 4 19 10 0 10 4 19 14 0 17 4 22 13 0 G

1 1 6 12 58 2 10 6 13 25 I 52 6 16 10 2 Q
12 6 13 49 31 33 6 13 0 31 25 6 16 f 0 * 31 18

13 7 29 9 4 25 7 29 0 4 ID 8 2 1 6 4 3<̂
14 8 1 I 34 35 59 8 11 15 35 55 8 15 1 3 35
'5 9 5 0 6 1 55 9 4 40 61 50 9 8 ^9 62 c

16 9 20 34 29 ’10 9 20 40 29 15 9 24 10 29 15

¡7 10 23 3 * 59 38 10 2 4 30- 59 50 10 28 46 59 42
18 1 1 18 44 31 12 1 1 18 44 31 12

1
1 1 21 37 30 5 >

'9 • 11 18 55 31 1 0 I 22 12 34
20 I 21 35 30 0 I 25 7 29 21

¿I 5 1 1 55 11 50 5 i 3 49 12 c

22 « 10 23 45 23 0 10 20 40 21 30

3 3 5 5 1 7 0 *

*  T h e  G r a n d f o n  o f  Ttmurus n e v e r  f a w  t h e  b r i g h t  Canoptis, n o r  a n y  o t h e r  A f t r o n o m e r  o f  t h i s  

C a t a l o g u e ,  e x c e p t  t h e  Alexandrines,

A  Tthk

U n E D
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A  T'able of the principal Fixed Stars  ̂
according to the Obfervations of the 
Antients.

• • Abdolgalilus 
Segazius z'» 
his G eneth- 
Jiacs.
A .  C . 1 2 6 1 .

Fremihe Per- 
fian ‘Tables of 
Chryfococca

A . C  I I I 5.

From the Per- 
fjan Tableŝ  
Pemb. A  C. 
1 3 4 6 .  M e -  
lixa 3 3 8 .

From the A r- 
noldineCode 
in Gaffen- 
dus, for  
A .  C . 1 3 6 4 .

L o n g . L o n g . L o n g . L o n g .

S . 0 / S . 0 f S . 0 / S. 0 '

1 0 6 45 0 15 10 0 18 2 0
2 0 2 5 2 0 22 5 0

•

3 I 16 5 2 I 1 4 4 0 18 10 I ' I 7  45
4 I 2 9 4 5 I 2 7 0 />Xé I 3 0 2 I 0
5 2 6 5 2 2 4 5 0 8 2 0 2 8 0

6 2 I I 43 2 1 0 5 0 1 3 3 2 13  1 0
7 2 19 12 2 17 0 a o 3 0 2 18  1 0
8 3 4 28 3 2 4 0 3 6  0
9 3 1 6 I I 3 1 4 10 18 0 3 17 2 0

l O 4 1 9 4 2 4 1 7 3 0 9 3 1 4 2 0  4 0

1 1 6 1 3 2 6 6 11 4 0 1 5 10 6 15  10
12 6 1 3 47 6 12 0 1 5 3 0 6 1 4  1 0
13 7 2 9 45 7 2 7 4 0 8 1 1 0 8 2 7  4 0
14 8 11 49
15 9 5 3« 9 2 2 0 5 0 9 5 3 0

i 6 9 2 0 5 6 9 18 5 0 2 2 2 0 9 2 2  0
I ? 10 25 1 5 10 2 4 10 1 0 2 0 9 2 7  18
i8 11 18 5 S 11 1 7 10 2 0 4 0 I I 2 0  2 0
»9 I I 2 7 10
2 0 I 22 2 1 >9 5 0

21 5 11 3 8 5 1 3 2 5 12 4 0
22 1 0 2 3 53 10 2 2 0 0

123 3 4 3 2 2 10

A 'Table

f i p n
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A  Table of the principal fixed Stars 
according to feleci Obfervations.

Sahebodinus Alepen- 
fis, in the Ilchanicŝ  
for  A .  C. 1436 .

1

2

3
4
5

7
8

9
10

1 1

12

1 3

1 4

1 5

16
1 7

18

1 9

20

21
22
2 3

Fri?;»
o f  Sa- 

vil ¿zwJBod- 
ley, about 
A ,  C. 7 5 0 .

From M o h am m ed  
Tizinius.

A .  C. 1533.

L o n g . A fc . R ed :. D eclin . 4
S. , 0 ' 0 ' 0 '

0  12 2 0

1 2 5 0  
I  19  5 0

I 70 17
8 6  5 5  

1 3 0  14
153 0
163 43

41  0
5 6  41
39  43 
15 43 
9  13

2 2 1 0  
2 9 1 0  
2 2 4  5 0  
2 6  4 0
4  9  39

161 20
173 15
1 8 7  0  
1 9 9  0  
1 3 6  0

4 5  0  
6  28

15 5 0
6  5 

14  8

6  4  5 0  
6 4 1 0
7 19  2 0

8 2 4  1 ’

185 36 
2 9 9  0
3 3 0  57 
3 4 8  57 

3 8  37

8 2 9  
22  14 
22  4 2
13 9 

5  29

9 15 0 21 5 
3 6  40 
71 0  
88 10

133 4 6

7 24
43 5 0
25 16 
18 23 
47  52

1 5  J  45 161 2 0  
68 45 

183 40

17 55 
33  51 
51  35

A fc .  R e f t . D eclin .
0 f

132 10
84 2

127 44
150 40
162 20

158 30
171 5 5
185 45
197 25
234 0

283 40
297 39
3 31 0

347 5
38 32

20 5
36 20
68 50
85 54

130 20

259 30
67 25

183 30

4 1

55
39
1 5

9

3 0

45
4

20
20

4 4 43
6 15

15 431
6 7 |

15 10

7 3'̂
33 8
24 12

13 30
4 20

7 3
43 15
24 30
11 30
4 7 11

»7 56
35 2

5 25

n E D
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V

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

Olaodinus Sate rides in the D am af- 
cene tables. A .  C . 1 4 8 0 .

trom the Rodolpiiinc T<2- 
bleŝ  A .  C , j 6 o o .  at 
the Conftderations oj 
T y c h o  Brahe.

Long. Afeen r. Declin. Long • Latit.

S. 0 / 0 / 0
' 1 s. 0 / 0 t

I 0 20 34 129 30 17 0 1 01 21 10 53 30
2 0 18 16 83 50 55 50

I
0 29 35¿ 51 14Í

3 I 20 4 127 55 38 50 I 20 37 22 22
4 I 3 4 149 50 15 0 2 4 I2 t 5 31
5 i6> 50 5 JO 2 11 37 31 H i

6 2 15 24 157 40 44 40 2 16 16 20 5O5
7 2 22 24 ly o 10 6 10 2 15 23 16 3 6 '
8 4 4 4 1 84 20 15 45 3 8 35t 39 30
9 4 19 44 196 20 6 30 3 20 187 15 57

10 4 24 44 233 30 15 5 4 24 17 0 261

II 6 16 3 0 283 20 7 3 0 6 18 16 1 59
12 6 17 24 297 0 2 3 3 0 6 18 397 3 1 2?
1 3 8 3 4 322 0 24 15 8 4 13 4 27
14

3 8

8 16 50 35 57
15 9 7 44 4 0 30 9 9 43 61 47^

16 9 20 H 20 0 7 5 2 26 • ■ 9 29 214
17 35 10 1 ^ 3 0 1 0 29 53 r 59 5 6 Í
18 I I 22 34 68 20 24 0 1 1 2 3 49t 3 1 7 l
19 0 2 34 8 5 5 11 30 0 3 28^ 12 35
20 127 20 I 40 I 26 17 30 5

21 5 14 54 2 5 9 5 18 10 5 16 3 12 18
22 10 24 2 4 10 28 H r 21 0

i8t 1 5 5 1 5 0

A Tahlt
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A  ’Table of the principal Fixed Stan, ac
cording to the Obfervations of the An- 
tients.-

By Ricciolus Bononienfis, in his A ilronom ia Reform ata.

Long.

Vol . I.

n£D

Latit. Afcenf. Declin.

S. 0 t // •' 0 / It 0 t ft 0 f

1 0 22 0 14 53 30 0
2 I 0 22 0 51 17 c 357 44 33 57 18 40

3 I 1 1 32 10 22 22 40 41 33 54 39 36 30
4 2 5 1 43 5 30 50 64 6 5« 15 46 10
5 2 12 3 10 31 10 10 74 32 38 8 37 30

6 2 17 6 15 22 51 45 72 52 20 45 36 0
7 2 16 13 0 16’ 52 30 76 45 4 5 59 50
8 3 9 3 0 39 32 5 97 30 18 16 16 30
9 3 2l 6 30 15 57 10 1 10 22 32 6 4 0

lO 4 26 4 45 0 26 20 H 7 31 14 13 3^ 30

1 1 6 9̂ 6 0 I 59 30 196 51 0 9 20 30
12 6 19 30 40 31 0 40 210 4 38 20 59 50

3̂ 8 5 1 40 4 26 30 242 10 40 25 33 30
8 17 43 20 35 56' J5 259 47 14 12 52 30

>5 9 10 32 40 6 i - - 4 7 0 276 19 32 30 30 40

i 6 9 16 58 30 29 20 40 293 31 59 8 I 20
11 0 41 25 59 57 20 307 26 35 44 6 40

i8 1 1 24 40 20 3 » 8 20 341 51 48 29 15 50
19 0 4 40 20 12 37 0 35« 57 0 *9 20
20 I 27 0 8 30 6 40 44 52 30 48 34 30

«•

21 16 53 0 12 16 20 172 53 58 16 27 40
22 10 29 2 56 20 59 40 339 37 0 31 20 10

23

K k A Table
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"The D ijlanees of the principal Fixéd Stars, according 
to f ele cl Ohfervations.

1

•

9

0  '

• f

1  T ' h e  l a l l  S c a r  o f  F.'u^:uj*
I T h e  b r i g h t  S t a r  o f  Cajfiopticl  ̂ C h a i r .  

5  Per/eus*s H e a d  o f  M^du/a AlgoL 
j .  T h e  S o u t h e r n  E v e  o f ^ t h e  BulL 
;  T h e  L e f c  F o o t  o f  Orion, Rt̂ el̂

f r o m  Scat. _  

f r o m  t h e  S i d e  o f  Perfeus  ̂
f r o m  Sirius. 
f r o m  t h e  í í t t Z / ’ s

3- 3̂  -4 
9 . 2 3 ^

4 > . 5 8 f

■ 2 0  3 3

f r o m  T a i l  o f  . t h e  S^jjan. 3  

f c o m  CapelUr .̂ . i  
fxom AigojrmJa. +  

f i o m  Capilla. ; ;

5 T h e  l i c t l e  K i d  o f  Aurigar 
7  Orion s R i g h t  S h o u l d e r .

3 1 ‘ h e  Dúg-Star. Alhahor*
5  T h e  Little Dog, Algomeifa, 
D  T h e  Lyojts H e a r t .  Ri^nlus,

f r o m ’ f a m e ,  

f r o m  t h e  f a m e .  

fvom'Algomti/a. 
f r o m .  Regii/us. 
f r o m  Spica Virginis.

1 5  4 7 ?

2 5  4  . 2

3 7  2 j o  

54  2

f r o m  t h e  S r d e  dtPvrfeus. i

. 1  Í  -

f r o m  Rig$U- .  ’  2  

f r o m  t h e  f a m e .  .  .  3  

f r o m  t h e  T a i l  o f  Ŝ joan. z

1  Bpica Firgi?iis,
1 ArBurus*
5  Amares. T h e  Scorplon*s. H e a r t .  

1  T h e  H e a d  o f  Serpentarius,
5  T h e  b r i g h t  S t a r  o f  t i i e  Harp,

froth A'¿iiirús.
^ J p o x n  ^^ulus.  — —  

f r o n i - b r i g h t  S t a r  o f  Eaglc’̂  
f r o m  Spica Vir^iiis. 
f r o m  Seat.

"  .  ■ 5*

3 3  z

- 5^-49  
6 0  9 ^

3 6  1 4  Í

5 ;  3 G 7

f r o m  Antares. 4  

f r o m  c h & f a t M .  ~ 5  

f r o m  tliG.iion^s Tail  ?  

f r o m  b r i g h i  S t a r o f / f o ; ^ .  2  

f r o m  SpicaVirginis.

6  T h e  b r i g h t  S t a r  o f  t h e  Eagle.
7  T h e  b r i g h t  S t a r  i n  T a i l  o f  t h e  Snvan,
8  B  i g h t  S t a r  i n  R .  L e g  o f  Fegafus Zeat 
5  I ' h e  l a l l  S t a r  o f  Vegaf. W i n g .  Algenib. 
c  T h e  b r i g h t  S i d e  o f  Perfeus.

f r o m  b r i g h t  S t a r  o f  Hat-p. 
f r o m  t h e  f a m e ,  

f r o m  Algenib. 
f r o m  t h e  S i d e ,  o f  Perfeus. 
f r o m  t h e  BulPs Eye:

m

34  9 
'23 5 2

2 0  37
5 1  4 5 : ^

3 6  2 0 y

f r o m  T a i l  o f  t h e  S ĵuan. 3  

f r o m  Seat. 3  

f r o m  t h e  b r i g h t  S t a r  i n  

t h e  C h a i r  o f  CaJjiopeia. ^

 ̂ T h e  i > « V T a i L  

2  T h e  M o u t h  o f  t h e  South Fijly,
Cattftpza:.

f r o m  Spica Virginis»
3 5  2 |

3 7 ; .

22 <

4 0

39 ' *

5 2

39 v

3 j f

204

S Z r

U i E D
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The D ec lin a tiom  o f' e ig h t  o f  th e p r m c tp a l F ix ed  S tars, hy th e In -
d u flry  o f  th e  A n ú en ts ;  th e  noble  T y c h o  B r a h e  being a lfo  con- 
fu lted .

4
6

8

I D

1  1  

1 2

13 
!  6

15 y  Anjtylius.
Y .  b .  C ,  3 0 0 ,

^ftmocharis.
Y .  b .  C .  2 9 5 .

Hipparchus, 
Y .  b .  C .  I  2 8

Meneiaus,
A .  C .  9 7 .

tio ie7ny,
A . C ,  I  3 7 .

'lycho, 
A . C .  1 Ó 0 0

T h e  Bull'i Eye, 
Capella,
Sirius.
Regulas,,

2 0  0  n .

8  4 5  n .

15 20  S.
2 1  2 0  n .

9  4 ?  n .  

4 0  2 4  n .  

1 6  o s .  

2 0  4 0  n .

X I  o n .

4 1  r o  n .  

1 6  4 : ;  s .  

1 9  5 ¿  n .

1 5 2 8  n .  I

2 ^  2 S 4  n .  1

1 6 1 1  s.
1 3  5 3 - i -  n .

Spica Virginis*
Ar ñ u tas,
Ant ares.
B r i g h t  S t a r  i n  AquUa

I 24 n. 
31 30 n. 
18 20 s, 

q 48 n

0 36 n. 
31 0  n. 

1 9  o s .

C  4 -̂  n .

0  4 0  s* 0  3 Ó  s .  

2 9  5 0  n .  

2 0  2 5  s .  

C  ^ 0  n .

9  1  s .  

2 1  i S - J - n .  

2 5  2 6  s .  

7  C 4  n

Longitude o j  the B ull’i  E ye according to Longitude i^Spica Virginis according to

A .  C .  1 4 0 .  

A .  C .  8 5  r .

Hermes,
Hipparchus.
Ptolemy.
Ahomafar,

X  2 5  1 7  

T  1 0  0  

T  1 2  4 0 .

T  1 9  i ;

Y  b .  C .  2 9 c .  

Y .  b .  C .  2 8 3 .  

Y .  b .  C .  1 2 8 .  

A .  C .  9 7 .

 ̂Timocharit. ^
Hipparchus.
Menelaus.

fíj¿ 2 2  2 0  

n i  2 2  3 0  

2 4  0  

n ¡ e  2 ?  4 >

A . C .  8 3 1 .

A  C .  1 3 1 6 .

Thabetus, 
Ar%acheL 
Alhaianius 
R. G*oJlet,
IV. Ê ve/ham,̂

r  21 17
V  2 3  2 0

r  2 4  3 0

T  2 8  4 0  

T  2 9  0

«

Longitude c>/'Regulus according to

y . b . c .  1 2 S .

A .  C .  1 3 7 .

A .  C .  8 7 9 .

Hipparchus.
Ptolemy.
Alhaianius.

$

SI
a

2 9  5 0  

2  3 0

1 4  o

T h e r e f o r e  i n  t h e  S p a c e  o f  Y e a r s ,  i i ° .  5 0 ' ,  o r  

r a t h e r  r  1 °  .  3 0 ' ,  b e c a u i e  o f  t h e  Ptoiomak  L o n g i t u d e  

o f  Rigulus s i  2 °  .  3 c ,  n o t  2 ®  . 1 0 ' ,  a s  w a s  r e a d  f o r 

m e r l y  b y  t h e  A f t r o n o m e r  o f  Racra.

Added to the Ptolomaic Longitudes of
the F ixed  Stars, by

A .  C .  1 3 0 3 .  

A ,  C .  1 3 2 0 .  

A .  C .  J 4 4 0 .

Jtphonfus.
IVmundus. 
Walter Vigorn̂

1 7

» 9

T h e  f i r i l  S t a r  o f  A i ics i s  d i f t a n t  f r o m  t h e  \  e m a l

E q u i n o x  z . 4 0 ' .

A l l  t h e f e  a c c o r d i n g  t o  W altti' Vigornicnjisy Cod. 13*
a m o n g  t h o f e  o f

K k  2
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The Fixed Stars go forward one Degree in 
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 4 5 4 ,  4 6 6  ;  Abdorahnanus Salchius, and D .  Petavius, 
6 0 x 1 2 ;

72; o r -------- > and 5 in every le a r .

7 0 73. B y  Johannides jEgyptius, the C om piler o f  the Tlacimic T a b le s ,
4 .  By  Jabias Abomanfor, and ocher Authors o f  what they called the approved

A ilronom y *, alfo by Nafirodinusl'u/ius, Cothodinus Sira/nis, Ologbec Prince 
o f  the Mogols, Xacholgius, Abolphetachus, Abene/dra, Maimonides, and 
m oft o f  the M oderns —  —  — . 70 . and 5 1 " .  26" '.

5 . Chryfjscoccain Perfic. zñáAJtron. Anglic. An. Chr. 1 3 0 0 — 68. and 5 2 " .  23 '" .
6 . By mofl: o f  the Arabian A ftronom ers under Prince Mamon —  66j-.
7. By  Abdorahinamis Sophius, Bahoninus Chorciuŝ  K in g  Alphonfus, Alba  ̂

lanius 0Í Racca, (whicli is Callinieos o f  Mefopotamia) Abdolgaiilus Segazius, 
Ltvi and Zacutus the Jew s, and fom e o f  the Maragenfian Obfervers

6 6 .  and 5 3 " .  33'".
8. B y  Copernicus, McdfiUn̂  and others upon their C redit,— near 71. and 5 0 " .

i  2 " ' .  r . 
5 4 '9 .  By  fome in Chorcius the Arabian — . —  —

j  o. By ‘Tycho Brahe, Ktpler, BulUaldus, from  the O bliquity  o f  the Zodiac
2 3 r °  • 7 0 t\-  ^nd 51".

1 1 .  'Sty Longomontanus — . _  —  —  725-. and 4 9 " .  54"'.
12 . B y  GaJJ'endus —  —  704-. and 5 r " .  1 9 " ' .  2 4 " " .
1 By Rtcciolus in AJir. Reform, from  the Obliquity o f  the Zodiac 2 3 " .  3 0 ' .

2 0 " .  7 1 .  i 9 f ° . 5 0 " . 4 0 " ' .
14 . By  us, and the Hierophants o f  die ^Egyptians, 71 . 9 f  menj. 6 ?  5 0 " .  9|'". 

fere.

72̂  Pleiades f A- X I I .  I  have a T u b e  o f  F e e t ,  furniilied with Convex L en s’s, a n d a
/cncj, in 1671. m o it  exa(5b To‘iunley*s M icrom eter, with w hich , in the ferene N ig h ts  o f  the 
iy Mr. Flam- o f  OSlober and ’November laft pail, I have often meafured the minute

D iftances o f  the Pleiades, and that wicii fueh Succefs, that m y repeated Ob- 
fervations never differed from one another 2 0 " ,  and very íéldom 10". They 
are confirmed by die preceding Obfervatior.s o f  the deceafed M r .  Gcfcoigne, 
and the late ones o f  M r .  Townley (what great M e n ! )  which were performed 
in the fame M anner. T h e fe  rooft concdt Diilances are as follows..
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Dijlances according Dijlances accordinsx
^tars. Stars.

To Me ^0 Mutus ro Me To Mutusl

/ // / f // / 1

a b 35  4 0 a d 18 3 0 22
a e 2 7  4 0 31 e d 2 6  10 3 0
e b 2 0  0 0 3 2 d i 16 25
c  b 1 21 45 2 2 a i 18 18
c c 10 0 0 II f  i 2 9  0 4
e g 14  4 0 f  a 2 3  0 0 27

1c  g I I  55 h a I 23  2 0
b d 22  0 4 2 4 f  a 1 04 45 1 0 4  1

I ,

jy¡i»c. Mutus adds in his E p iftle  to the m oil learned Ricciolus (which he 
mentions in his A ppendix to Jim . No. ‘Totn. i .  Pag. 7 4 7 )  that the W eitern 
brighter Star paiTed over the JVTeridian jufl: at the fame Altitude as the bright 
Star o f  the Pleiades. R e ly in g  upon which N otice , and the obferved D i- 
ftances, I  have afiigned their Places to thofe Stars as below j firft having, 
given the fame Place and Latitude to the middle bright S tar , as the Caroline 
Author has thought fit j  and the reft alfo being fettled from thence. A ll  
which however, i f  Í  m ight follow my own Opinion in this M atter , 1 fhould 
advance three M inutes, or two at lea ft :  A nd I fhould aflign them  a greater 
Latitude from the E clip tic . A t  the Beginning o f  the Y ear  1 6 7 2  were 
conftituted

The W eftern  brighter S tar  —  —  —
Between this and the Northerly Telefcopic Star 
The W eftern and more Northerly —  —
The higheft in the Quadri laterum —
The loweil Southern oppofite —  —  —
The middlemoil bright Star —  •—  —
That in the Point to the Eaft. —  —  —
riie upper T e le fco p ic  o f  the Eaitern Stars 
Another T e le fco p ic  Star —  —  —  —

f TT

L o n g , b ' j N . L a t . mag.
0 ' ''' 0 '

24 45 15 4  0 8  51 5
24 4 6  47 4 1 9 2 c 8
2 4  5 4  4S 4  28 19 6
25 o i  2 4 4  2 0  39 5
25 02  i 8 2 53 59 6
25 19 4 8 4  0 0  0 0 3
25 4 1  29 3 52 19 5
25  42 55 3 56 51 7

. 25 14  0 4 3 42 37 9
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!• Between the Great Dog and the Ship I  lately difcovered a Nebti- 

K- « 3 ./>.’ 565. lous Star, which was very beautiiul to  beliold, i f  it  was viewed with large
Teiefcopes*, being compofed o f  Stars very clofe together. W i t h  the Lejfer 
Dog it divides the Heaven into equal Parts.

2 . V iew in g  the Heavens below the Lejfer Dog, I  found a Nebulous Star, 
broad and very th ick , fet with fmall Stars, I  fuppofe this to be the fame as 
was dlifcrvcd by M r .  Cajfini.

By M*\ Flam-
ih'Cd,
Ib id ,p ,  567,

f r f t  o f  Aries 
a ticvblf 5 

Hook. 
P biL  Cell. N .  4 ,  

lo S .  M árg ,

Char.̂ ts
the Tixcd Stars^ 
h y  S. Monta- 
nari. N . 73 . 

2202, M&rg,

By CaiTmi.
N .  7 3 . p ,  S 2 0 I .

^he K n o  Star in 
P c e to c  Cyeni j  
hy M . HcveLus,
K. 349' 
N . 21. /*. 372*

X I V .  Ann. 1 6 6 4 .  I  difcovered the f ir ftS tar  in the H ead  o f  Aries to be a 
double Star, made o f  two confiderable Srars, fo near as not to be difcovered 
two, but by a Giais o f  lix  or eight F e e t  long,

X V .  I .  T h e r e  arc wanting in the Heavens two Stars o f  the fecond M ag. 
nitude, in the Stern o f  the Ship  and its H atches , according to Bayer |3 and 
j ' ,  near the Greater Dog, which were obferved and recognized by me and 
others, chiefly on occafion o f  the C om et, An. 1 6 6 4 .  T o  what Y ear we are 
to refer its Difappearance 1 cannot f e l l ; but this is certain, that from  the 
lo th  D ay  o f  April, 1 6 6 8 ,  I  can no longer obferve any T races  o f  th em ; 
while the other Stars about them , even o f  the fburdi and fifth Magnitude, 
continue immoveable. I have taken N o tice  o f  above an hundred Changes in 
the other fixed Stars, but not o f  fuch Confequence.

2. M .  Cajfmi hath difcovered many new S t a r s ; viz. One o f  the Fourth 
M agnitude, and two o f  the F i f th ,  in Cajfiopeia. H e  hath difcovered two others 
tov.-ards the Beginning o f  Eridanus, where we w'ere fure they were not yet 
about the E n d  o f  the Y e a r  1 6 6 4 .  confidering that this Place o f  the Heavens, 
where paiTed the then appearing Comet, was diligently beheld by m any, who 
perceived divers others fmall Stars, without obferving thofe two. T h e  fame 
lath alfo obferved, towards the Arctick P o le , four o f  the F if th  or Sixth 

M agnitude.
H e  hath alfo obferved, T h a t  the S tar w hich Bayerus puts near that which 

lie m arketh in the F igu re  o f  Urfa Minor, appears no more j  that that whic 1 
is marked A ,  in the Figure o f  Andromda, is alfo'difappeared *, that in lieu 
o f  that w'hich is marked u, at the Knee o f  the fame F ig u re , there are two 
others more Northward •, and that that v.^hich is |, is vr r̂y much diminiihed; 
the Star which Tycho placeth at the E x tre m ity  o f  Andrcmeda’s, Chain, aiu 
calls it o f  the Fou rth  M agnitude, is now fo fmall that one can fcarce fee in 
and that which is in his Catalogue the 2 0 th  o f  the Conftellation o f  Pz/íí-S 
is now  no more feen,

3 .  O n  the 2 4 th  o f  {St. N.) 1 6 6 6 ,  I  have obferved that N ew  Star in 
Perore Cygni, (which from the Y e a r '1 6 6 2  until this T im e ,  hath been almoft 
a ltogether hid) not only with my naked E y e ,  like a S tar  o f  the Sixth or Se
venth M agnitude, but alfo with a very great Sextant, I t  is ftill in the very 
fam e P lace  o í  the H eavens where it was imm Ann. 1661  to almoft 1662, 
F o r  its D iilance from  Scheat Pegafi hath been by me found 35® . 5 1 ' .  20", and 
from  Marcab, 4 3 °  . 1 0 ' .  5 0 " .  which D iitances are altogether equal to thoí¿
w hich I  obferved Ami. 1 6 5 8 .  the F ir f t  o f  Ntvemkr. F o r  the D iilance from
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St'be¿2í at that T im e  was 3.5°. . 5 1 ' .  2 0 "  . and from Marcaba 4 3 0  . 1 0 ' .  2 r " . 
where that former from Scheai e x a d ly  anfwers to the R e c e n t ;  and that froni 
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 T im e ,  when it was o f  the T h ird  Magnitude.
It is therefore certain, that it is the feJf-fame Star which Kepler did firft fee 
Ann. 1 6 0 1 ,  and continued till Ann. 1662. H e  that will obferve this Star, 
muft take care left he miflalce the T h re e  more Southern ones o f the Sixth 
M agnitude i the- highefi: o f  which is diftant from Reheat Pegafi.̂  3 6 “ . 2 5 ' .  4 5 " .  
the m iddlem oil from thé fame 37®.  2 5 ' .  2 0 " .  and the lowell 3 8 “ . 4 ' ,  30".

An. 1 6 6 2 .  l^ov. 2 8 .  T iia c  new Star in the Sw an’s Brealt, which for n, 134. .̂ 55?; 
fo m e T im e ,  from An. 1 6 6 2 ,  was intirely hid, the H eaven being clear, feemed 
as it were to revive.

An. 1666. Sept. 2 1 .  I t  appeared to tiie naked E y e ,  even when the M oon 
fliined, Sept. 24. It  was lei's than thofe three preceding in the N eck , and 
fcarcely feemed o f  the fixth M agnitude.

An. 1 6 7 0 .  Aug. 2 6 .  I t  feemed fenfibly to increafe, though not yet greater n .  65. íoSü* 
than Stars o f  the fixth M agnitude. Sept. 3 ,  I t  feemed ilill to increafe. 8 , W e  
found it rtill increafing. O^ob. 1 3 ,  Ic jppeared  plainly enough.

An. 1 6 7 1 .  Apr. 29 . I t  hardly appeared greater than in the foregoing Y ear , n. i34 í-85>» 
for it was equal to Stars of the fixt 1 Magnitude.

An. 1 6 7 1 .  Jun. 2 6 .  I t  almoft feemed greater.
An, 1 6 7 2 .  March 2 9 .  I t  ilill feemed to increafe.
An. 1 6 7 5 .  July 2 2 .  I t  appeared ftill as a Star o f  the fixth M agnitude.
An. 1 6 7 7 .  I t  was not yet arrived to its former M agnitude, which was n. 154,. .̂ 854». 

that o f  the third, nor had it attained its ufual Brightnefs and Splendor, as it 
appeared in the Years 1 6 5 7 ,  1 6 5 8 ,  1 6 5 9 ;  for it did not yet ihine but as a 
Star o f  the fixth M agnitude.

Ann. 1 6 8 1. Aug.. 18.  T h e  new Star in the Swafî s N e c k  was hardly to be s«
feen by the naked E y e  becaufe o f  its Smallnefs and Obfcurity, yet at lall was^' 
found by the Telefcope.

4. I .  D on Anthelmê  zCarthuftan at on the 20th o i June,
1 6 7 0 ,  difcovered a Star o f  the T h ird  M agnitude beneath ihtHead o f  cygni?’"̂
fituated in the Seftion  o f  the two ilreight L in es ,  one o f  which goeth from n. 65./s. 2092.

Cx pé 2lUw%
Lyra to the neareil of the ^.adranglc in the Dolphin  ̂ and the other from the 
Eagle to the Star, which is on the T o p  o f  the Upper IVmg o f  Cygniis. H e  
fent the News o f  this Difcovery to M . UAhhe Mariotte  ̂ one o f  the Royal 
Academy., who communicated it to the reft. T h e y  all agree *tis a New Star, 
though M .  B -------- oppnfed it at firft, affirming it to be in Bayeruŝ s, T a 
bles •, but they prove that Star in Bayerus to be an o th er ; giving for D i-  
ílinguiíliment thele Meafures.

( i J Í  )

Í •
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T h e  bright Star ad Roftrum Cygnt, its Afcenfio Recta 2 8 9
Declinatio Borealis 27

//

But this Neiv Star’s Afcenfto Re^c- is -
Declinatio Borealis

2 9 3
2 6

22 00 ) 114
19 zo 1 t

33 0 0 f • 
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0 9

i •1
I 5 5

4 7 28 1 0

3 47 3 0
2 0 54 3 0
18 3 9 4 0

16 4 4
0 2 7
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l.ongtiudo txs 
Lai i tildo

its D iiliince f io m  tliat ad Rojlrim Cygni towards Jaculum
F ro m  the T a i l  o f  Cygmis 
A n d  from the Lucida Lyr<

In came to the Meridiuii after the Star in.RoJiro Gygni 
AnáhtÍ0í<¿ ú\& Lucida/IquiLe

in  the Beginning o f  July, this Star was obferved t o  decreafe: July i i ,  
ic Icarce appeared o f  the Fou rth  M agnitude.

Miig. 10 . k  was o f  tlie F if th ,  and continued to decreafe till it wholly 
dilappeared.

/bmo 1671 .  March 17  ̂ D . Anthehne it again o f  the Fourth  M a g 
nitude.

April 4 .  M .  Cajfmi found it greater than the two Stars of the T h ird  M a g - ’ 
nitude that ai'e below in the Conileliation ot Lyra  ̂ a n d a  little fmaller than 
that in the Beak o f  Cygnus, but more radiant.

9 .  H e  found it a little diminiihed, and almofl; equal to the greatefl; 
o f  the two Stars that are below in Lyra.

T h e  12th , it was equal to the leait o f  thefe two Stars.
T h e  15th , he perceived that it increafed, and found it equal the fecond 

tim e to the greateft o f  thefe two Stars.
F rom  the i6 t h  unto the 2 7 th ,  it  appeared o f  different M agnitudes, being 

fometimes equal to the biggefh o f  thefe two Stars, fometimes equal to the 
leafl-, and now and then between both.

B ut the 2 7 th  and 2 8 th ,  it was become as big  as the Star in the Swanh 
Beak.

T h e  3 0 th ,  it appeared a little c lea rer ;  and the firft fix Days in May it
was greater.

3y  M* HüvcIjus* 
65. zoSy,

le 15th o f  Mayy it v/as feen fmaller than the fame Star.
7 ’he i6 t h ,  it was in Bignefs between the two Stars that are below in Ly- 

r a : And ever fince ihe hath ftill diminiflied.
T h u s  this Star hath been twice in her greatefl Splendor ;  firft on the 4th 

o f  Aprils and the fecond time in the Beginning  o f  May.

I  write you this to acquaint you with a certain rem arkable  Obiervation,
and a t  the fame T i m e  to let you know  m y M in d  o f  the M atter . I  mean of
that new fixed S ta r ,  alm oft o f  the third M agnitude, about and below the
Swan's Head, and conipicuous am ong the unformed Stars. Its Longitude is
now  1° . §2'. 26" .isi and Latitude 4 7 ° .  2 5 '  . 2 2 " ,  as plainly appears by my
O bfcrvations, Jn . 1 6 7 0 .  July 2 5 .  T h e r e  is no Reafon to doubt but that this
is intirely a new Star, and altogether inconfpicuous in the H eavens in the
Y e a r  1 6 6 0 -  F o r  it happened that in the Y ears  1 6 5 9 ,  1 6 6 0 ,  1 6 6 1 ,  I  ob-
lerved a Jm o il  all thofe Stars, that appear in the Conftellation o f  the Swan̂
with the utmoft Diligence and with proper Inftruments; and fo took Notice

of



o f  all thofc ahout the N e ck  ?.nd H ead , and meafured their Diftances from 
jeveral fixe Stars. But I found no Star o f  the third iVlngnitude in that Place 
where the above-mentioned new Star is now to be feen ; which i f  it Juui been 
there I muit have feen it. So  that, firil, I am fure from hcnce, that in the 
Years 1 6 6 0  and 1661 this Star was not yet vifibJe ; and then it clearly ap
pears from Bayer̂ s Uranometria  ̂ that this now mentioned new Star did noc 
appear in the Year 1 6 0 3 ,  and confequently not to '1‘ychô  and much lefs 
to Hipparchus. F o r  Bayer would have found a Star o f  that Magnitude, 
fince he defcribes one o f  the fixth M agnitude not far from i t ;  as may be feen 
in his Conileliation o f  the Szvan. B u t  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 m ight err a Degree or two 
from the true Place. B u t this cannot be the T h in g ,  fince that fmall Star 
ftill continues in the fame P la ce ’ where Bayer puts it, nor is it greater than 
a Star o f  the fixth M agnitude, as heobferved it. F o r ,  as I  have Jately found, 
it is diilant from Pegafus’s M outh 3 2 “ . 3 9 ' .  00" . and from Pegafus's R ig h t 
Knee 39° . 2 3 ' .  4 5 "  . H ence its Longitude comes out 0 0 °  , 08 .28''. ¡kí, and its 
Latitude 46 °  . 11 ' .  14" N o rth , to the current Y ear  1 6 7 0 ,  in July. Bur the 
new Star is diftant from Pegafuŝ s M outh 3 2 ° .  3 1 ' .  2 5 " .  and from the R igh c 
Knee o f  Pegafus 38® , 18 . 5 0 " .  F ro m  which Diftances the Longitude is 
found to be 1° . 5 2 ' .  2 6  . and Northern Latitude 4 7 °  . 2 5 ' .  2 2 " .  So that 
this new Star is plainly different from that o f  the fixth M agnitude obfcrved 
by Bayer̂  though thele two are not above two Degrees removed from each 
other. A nd from what is faid it is manifeft, that this new Star did not fhine 
among the other Stars, n e i t h e r 1 6 0 3 ,  mv An. 1 6 7 0 .

W h e n  it was firll obferved by m e, as to Magnitude and Brightnefs it was 
not inferior to the Star in the Eagle's Breaji, unlefs that its L ig h t  was a little 
more obtufe. As to its Situation in refpeót o f  the other Stars, it was placed 
in a R ig h t  L in e  with that in the bending o f  the upper W in g  of the Silban, 
and that in the Shoulder of the Eagle ; as alfo with the bright Star o f  the 
Harp̂  and that in the Rhombus o f  the Dolphin, which is the more Northern 
o f  the middle ones. I t  made an Equilateral Triangle  with that in the Head 
and Beak o f  the S-zvan.

It wonderfully decreafed in the M onth  o f  September, fo that on the 14^1
October I  could not obferve it at ail with my Sextant, though I  ufed all 

my Induflry for that Purpofe.
An. ib'ji.A pr. 2 9 ,  1 obferved again. I t  exceeded that in the 

Beak, and likewifc tiiat in the bending o f  the lower W in g  o f  the Swan, and '' 
was almoft equal to that in the S'-jjan's Breajt, except that it ihone with a 
L ig h t a little more dull and reddifli. But upon what Day it rirll began to 
fhine I dare not affirm. T h is  I am lure of, that it was not confpicuous in 
the Months o f  December, ’January, or even February. F o r  after O^ob. 14, 
when it ceaied to be feen, I remember I often fought for it in its Place, but 
it did not appear. Therefore as far as I can recolleit, it hardly came into 
Sight again before the Beginning oS. March, or rather later. On April 
1 meafured its Diffance from the other fixed Stars, i t  is difl:ant from the 

V o l .  I. L J  S-ujan̂ ^

( 1 5 7  )
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Szuau's T a i l  2 0 ° .  5 5 ' ,  2 0 " .  F ro m  the bending o f  the upper W in g  o f  the 
Swan 17 ° .  4 7 ' .  5 0 "  . F ro m  the Head o f  Serpentarim 3 4 ° .  1 9 ' .  4 0 " .  fo that 
it itill continues in the fame Place where it was.

N. 134.Í. S56. May iho. 1 7 th , it feemed fom ething lefs than the B eak , and that
in the Shoulder o f  the Eaglê  as alfo duller in its L ig h t  5 but greater than 
that in the P o in t  o f  Sagitta, and a lm oil equal to  that following in the Body 
o f  the Harp.

May 2 5 .  I t  feemed lefs than on the 2 9 th  o f  yipril, when it was firil feen, 
fo that it feemed to decreafe. L efs  than that in the Swan’5 B eak , or than 
that in the bending o f  the Southern W in g  *, or even lefs than thofe in the 
Belly o f  the Harp and the Eagle's, Shoulder. I t  appeared hardly greater than 
the lefler o f  the two in the Swanh F o o t ,  and t i a t  in the B reail o f  the 
Eagle.

Jun. 2 6 .  I t  appeared lefs than that in the Swan’s N e c k ,  fo that it had 
decreafed notably.

July 3 . L e fs  than that in the Swan's N e c k ;  and on the i 8 t h  it hardly
feemed equal to Stars o f  the fifth M agnitude.

Aug. 2. I t  hardly appeared o f  the fixth M agnitude, nay lefs than all the 
other Stars about the N e c k  and H ead  o f  the Swan. I t  only twinkled now 
and then.

Sept. I I .  I t  was not to be feen any more.
Ann. i6y2. Mar. 6. I  obferved it a g a in ; but it can hardly be feen with 

the naked Eye.
Mar. 2 9 .  I t  hardly appeared o f  the fixth Magnitude*, from which T im e  

to An. 1 6 6 7 .  it cam e no more into S ig h t ,  though I  often fought for it very 
diligently,

5 .  Ann. 1 6 6 7 ,  \njan. T h e  Nebulofa in Andromeda's G irdle (w hich may 
well enough be feen by the bare E y e )  appeared much obfcurer than the Year 
before. In the M o n th s  o f  February and March I  did not fee it.

6 . I.  Ajjn. 1 6 6 7 .  Jan. 20. T h e  New Star in the Neck o f  the Whalê  
did approach to the Bignefs o f  a Star o f  the fixth M agnitu de, and grew 
b igg er  afterwards.

Feb. 1 2 . 1  faw it at leaft o f  the F ou rth  M agnitude.
Feb. 2 4 .  I t  was equal to the Stars o f  the T h ird  M agnitude, ih ining very

bright.
Feb. 2 6 .  and 2 7 .  I t  appeared yet to increafe.
2. Ann. i 66y. In the Beginning o f  January this Star did not appear.
Jan . 2 3 .  I found a little Star o f  the Sixth or Seventh M agnitude about 

the  fame Place where the faid New Star ufes to appear. But it then feemed 
to  me not the genuine New Star., but an o th er ; to wit, preceding the Neiv, 
w hofe L o n g itu d e  in An. 1 6 6 0 .  was defined by m e, r  25 °  4 3 '  3" , and the
L atitu d e  14*̂  41- 32".

Feb. 2 .  I t  appeared very brigh t, and that, when the M o o n  flione, o f  the
Bignefs o f  that in the Mouth o f  the Whale, or Nodo Uni \ from which time 
I  always obferved it to grow bigger.

N. 8 i .^.*4o iS*

N. 13 4 ./ . 857, 
854«

^kt Nebulofa 
in the Girdle of 

n̂Jromeda 
M* Bullialdus. 
N .25./>. 4 5 9 .  _ 
^be Neiv istar jrt
Collo C e t i ; ¿>y 
M, Bullialdus.
Ibid.

ByM . Hevelius 
N .  2 5 .  4.60.
N . 134../». 855.
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Mar. 1 3 ;  I  did ftill find it extrem ely bright, but could not by my naked 
E ye, becaufe o f  the vivid Crepufcle, and the low Sight o f  the Star, accu
rately determine its Magnitude.

An. 1 6 6 8 .  0 3 ob. 26. T h e  new Star in the Whale\ N e ck  was firfl: feen, n. Sjs* 
but like the fmalleft o f  the fixed Stars.

Ng-v. 7. T h e  new Star in the JVhale'̂  N e c k  was alm oil equal to the mid
dle Star in the M outh.

An. 1 6 6 9 .  Jan. 2 8 .  I t  was lefs than that in the M outh .
Sept. 2 6 .  I t  appeared like a Star o f the fixth Magnitude.
o h . 1 6 . I t  was greater and brighter than that in the M outh.
0 ^. 2 7 .  I t  was equal to the bright Star in the Jaw .
JSov. 19. It was greater than that in the M o u th , and lefs than that in the 

Jaw .
An. 1 6 7 0 .  Aug. 2 7 ,  I t  ihined with very much L ig h t ,  and was almoft 

equal to the Stars o f  the fecond Magnitude in the Whale'% Jaw .
Sept. 3 .  I t  was very bright, and on the 8th  was equal to t h e J a w .
T o  the middle o f  the M onth  o f  O£iober it was almoil equal in M agnitude n. 66.A =0*2. 

to that in the Whakh Jaw , and nearly exceeded it in B r ig h tn efs ; fo that this 
Year it was o f  the fecond M agnitude, and greater than in the former Years, 
excepting An. 1 6 6 0 ,  when I  found it to be even greater than the Whak\ Jaw .
A t other T im e s  I  do not remember that it exceeded Stars o f  the third M a g 
nitude. It is therefore certain, that it did not always appear o f  the fame 
Magnitude or Brightnefs, however it may be in its greateft Increafe.

Dec. 5 . I t  had fo dwindled away, that it was hardly equal to a Star o f  n. ,34./.. 856* 
the fixth M agnitude.

An. 1 6 7 1 .  Aug. 14. I t  was equal to the Star at the Cheek, nay it feemed 
to be fom ething larger.

Sept̂  12 . I t  was equal to that in the M o u th , o f  the fourth Magnitude.
Oct. 3 0 .  It appeared to be hardly o f  the fixth Magnitude.
Nov. 3 . It appeared no more.
An. 1 6 7 2 .  Aug. 9 . I t  fhined with very bright Rays, and was greater than 

that in the M o u th , and lefs than that in the Jaw .
Sept. 17. I .efs  than that in the Cheek, was hardly o f  the fourth, nay o f  

the fifth M agnitude, and on the 25 th  was hardly o f  the fixth Magnitude.
From  about the M onth  o f  October to December 2 3 ,  1 6 7 6 ,  it did not once 

come to view, though I diredled my Eyes towards it very attentively, when
ever I applied m yfelf to Obfervations on a clear N ight.

An, 1 6 7 6 .  Dec. 10. I  remember very well, I  could not fee the new Star in 
the Wbale‘̂  N e c k ,  though I  obferved very many little Stars in that Part o f  
the Heavens.

Dec. 2 3 .  T h e  Heaven being very clear, w'e faw very plainly the new Star 
in the Whale'% N e c k ,  I t  (hone with fo much Brightnefs, and was o f  fuch a 
Magnitude, that it was not only equal to, but even exceeded the Ja w  o f  the 
Whale.

Dec. 3 1 .  I t  was rather greater than the Ja w , that is, o f  the fecond M a g 
nitude.

An, 1 6 7 7 .  Jan. i ,  I t  again flione very brightly, rather greater than the
L  1 2 JVbale*s

f c :

i;'

I •

I

Iwl

lII' ‘I

f i  J

■I

' ̂ 
t i  I

I

II..

t *  'I t
I

M
! i

I,
\

i’::
I!



i77

í í

\y>..'4
í  !

■ fff

iítíK’
I

t;:

f

VI

! i

•..

PhÜ. CoII- 
N,  5. / .  163

Jyy M, Cafiin%

B v M r, Flain-
í*C3í*.
7¿;</. p, $67* nao St̂ r in 
í rldanus;
A/. Caíí'mi.
N. 55 .^ .  6S3.

(  i 6 o  )
irhaie's Jaw , and rather greater than that in the E xtrem ity  o f  the W in g  of 
PegafuSy and Marcab  ̂ in Colour and l i ig h t  not unhke to the Jaw . Y et I 
remember to have obferved formerly, when it was o f  the iecond Magnitude, 
th.u it was a little whiter and brighter.

An. i 6 8 r .  Aug. 18. T h e  new Star in the IVhahh N e c k  this N ig h t ,  the’ 
the M o o n  was full and ihining, was greater than that in the WhaWi, Mouth, 
but yet not equal to the bright Star in the Jaw .

3 . An. 1 6 7 6 .  March. 1 viewed the new Star in the Whalers Mouth, 
’̂•“ 3-/-s6S‘ which had dilkppeared for fome Years, being immerfed in the Sun’s Beams,

at the T im e  o f  its greateft fliining. Now it plainly exceeds Stars o f  the thirc 
Magnitude.

4 .  F o r  eight M onths before, I have often feen the new Star in the Whakh 
Breall, which was not Icfs than M r. Caffini mentions.

7. March 10. 1 6 6 8 .  N o t far from the Star in Eridamis  ̂ which is called 
the 14th by Bayeruŝ  there appeared a Star equal to the brighteil o f  the 4th 
Magnitude, almoit in the fame Place where was obferved the C om et o f  An. 
1664 . Dec. 31 . which Star was not then feen, nor at other T im e s  elfewhere, 
nor is defcribed in any Catalogue, on any Globe or M a p , that I  can learn ; 
which therefore I  deem to be a Nezv one, that is, o f  New Appearance.

8. T h e  Com et, Anno 1 6 7 2 ,  had (on the ifl: o í April., N, S.) paiTed 45' 
beyond the mofl; Northern Star o f  the Head o f  Taurus, and was diftant i®

N.82./404.6. 4 3 ' from the S tar ’ that was neareit to that towards the South. M. Caffini
having confidered thefe two Stars, obferved that the Second is not leis bright 
tlian the F ir i l ,  and yet that Bayerus hath not marked it ;  and that at firil fight
it fcems that 'Tycho hath left it out in his Catalogue : F o r  he puts four Stars
in the Place he calls in ^adrilatero Cervicis-, and he fpeaks not o f  this, which

* is the fifth, and m aketh, 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 N um ber 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 T im e  to T im e .

7 a find  the A -   ̂ ^
phciia of th e  X V T . 1 .  M r . C iijfm i fuppofes, that to the Planet moving in an Ellipfis

R  ght Lines are extended from the two F o c i ,  one of which is the Line
Cor,/:j,Tfd, ¿y o f  mean M otion, and the other o f  true M otion. N ow  the Conitruflion is this.
Mr* Nic. M e r 

cator. L  is the Center o f  the Concentric j B I  is perpendicular to R  H  G .
K. 57./-. 1168. A R r  n  F
Mar.  An,  1670.  O

B  L  D  is the Diameter.
“ 7- g Q  are appearing Intervals.

D  E ,  D  F ,  D  are intervals o f  mean 
M otion .

^  N(%o Star tn 
Taurus j by 
M  Caíííni*

B  F ,  B F ,  B Q ,  as alfo D  A , D  C , D P ,  
are R ig h t  Lines.

B  E  cuts D  A  in f l  ; B  F  cuts D C  in 
G ,  B  Q^cuts D  P  in R .

R H  G i s  a R ig h t  L ine.
Demonjlration. i .  T h e  mofi: illuftrious and R ig h t  'Rtvtxtwá Ssth 

Bifliop o f  Saliibury, in his ExL’niir'.ation o f  the Philolaic  A ilronom y, has
taught

I is the Center o f  the Ellipfis, 
L I  is the Excentricity .
I O  =  L L
O  is the Focus; about which the mean 

Motion is performed j L  abuuc 
which the true.

I M  =  I N  =  L B .
VI is the A pogeum , N  the Perigeum> 

B  L  M  the true A nom aly .
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t3U§nt US 3. Nicthod^ Trotn the rncsn Anomaly o f  the Planets beino  ̂ given, to 
find the true one, which is thus: ^ ’

C is the Center o f  the Ellipfis A  E  P , F  the Focus about which the mean Fig. ng. 
M otion is performed, S  the Focus o f  the true M otion, A  the Apoc^eum,
P  the Perigeum , E  the Planet, A F E  the mean Anomaly, A S E  t £  true 
Anom aly, F  E T  a R ig h t  L in e ,  E T  =  S E .  S T  is a R ig h t  L in t .

In the T rian g le  S F T  are given, i .  S F ,  the Diftance o f  ihe Foci.
2, F  T  =  F  E - | - E  S  =  A  P . 3. A F T  the external A ngle, or the mean 
Anom aly, equal to the Sum o f  the Angles F  S  T  and T .  Therefore F  S E  may 
be found, or the true A nom aly , equal to the Difference o f  the Angles F  S T  
and T ; thus,

J s  half the Sum of the Sides F T  and F  S ,  is to half the D'fference of the 
fme^fo is the Tangent of half the Sum of the Angles F  S T  and T  to the Tan
gent of half their Difference.

But the H a lf f i im  of the Sides F T  and F S  is found, by fubftitiuing for 
F  T  its Equal A  P ,  M^hofe half is A  C , which added to C S, half o f  F  S ,  
makes the Sem i-fum  A S ,  the Planets greateft Diftance.

T h e n  i f  from the Half-fum  A  S be taken the leiTcr Side F  S  ̂ there re
mains the half-difference o f  the Sides F  A equal to P  S , the leaft Diftance o f  
the Planet. T h e n  from the mean Anomaly to find the true one, the Rule is.

As A  S, the greatefi Difiance of the Planet̂  is to P  S the leaif Diftancê  fo is 
the Tangent of half the mean Anotnaly to the Tangent of half the true Anomaly.

Corol. I.  I f  S  E  is continued as far as V ,  fo that E V  =  F E ,  and the 
whole S V  =  Axis A  P  •, the Angle V of the Triangle F  S V will be half 
the Profthapherefis F  E S ,  and therefore equal to the half-difference of the 
Angles o f  the mean and true A nom aly, that is, ot the Angles A  F  E  and 
A  S E . ( An d the external Angle A  F  V  is equal to half the Sum of the fame 
Angles A F  E  and A S E )  by taking away the Semi-difference V  F  E  from 
the greater A  F  E  ; whence arife thefe two Analogies,

1. As the Sine of half the Sum of the mean a7td true Anowalies A  F  \ , to 
the Sine o f half the Difference of the fame V  j fo  S  V , equal to the iranj- 
verfe Axis A  to S F  the Difiance o f the Foci.

2. As the Sine o f half the Sujn of the mean a}id true Anomaly A  F  V , to the 
Sine of the true Anomalŷ  F S V - ,  fo isSV, or the Axis A  P,  F  V  the 
Subtenfe of the true Anomaly ; and fo is the Semi-axis A  C,  to the Semi-fubtenfe
^ X c r F X .  . . ^  ,

Corol, 2 . I f  in the fame Triang le  F  S V , from the middle Point X  01 the 
Subtenfe F  V ,  be raifed the Perpendicular X  E  ; it will divide S  V  into two 
Parts, one o f  which V  E  is equal to the L ine o f  mean M otion F E ,  the other 
S  E  is the L in e  o f  true M otion  itfelf.
2. L e t  a be the Center o f  the Concen

tric c h f i .  
c a d  the D iam eter, and likewife the 

L in e  o f  the Apfids. 
ch  the A rch  o f  the true Anomaly, to 

which anfwers, 
di the A rch  o f  mean Anomaly; therefore j

cdh \s the A ngle o f  half the true
Anomaly, and 

d c i the Angle o f  half the mean Ano-
maly. _ , .

c i and d, h are R ight Lines, whic 1 in*
terfcdt one another in g.
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F ro m  the Point o f  Interfeclion g let í¿\\ gb  perpendicular to c d\ '
T h e n  db.bg'.'. Radius . T  ang. h dg or c d h. ¡

And cb .bg' . :  Radius . T a n g ,  b eg or dci.
Therefore dby.  T an g , c d b =  b gy. Rad. = :c b x  T a n g ,  d c i.

W herefore  db .c b  : : Tang- dci.^L ang. c d h.
T h a t  is, db  will be to cb, as the T a n g e n t  o f  half the mean A nom aly to the 
'i'angenc o f  half the true Anomaly : And therefore by the Rule above-men
tioned, as the greateil Diftance of the Planet to the leail Diftance. T h ere
fore db  will be equal to die greateil Dillance o f  the Planet, cb  will be equal 
to  the lead, and a b 1.0 the Eccentricity..

And fince the fame T h in g  may be demonftrated in the fame M an n er o f  
all the other Points o f  Interfeótion, that is, that Perpendiculars from them 
to the L in e  cd will fall upon the Point ’ tis neceffary that a R ig h t  L in e  
jo in in g  thofe Interfedtions muH be congruous with the Perpendicular bgf.

3. Drawing the Diameter /e, m ake the A rch  ̂ / rrr ¿ and draw kc 
and b I cutting one another in p. F rom  h upon bgf\<tt fiill the Perpendicu
lar h r, and the fu ne is parallel to the L in e  o f Apfids c d. T h e n  the A n g le  
r b s  wxW b:i the half-diáerence o f  the Arches o f  the true Anom aly cb  and 
•of the niean di.  T h e n  from the fame Point b let the R ig h t  L in e  i6/3 be 
drawn, m aking an A ngle with kb  equal to the A n g le  r b s., and meeting 
the L in e  o f  Apfids in then the A ngle  (6 ah  o f  the T rian g le  b will be 
the M ea fu re o f  the A rch  cb,  or o f  the true A n o m a ly ;  and ¡ iba  the half- 
difference o f  the true and mean A nom aly, by Conftrudtion •, and the external 
A ngle  c^b  (equal to the tw o internal and oppofite Angles ^ a b  and /3 ¿><7, 
and therefore compounded of the true Anomaly a'nd its half-difference from 
■the mean) will be the femi-fum o f  the true and mean A nom aly . Therefore 
by  the firft A nalogy o f  the iiril Corollary, as the Sine oí c ^b  to the Sine of 
^ b a ,  fo is Radius to the Excentricity  ^ But we have demonftrated 
above, that ¿  is equal to the Excentricity. Therefore  the P o in t (5 is con
gruous with the Point b.

T h e n  from b let b i be raifed perpendicular to bb.  I  fay, that tiiis being 
continued wiil fall upon the Point o f  Interfeftion p. F o r  the Triangles rhs  
and bb t are fimilar by Conftrudion. W herefore alfo the T rian g le  bp k is 
fimilar to the T riangle  bgi.  ̂ fince the Angles p k l  and g i b ,  infifting upon 
■the ikme Arch.ci», are equal •, as alfo the Angles ^.nágh i are equal, as in
filling upon equal Arches k l  and id.  Therefore the third bpk  is equal to 
the third bgi .  And froin Equals p b k and g b i tak ing  away Equals b h t 
and r  b s, there remain E q u alsp b b  and g b r  . W h en ce  I  argue thus, srb  
==.tbb, 2Luá r b s =: b h t therefore b sr  — b tb  ̂ and therefore the C om 
plem ents o f  thefc to a Semicircle are equal, that is, rs iz=ibtk ,  znásig=^ 
t kpi  Therefore  2l\(o ig  5 =  k f  t., which being taken from Equals ig b  and 
k p b, there remains hgs:=:bpt.,  and g b r  —pbb.  T h erefo re  alfo b rg  =  
bbp.  B ut is a R ig h t  A ngle, and therefore alfo bbp  is a R ig h t  Angle. 
And fince by the Conftruction bb  t is a R ig h t  A n g le , thence t b\v\W m a k e  
a R ig h t  L in e  \v\ú\ bp. A nd fince the fame T h in g  may be d e m o n ftra te d  

after the fame M anner o f  any other Intcrfedion o f  L ines  from b a n d  /(’, 
drawn to congruous Points o f  the true and mean A nom aly   ̂ it is plain, that

not

{ i6i )
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nor only tho P .'g lit  L in e  that jo in s  the Interfedions, will pafs through the 
Poifit h. bur alfo the L in e  b b will be perpendicular to the fame ioinino- Line
S i E B .  °  ■

Corolhry. If from any P oin t o f  the true Anom aly, fuppofe to the cor- 
refponding Point i o f  the mean Anom aly, a R ig h t  L ine h i  be drawn; b f  
perpendicular to cb  being drawn from the Center o f  Excentricity will 
cut h i  in in the R atio  o f  the L in e  o f  the mean M otion to the L ine o f  the 
true M otion.

F o r  by the latter A nalogy o f  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 R a tio  that the L in e  o f  mean M otion has to 
the L in e  o f  true M otion . Therefore r  j  or ¿ / c u t s  the Line h i in the fame 
R atio  in s\ bccaufe of the Similitude o f  the Figures t b h k f h b  and sr hi g hr 
juft now demonftrated.

But from the above-quoted M ethod o f  the R ig h t  R ev . D r. TVard̂  for 
finding the firil Inequality, it will not be difficult to produce ilill another 
W a y  o f  inveiligating the Apogeum  and the Excentricities, which is not lefs 
direft and G eom etrical, and admits o f  any Num ber o f  Obfervations *, which 
I  ihall explain in a few W ords. T h e  Lovers o f  Aftronomy may find feve- 
ral W ay s in the R ig h t  R ev , A uthor’s / Ĵlrommia Geometricâ  to which 
therefore I  refer them. But now

L e t  I and d be the two F o c i o f  the Ellipfis , t and u two Points o f  the 
Planet’s true M otion , / « an A rch o f  the Ellipfis, which from I is viewed un
der the A ngle  t lû  and from d under the A ngle t du-, alfo the Diflance o f  
the F o c i  ld\s viewed from t under the A ngle  dt I, and from u under the 
A ngle  dul.  I  fay, the Difference o f  the Angles tin  and tdu\?, equal to the 
Difference o f  the Angles d 1 1 and dul.

F or fince all the three Angles o f  the Triangle lux  taken together are 
equal to all the three Angles o f  the Triang le  when taken together, if 
from each be taken away the equal Angles Ixu and dx the Sum o f  the

( <̂>3 )

other two ulx dtlux  will be equal to the Sum  of the others t dx 
and i f  from thefé equal Sums be taken away Unequals, that \%ulx from the 
former and t dx  from  the latter ; the Difference o f  the Remainder lux  and 
dt X will be equal to the Difference o f  the Angles taken away u lx  and tdx.  
W h ic h  was the T h in g  propofed.

W ith  Center /, and Diftance o f  the tranfverfe Axis m » ,  let a Circle ab c 
be defcribed, whofe A rch  ab  \% again viewed from / under the Angle alb,  
and from d under the Angle adb.  Alfo the Diftance o f  the Foci /¿/is 
viewed from a under the A ngle lad., and from b under the Angle I b d. 
Therefore again the Difference of the Angles a lb  and adb\% equal to the 
Difference of the Angles l a d  and lb d. But by Carol, i .  the Angle lad  is 
half the A n g le  lud,  and the Angle lb d half the A ngle / 1 d. Í  herefore 
the Difference o f  thefe Angles la d and Ibd  is equal to half the Difference of 
the Angles lu d and l td.  T h erefo re  alfo the D.iference of the Angles alb 
3nd adb  is equal to the h a lf  difference of the Angles u 11 and u a /, the for- 
nier o f  which is the apparent Interval o f  the two Obfervations^ and the latter

Fig, la s .
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is the Interval o f  the mean M otion . Therefore the Difference o f  thefc I n - . 
tervals being given, half  this Difference is alfo given, or the Difl'erence of 
the Angles a l b  and adb.  But alb\^ the fame as the given A ngle 
ditrefore the A n gle  abd\% alfo given, under which the A rch  ab'i’s. viewed 
i’jom  d.

In a like manner it may be iliewn, that the Difference o f  the Angles 
/ ly and t dy is equal to the Sum o f  the A ngles l i d  and / j  d ; alfo the Dif. 
fcrence o f  the Angles b lc  and b d c \s equal to the Sum o f  the Angles lb  d 
and led.  And fince /¿¿/is half o f  // and l e d  h a lf  o'tly d\ the Sum o f  
lb  d and Ic d will be equal to half the Sum o f  the Angles l t d  and ly d that 
is, the Difference o f  t le Angles b lc  and h dc will be equal to the half Dif
ference o f  the A ngles t ly and t dŷ  of which the firft is the apparent Inter-, 
va) o f  the two Obfcrvations, and the latter the Interval o f  the mean Motion. 
Tiierefore the Difference o f  thefe Intervals being given, half  o f  this Difiierence 
is allb given, or the Difference o f  the Angles b lc  and ¿  dc. B u t b l c h  the 
iame with the given A ngle  tly\ therefore the A ngle b dc is alfo given, un
der which the A rch  b c viewed from d.

W hence it appears, that the mean and apparent Intervals o f  the Obfcrva- 
tions being given, the Angles alfo are given, under which any A rchcs o f  the 
Circle abc  are feen from d, which Arches are intercepted by L ines o f  the 
true Morion. I 'herefore  by Herigon ŝ Theory o f the Planets, lib. i .  cap. 3. 
Prop. 12. Scboi. 1. fo many Segments o f  a Circle may be defcribed, capable 
o f  receiving Angles under which thofe Arches are viewed from  ¿/, all which 
Segments will interfe¿t one another in d. T h erefore  by this M ethod the 
Apogees and Excentricities o f  the Planets may be found by a Geometrical 
Delineation, and applying any N um ber o f  Obfcrvations; N o r  is ic more 
difficult CO draw Circles than R ig h t  Lines.

But to grant what is true, that M r. Cajfin'i’% Geometrical Delineation is 
fom ething more expeditious 5 it is however to be feared, that i f  we purfue 
that Exadnefs  required by Añronom ers, it requires D iagram s o f  an enor
mous Size , and thereby becomes more operofe than the Calculation itfelf. 
B u t  i f  we make ufe o f  this, we ihall find both M ethods to be equivalent.' 
N ow  left any one ihould th ink, that the Difference from the T r u th ,  of the 
Apogeum  and Excentricity found by either M ethod, is to be imputed to an 
E rro r  o f  Calculation we ihall now difcufs the Hypothefis itfelf.

T h e  Invention o f  the E llip tic  O rbit without any doubt is ow ing to Kep
ler j but to determine by what Degrees o f  Acceleration and Retardation the 
Planets move, does not lefs belong to the completing the H ypothefis , than 
to determine the O rbit itfelf. T h o u g h  from M r. Cqffini's W ords, or thofe 
o f  his Interpreter, it no where appears; yet it is plain from his Conftruftion 
o f  the Problem , and from his Analyfis, that he fuppofed the Planet, i f  feen 
from the upper Focus, to move with an equable M otion. T h is  was becauie 
Kepler thought the fame, as may appear to thofe who will confult his W r it 
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 o f  the 
PJanet’s true M otion defcribed equal E lliptical Areas in equal T im e s . But

that
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that P o in t  from- whence the P lanet may be feen to proceed cx a ü ly  wich an 
equable M o tio n , is no where to be found in the Univerfe, unlcf^ we have, a 
M ind to m ake it fluduating. Y e t  no P o in t comes nearer to this equable 
M otion o f  the PJanet, than that o f  the upper Focus o f  the Elljufis. N or is 
any one yet found that will deny, but that Kcpler̂ s Area’s facisfy tiie 
P h iE nom ena; but fince neither he him felf, nor any one fmce his T im e ,  has 
been able to exhibit them  by a diredc Calculation, Ibme have been apt to 
blame Kepler, as laying too great a Strefs upon Phyfical Caufes, and thereby 
departing from G eom etry. A s  though Phyfical Caufes can be contrary to 
G eom etry, or as i f  the Problem  is lefs Geometrical which is thus propofcd, 
without m aking  any mention o f  Phyfical C a u fe s : The Area o f the I'rilinium 
heing given, which is comprehended between the Lines of the Apftds, - of the tru.e 
Motion, and alfo the Elliptical Arch ; to find the Angle at the Sun. T h e y  
that obje<5i: to this, a departing from  G eom etry , may take Kepler*s A n- 
fwer •, L e t  them  g o  and folve the Problem .

B ut 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 m ake a T r y a l ,  whether any other W a y  may be found, by which 
the firft Inequality o f  the Planets may be inveftigated by a d ire d  Calculus,
Th erefore  the learned Bullialdus undertook to fearch out by Geometrical 
Reafonings, in what P a th ,  and with what Degrees o f  Intenfion and R em if- 
fion the Planets m igh t be urged, fo that by the Rule o f  equable M otion 
which was aíTumed by the Aftronomers before Kepler, we m ight be brought 
to that Inequality we behold. T h e  M onum ents o f  that great M an  are Üill 
in being, whence the L o v ers  o f  A ftronom y m ay be informed o f  his whole 
M eth o d . T h e  R ig h t  R e v .  Seth Ward has embraced the fame, and is the 
firft that has ihewed, that it performs the fame T h in g  as a Line o f  equable 
M o tion  revolving about the other Focus o f  the Ellipfis. H e  has alfo fupplied 
it with a d ire d  M eth od  of Calculation, the fame which we have recited a 
little before. So that nothing feems to be farther required, than iĥ x Ura- 
iiia would profper fuch happy A ttem pts. A nd in her N am e it was that the 
illuilrious Count Pagan, in a T reatife  publiihed two Years after, o f  the fame 
Tenou r, ventured fo far to  aíTert the T ru th  o f  this H ypothefis, as to chufe 
to afcribe to the Ignorance o f  Aftronomers that Difcrepancy that was difco- 
vered about the O d ants. B ut the learned Bullialdus judged it fafer to hear 
A ftronom y herfelf, fpeaking as it  were by the M o u th  of O bfervers; and by 
his fecond Endeavours he exterminated that Difcrepancy, by a certain L im i 
tation v/hich he annexed to his former Difcoveries. W h en ce  we may finally 
conclude, that this H ypothefis, on which M r .  Cajftni has founded his Inve- 
ftigation o f  the A p o g ee’s and Excentricities, is fo far removed from the 
T r u th ,  as to m ake Bullialdus"s> Lim.itation necefiary ; and from that D e fc d  
proceeds the D ifagreem ent between the Calculation and the Heavens them - 
felves.

2 . T h e  Annual M o tio n  o f  the E arth  through the Eclip tic  occafions an 
Optical Inequality in the M otions o f  the other Planets, which is well known A u g .  A n .  16 76 . 

to Aftronom ers that em brace the Copernican by the N am e o f  theN. iss.j». esj.
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Parallax o f  the O rbit. A nd  this Inequality, which without m uch L abo u r is 
derived from O bfervations, I  lay down as the ftrongeft Foundation o f the 
following M ethod . In  which, befides Obfervations, nothing elfe is fuppofed, 
than that the O rbits  o f  the Planets are Ellipfes, and that the Sun is placed in 
the com m on F o cu s  o f  all the Orbits ; and laftly, that the Periodical T im e s  
o f  them  all are fo well know n, that no E rro r  can be perceived at leaft in 
two or three Revolutions. T h e fe  T h in g s  being granted, firft I  muft begin 
with the M otion o f  the E a rth ,  which is neceflarily required to account for 
the M otions o f  the other Planets.

L e t  S be the Sun, A  B C D E  the O rbit  of the E a rth , P  the Planet 
w hich for many Reafons is chiefly to be preferred for this Purpoie, A n d  
Hr ft let the true T i m e  and Place be obferved, when Mars is oppofite to the 
Sun for then the Sun and E arth  coincide in the fame R ig h t  L in e  with 
M ars: or, i f  he has Latitude, (w hich alm oft always happens) with that Point 
where a Perpendicular from Mars falls upon the P la in  o f  the E c lip tic .  T h u s  
in the Schem e S ,  A ,  and P  are in a R ig h t  L in e .  A gain , after 6 8 7  Days 
Mars returns to the fame Point P  where- he was oppofed to the Sun in the 
form er Obfervation ; but as the E arth  does not return to A  till after 73 
D ays, in B  it regards the Sun in the L in e  S  B ,  but Mars in the I . in e  B P ;  
and the Longitudes o f  the Sun and Mars being obferved, all the Angles o f  
the Triangle  P B  S  are given, and P S  being fuppofed 1 0 0 0 0 0 ,  in the fame 
Parts the L e n g th  o f  the L in e  S  B  is found. In  like manner, after another 
Period of Marŝ  the E arth  being in C ,  the L in e  S  C  is found, and fo like- 
wife the L ines S D ,  S E ,  S  F  •, and the Differences o f  the obferved Places o f  
the  Sun are the Angles at the Sun A  S  B ,  B S C ,  C  S  D ,  D  S  E .  T h u s  we 
com e at laft to this Geom etrical P rob lem , ^hree Lines being given both in 
Length and Pofttion̂  meeting in one o f the Focus's o f an Ellifjis, to find the 
Leyigth of the tranfverfe Diameter  ̂ and the Dijiance o f the Foci. T h e  Refo- 
lution o f  this Problem  may be extended alfo to the other Planets, if, after the 
T h e o r y  o f  the E a rth ’s M o tio n  is know n, we find out (according to the M e 
thod propofed by the R ig h t  R e v . the Bifhop o f  Salisbury in his Geom etrical 
A ftro n om y , Lib. 2 . Part 2 . Cap. 5.^ three Diftances o f  any P lanet from  the 
Sun w’ith its Pofitions. N ow  becaufe the B iiliop  fuppofes the Planet fo to 
m ove in its O rb it ,  that in equal T im e s  it compleats equal A ngles at the 
other Focu s o f  the Ellipfis, and upon this Suppofition builds his Calculation ; 
it  will not be improper to fhew how the fam e T h in g  may be done without 
that Suppofition ; which Obfervation obliges us to re je ft .

L e t  S  be the Sun, A  L  B  K  the E a r th ’s O rb it ,  P  the Planet, or the P oin t 
in the P la in  o f  the E clip tic  marked out by the Perpendicular from  the Pla
net j  A  B  the L in e  o f  the E a rth ’s Apfids. F ir f t  let the L ong itu d e and L a 
titude o f  the P lanet be obferved, and alfo the Sun’s L o n g itu d e  from the 
E a r th  in K ; and after a Period o f the fame P lan e t ,  the E arth  being in L ,  
Jet two Pofitions o f  the Planet and the Sun be again obferved as before. Now 
from  the obferved Longitudes o f  the Sun and the E a r th ’s Aphelion are g i
ven the A n g les  A S K ,  A  S  L ,  and confequently the Sides S  K ,  S  L .  N ow  
in the T r ia n g le  K  S  L  are given the Sides K  S ,  L  S ,  and the A n g le  K  S  L ;

required
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required the  Side K  L ,  and th e  A ngles S  K  L ,  S  L  K  T h m  !n f i .  - r  . 
angle K  L  P  are given K L ,  K  P  L  the Difference o f  the obferred L n Í » t  
tudes o f  the P lanet, and P  K  L  the Difference o f the A n e ¿  S K  r i ft 
found, and o f  S K  P  the P lanet's  E longation  from the Su n t &  f i r l f  Oh} 
vation ; required L  P .  T h e n  in the T ria n g le  L  S  P  a?e «  K Q 5  
f ” ' I k  P lanet’s E longation f r o S  the Sun in the
fccond O b f e m t io n  1 required the Side S P  and the A n g le  L  S  P  • which be
i"®  t " ’ ^  ^  i“  y T an gen  t o f  th? Latitude obfetved í
L ,  to the T a n g e n t  o f  Inclination or Latitude to the Sun j  and as the C o finp
o f  Inclinat on to  Radius, fo is S P ,  the curtated D i f t a C  co ¿  „ u e  d”!
ftance o f  the P lan et  f io m  the Sun. S o  at Ja il we have found the defined Po-
fition and Longitude. I t  remains to ihew , how from  three given Diftances
from Su n , with the intercepted A ngles, to find the middle Diilance
with the Excentric ity  o f  the Ellipfis.

L e t  S  be the Sun and S  A ,  S  B ,  S  C ,  three Diftances in due Pofition,
and draw ing A  B ,  B  C ,  Jet A  B  be the D iilance o f  the F o c i  in an H yper!
bola, and S  A  S  B  ^  E  H  be the tranfverfe D iam eter. T h e fe  Thinc^s
being prem ifed. Jet that H yperbolical L in e  be defcribed, whofe internal f S-
cus IS at  the P o in t A ,  and the E xtrem ity  o f  the longer L in e  S  A .  In  like
manner let B ,  C ,  be the F o c i  o f  another H yperbola , whofe D iam eter is S  B

S C —  K  L  ; from which let the H yperbolical L in e  be deicribed, havine
Its interna Focus at the P o in t  B .  1 fay thefe two H yperbola ’s thus de-
fciibed will m terfed  one another in the P o in t  F ,  which is one o f  the F o c i  o f
the E lhpfis  required ; and drawing the L in e  F A ,  F  B ,  or F  C , either S  A

^  ^  ^  S  C - { -  F  C ,  will be equal to the tranfverfe D iam e-
ter, and S F  is the D jftance o f  the F o c i .  T h e fe  being fuppofed, the D e-
kription  o f  the Ellipfis will be very eafy. B u t whereas the Reafon of this
Conftruclion m ay not be obvious to every one, it will not be improper to
give fom e Illuilration o f  it. 1 fay therefore, that from  the m oft known P ro -
perty o f  the Ellipfis, *tis S B  
Parts o f  the Equation F  B  —  F  A

F B  =  S A - 4- F A ,  and tranfpofing the
S  A  —  S B ,  fo that though we did not 

know F  B  and F  A ,  yet their Difference is equal to S  A  —  S B ,  that is, to  
E  H . A nd fince it is from the Nature o f  the H yperbola, that it has any 
two L in es  from  their F o c i  to  any P o in t in the Curve, conilantly differing 
by the Q uantity  o f  the tranfverle D iam eter j  it  is plain that the Point F  is 
fomewhere in the Curve o f  the H yperbola , whofe tranfverfe Diam eter is 
equal to S  A  — i S  B ,  and its F o c i  A  and B .  In  a like manner it may be 
demonilrated, that the P o in t  F  is in an H yperbola , whofe DLimeter is 
S B  —  S C ,  and its F o c i  B  and C* T h erefore  it muft neceíTarily be in the 
ínrerfefíion o f  thole two H yperbola’s , w hich, as they interfedl one another 
in one Point only, plainly ihew where the other Focus o f  the Ellipfis required 
muft be.

N ow  th at the fame T h in g  may be performed Analytically, fuppofe it 
done, and let F B  =  a, S  « —  S  B  =  F B  —  F  A  =  ¿ ,  A B =  c, S B  —

/, and let the Sine o f  the Angle A B C  =  S ,S C  =  F C  — F B d, BC
and the Cofine o f  the fame =  s.
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T h e n  c .l>:: 2 a —  .

3. Eucl. A n d / . d ::  l a - ^ d .
7. Ü d “-f“ d d , ----- j ----- > and

2 c
f f — i a d

B D ,  by 36,
dd

the fame. N o w  to abbreviate the Calculation, inake

2 /
c c —  bh 

2 c g, and

B G ,  by

i
f f — dd

2 /
k, andz=i h', alfo m ake

B  G  =  —  la.  And becaufe in every
/

I. T h e n  B  D  h and

{T c u trg td  } T ria n g le  the Square of the Bafc is equil to the [
o f  the Squares o f  the Sides, and o f  the double Re£tangle o f  the Sides into 
the Cofine o f  the contained A ngle  ; it  will be g g ‘A^igha-\‘ hhaa -\-kk
—  ^ k l a - \ - l l a a - \ - i g k s  —  2glsa-\-Q.khsa  —  2 h l s a a \%equal to the
Square of D  G . B ut D  G  is equal to the Sine o f  the-A ngle D  F  G  or D  B  G
drawn into F  B  or ; (for F  B  D  G  is a Quadrilaterum infcribed in the Cir
cle whoie Diameter is F  B )  therefore S S a a —g g -\ - ig h a -\ -h h n a -\ -kk
—  i k l a -\ - l l aa ' -\ -2gks  —  1 g l s  a i k h  i a —  i h l  s a a\ W h ic h  E -  
quation is eafiiy reiblved, fince it does not exceed an afFeded Quadratick, 
and is always compofed o f  thofe Squares and ReiStangles, Y e t  the Signs - p  
and — , becaufe o f  the different Conftitution o f  the three L in es , m uil be ap
plied to the Reólangles with good Caution.

*

TheobUquityof X V I I .  I .  jln. 2 3 0 .  before the B irth  o f  Chrift̂  Eratojihenes found the Ob-
*frlm \btobfer- üquity o f  the E c lip tic ,  2 3 °  . 5 1 ' . 1 9  ' .  3 1 ' "  . 5

"ArnTrní-Tnr according to him the Diilance o f  the Tropicks was o f  the Circle of
E(TBernard. thc Meridian, or 4 7 ° -ff* Piolemy ŝ Magna SyrJaxis, p. i k  2 1 .  Wherefore
Sept. An. 1684.. Eratojihenes*  ̂ Obliquity was lefs than Ptolemf^ by only o f  a Second,
N .  i6s ./>.  7 Z I .  1 • u  • ^  y  ;  /  « ? >‘ which IS a very contemptible Difference.

Eratojihenes according to Cleomedes ("as derived by Ricciolus) makes it 23 
Degrees, and 4 6  Minutes befides.

Eratojihenesy as corredted by Ricciolus., 31 ',  5". (above 23°).
Hipparchus ( 1 4 0  Years b e f o r e ' h a s  retained the Obliquity o f  Erato- 

jlhenes. Ptol. Mag. Syntax,p. 18. and/). 6 0 .
Tbeo, as raken more ex a d ly , 5 1 ' .  19" . 3 1 " ' .  5"".
Y e t  the Chovarejmic Tables, compiled 8 3 0  Years after Chrijl, exhibit the

Canonic Obliquity o f  the Alexandrians., accordins to a Latin M anufcript of 
D .  Hatton, 51'. s  r

Pytheas Maffilienfts., 3 2 4  Years before Chriji., (in Ricciolus) 5 2 ' .  4 1 " .
Arijlarchus, before Chriji 2 8 0  Years, by the illuftrious SavU’s Computa

tion, 51'. 20".
Arijlarchus, as Ricciolus has deduced it, 3 0 ' .  0 0 " .
Strabo the Geographer, p. 93. 30 Years after Chriji, makes it ■j'V of a 

Circle, or above 23®, yet i more, or 60  .
N o r  ocherwife Geminus.̂  in Qhrijt’̂  T im e ,  Chap. iv . Elem. Ajlron. And

I ’atius,
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latius, cap. 26. and Proclus o f  the Sphere. A nd the Aftrologers in Nod- 
damus the Arabian, Ahraham Abenefdra, &c.

Noddannis the A ftronom er, who flouriihed about An. Bom. 1 2 0 0 ,  takes 
N otice, that the O bhquity  was never ohferved greater than 2 4  Degrees, nor 
lefs than 2 3 °  . 33 ',  and yet that it continually decreafes.

Claud. FtoUmeus., after Chriji 1 4 c .  having often tried it with his R ing  and 
his T a b le ,  always found it nearly the fame with that o f  Eratofthmes.̂  51 . 2 0 ' .

F o r  the Diftance o f  the T ro p ic k s  was between 4 7 j  and 4 7 I .  But he 
chofc for his little T a b le  4 7 “ . 4 2 ' .  4 0 " .  p. 18. 2 0 ,  2 i ,  and
27. H e  took nearly the middle, 2 3 “ . 5 1 ' .  2 0 '  \ nor otherwife in his H y- 
jothefes o f  the Planets. But̂ Theo in his ihorter T ab les , for the Sake of 
expedition, omits the Seconds. B u t  Ricciolus is miftaken, when from the 

Climate o f  Rhodes he deduces the Meafure o f  the Obliquity for Ptolemy to be
23" • 3° '-

Pappus o f  Alexandria  ̂ ( 3 9 0  Years after Chriji) I. 6 .  Theor. 3 5 .  by Riccio- 
lus 3 0 .

Pappus.̂  as Fr. Com'inandinus computes it, 5 0 ' .  0 0 ' . 0 0  ".
ST í̂í?, (after Chrifi 3 7 0  Years) 88. more accurately, 5 1 ' .  20". 0 0 " .  
Elfewhcre in a round N u m ber, as 57 . and frequently in his ihorter T a 

bles noc yet publiilied, 5 1 ' .  0 0 "  . 0 0 " .
Ahnamon the Prince, An. Chriil. S 25 . o f  the Hegira 2 1 0 ,  makes it 2 3 ° .  

35'. Grav. p. 4 4 .  from Ehn-Shatir o f  Damafcus., M S .  Selden. many A ftro - 
nomers afiiiling him. F o r  lb Abenefdras relates, M S .  Lat. in the Archives 
of Digby. A llb  an uncertain A ftronom er in Archiv. Seld. affirms, that Jabia 
Ebn Albimanfur, with many other Philofophers, in the T i m e  of Almamon̂  
found the O bliquity to be by Obfervation 2 3 ° .  35 '.

T h e  moft learned Al Noddam., in his Commentaries upon the A ilronom i- 
cal W o r k s  of Hofein Nifaburienjisy fays the fame T h in g  o f  the Obfervations 
of Ahnamon. T o  which he adds, that in the fame A g e Beni Mufa often ob- 
ferved the fame Meafure to be 2 3 “ . 35 '. in the Neighbourhood o f  Bagdad. 
M S . Arab. Coll. St. John Oxon. A nd this was approved by m oil of the 
Aftronomers that fucceeded. A t  leaft Alfergamis acquiefces in it in his
Aftronomy, Chap. 5.

Mohammed Ebn Gaber Al Baianius (or Baiegnius) at Racca ,̂ according to
Riccithis, An. Dorn. 8 8 0 .  Savil. 8 9 0 .  Gravius p. 4 4 .  S82 . o f  the Hegira, 2 6 9 .
H e  died in the Y ear o f  the Hegira, 317 .  An. Bom. 9 2 9 .  In  the H iftory of
Abolfaragus, p. 191 .  3 5 ' .  c o ' .

Al Batanius in this Afikir makes no Scruple o f  preferring his own Obfer
vations before the W  ords o f  Ptolemy, cap. 4 ,  and fays, that being aflilied 
with a very long Albidada, or Parallaclical Ruler, in Relem blancc o f  thole of 
Ptolemy, with great Care and D iligence he found at Racca, that the Diftiwce 
o f  the T ro p ics  was 4 7 °  . 1 0 ' ,  (that is, 59® . 3 6 ' —  12'^ 2 6 )  and therefore 
the Latitude o f  Racca was 35'^ 5 which yet Ulocbeg makes 3 6 “ . 10 ; Scbic. -
ard in Curtius, {p. 3 3 . )  and Ricciolus m ake it 36°. .

rhabet Ebn Corra, Ricaolus, An. Bom. 1210 . more truly 9 0 1 ,  m
the 2 8 9 .  o f  the Hegira) found the Obliquity to be 3 3 ' .  3 0 ' . ■ib’A
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J¡;íd Hofein Ebn Suphty 3 5 ' .  0 0 " .
Abul iVaffi Albuziani, and Abn Hamed Saganien/is, a yer/ ingenious Pcr- 

fon , (A. D. 9 8 7 .  3 7 7 . )  at Bagdad found the O bliquity to be very near
35'.

S o  a Perfian A u th or in the A rchives o f  Selden̂  35 '.
In  l ik e  manner the Perftc T ab les  o f  Cryfococcâ  35 '.
AlBatrunius Abul Rihan, {A.D,  9 9 5 .  o f  ú\t Hegira s- ^bolfaraglus 

puts him  at 4 6 3 .  o f  the Hegira  ̂ ox A. D. 1 0 7 0 .)  m aae ufe o f  a Quadrant 
whofe Radius was 1 5 Cubits {Grav. p. 54 . from an Arabic B ook  o f  Birunius)
3 5 '

But Abu Joafer Alchazan  ̂ w ith his Affociate Abufaldus Harwanenfis at 
Edeffa  ̂ and others o f  that A g e ,  {A. D. 9 7 0 ,)  obferved that the Obliquity 
did not quite com e up to 23°  . 3 5 ”, but was fomething lefs.

Almac?i Son o f  Almanfor (A. D. 11 40 . Ricc.) 3 3 ' .  3 0 " .  B u t  according to 
Clavius and Maftlin he made it 33' only.

Ifmael Abulfeda Prince o f  Hama, (A. D. 1 3 1 1. o f  the Hegira 71 i j  in his 
M anufcript loables Arab. Coll. St. John, retains 3 5 ' .  0 0 "  . perhaps on the Au* 
thority o f  Almamon.

Prophaiius the Jew, (A. D. 1 3 0 0 ,  Ricc. 1 3 0 3 .  Majllin in Curtius p. 4 0 .  
2 3 0  Years zitGX Arzachel, faith Copernicus) and in Ricciolus, and a M anu
fcript o f  Merton College, 3 2 ' .  0 0 " .

Abu Mahmud Al Chogandi, (A. D . . 9 9 2 .  o f  the Hegira 3 8 2 . )  in the T im e  
o f  Fecrodaula  ̂ with a Sextant whofe Radius was 4 0  Cubits, and the L im b  
■was divided into Seconds, found the O bliquity lefs than it had ever been 
taken by any o f  his A n cefto rs ; that is, 3 2 ' .  2 1 " .

Yltx\cQ Noddamus the A ftronom er affirms, ( 'M S .  Coll. St. John) that the 
Sun’s greateil Declination was hardly ever found lefs than 23®.  33 '.

Arzachel 0Í Spain, (Grav. p . 4 4 .  A. D. 1 0 8 9 .  o f  the Hegira 2. Ricc* 
1 0 7 0 .  Mafilin in Curtius, p. 3 5 .  1 0 7 5 .  Copernicus, 1. 3 . c. 6 .  1 9 0  Years 
after Al Baianius) has propofed the Obliquity 2 3 ° .  3 3 ' .  3 0 " .  S o  M S .  Coll. 
Mert. Oxon. where it is faid, that there is a Difference o f  1 7 ' .  3 0 " .  between 
the Obliquity o f  Ptolemy and that o f  Arzachel.

J  A t  Maraga the m oit noble Perfian Chojah Nafiroddinus Tufenjiŝ  A. D,
1 6 2 9 .  o f  the Hegira 6 6 8 .  fbut Grav. p. 4 4 .  1 2 6 1 .  Hegir. 660 ) obferved the 
O bliquity moft accurately, and found it 23 ® . 3 0 ' .  0 0 " .

T h is  is the leaft o f  the Sun’s greateft Declinations, that has been found 'to 
this D a y , fays the very learned Com m entator upon the A fironom ical W ork s  
o f  Hofein Nifaburienfts.

Ebn Shatir Damafcenus, M S .  Seld. A. D. 1 3 6 3 .  fays that he correéled the 
O bliqu ity , not n eg ied in g  the Sun’ s H orizontal P arallax , w hich was found 
2 ° .  59 '.  H ence the Sun’s greateft D eclination, 2 3 ° .  31' . 0 0 " .

Olocbegtis the Prince, A. D. 1 4 3 7 .  ^4 i -  withyi/i Cufhgius and other
A ftronom ers, with very great Care and the largeft Inftruments, (fee Graves, 
p. 44.) found the O bliquity 2 3 ° ,  3 0 ' .  1 7 " .  S o  M S S .  Coll. St. John and oí 
the Savilian L ib ra ry . F o r  Seldenh M anufcript m akes it 2 3 ° .  3 0 ' .  2 7 " .

Rabbi
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RabU Moyfes Ben Maimón  ̂ the mofl: learned o f  the Jews  ̂ fays in Jad, 
de Confe crati one Calendarum, c . ult. feSt. 4 . that the gnsateft Obliquity ot'the 
Zodiac, A. D. 1 1 7 4 ,  was 2 3 °  . 30 ',  very near.

I mufl: let you know , that I have confulted fcarce half o f  the Oriental 
Aftronomers, whofe W rit in g s  are preferved in the Libraries o f  the U niver- 
fity o f  Oxford. B ut from thefe Obfervations, and fome others which I keep 
to m yfelf from  the V u lgar, I conclude, that the Obliquity o f  the Zodiac 
has always been the fame from the Beginning o f  the W o rld . F o r  the latter 
Ages, as you may perceive, by the AÍTiílance o f  better Inftruments, have 
truly corredled the Error and Excefs o f  the antient A ilron om y.

2. W h e th e r  the Poles and A xis o f  the E arth  be really fixed in the G lobe, rbeOMiquhyef 
or fubiedl to be transferred from  Place to Place, is an old Enquiry,

1 1  - J i  A/I TT 1 ■ I -  ■ • r -r r  Elmatmn o f thenow lately revived by M r .  Hooky in his ingenious Eliays upon the great p«/í »»- 
Mutations and Cataftrophes which, in all appearance, have happened to 
Earth’s Surface. A  necefiary Confequence o f  fuch a Tranflation of the Poles Nov. An. 1687. 

would be the Change o f  the Latitudes o f  Places, which would increafe in ^ ' 
thofe Regions towards which the Poles approach, and decreafe in thoie 
from which they recede: and under the M eridian, 9 0  Degrees removed from 
that in which the Poles iliifr, the Latitudes continuing the fame, the M e r i
dian L in e  would only alter j but not two Places confiderably differing in'
Longitude can be fuppofed, wherein, i f  there be any fenfible M otion of the 
Poles, it ihall not be perceived by the Alteration of the Latitude o f  one or 
both o f  them .

T h e  accurate M . TFurtzelhaur has lately furnifhed us with the M eans o f  
examining this H ypothefis  by Obfervation, having fent us the Meridian A l
titude o f the Sun taken at Nuremberg about the two Solüices in the Y ea r  
1686. June 10. he found the Meridian A ltitude o f  the Sun 64® 2' 2 0 ' ' ,  and 
the next D ay 64 °  2' 2 5 " .  A n d  on Decemb. 14. (three Days after th eSo lft ice , 
wherein the Sun was got two M inutes higher) he found the Meridian Alti
tude 17° 9 ' 1 0 " .  wherefore the folftitial Altitude was 17° 7' 1 0 " .  T h efe  
H eights were taken by an Inilrum ent o f  6 F o o t  Radius o f  Brafs j  and the 
Skill and D iligence o f  the Obferver is not to  be doubted.

T o  com pare with thefe, I  find am ong Bernard Walther*  ̂ Obfervations, 
made in the fame City o f  Nuremberg two hundred Years before, viz. in the 
Year 1 4 8 7 .  that the Meridian Altitude o f  the Sun in the Sum.mer Solflice was 
obierved by the para lla ilick  Inilrum ent o f  Ptolemy, whereby the Chord of 
the Sun’s D iftance from the Zenith  was obferved 4 4 8 9 0  Parts o f  1 0 0 0 0 0  R a 
dius j the fame being obferved by the Concurrence o f  the Obfervations o f  
feveral Y ears  both before and after. T h e  A rch  anfwering to this Chord gives 
the Su n’s Diffance from the Zenith  25°  5 6 '  3 0 " ,  and confequently the M e 
ridian A ltitude, its Com plement to  a C^adrant, 64°  3 ' 3 0 " .  Again, the 
fame Y e a r  1 4 8 7 .  the Chord o f the M eridian Diftance o f  the Sun from the 
Zenith, on the D ay  o f  the W in te r  Solilice , was found 1 1 8 7 9 0 ,  confirmed 
likewife by many fubiequent Oblervations ;  the A rch  anfwering to this Chord 
is 7 2 “ 5 2 '  4 0 " .  and its C om plem ent 17® 7 ' 2 0 " ,  the Meridian H eight o f  
the Sun in the W in te r  Solftice .

t i c n c c
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H ence it appears, T h a t  the SolHitial H eigh ts  were very nearly the fame 

at Nuremberg 2 0 0  Y ta r s  ago as now they a r e ; that o f  the Sum m er Solftise 
being but one M in u te  differing, the ochcr only 10 ; both which may poiTi- 
bly arife from the Defeéls o f  tiie Inftruments ot thefe Obfervers, being made 
with Plane S i g h t s : But wJiat I fliall neceíTarily conclude from  hence, is, 
T h a t  i f  there be luch a M otion o f  the Poles, it is either very flow, or elfe 
nearly at R ig h t  Angles to the Meridian o f  Nuremberg  ̂ in which latter cafe, 
the Latitudes o f  Places about 'Tuijking, Siam, Malacca., and Java, on the 
one Side, and in our American Plantations o f  New-England, Virginia  ̂ Ja
maicâ  & c ,  on the other, ought to change taftefl;: B u t I  have never yet 
heard o f  any fuch thing obferved by any ot our N avigators ; whence, i f  there 
be luch a Change o f  the E a r th ’s Poles, it muft neceíTarily require a long 
tim e to become fenfible.

Befides, from thele Obfervations, it appears. T h a t  the Obliquity o f  the 
E c lip t ick  has continued unaltered for thefe 2 0 0  Years laft paft j that is to fay, 
that the Angie which the E arth ’s A xis makes with the P lane o f  the Eclip. 
tick  or O rb  wherein flie moves annually round the Sun, has been without 
fenfible Change in all that T i m e ;  which will be very hard to conceive, i f  we 
allow a Tranfiation o f  the E a r th ’s Poles ; for the Diredlion o f  the A x is  being 
perfeitiy  at L ib erty , it m uit be purely cafual, if it fo hit, that after fuch 
Change, it m ake the fame A n g le  with the E c l ip t ic k  as before.

A  farther A rgum ent o f  this Siownefs of the Change o f  the Poles, is the 
Latitude o f  Alexandria, the Habitation o f  thofe famous A ftronom ers o f  An
tiquity , Eratoñhenes, Timocharis  ̂ Hipparchus, and Ptolemy, and for that 
Reafon it may be concluded, that this, o f  all the Latitudes the Ancients have 
left us, ought to be one o f  the m oft C orred . T h is  by Ptolemy is faid to be 
30 °  5 8 '  N orth , (which he ufes in all his Computations in his Almagiñ, ant 
feems derived from the Proportion o f  the G nom on to its E q u in o d ia l Shadow, 
as 5 to 3 ,  but in his Geography, 31°  ju ft.)  In  the Y e a r  1 6 3 8 ,  the curious and 
ingenious M r. Graves, when he went to vifit the Egyptian Pyramids, o f  which 
he has given fo good an A ccount, did, with a fufficient Inftrum ent, obferve 
the Latitude o í Alexandria, and found it 31°  4  or 6  M inutes more than it 
is reputed by Ptolemy, and before him  by Eratofihenes; ib that in about 
2 0 0 0  Years, the Latitude o f  Alexandria has altered only a few Minutes *, and 
fo few, that the Accuracy of the Obfervations o f the Ancients may well be 
queftioned : B ut, both being granted, this M o tio n  will am ount to no more 
than a Degree in 2 0 0 0 0  Years.

T h is  is not faid with intent to invalidate what M r .  Hook hath from fo 
good Grounds advanced, 'viz. T h a t  the Ball of the E a rth ,  at leaft the Fluids 
thereof, being neceflarily o f  the o í z Spheroides prolatus, or flat Oval,
whofe fhorteft Diam eter is the A xis, and greateft Circle the E q u in o d tia l ; if 
the Poles be fuppofed changed, the Equinoctial will be fo too ; and confe- 
quently the W a te r  mufl; rife and cover t io fe  Parts from  which the Poles re
cede, and fall o f f  and leave bare thofe Places towards which the Poles ap
proach. B y  this M eans it may be accounted for, how fuch fl’range Marine 
things are found on the T o p s  o f  H ills , and fo deep under G ro u n d ; and fcarce

any
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any other W a y .  B u t  from  thefe, and the like Obfervatlons, it will follow,
I ’hat i f  thefe Inundations are produced by any regular M otion o f  the Poles* 
it would require a prodigious num ber o f  A ges to effeft die Changes we may 
be certain have been. Befides, i f  the Accefs and Recefs o f  the Sea were after 
fuch a gradual manner, as when produced by fuch an eafy Trannation o f  the 
Poles, as can by  Obfervation be admitted, thole Inundations could never be 
fatal to the Inhabitants ; for that they would always give notice o f  their comino- 
fo that the People m ight provide for their Safety. B u t the Holy Scrips 
iures, and Pagan T rad it ;on , do unanimouily agree, T h a t  the laft great De
luge was brought to pafs in a few Days, with no previous N otice •, fo that the 
A ccount we have thereof, could not, by this Hypoihefis, be made out, witliout 
the Suppoiition o f  a great and fudden Alteration in the Poles o f the E arth ’s 
Diurnal R evolution  : F o r  which, whether we fliould have recourfe to the intel
ligent Powers, that firit imprefs’d this whirling M otion on the Ball, or leave 
it to be perform ed naturally, by the cafual S h o ck  o f  fome tranfient Body, 
fuch as a C om et, or the like, whereby the form er A xis  m ight be loft, and a 
New R evolution  produced, differing both in T im e  and Pofition from the 
Old ; I  ihall not undertake to difpute ; Such a Suppofition would include iike- 
wife a Change o f  the L e n g th  of the Y ear , and Eccentricity  o f  the E arth ’s 
Orb j for which we have no fort o f  Authority.

1. A s  I  was wondering how an ordinary M athematician could mifs fo eafy 
a thing as the drawing a true M eridian, fo far as in the inftance o f  the old 
Meridian in the Church o f  St. Potronio in Banoniâ  which is found by M . Caf- 
fini to vary 8 or 9 Degrees from  the true M eridian o f  the Place ; and in that 
o f  the M eridian o f  Uraniburgê  which is found by M . Picarte and others, to 
vary i 8 ' i  I  hit upon this T h o u g h t ,  that Meridians m uft needs vary. F o r  
you know , that (taking  it for granted that the E arth  moves, i^c.) befides the 
Diurnal and Annual R evolutions, there m uft be alfo a third to account for 
that flow M o tion  o f  the F ix ed  Stars upon the P o le  o f  the E clip tick , in 
about 2 5 0 0 0  Y e a r s ; which is folved by  the Diredrion o f  the E arth ’s A xis 
from one P oin t to another o f  the polar Circle. A nd that D ired ion  being 
nothing but a certain W a b b le  in the E arth ’s M otion , muft needs m ake the 
Noon-lhade o f  a Perpendicular not lie always in the fame L ine.

2. T h is  being a new Suggeftion, deferves to be confidered : F o r  it is not 
probable that fo careful a M an as lychô  and thofe concerned in the Church 
of St. Petronio, ihould be fo m uch m iftaken in the Meridian Line. But i f  
there be ought of this N ature, it m uft arife from  a Change o f  the Terreftrial 
Poles (here on E arth )  o f  the E a r th ’s Diurnal M o t io n ; (not o f  their point
ing to this or that o f  the F ixed  S ta r s :) F o r  i f  the Poles o f  this Diurnal M o 
tion remain fixed to the fame Place on the E arth , the Meridians, (which pafs 
thro’ thefe Poles) m uft remain the fame.

X V I I I .  I  have had the good hap to meafure the Diftances o f  Mars from 
two Stars the fame N ig h t j whereby I find, that his Parallax was very fmal ^ Flamfteed.

certainly not 3 0 " :  So  that 1 bd ieve the Sun’s Parallax is not more than 10'''.
N. 96, p. 6iQd.

V o L .  I .  M m  X I X .  k

A  flippofed Al~ 
ttraiion o f  the 
Meridian Line , 

• • • • •  • • •  
N ,  2 5 5 .  p. 28^. 
Jiin* An, 1699«

Conftdered hy
Dr. WaJI's.
lh‘dt 2&E 9*
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7h JiTjd the Sftft’s X I X .  I t  m ay perhaps pafs for a Paradox, i f  I  fliould  ̂afifert. T h a t  it is an
TrlpÍLt̂ klul eafier M atter to be alfiired o f  the M om ents o f  the T ro p ic k s ,  or o f  the T im es 
by Mr. Edmund o f  the Sufi’s Entrance into Cancer and Capricorn  ̂ than it is to  obferve the true 
n*i?5. f. 11. T im e s  o f  the Equino6lials or Ingrefs into Aries and Libra, B ut I  here defign 
Feb. ^n. 1695. to ihew a M e th o d  to find the M o m en t o f  the 'Tropicks, capable o f  all the E x -

a¿tnefs the m oft accurate can d e f ire ; and that without any 'Confideration o f  
the Parallax o f  the Sun, o f  the Refra6bions ot the A ir , o f  the greateft Obli
quity o f  the E clip tick , or Latitude o f  the Place-, all which are required to ai- 
certain the T im e s  of the Equinodtial, from  Obfervation ; and w hich , being 
faultily aíTumed, have occafioned an E rro r  ot near three H o u rs  in the Tim es 
o f  the Equinoibials deduced from  the T ab les  o f  the N oble  Tycho Brahe and 
Kepler, the Vernal being fo much later, and the A utum nal fo m u ch  earlier 
than by the Calculus o f  t lefe famous Authors.

N o w  before we proceed, it will be neceffary to premife the following lem
mata, ferving to demonftrate this M ethod  •, viz.

1. T h a t  the M otion o f  the Sun in the E c l ip t ic k ,  about tlie T i m e  o f  the 
Tropicks, is fo nearly equable, that the Difference trom E qu ality  is not fenfi- 
ble, from  5 Days before the T r o p ic k  to 5 Days after, by reafon o f  the near- 
nefs o f  the Apogaon o f  the Sun to the T r o p ic k  o f  Cancer.

2. T h a t  for 5 D eg . before and after the T r o p ic k s ,  the Differences whereby 
the Sun falls ihort o f  the T ro p ick s ,  are as the Ferfed Sines o f  the Su n ’s Di- 
ftance in Longitude from  the T r o p i c k s ; which Ver fed Sines in A rches under 
5  Degrees, are beyond the u tm oft N icety  o f  Senl'e, as the Squares o f  thofe 
Arches. F ro m  thefe two follows a third ;

3. T h a t  for 5 Days before and after the T r o p ic k s ,  the Declination o f  the 
Sun falls ihort o f  the u tm oft T ro p ica l  D eclination, by  Spaces w hich are in 
Duplicate Proportion, or as the Squares o f  the T im e s  by which the Sun is 
wanting of, or paft, the M o m en t o f  the T r o p ic k .

H ence  it is evident. T h a t  i f  the Shadows o f  the Sun, either in the M e
ridian, or any other A zim uth , be carefully obferved about the tim e o f  the T r o 
p icks, the Spaces whereby the tropical Shade falls fhort of, or exceeds, thofe 
at other tim es, are always proportionable to  the Squares o f  the Intervals of 
T i m e  between thofe Obfervations and the true T im e  o f  the T r o p i c k ; and con- 
fequently i f  the L in e ,  on which the L im its  o f  the Shade is taken, be made the 
A x is ,  and the correfpondcnt T im e s  from  the T r o p ic k ,  Expounded hy 
be ereéted on their refpe6live Points in the A xis as Ordinates, the Extremities 
of thofe L in es  ihall touch the Curve o f  a Parabola. T h u s ,  a, b, c, e, being 
fuppofed Points obferved, the L ines aB, bC, f  A ,  í  F ,  are refpeftively pro
portional to the T im e s  o f  each Obfervation before or after the tropical M o 
m ent in Cancer.

T h is  prem ifed, we ihall be able to bring  the P roblem  o f  finding the true 
T i m e  o f  the T r o p ic  by three O bfervations, to  this G eom etrica l one : Ha
ving three Points in a Parabola, A ,  B ,  C ,  or A ,  F ,  C , given, together 'wilh 
the Direifion o f the Axis \ to find the Dijiance of thofe Points from the Axis.

( 2 6 6  )
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o f  this there are two C afes ; the one, when the T im e  o f  the fecond Obferva- 
tion B is precifely in the M id d le  between A  and C : In this Cafe, putting / 
for the whole T i m e  between A  and C , we ihall have A  c, the Interval o f  the 
remoteft Obfervation A ,  from  the T r o p ic k ,  by the following Analogy.

As 2a c —  b c to 2 ac  —  ~bc  ̂ fo is 7  or  A  E ,  to  A c ,  the T im e  o f  the 
remoteft Obfervation A ,  from  the T ro p ic k .

B ut the other Cafe, when the middle Obfer\’’ation is not exaftly in the 
Middle between the other two T im e s ,  as at F ,  is fom ething more operofe, 
and the whole I ' i m e  from  A  to  C , being put =  /, and from  A  to F ,  =

i i c b s sc e — and be  — the T h e o re m  will ftand thus,
rp. / - L  —  2b si i m e  lought.

T o  illuftiate this M etliod  o f  Calculation, it m ay, perhaps, be requifite to  
give you one or two Exam ples. r  n

, in the M o n th  oijune^ zx. Nuremberg, obferv*d
the Chord o f  the Diftance o f  the Sun from  the Zenith, by  a large Paral- 
la£ftck Inftrum ent o f  Ptolemy, as follows j

June 2 .  454^ 7*
June 9 ' 4 4 9 3 4 ' 
June 16. 4 4 9 9 *̂ '

and
June S. 44gy5> 
June 12. 44^^3- 
June 15. 4 4 9 9 0 .

In both thefe Cafes the middle T e r m  is exaftly  in the middle between the 
Extrem es, and therefore in the form er three, a c =. 5 3 3 ,  be =  4 7 7 ,  and t, 
the T im e  between, being 1 4  D ays, by the firft R u le ,  the T im e  o f  the T r o 
pick will be found by this Proportion •, as 589 to 8 2 7 7 ,  fo  ̂ or 7 Days, to 
9 Days, 20*'. 2'. W h e n c e  the T r o p ic k ,  An. 1500. is concluded to  have fallen 
June I I .  20*'. 2'. In the latter three ^ í  is =  10 7,  and b e  = . 15,  and the 
whole Interval o f  I ' im e  is 8 Days =  t *, whence, as 199 to  2 o 6 t ,  fo is 4 
Days to 4'*. 3 7 ' ;  which, taken from  the i6 th  D ay  at N oon, leaves ii'*.
20*'. 23'. for the T i m e  o f  the T r o p ic k ,  agreeing with the form er to the third 
Part o f  an H o u r.

A g a in ;  Ann. 1636 . Gajfendus zi Marfeilles obfer\’’ed the Sum m er Solftice 
by a G nom on o f  55  F e e t  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 E x a m p le  for the Second R u le .

St. N. Shadow Parts, whereof the Gnomon was 89428.

D
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T h e fe  being divided Into two Setts, o f  three O bfervations, each, v/z. T h e  

19th , 20th , and 2 2 d , and the 19th, 2 1 f t ,  and 2 2 d ,  we ihall have in the firft 
three’, c =  1 3 , and ¿  =  7 , ¿ =  3 D ays, s =  i and in the fecond, c =
15, and =  7 , ^ = 3 i  and i  =  2. W h en ce , according to the R u le , the 
19th D ay  at N o o n  the Sun wanted o f  the T r o p ic k  a Tin:ie proportionate to 
one D a y , as iU  —  ss¿>t02¿¿: —  2 ¿ J ;  that is, as 1 0 0  to  6 4  in the firft Sett, 
o r  1 0 5  to 6 2  in the fecond S e t t ;  that is, i**. jy''. 15'. in the firft, or 
2 5 '.  in the fecond S e t t ;  So  that we m ay conclude the M o m en t o f  the T ro - 
p ick  to  have been Juf/e lo ^  17*', 20'. in the M eridian o f  Marfeilles.

N o w  that thefe two T ro p ica l  T im e s  thus obtained, will be found to con
firm  each other’s E xaftn efs  from  their near A greem ent, appears by the Inter
val o f  T im e  between them , viz. i ‘*. 2'’. 30 '.  lefs than 1 3 6  Julian Years, 
w hereof i"*. i" .  8'. arifes from  the DefeCl o f  the L e n g th  o f  the Tropical 
Y e a r  from  the Julian., and the reft from  the Progreffion o f  the Sun’s Apogaon 
in that T im e  ; fo that no two Obfervations made by the fame O bferver in the 
fame Place can better anfwer each other, and that without any the leaft Ar
tifice or F o rce  in the M anagem ent o f  them.

W h a t  were the M ethods uTed by the Ancients to  conclude the H o u r  o f  the 
T ro p ic k s ,  Piolemy has no where deliver’d ; but it were to  have been wiihed 
that they had been aware o f  this, that fo we m igh t have been m ore certain 
o f  the M om ents o f  the T r o p ic k s  we have received from  them  *, which woulc 
have been o f  fingular U fe  to determine the Q iieftion , W h e th e r  the Sun’s 
Jpogson be fixed in the Starry Heaven-, or, i f  it m o v e . W h a t  is the true 
M o tio n  thereof ? I t  is certain, that i f  we take the A ccou n t o f  Ptolemy, the 
T r o p ic k  faid to  be obferved by Eu5tmon and Melon, Junii 2 7  Mane, Ann. 
4 3 2 .  anle Chrifium, can no ways be reconciled, without fuppofing the Ob- 
lervation made the next D a y , or June 28  in the M orning. A n d  Plolemyh 
own T r o p ic k ,  obferved in the 3d Y ea r  o f  Antoninus, Ann. Cbrijl. 140, was 
ccrtainly on the 2 3 d ,  and not on the 2 4 th  D ay  o f  June, as will appear to 
thofe that iliall duly confider and com pare them  with the L e n g th  o f  the Year 
deduced from the diligent and concordant Obfervations o f  thofe two great 
A ftronom ical Genii, Hij'parchus and Albatani eftablifhed and confirmed by 
the Concurrence o f  all the M odern A ccuracy . F o r  the Obfervations give 
the L e n g th  o f the T rop ica l Y e a r ,  fuch as to anticipate the Julian Account 
o n ly  one D ay  in 3 0 0  Years j but we are now fecure, that the faid Period of 
the Su n’s Revolution does anticipate very nearly 3 Days in 4 0 0  Years •, fo 
that the Tables o f  Piolemy, founded on that Suppofition, do err about a 
whole D ay  in the Sun’ s Place for every 2 4 0  Years. W h ic h  principal Er
ror in fo fundamental a Point, does vitiate the whole Superftrudure of 
the Almageft, and ferves to conviSl its Author of want of Diligence, or Fidelity, 
or both.

B u t to  return to  our M ethod  : T h e  great A dvantage we have hereby, is> 
T h a t  any very high Building ferves for an Inftrum ent, or the T o p  o f  any 
high T o w e r  or Steeple, or even any high W a l l  whatfoever, that m ay be fuf-

ficient
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ficient to intercept the Sun, and caft a true Shade, and make the Spaces large 
and fair j 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 W all which cafts the Shade, be 
f t r e i g h t  and fmooth at the T op , and its Diredion nearly Eaft and W eft.
The principal Objeftion is, 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 H alf of the Obje¿l-Glafs be cut off by a Paper 
pafted thereon, and the exaól upper Lim b of the Sun be feen juft emerging 
out of it, or rather continging the Species of the W all, (the Pofition of the 
Telefcope being regulated by a fine Hair extended in the Focus of the Eye- 
Glafs) I am aíTured, that the Lim it of the Shade may be obtained to the ut- 
moft Exadnefs. I 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.

X X . I have found it neceffary to make new Solar Numbers, becaufe in m  SoUr mm- 
my old I 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. I found 5. Caffmi'^ Obfervations, which I jln”Anf 1675.*
took from R kciolus his Afironomia R eform ata, much more accurate than 
'Tycho’s , and therefore fought out Numbers that might anlwer them. The 
Apogaum I found it neceffary to promote 44  Minutes; fo that Anno 
Ineunte 1655, it might be in s  7. 30. co. and to make the greateft Equa
tion only 1°. 54''. I whereby I found the Phanom ena would be anfwered
much more accurately than I expeéted, and as near, all things confidered,
as I could defire.

But ftill I was uncertain, whether the Refraftions in the faid 
Tables were ju il Meafures or not, and I had no Conveniencies for mak
ing Trial. A t lait I thought on this Expedient, which fully fatisfied 
me j ViZ.

I confidered. That if fome o f thofe Obfervations of the Diftances of 2 
from the 0  by Day, and from the Stars in 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 tw o:
The firft m ade^««. 1585, M arch  5. 4”- 42'* and f .  12'. pojt M eridiem  : 
whereby I 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 ’ 4  ̂ ’
and 6\ cr'. M ane. Where-from (applying and confidering

« fraélions
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fradions in both) I  found the Sun at 6®. .̂ 5''. to be 74°. 30'. in Confe- 
cjuence of the L ow er H ead  o f !!• The Difterence o f Longitude betwixt 
thefe two Stars is 17”. 5 9 ':  And therefore, now the Sun, in Confequence 
o f the Lucida Calcis il- 92°. 29'. So that the Sun’s apparent Motion be
twixt the Year 1582. M ar. 5. 4''. 42'. and the Year 1585. Septcmb. 15. 6*“. 
55'. Mane^ (befides the whole Revolutions) was 1S7®. 16'. but the Mean Mo
tion is 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 I deduced from Cajftni's correét Meridional Altitudes.

'I'he Sun’s Motion, by the Tables which I now ufc, grounded on this E- 
quation, 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 oí 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 in the 
T im e o f the Oppofition i which muil be reformed.

The E<)KMity if  X X I . There is ftill no fmall Difagreement among Aftronomers, how great 
Njturjí Dayii the Prolthaphacrefis is in equating T im e ; fo that Longcmontanus confeiTes, 
Proflffor I'f Ma- that he has found no greater difficulty in all his Aftronomical Labours : Which 
sevTííe.̂  ̂ when I took notice of, I confidered in fome Obfervations of the Heavens 
N. 118. p. 426. made by me, what might be the refult. And having a very exaót Pendulum 
o£i. An. 1Í76. ^ Meridian Line artificially contrived, I  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 
I reétified 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,) I was fatisfied at laft, that no natural 
Day, at this or that Seafon o f the Year, had a longer Revolution than another 
D ay ; whence I 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 I might releafe Aftronomers 
from this Scruple, which has perplexed fo many, and ftill perplexes them 
every D ay ; though the Equation of Tycbo, becaufe o f the Obliquity of the 
Ecliptick, muft not be rejeded.

Refuted; by Ur. 2. How Natural Days can be equal, and yet Tycho’s Equation be admitted,
I confefs I cannot comprehend. For becaufe of the unequal Right Afcenfions 
o f equal Parts of the Ecliptick, one Equinoftial Day will be ihorter than a 
Tropical Day, by 40  Seconds o f an Hour ; and 14 Tropical Days are longer 
than fo many Equinodial ones by the fixth Part of an H our, or ten Minutes. 
But this Difference I think muft be greater than that the ProfeiTor of Seville 
fnould not perceive it in his Obfervations j and therefore in examining them, 
I imagine he admitted Tycho's, Equation.

Now
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]Níovv if  we fuppofe that the Revolutions o f 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 Tim e is not to be re- 
jefted, which proceeds from the unequal Motion o f the Sun in his Orbit j for 
whereas the Apogee advances daily only 57'. 10" but the Perigee 61'. 1 5 " ; 
the Apogee will return fooner by 16" (or in the Tim e in which the Primum 
Mobile revolves 4'. 5".) from Noon to the Noon of the Day following, than 
the Perigee can. Y et 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 I 
believe is taken away in his Clock, by that Corredlion of two Scruples which 
he mentions; W hich 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 I confefs, that the Equation of 
Time proceding from the unequal Motion o f the Sun in its Orbit, may be 
removed, and direéled the contrary W ay, if  we fuppofe the Earth, or the 
Primum Mobile, to make unequal Revolutions: But if  he will confider the 
Nature of T im e, he will eafiiy underftand, that it is impoflible all its Inequa
lity ihould be removed.

I
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A Table of the Equation of Days, to be 
entered with the Place of the Sun.

G.

0
1
2
3
4

r

'Sub/' '

7 45 
7 26
7 7
6 48 
6 29

5 6 10
6 5 51
7 5 31
8 5 “
9 4 51

10 4 31
11 4 II
12 3 52
13 3 33
14 3 14

15 2 55
16 2 37
17 2 19
18 2 I
19 I 43

20 I 26
21 I 9
22 0 52

23 0 35
24 0 19

25 0 3
26 OAdI2
27 0 27
28 0 42
29 0 57

30 I II

'Add."

Tabula
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V ol. I.

A  T a b l e  o f  t h e  Equation o f  D a y s ,  t o  b e  

e n t e r e d  w i t h  t h e  P l a c e  o f  t h e  S u n .

m VP 4W/

G 'Add/' 'Add/' 'Add/' 'Add/' 'Sub/' 'Sub/'

0 7 44 15 34 »3 25 0 59 11 48 14 36
I 8 5 15 42 13 7 0 27 12 4 14 22
2 8 25 15 48 12 48 oSub. 5 12 19 14 21
3 8 45 15 53 12 29 0 35 12 35 14 13
4 9 5 '5 57 12 10 I 4 12 50 14 4

5 9 25 16 I I I 50 I 33 13 5 *3 55
6 9 44 i 6 5 I I 30 2 3 13 19 3̂ 46

7 10 3 i6 7 I I 10 2 32 13 32 13 37
8 10 22 16 8 10 49 3 I 13 44 13 27

9 10 41 16 9 10 28 3 29 13 55 Í 3 17

1 0 11 00 16 9 10 6 3 57 14 5 13 7
11 11 19 16 9 9 42 4 25 14 14 12 5^
12 11 38 j 6 8 9 17 4 53 H 22 12 44
13 11 57 16 7 8 5 Í 5 20 14 29 12 32

1 4 12 1 5 16 5 8 2 5 5 48 14 35 12 1 9

1 5 12 33 1 6 I 7 5 8 6 1 5 14 40 12 6

1 6 12 50 15 56 7 31 6 42 ‘4 45 11 52
17 13 7 15 50 7 5 7 9 H 50 1 1 37
18 13 22 5̂ 44 6 38 7 34 H 54 11 21

19 13 36 15 37 6 12 7 58 14 56 11 4

20 Í 3 49 *5 3 0 5 45 8 21 58 10 46
21 14 2 15 22 5 19 8 45 59 10 28
22 14 14 15 13 4 52 9 8 5̂ 00 10 10

23 14 26 Í5 3 4 26 9 31 5̂ 00 9 52
24 14 37 14 52 3 58 9 53 15 00 9 34

25 14 47 14 40 3 30 10 13 14 58 9 16
26 14 57 14 27 3 I 10 32 H 55 8 58
27 15 7 H 13 2 31 10 51 14 51 8 40

28 15 16 13 58 2 I 11 lO 14 47 8̂ 22

29 15 ^5 1 3 42 I 30 11 29 14 42 8 4

30 15 34 i i . 25 0 59 11 J i 1 4 26 7 4 5

N  n xxm.
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Spots ohferved m 
the Situ ; hy Mr. 
Boyle. N. 74

XXIIÍ,. yfw», 1660. J jr i l - z y .  About _8.of the Clock in the Morning there
p̂. appear’d  a Spot in the. lower Lim b of tlie Sun,  ̂a little towards the South of 

its Equator, which was entered about of the Diameter ot the Sun itfclf, 
being about in its iliorteft Diameter, o f tliat o f the Sun j its longeft, 
about o f 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 W eft ward L.imb, a little S(juth alfo o f its Equa
tor, that it firft appeared to be from the Ea ft ward Lim b, a little South alfo 
o f 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 o f a Quadrangular Form, 
and was encloled round with a kind of duikilh Cloud.

W e firft obferved this very lame Spot both tor Figure, Colour, and Bulk, 
to be re-entered the Sun, 2 5, 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. A t 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.

Ik

'he Ûft > V  ÍAÍ iiKJiH I t #  LKJ UliU XU va uu jlxi xu j

T a il o f  3. Scorpion, but on the 19th Day refembling a Melon-Seed.
7s- p 2. Aug. I I .  (S . N .) 1671. About 6 0’ Clock at Night, M. Cc>j[fini,

three-foot-Glafs, remark’d in the Sun’s D ifk, two Spots very dark, diilont
74. 1230- . '  1 1 . 1 r  I • r>. • 1-

Sots obferved X X IV . I .  16 7 1. 'M. Picard, at Sea near the 7 (?w/, obferved a Spot
inT hesL ih  in the Sun from Aug. 3. S t .  N .  to the 19th. It appear’d at firft like the
M . Picard. ^  ^ . i .r-v

N7/. 2. An?. I I .  fS . A'.)  ló '? ! .  About 6 0 ’ Clock at INieht, M . Lc’l/t'ii, with a.
3 y M . CaflTini.

II

N. 75-. p. 22Í0. 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 P ardlel 
o f  the E quator pafllng through the Center of the Sun  ̂ was about patt of 
his Diameter. The Tim é which lapfed between the Tranfit o f the Sun’s Cen
ter and that o f the firft o f  thefe Spots, was 22'". or 23". the Semidiameter 
o f the Sun then paifing in 66". The firft o f thefe Spots, being looked upon 
with a Telefcope of 17 Feet long, appeared wit i  a fomewhat Oval Fi
gure the other was oblong and a little curved, like the H ebrew  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 jo in ’d together.

Aug. 12. H e perceived that they were nearer his Center. T he Time be
tween the FaiTage o f the Sun’s Center, and that o f the interior Edge of the 
Corcnet which encompaffed them both, was then o f 16". A t 7 0 ’ C.ock it 
was but o f 15". and the Southern Lim b of the Coronet touched the Parallel 
pafling through the Sun’s Center, T he firft; Spot was compoftd of two
others almoft round, and conjoined. T h e  f e c o n d  r e p r e f e n t e d  t  l e  Shape of a
Scorpm i. T h e third was round. And they were al three environed with a 
Coronet, which was compofed, as we faid above, o f abundance of little obicure
Pricks. This Coronet appear’d to be clearer than the reft o f the Sun, v/hen

looked
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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 ones •, v iz . Five near the 
round Spot on the South-Side, and another near the Scorpion's Tail on the 
North-fide.

At 8 o’c lo ck  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- 
■)ear’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 i '. 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 T im e when the Paffage of the Sun's Center, and that of the Coro- 
n e fs  Lim b, was found to be at one time o f 8"- and another time of 7^, the 
Diftance of the Spots unto the Parallel pafllng 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 M quatcr on the North-fide, half a M inute; and 
there was but a Second o f Tim e from the PaiTage ot the Sun’s Center unto 
the Pafííige o f the fame anterior Edge of the Coronet.

At 8 o’ c lo ck  30'. the fore Edge was in the fame Horary Circle with the 
Center o f the Sun : So that in one Day and H alf, thefe Spots have run thro* 
very near the third Part of the Sun’s apparent Semidiameter, which giveth 
an Arch o f 19 Degrees and a H alf o f the Circumference of the Sun’s Body ; 
and confequently their D iurnal Motion about the Sun’s Axe hath been of 13 
Degrees; and the time of their P eriodical Revolution, as iar as we could con
jetu re  in fo little time, muft be about 27 Days and a Half.

Aug. 14.. At 6 in the Morning, there paiTed j 5". ot Tim e between the 
Pafiage o f the anterior L im b of the Croit n, and the PaiTage of the Sun's Cen
ter through the fame Horary C ircle: And then the Southern Lim b of the 
Cro-u-n was a Minute and an half diftant toward the North from the Parallel 
of the M quator., 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 o f 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, Eaft ward, it had an Appendix.

Aug. 15 At 6 in the Morning, there paifed 27". between the PaiTage of 
the anterior Lim b o f the Crown, and that or the Sun’s Center through the 
fame Horary Circle. T he Southern Lim b of the fame Crown was two M i
nutes and an half diftant from the Parallel o f the jE qu ator, pafllng through
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the Center of the Sun, whofe Diameter pafled in 2'. 9". through the fame 
Horary Circle. T h e firft Spot had a little changed the Figure *, the fecond 
was quadrangular, longer from Eaft to W eft than from North to South ; It 
appeared bigger than ordinary, and had withal on its Tides, within the com- 
pafs o f 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 Lim b, and the PaiTage of the anterior L im b of the Cnvon 
through the Tame Horary Circle ; and 38''. between the PaiTage of the an
terior Lim b o f the Crown, unto the PaiTage of die <Sa«’s Center. The Southern 
L im b of the Crown was 3 Í ' off from the Parallel of the JE q m tcr , paiTmg 
thro’ the Center o f the Sun towards the North : And the Obfervation laving 
been made yet more exadly at half an Hour paft 7 o f the Tame Morning, this 
Diftance was found of 3' 33'^ The Figure of the firft Spot in the Begin
ning of the Obfervation, differ’d not much from that of the precedent D ay; 
but afterwards it was Teen divided into two. T h e 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 N ight, the Figures o f thefe Spois 
were much changed. There were 5 Spots encloTed in the C row n ; 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 o f the fecond in the Morning; 
and without there were 5 Points on the South-Tide, and two more a little 
further to the North •, which Points were ranged as in another Area made up 
o f 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 in a manner thefe Letters F n J ,  
poñted from Eaft to W eft, and included in their wonted Crow n, which ft retched 
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 
o f the Sun, and that of the foremoft Lim b of the Crow n, and 4 7 t '-  between 
the PaiTage o f the anterior Lim b of the Crown, unto the PaiTage o f the Sun’s 
Center. The Southern Lim b o f the izm z Crown was diftant i i ' .  17". from 
the P arallel that touched the Sun on the North-Tide, and 4'. 38". from the 
P a ra lle l 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 
W eft. There lapfed 13". between the PaiTage of the anterior Lim b of the 
Sun, and that of the anterior L im b of the Spot, through the fame Horary 
Circle, and 524-". o f the foremoft L im b o f the Spot unto the PaiTage of the 
Center. T h e Southern Lim b of the Spot was 9'. 13". diftant from the Pa
ra lle l that touched the Northern Lim b o f the Sun, and 6'. 41". from the Pa
ra lle l that paiTed through his Center, A t 5 0 ’ Clock and 55'. at Night of 
the fame Day, there lapTed 11". between the PaiTage o f the anterior Limb
of the Sun through the fame Horary Circle, and the PaiTage of the anterior

Limb'
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3L,lmb of the Crown j and from thence unto the Pafíage o f the S m h  Center 
e;4i:". T lie  Lim b o f the Crown next the P arallel paffing through the Center 
o f the Sun  ̂ was diílantfrom the fame P arallel y'. 40".

j!'g . 19. from 4  to 5 in the Evening, the Spot appear’d oblong near the 
Sm fs Circumference, from which it was diftant about the Breadth o f the 
fame Spct.

Aug. 20 . in the Morning, which was not the full feventh from the Day that 
they were arriv’d to the middle o f 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 
Diik •, 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 M ifty Crown w as in a manner 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 E ail and W eft •, but being nigh the Lim b, the fame Diameter 
feemed to ihorten 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 o f the Sun, whofe equal Arches are by fo much the more oblique, by 
)iow much they approach more to the Lim b o f his Diik, and confequently 
appear lefs, according to the Rules o f O pticks :  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 Lim b, and whofe equal 
Arches (by the fame O ptical Reafons) do not appear contraded.. .

3. Several curious Obfervers at London^ have feen one o f thefe Spots recurr’d ’Bypiverjitr 
to the Sun’s Eaftern L im b, about Aug. 25. St. N . as M . Caffini predided they 51̂ 3.. 
Ihould return.

4 . Auz. 20 . 1671. I faw a large Spot in the Center o f the Sun*s Face about SyDr. Hook.
Noon. N.77.^«95.•

Sept. I . A t 3 o* Clock, I  faw the fame Spot moved about a Quarter o f the 
Diameter o f the Sun W eftw ard; it confifted o f one greater and two lefier 
black Spots, with a dujky Cloud encompafling them : T h e Diameter o f the 
whole Phaenomenon was about -7̂ * of the Diameter o f the 5««, and it was 
diftant from the next adjoining Lim b (that is, exadly one Quarter) o f the 
Diameter of the Sun.

5. The folar Spots have been obferved by us at H a m h fj, from Aug. 26, sy Mr. Hen. 
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 Lim b.

X X V . An. 1676. Ju n . 26. St. N . we have in the Sun a pretty h r g e  Spot^ spotsdfervcd in. 
which was in the middle of the Sun at Four in the Afternoon, with South g*
Latitude 4^ - Its Diftance from the fouthern Pole of the Sun by many Ob- N. 127, ̂ .665̂  
iervations I determined to be 784 Degrees. I f  it is o f a fufficient Confiftence 
to compleat its Circle, its Reftitution may be exp6¿ted at the Middle, in the 
Evening of Jtd y  2 5 , with greater South Latitude.

V
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XXVI. I .

Spoti ohfirved in 
the Sun s by Mr, 
Flamfteed, înd 
Mr. Hallcy.
N . 128 p* 62j ,

A t Greenwich, 
A. D . 1676.

At Oxford, 
A. D. 1676.

7 u/. 
0 . S.

Times o f  O bferva- 
iions.

Tm git.
from  the 

Sun’j  
Center.

South.
L a t.

'Tmes o f  O bferva- 
iions.

Long.
South.

L et.

h. ' / // / it h. '
.

/ //
.

/ //

25

27
28
29

30

^Ug. I .

2
3

4

6 4 6 p.m .C on. 13 40 2 8

ID 3 a. m. Con. 9 34 
5 40  
3 05
2 2¿;
0  37

3 25
2 50
3 27 
3 10
3 33

4  5 ^
10 3 1 a .  m. - - 

2 54  p. m. - - 
9 15 a. m. Ant.

6 21 a. m . ----- 3 55 3 22

7 20 a. m . -----
7 40 a. m . -----
7 3 3 . 1 1 1 . - - -  
5 6 p. m. - - - 
7 16 a. m . -----
5 9 p. m. - - -
6 2 p. m . -----
7 33 a. m. - - -
4  54 P* m. - - -

0 00
3 36 
6 54
8 7
9 57

13 15
13 25
14 7
14 43

3 30 
3 28 
3 50 
3 53 
3 40 
3 56
3 26 
3 14 
3 23

9 ----- 6 48 4  09

8 8 a. m , -----
9 36 a. m . -----
4  i6y  p. m. - - 
7 38 a. m . -----

9 49 
82 28
12 55
14 02

3 55 
3 27
3 58
4 4

M r. Hailey faith. That he faw a Spot again on the fifth Day, S'". io\  
mane^ very near the Lim b o f the Sun, fo that it appeared only as a fine Line ; 
but by reafon of its Finenefs and the too great tieight o f 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 J u k  25. he meallired to the middle of it j 
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 I fuppofe, but really Noirh : lor fo only 
his Obfervations will agree with thofe of i\4r. Flam fieed exaftly.

Hence it feems very evident, (faith M r. Flam fteed) that the Spot’s W ay was 
not inclined to the E cliptick  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 o f him. 
And by M r. Flam jieed's Obfervation, it was greateft on the firft of Augufi^ 
and then again inclining tov/ards the EcHptick. I f  you grant this, it will 
follow, (infers M r. Fiam jieed) that the Sun’s Axis was inclined to the Plane 
o f  tlie O rbis magnus j but the quantity o f this Inclination muft not be very

great.
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great. T h s 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 o f the Sun’s E qu ator  •, from Capricorn to Cancer^
South of the fame : And the Period of the Sun’s Revolution in refpeét of the 
fix^d Stars 25 Days 97 Hours, fufficiently exad. O f which things thefe two 
Obfervators iliy they might have been more certain, had not the in its 
PaiTage broken into fo many Parts, and thofe often varied tlieir Pofitions to 
each other.

2. W e 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.ñ^ 
at the apparent Diftance of 3 Minutes from the Center towards the South.
I t  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 I think this Spot to be different 
from ti'.at which we obferved in the preceding Month o f Ju n e. For fmce that 
had the middle o f its Courfe in, the apparent Diflc o f the Sun on the 28th 
Day of the fame Month, it muil iiave return’d nearly to the fame Situation, 
if it had been ilill in Being, in the Night following the 25 of Ju ly \ as is 
deduced both from its Velocity, the obferved Tim e of its Appearance, and 
alfo from the Courfe of the other Spots which we faw to finiih their Period 
about the Sun in the Space of 277 Days, or 274* Befides its Path is diffe
rent from the foregoing j for the firil was fomething more remote from the 
Equator of the Spots than the latter. And this, if it had Confiftence enough, 
return’d to the middle o f the Sun on S:pi. 5. in the Morning.

X X V II. 1684- A p r .i^ . About an Hour before Noon I difcover’d «
a large Spot entred within the Sun’s Difk, a little diftant from his following
l^imb. Thefe Appearances, however frequent in the Days of S(heiner and G a- n . X57. f 35.

lileo  ̂ have been fo rare o f late, that this is the only one I have feen in his Face
i\v\ct D ecem ber 1676. By the obferved Meridional Diftances of it, and the
Sun’s Southern Lim b from the Vertex at Noon, I found it to have 3'. 40".
more North Declination than the Sun’s Center; and at 3*’. 35'. after Noon,
I meafured its Diftance from his next Lim b 40".

Next Morning, A pril 26. I faw it more remote from his I.im b, and by 
the Obfervations then made (at 8**. rr.ane) determined its Longitude from 
the Sun’s Axis 66^ Deg. and its Declination from the Solar ^Equator 9^
Deg. South. Whence, fuppofing the Revolution of any Point of the Sun to 
the fame fixed Star to be performed in 25 Days, 6 Hours, the Angle of his 
K qualcr and our E clip iick  7 Deg. and the Longitude of his Northern Pole np 
16 Deg. I deiigned the Line of its Way or Prace over the Sun, and the Points . 
in it where the Spot would appear every Morning after at the fame Hour, 
till i:s Egrefs on the 8th o f M ay •, which I foui^d altogether confirmed by 
fuch Obfervationsas I made till then ; fo tliat I had no reafon to doubt of the

3 When

( 279  )

I D



ffl

;

:

I

k;

y ■

! r ;

't*

Í

• :u

,li •

To find in tehat 
Propartim the 
Planets are en- 
Itghtned by the
Sufiy by
M ,  A uzouc.
N . 4. p. 68.
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W hen the Spot was near the Middle o f the Sun, It appear’d very broad, 
and ahiioft Square, the Nucleus o f the fame Figure about 40" Diameter ; but 
when it was near the Lim b, much narrower, and almoft ova l ; It feemed to 
have Confiilence enough to endure a fecond Return; if it ñiall, it will enter 
the vifible Diilc o f the t o  on the 21ft o f in the Evening, and in its 
PaiTage over him deicribe a Line nearly ftreight, with greater Latitude from 
the EdUptick.

X X V III . One o f the Means ufed by M . Auzout to enlighten an Objedt 
in what Proportion one pleafeth, is by fome great Obje£t-Glafs, by him called 
a Planetary one, becaufe that by it he ihews the Difference o f L ight, which 
all the Planets receive from the Sun  ̂ by making ufe o f feveral Apertures, pro
portionate to their Diftances from the Sun, provided that tor every 9 Feet 
Draught, or thereabout, an Inch of Aperture be given for the Earth. Do
ing this, one fees (faith he) that the L ight which M ercury receives, is far 
enough from being able to burn Bodies, and yet that the fame Light is great 
enough in Saturn to fee clear there, feeing tliat (to him) it appears greater 
in Saturn than it doth upon the Earth, when it is over-caft with C ouds; which 
(he adds) would fcarce be believed, if, by means of the Glafs, it did not fen- 
iibly appear fo.

rhtt^uinoxesi X X IX . T h e  j E quinóles OÍ this Year, 1699, according to the Obfervations
o f M . W ortzelbaur at Nurenberg^ happened M arch  9. 20'*. 35'. 27". and 

n.z6s. Sept. 12. io\  22'. 42". which, by his Tables, ought to have h^tn M arch
20*'. 40 '. 30". and Sept. 12. io\ 32'. 52".

Tí ohferve SoUr X X X .  For the W ell obferving o f Solar Eclipfes, caft th e  Species of the 
Sffiia'mfteed. Sun through a good Telefcope o f a competent Length, on an extended Paper, 
N. 55. p. >104. placed behind the Eye-Glafs fo far, as that the faid Species may appear at

eaft 6 Inches over *, then divide both his Periphery  into 360 Degrees for the 
better obferving the Inclination of the C u ffs o f each Phafis, and his Diame
ter into Digits, and their Parts, by concentrick Circles, for meafuring the 
Quantities o f the obfcured Parts.

A n  Eclipje t f  the 
Smn, A n . 1666. 
June S2. at 
JLondon;
By Mr- W il
loughby,
D r. Pop«,
Dr* Hook) and 
Mr* Phillips#
N .  15. p. *95 .

X X X I .  1. The

It was darkned

E clip fe began at 5''. 43'. 
~T Diam. - - at 6 00  
4 Digit. - - at 6
I5 D i g . ------at 6
j6 D i g . ------at 6
7 D i g . ------at 6
6 D i g . ------at 6

7
13
21
39
57

h . '
- - at 7 6
- - at 7 13
- - at 7 20
- - at 7 26 

• - - at 7 32
o D ig . ------at 7 37

5 Dig. 
4  Dig.
3 Dig.
2 Dig. 
I Dig.

Its D uration  hence appears to have been one Hour and 54'. Its greateft
O bfcurity fomewhat more than 7 Digits. About the middle, between the
Perpendicular and W eft ward Horizontal Radius o f the Sun, viewing it thro

M r. Boyle*^

illl

J
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M r. Boykos 60  Foot Telefcope, there was perceived ia little of the Lim b of che*
Moon without the Diflc of the Sun; which feemed to fome'of the Obfer- ' 
vers to come from fome fliining Atmofphere about the Body either o f the Sun' 
or Moon. They aíRrm to have obferved the Figure of this ■ Eclipfe,- and 
meafured the Digits, by cafting the Figure tlirough a 5 Foot Telefcope on 
ar| extended lap er, fix d at a certain Diftance from t ie Éye-Glafs,'and having 
a round Figure ; all whofe Diameters were divided by 6 concentrick Circles, 
into 12 Digits.

2. The E clip je began at 4 4 .  52". mane> It ended at 7'’. 43'. 6". So^fP««* 
that its whole Duration was j**. 58'. 14". The greateft Obfcuration
7 5^'' feemed to have been greater by 3'. which M r. Payen im- ;
putes to a particular Motion or Libration of the Sun’s Globe, which enter-' 
tained that Luminary in the fame Phafis for the fpace of 8'. and fome Seconds, 
as if it had been flopped in the midfl o f its Courfe, rather than to a tremulous . 
Motion of the Atmofphere, as Scheiner would have it. The apparent Dia-  ̂
meters were almofl equal ; for in the Phafis of 6 D ibits, the Circumference 
of the Moon’s Difk pafTed tlirough the Center o f that o f the Sun, fo as tliat 
two Lines drawn througli the two Horns o f the Sun, made, with the com
mon Semidiameter, two Equilateral Triangles. ■

The Beginning and Middle o f the Eclipfe happened to be in the North-
/ V  T _ 1  * / ^ 1  J  7**’  J  * ]  O  1

Ecliptick. But the Middle and the End were feen. in the fuperior Limb,  in 
refped both to the Vertical and the Ecliptick : And, what to M. Payen feems 
extraordinary, botla the Beginning and the End of this Eclipfe happen’d to
be in the Oriental Part of the Sun’s Diilc.

'T 'U p  -/ÍÍ Madrid i 
ity the Earl o f  
Sandwich. 
Ibid- p . 256.

3. The E clipfe began about 5 o’Clock in the Morning, at 5'’. 15'
Sun’s Altitude was 6“. 55'.

The Middle of it was at 6^. 2'. The Sun’s Akitude 15®. 5'.
The End was exaélly at 7”. 3'. The Sun’s Altitude 25°. 24'.
The Duration 2*'. 4'.
Thirty-feven Parts o f the Sun’s Diameter remained light, and 63 were 

darken’d.
4. In this E clipfe it is chiefly obfervable, That the Semidiametcr of the At Dant̂ xk

Moon, from the very Beginning to about 5 or 6 Digits of the increafing 
Phafis, was almofl equal to the Semidiamcter of the Sun j but, aktr the
greateil Obfcuration, when I again contemplated the Moon’s Semidiametcr, I

Sun to the Semidiameter of the Moon was, as 16'. 9". to 16'. 22". but that 
in another Phafis of 6 Digits, the Semidiameters appeared equal.

V o l . I. O o O rder
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1
2

3

• ^

^ a n tity  o f  
the Phafes.

Ttm eejii- 
mated by a 
W atch.

•

Time hy a 
Sun-dial.

/í//íV. of 
the Sun.

for-
reSled.

h.  ' h.  '  " 0 / h. '  "

• • •

5 51 I '
5 S I  o s
6 0 0  GO

5 51 00
5 57 00
6 GO GO

17 45
18 37
18 55

5 53 12
5 59 28
6 I 28

Beginning. 
o \  Dig, 
o l
It

6 55 30 
8 57 30
7 0 23 
7 2 30

7 0 0
7 2 0

6 57 30
6 59 30

; 7 2 23
7 4 30

4
5
6 
7

i|  nearly
3^

7 4 50 
7 10 57 
7 14 59 
7 17 50

7 5 near. 
7 10
7 15
7 18 near.

' 7  6 50 
7 12 57 
7 16 59 
7 19 50

8
9

10
11

4  Digits. 
4t

6

7 21 35 
7 23 43 
7 27 53 
7 31 50

7 21
7 23 near. 
7 28
7 32

7 23 35 
7 25 43

.7  29 53 
7 33 50

12
13
14
15

64
6^fomet.mo.
7t
7^fomet.mo.

7 36 55 
7 38 5

'5  39 45 
7 42 3^

7 37 
7 38
7 39 
7 42

7̂ 38 55 
7 4 0  0

•7 41 45 
7 44 30

16

18
19

7^
7t  ,

8 nearly.
8t

7 44  6
7 46 0 
7 48 25
7 51 15

7 44 
7 46
7 48 near.
7

-
7 46 6
7 48 0 

. 7  50 25
7 53 15

20
21
22 
l a

8-^fomet.mo.
84
8|fomet, lefs
84

7 53 37 
7 55 45
7 59 5
8 6 i?o

7 52
7 56 near.
7 59
8 6

7 55 37
7 57 45 
8 1 5
8 8 3c

O hfervations.

T hat the Sun-dial 
does not intirely 
agree with the cor- 
refted Tim e, is to 
be imputed onlyto 
the MeridianLine.

The Beginning hap
pen’d about 79 
Degrees from tne 

Zenith towards 
the W eft

Hitherto the Semi- 
diameter o f the 
Moon was equal 
to that of the Sun.

The greateft Obfcu- 
ration was Dig. 8.
25'. The 
8. 2'.

Hour

Ordo



m

{ «83 )

l l

■T*)
'S',

^ a n iiiy  ó f  
the Phafes.

'Timé ejfi-
m ated by a 
Watch.

Time by a  
Sun-dial.

AUit, o f 
the Sun,
* •  •  W

Time cor- 
-rested.

'

1

h. f // h . ' " 0 / h. /

24 8 I I 25 8 12 8 '3 25
25 7Í: nearly 8 >7 30 8 18 8 19 30
26 7 nearly 8 19 41 8 19 8 21 40
27 5t 8 28 8 8 28

-

8 30 8

28 5 i  nearly 8 30 14 8 3 0 '
*  • m

8 22 14
29 41: 8 36 25 8 36 . 8

•  9  »

38 25
30 3t 8 43 19 8 8 45 ^9
3 * 3t 8 46 12 8 46 neaf. J 8 48 12

32 3 8 47 32 8 4 7 . .. 8 49 32
33 2 t 8 50 57 8 5 0 _ _ 8 52- 57
34 24 nearly 8 54 15 8 5 4 . 8 56 *5
35 *4- 8 58 24 8 58 . 9 0 24

3^ 8 59 35. 8 59
-

9 I 35
37 9 I 38 9 I 9 3 38
38 9 3 20 9 3 9 5 20
39

t

The End.
1 9 6 53 9 6_ 9 8 53

i

9 23 6 
9 24 16 
9 28 29
9 3P 3^

47
47
48 

48

33
42
10

- 28.

9 25 28
9 26 45
9 30 42 
9 33 12

O bfervations, '

Here the Semidia
meter of the Moon 
appeared greater by 
8" or 9".

Eaft. r

i

»i| 
f  •

i\k|
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Stoty June 23j 
(*y/« N.) î TS* 
at Darttickj 
by M. Hevclttis. 
N . i s ; ,  p , 660.
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0
S-

a

1
2
3
4
5
6

8
9

10
11
12
13
14
15
16
n
18
19
20
21

O bfervations. \Alt.oftheS.

I ..

The Sun’s Center in the Horizon 
Nothing yet in die Sun _ , - - -
rhe Beginning
Almoft 6 i  Digits were obfcured - - - -
6^ Digits
The greateft Obfcurátion |was nearly 6 Dig. 42'. 
6^ Digits - 
64 Digits - 
6 Digits

s i  Digits.

5 T Digits 
5 Digits nearly 
4-I- Digits - -
4t Digits - -
4 Digits - 
34- Digits - -

Digits - -
2 J  Digits - -
2 1 Digits - -
2 Digits

The Diameter o f the Moon was 
14'. 37". :the Semidiameter of 
the Sun being fuppos’d 15'.

1 ̂  D i g i t .............................
I I t  D i g i t ............................
I Digit - - - - - -
i  D ig i t .................................
The End. - - -  -  -
Altitude of the Sun -  -
Altitude of the Sun - -

‘¡Time cor.

1.. rftX% h. / tf

t

3 2 1 .■30
N 4 42 e

4 44 0
•1 5 32- 0
m - 5 34 0

s
1 5 38 50t
«I 5 4 3 --30
1* 5 47 30

.  ^
¥ *• •

4
i

i 5 49 •30
k

• ^
■■ i' f»rj 5 55

1

0

' « I• 1
A)i 5 57 0

m*
t
1 5 59 30

.  ̂r 11 6 2 0
I

6 4 15f
9 *

r -

I
:
11

6
_6

6
. 9

30
5̂

. f 6 14 35
6 18 10
6 20 0
6 22 0
6 24 0
6 25 25

• 6 27 10
6 30 300 • 

• 6 33 30
25 20 6 41 22
28 5 7 0 14

^  Edipfe of the X X X II I .  I . The Beginning of Obfcuration - - 
iwrtijunei. The End - - -  - -  - -  -
m\Caer"fiy Mr. _  _  The Duration o f the whole Edipfe

7 '
9
2

5 0 .
54t ' 
44

Francis The Tim e was obfcrved by a Pendulum Clock, correfted by Obfervations. 
63:. ■ ' The Telefcope made ufe o f was a very good one, o f 7 | Feet.

f i m e

m
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i

}

th eT m e accord
ing 'to Cl Pendu
lum Clock.

The P hafes. The Sum 
Altitude

The Time cor- 
rested by i h  
Altitude.

•

h. '
99

9
0 • , 9t ■ h.,r

/ //

7 34 50 22’ 46 7 36
*( » 

0
7 37 14 33- 10 7 38 4.0
7 39 10 1 33 30 7 40 48
7 50 40 oi: Digit. 51 51 Eftimated by a Tele-
8 8 34 i-̂  ‘Digit. % 8 9 45 fcope.
8 17 25 24 Digits. 8 18 3^ Meafured by aTele-
8 27 10 Digits. 8» 28 21 fcope. ;
9 39 14- Digits. \

9 40 •Eftimated by a Tube.
c 9 43 -Digits. 9 44

9 48 Digit. 9 49 •
1

9 54 25 Not ended. 9 55 3^
'9  55 55 Ended. 9 57 6
4  26 5 » 32 10 4 26 56 N
4 28 58 * 31 53 4 29 52 *

4  31 2 3 1 3 • 4 32 16

2-
Wapping; 

hy Colfont 
UL

For performing thefe Obfervations I had the Afliftance of my Friend Mr. 3* 
Uahy. W e had prepared two Tubes, one was i9|St Inches long, which had^*^yt*F^- 
one of l^ownley*^ Micrometers. I  took -myfelf th¿-Meaíur€s of the- eight firft 
Phafes. The other was only 103Í Inches long, with which, and widi niy 
Micrometer, Mr. Hailey took the Meafures affigned to them. But in riie laft 
two Obfervations, with the lelTer Tube and my Micrometer, (fitter for this 
Ufe than the other,) I took the Diftance of the Azimuths falling by the lucid 
Limb of the Sun, and the neareft Cufpid of the Eclipfe; while Mr. Hailey in 
the mean time meafured the lucid Parts, and the Diftance of the Cufpids 
with the - greater Tube. A  little before the Beginning came the mofb noble 
Lord Vifcount Brouncker^ Prefident of the Royal Society, who proved by his 
own Judgment the Meafure o f the Sun’s Diameter taken with the longer 
Tube. At the Hour 7. 45'. the Sun firft appeared through the Clouds. The 
Obfervations were thus.

r-
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( 386 )
O Hour by the

P in . Clock.
, 0

5s-r<>

S'
I

4
5

7
S’
9

IQ

CorreSl.ed. W ith the longer l^defcope.

h.
/ ft h. f //

7 46" 00 7 45 00

7 54 50 7 53 50

7 58 24 7 57 24
8 04 12 8

• • 03 12
8 13 40 8 12 40
8 .18 37 j8 17 37
1 21 06 8 21 06

8

9 %

28 01
#

8 27 01
8 29 01 8 28 01
8 35 12 8 34 12
8 40 20 8 39 201

10 02 00 10 01 GO

10 04  00 .10 03 oo|

W ith  the Jhorter,

No Eclipfe as yet.
C The right Side o f the Sua 

<  appeared Eclipfed, hav- 
ing got clear of the Clouds.

][ C ------- —̂  2 0 4 0 =  10 10
I C  ----- ^  2779 =  13 56
Í C ---------- 3580 =  17 52
P L ---------- 4975 =  24 50

TheSun’sDia. 63 60 =  31 43

P L
P L
Í C

4565 =  2.1 46  
4478 =  22 18 
4417 =  22 00 A Z

P L
I C -
P L

i

A 2 -

3198
233 4
2989
3850
2888

2310
2070

26 18

29 13
H  35 
31 ,40

57
■

19 '00
.17 02
« I

Afterwards the Sun got behind the Clouds* until 
t^e Lim b emerging through the Clouds,appeared freej 
from the Eclipfe. It came out clearer, and nothinj 
was found wanting in the Lim b._______________

For correding the Clock, I had taken the Day before theJEclipfe, May 31. Mom.
'■TbeHouroj 
the Clock. •

TheSu,
.iltitUM

iheTm ecom pu. 
•¡d fro m  tbi ice.

ihi•
Error.

h. ' " 0 / ' h. ' " / //

7 07 12
7 ID 16

TheAltitude o f the inferior Limb.
O f the fame Limb.

¿7 47
i8  16

7 06 09
7 09 19

I 03 
0 57

5 !?2 00 
5 35 23 
5 45  17

Again Ju n . i .  Afternoon. 
Altitude 0Í the inferior Lim b,

O f the upper Lim b 
O f t ie Lower.

t
22 06 
22 06 
20 6

. 5 3 i 06
5 34 34 
5 44 18

3 5  ̂
0 49
0 59

8 9  4 4
8 13 36
8 15  44 
8 17 51 
8 20 I

Laftly, Ju n e  2. Morn. 
Altitude o f die inferior L im b, i^c. 37  34  

^8 09
38 28
38 47
39  07

8 08 45 
8 12 34

8 18 49

0 59
1 02

I 11

correded in the Eclipfe. i i t

% n £ D



‘Ih e  Hour 
oftheP end. 

Clock.

h. / //

8
8
8
8
8
8
8
8
8
9
9
9
9

o6 
11 
i8 
21 
26
34
42
46
51
00
1 2

30
41

45
00
00
00

14
00

15 
30
45
00

34
55
15

C orrected  
hy.aM erid. 

L in e.

(  2 8 7  )

8
8
8
8
8
8
8
8
8
9
9
9
9

8
12
Í 9
22
27
35
43
48
53
01
14
32
42

27
42
42
42
56
42

57
12 
27 
42 
16
37
57

M eafures.

I C 
P L  
I C 
P L  
I C 
P L  
I C 
P L  
I C 
P L  
I C
Í c

I I 9 0

1935
1 4 0 5  
1 8 0 5  
1 5 0 4  
1 711
*551
1 7 0 2

1553
I 8 0 I

1357
8 7 2

Phafes.

t t tf

10 09 perhaps 1 1 09 =  14 50
26 15

0 4
30 
47
13
03 exadlly.

23 20 o r ----- 1720 =  23 15
20 04  precifely.
24 33
18 25
1 1  5 0

19  
2 4
20

23
21

4 '
At Townley ; 
hj Mr, Rich. 
Townley- 

Ihid- 633.

n

The Ecliple was ended, as near as I could perceive, 
becaufe of the A ir’s tremulous Motion. The Place o f the Exit was fo near the 
Vertex, that I could not well determine which way it inclined from i t ; though 
at (f. 29'. by the Clock, the Cufpids appear’d parallel to the Horizon.

At 9“. 10'. the Sun’s Diameter was 2334, exa£tly enough as I thought.
Afterwards when the Sun came to the Meridian, by a long Meridian Line, 

the Clock was found too flow by i'. 42''. But by a great Equinoftial Dial, by 
which I could diftinguilli to half Minutes or lefs, the Clock was too flow all 
this Morning only 45". Y et I rather triift to that Corredlion by the Meridian 
Line, than by the Sun-dial.

7*'. 50'. Nothing under the Sun.
7 5 o t The beginning exaftly.
7 52 The Defe¿t was obfervable.
9 G O  Digits 3 f.

5-
At W in gfif ld ,  

Derby ̂  by

Ihld, Fig- iz6.

9 11 Digits 3
9 21 Digits 2r-so-
g 4 7 jN o t  finifli’d, but the End M'imm7n.

^ juft approaching S T ‘,64.
6. When the Sun appear’d out of the Clouds, approaching to an Altitude Paris by 

of 48 Degrees, I  direded my Qiiadrant to him, and held it immoveable at 
this Altitude. From the Tim e that the upper Lim b o f the Sun a , touched 
the horizontal Thread cd 'm  the Focus of the Telefcope, to the coming of the 
Center there pafs’d 104" ■==. a b  ox h r . From the Paflage of the C e n t e r t o  
that of the upper Lim b of the Moon í?, were 1 — h s. From the Franfit of the
CenterAto t iat  of the upperWeitern Horn e, were From theTranfit
of the Center b to that of the lower Eaftern Horn /, were 93" =  2 k. Hence is 
determin’d the Line of the Horns i (fetting afide the Variation) and its In
clination to the Florizon I k and the Point of Concourfe ^ of a I ’ungent to the 
Moon with the Secant i e p ,  and the Tangent it felf being a mean Propor- 
^onal between p  i  and p  e. Allb the Angles ft oe^ t o i  \ and hence tlie Angle 

and the Triangle i 0 6 infcribed in the Circumference of the Moon.
From thefe and other Aftronomical Principles I have deduced, that the be

ginning at P aris  ought to be 7'’. 55^ The £.nd about I0^ 12 . ^

ED
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Dantz.ick; 
by AÍ, HeveliuSt 
1 bid, p, 666.
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( 288 )
The Time ac-%
cording to a
Sun̂ diat̂  and
Pendulum
Clock,

Altitudes o f  
the Sun.

corre ¿i ed by •/

A ltitudes.

Cti
c

h. '
//

h. ' " h. ' '' %>

4

7 58' ro 3 6 1 7  0 7 58 18
8 1 30 36 41 0 8 1 6 •
8 3 30 37 3 0 8 3 39
8 50¡ 30 8 50 0
9 2i¡ 30 9 2 1  0
9 22;

1 30 9 22 0 I
9 24 10 9 23 40 2
9 24  55 9 24 25 3
9 27 28 9 2 7 0 4
9 29 40 9 29 10 5
9 33 25 9 33 0 6
9 36 30 1 9 3  ̂ 5 7
9 39 35 9 39 JO 8
9 45 ,49 9 45 25 9
9 54 22 9 54 0 10

10 .. 3 
• ̂ 44 •

l o  3 22 11
lo 8 30 10 8 10 12
10 18 n 1 0 1 8  0 ‘ 3
10 22 42 10 22 22 14
IQ 26 19 10 26 0 15
10 35 24 10 35 6 16
10 38 53 10 38 38 17

47  34 10 47 20 18
10 53 4 9 Í 0 53 30 19
10 58 17 10 58 8 20

£; 27 • I I  5 20 21
11 8 50 I I  8 4 4 22
11 22 13 II  22 8 23
I I  2 9  14. u  29 10 24
”  3 5  25 I I  35 20 25
‘ I 3^ 59 36 55 ¿6
‘ I 39 Í 5 I I  39 15

39 4 0 II  39 40

4  18 10 33 M  0 I I  18 19
4  20 0 32 25 0 II  20 36

‘Their M agni
tudes.

Digit.
4 almoft.
i  Digit, 
i  Digit.
1 Digit.
i4- Digit.
14- almoft.
2 Digits.
2“ Digits.
3t  Digits.
4 Í  Digits.
4.% Digits.
44- almoft. 
4Ífom et.m o. 
44- almoft.
4. 22'.
4^ almoft. 
4Dig.almoft. 
3-1- Digits.

Digits.
2-1- Digits.
2-i Digits.

almoft.

4fomet.mo.

O bfervations.

T h e  Sun appear’d quite clear.

Nothing yet in the Sun. 
The Beginning of the E- 

clipfe.

A t the Hour 10*. 31'- 0. 
was the greateft Obfcu- 
ration.

T h e  S .n o t yet clear of the Ecli. 
I 'h e  End o f  the Eclipfe'.

y.wá

ill
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( 2 8 9 )
By Calc, from  
tbeRudolphine 

Tables.

By O bfer- 
vation. D i f Time.

0 / /)t 0 / f ft h. ' "
Semid. © G 15 0
Semid. < 0 15 3 0  13 53 I 10 10 0  0

0  14 0 I 3 10 2 4  0
. 0 14 50 0 13 I I  0 0

0 15 0 0 0 The laft
h ' " h. ' "

Duration. I 50 58 2 17 40

1 0 2 0 .

8. On the preceding Days we chofe a very fit Place, in whrph we enjoy’d At Avifrnon; 
a clear open Air \ which was at the Convent of the B arefoot Cdiindites^ which ^ 
in refped: of the City o f Avignon inclines to the Eaft, and being clofe to the "
Walls enjoys a good Air, free from the Smoak and Vapours oî  the City. In 
the middle of the Garden we erecfted an Apartment, which we rnade dark with 
Tapeftry Hangings, and in this we fixt our Inftmments neceflary for Obfer- 
vation. :

W e fitted our Telefcope with a concave ocular Lens, and cpnvex Obje<5t- 
glafs, having a double Motion with a firm Support, that is, veriical and hori
zontal, carrying about with it a little Board'made immovable by ftrong Skrews, 
cover’d over with a white Paper that was always parallel to the>Eye-glafs, on 
which we defcribed the folar Image determin’d by the Diftance of the Tele
fcope. The Diameter of this we divided into twelve Digits by concentric 
Circles, and every Digit into 60 P^rts.

Inftead o f a Quadrant, which requires much Caution, and is liable to waver
ing, we placed a Gnomon very well divided into 100 Parts, for taking the 
Sun’s Shadow •, fo that it might freely move, and yet keep its vertical Situa
tion by means of a Perpendicular. Lailly, we prepared a Clock that ihew’d 
Minutes and Seconds, and went with a Pendulum vibrating in a Cycloid.

On the I ith  of June^ which was the Day o f the Eclipfe, at about an Hour 
after Sun rifing, to the beginning and end of the E c  ipfe, we received his 
bright Image upon the Paper without Intermifiion; and every one o f us 
watch’d it with an Inftrument appointed for liim. M . de Beauchomps^ the 
great M ecenas of the Mufes at Avignon^ and my felf were at the Telefcope ; 
the quick-fighted M . de St. Florent was at the Gnomon •, M . M o u t o n i e r at 
the Clock, along with M. Marin^ a Prieft, who was vecy converfant in Ma- 
thematicks, but particularly in Clock-work.

Prefently and I'enfibly the Shadow began to enter the Diik ; over againft the 
firil Phafis I put down the Quantity ot the Parts obfcured, the Shadow in the 
Parts of the Gnomon, and the Hour told by the Clock ; and thus I collcfted 
39 Phafes, wh'ch are .contain’d in the iollowing 7 ’able'- 

V o l.  I. P p
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•

•

b

•

■
D. '

I 0 27
2 I 0
3 1 30
4 3 0
5 3 25
6 h 30
7 4- 4C
8 5 0
9 5 3^

IC 6 0

11 6 40
12 6 50
13 7 0
14 7 20
15 7 8
16 7 0
17 6 35
18 6 25
19 5 25
20 5 0
21 4 4 0

22 4 35
23 4 0

24 3 53
25 3 35
2 t 3 30
27

>
/ 26

28 6
29 3 0
3^ 2 48
3 ' 2 35
3 ^ 2 25
33 2 G

34 I 5 0

3 I 0
3 ' 0 4 0

37 0 3 0

3 8 0 20
•

39 r mis

The Shadow o f  
the Gnomon 

in fu ch  P arts  
as the Gnomo 
contains 400

561
536
520
478
466
438
4 3 4
4 24
412
394
375
371
406
350
339

325
3^1
296
286283

266
262
262
260
254

249
246'
243

236 
226  
220 
2 1 7 
214 
209

T'he Sun’ s
apparent
Altitude.

//

15
16

9̂
[o
f2
4.2

3̂
44
+5
+.6

47+8
49

29 
44
34
55
38
24
39
19
9

10
35 
5^̂ 
Í 7
30
29

23
o

35 
39 

7 37
23
30
14
58
53
12
57
50
I f
30
37
10

í;o 39 22 
51 o 12 
53 10 29
53 55 14
54 27 6

5^ 3 3 5 5 6  
56 28 ig  ¿6
56 37 32 5<3
56 43 3 4 5 6
57 15 59 57

A lti
tude.

;9 
48
42
42
43
44
45
46
46
4 7
48
49

:o
51
53
53
54

The Hour 
by the Pen- 
dulumClock

The Hour 
corrected  

by the Sun’s 
A ltitude.

57 50 48
58 9 32
58 26 I I

59 Í2 33
60 16 59
60 2J
61 16 
6i
62

1 1
, 6  12 
6 23 62

57
58 
58

59
60
60
61 
61

/ / h. / n h. / if

28 48 7 50 31 7 50 34
43 28 7 57 25 7 57 28
33 37 8 2 3 8 2 7
54 57 8 Í5 14 8 15 13
38 6 8 1 9 0 8 1 9 14
23 53 8 29 1 9 8 29 6
39 37 8 30 59 8 30 34
1 9 3¿ 8 34 34 8 34 i 8

8 52 8 39 1 9 8 38 56
10 39 8 44 54 8 44 44
35 33 8 5 ? 1 9 8 52 45
54 0 8 54 54 8 54 31
17 14 8 56 44 8 56 44
30 23 9 3 44 9 3 44
28 58 9 9 14 9 9 15

9 11 0
39 10 9 15 54 9 16 12

0 0 9 18 H 9 i 8 11
10 1 9 9 31 5 9 31 1
55 5 9 35 44 9 ^5 30
2 6 57 9 38 39 9 38 43

9 42 3
9 47 1 9

03 27 9 48 45 9 48 36
28 22 9 51 29 9 51 1 1
37 25 9 52 11 9 5 ' 59
43 27 9 52 34 9 52 45
15 53 9 56 5 9 56 l O

9 57 4 0
50 42 9 59 34 9 59 53

9 26 10 I 34 10 1 53
26 5 10 3 0 lO 3 41

ID 6 46
12 28 ID 8 56 10 8 47
16 55 ID 15 51 10 16 0
56 16 10 20 57 10 20 31
16 6 10 22 54 10 22 50
36 8 10 25 0 10 25 12

6 1 9 10 28 41 10 28 50

I'h e Horns were 
vertical.

The greateft Ob- 
fcuration.

Horns were paral
lel to the Horizon.

W ellern H orn  was ver
tical w ith the Center 
o f  the Sun.

f n r



( )

The Proportion o f the Diameters appear’d equal, in the Edipfe of fix Digits •, 
for then the vertical Horns o f the Sun were diftant on each Side from the Sun’s 
Vertical about 30 Degrees. Whence it appears the Center of the iVToon was 
then found in the Sun’s Periphery, and that the Line through the Center was 
equal to the Sun’s Semidiameter. But after the middle of the Edipfe we found 
fome Change in the Diameter o f the Shadow •, for the Shadow appear’d a little 
more convex, and therefore the Diameter was fhorter, but almoft infenfibly.

ED

Tifne by the 
Pendulum 

Clock,

Time cor- 
reSfed by 
Obfei^a- 

tion.

h. ' 
2 12 
2 21 
2 2l
2
2
2
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3
3
4 
4 
4 
4 
4 
4 
4 
4
4
4
4
4

32
46
Si
5
9

10
11
12 

3̂
17
21
n
25
29

33
40

43
45
49
50
54
56

2
6 
8

16
17 
24
24
27
29
30
33
36

30
2

25
20
40
37
23
5
4

47
15 
23
43
48

o
40
51
54

8
16

35
15

2
20
45
58

o
45
32
44

8
20
'4
36 
32
06
22

I

h. '
2 03 
2 la  
2 12 
2 23 
2 37

//

I

!

2
2
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3

42
56
00

I
3
3
4 
8

13
14
16 
20
25
31
34 

3 36 
3 40

41
45 
48
54
57 
00
7 
9

15 
15
18
20
21
24 
27

45
17
4.0
35
55
52
38
20
19

2

3°

58
3

15
55

Obfervations.

Far/s objcU''

rcii,rfctvhich Parts free
iznvere \in the M i-
^qualtothe ûrometer, 
^un s D ia m .

The Sun was perfect; then Clouds. 
The S. eclipfed very lit. at low. Limb 
Parts obfcured above the Shadow - -

I

The Center.

The Horns were horizontal.

3
3
3
3
3
4 
4 
4 
4 
4 
4 
4 
4 
4 
4

23
3.1
50
30
17
35
00
13
15
00
47
00
23
35
29
5Í
47
21
37

The low. Cufp. was at the S.’s Nadir

The Center.

almoft

Vertical Cufpids were diftant 84' 
Between the Cufpids - - - -

Between the Cufpids - - -

Between the Cufpids

The End exactly
P  p  2

0-Í-

4

I I

'5
16

17

18

19 

19

18

17
16
15
13
12 
118

5

21

I 22 19

15 07
14 36

12 30

12 II

17 32

15

12

35

22

X X X IV .
Wrj Fclipfe c f  
the Sun, July 
id  1684. At
Greenwkh; 

Fiamfteffd. 
iCz. p. 691

I

Then
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I'hcn fo find the Error of tlie Clock.
H our by 
the Clock.

D ijtances from  the 
Vertex.

T!he H . thence 
computed.

'The hcrci-y 
E rror.

h. ' "
4  43 38
4  4 5  48 
4 46 56
4  4 9  3

O f the lower 
Limb of the 

Sun.
t

0 '
6 0  I I  G O

60 31 20
60 41 50
61 I  4 0

h. ' . " 
4  34 5 ^
4  37  7 
4  38 15 
4  4 0  22

/ //

8 42
8 41
8 43 

■ 8 41

At P a r is ; ^  
M, Biillialdus. 
N , i6z. p. 693.

A t the Obfer- 
vatory ¿ br M, 
CafFi >1 N. 162« 
f  693 N . 163. 
p. 7ÍS-

2. The Altitude o f the Sun was 50°. The beginning was elapled, the Sun 
being cover’d with Clouds, and about a Digit was eclipl'ed.

The Sun’s Altitude was 41°. 15'. a little more than 7 Digits. It reached
8 Digits.

The Altitude of the Sun was 29®. 30'. T h e End.
3. The Beginning of the Eclipfe could not be feen, but was deduced from 

the following Phafes. The apparent Diameter of the Moon appeared lefs than 
that of the Sun. It was judged that the Dilatation o f the Sun’s Light, might 
make the Moon’s Diameter feem lefs.

L

Phafes. Time. Phafes. Tim e.

h. / / / h. i f

Begin. 2 25 30 /^Digits 3 35 0 0
or 2 25 55 7 Digits 3 55 50

I Digit 2 32 50 6 Digits 4 4 10
2 Digits 2 40 00 5 Digits 4 12 25
3 Digits 2 47 40 i Digits 4 ' 1 9 15
4 Digits 2 54 10 3 Digits 4 25 50
5 Digits 3 2 00 i Digits 4 32 15
6 Digits 3 10 5 ■1 Digit 4 37 40
7 Digits 3 20 10 End. 4  43 23

4 *
“By de U  
Hire éjnd Po- 
thcnot. IH(i> 
f, 7x6.

PuuJ S. 'It me. Plyajes. 'Tme.

Begin h. ' " h. '  "
ning. 2 25 24 7 Digits 3 53 34
I Digit 2 33 2 6 Digits 4  3 53
2 Digits 2 40 30 5 Digits 4 I I  3 ,
3 Digits 2 47 47 4 Digits 4  17 4 ^
4 Digits 2 54  41 3 Digits 4  25 14
5 Digits 3 2 41 2 Digits 4  31 5^
6 Digits 3 1 2 6 I Digit 4  38 I I
7 Digits 3 20 54 End. 4  43 27
7 Dig. 5' 3 36 27

The

-f
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The Beginning was deduced from many Obfervations made foon after i t : 

The Moon’s Diameter appear’d then not to be more than about 30' j though 
by the Obfervations of her Diameter fome Days before and after, it was judged 
to be 3 1'. 30". But the Extremities of the Horns, on which depended the 
Exadnefs o f the Determination, appear’d a little blunted.

Phafes. ‘Time. P hafes. Titne.

Lefs than
Í Digit ‘ 
1 7  Digit
2 Digits
3 Digits
4  Digits
5 Digits
6 Digits
7 Digits 
7^ Digits

h. ' "
2 29 30 
2 37 40 
2 40  25 
2 48 34
2 54 30
3 3 00
2 12 40
3 22 18
3 38 4

7 Digits 
6 Digits 
5 Digits 
3 Digits 
2 Digits 
o f  almoft.

h. '
3 51 20
4  2 25
4  10 50
4 24 31
4  29 54 
4  41 00

A t the College 
of Lewis rhe 
Greats by R. 
P. Fonccnay, 
/¿.p. 717.

6. The Beginning was at 2\ 54'. 30". The End at s ’*. 9'. 9' 
nefs o f the Eclipfe 8 f  Digits.

The Great- -̂ ‘ Aíxí ty m.
Gautier* lé. 
7*8.

P hafes.

Time.

By Fix'd Stars. By the Sun.

I Digit 
8i  Digits 
1 Digit

h. ' "
2 45 3
3 53 52
4  59 20

h. '
2 50 3
3 58 52 
5 4  20

A t  Lyons ; by 
R. P. Paul 
Hofte.

At 26'. 14" (by tlie Stars) the Diameter o f the Sun and Moon 30'. 
58". But at 4“. 20'. 34". the Diameter o f the Sun 30'. 58". o f the Moon
30'. 5"-

P hafes. T m es.

The Beginning o f the Eclipfe
The Edge of the M<5on at the Sun’s Center
The Horns Horizontal 
The Horns Vertical 
The End of the Eclipfe

h. '  "
2 40  00
3 2-5 00
3 AO 00
4  ^5 00
5 * 30

A t the 
R»fes,‘ ly M  
Cbaílélles. Ih- 
t, 719.

The Greatnefs o f the Eclipfe about  ̂ of the Sun’s Dianoeter, at which 
Time Fenus might be feen without Jt̂ ain, The

D
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Íí‘

'ii

l'
i

í
•l

íi;

A (  H onfiíur; 
hy M- de GIm. 
ihid.
At Pan 5 R .  
i \  Richaud. ik»

I r.
A v ignon ; 

by R. P. Bonfa.
m .

( 2 9 4 )
9. The Beginning was at 2". 15'- 2 ' ' ;  the End, at 4". 3 4 . 35". T): 

Greatnefs more than 8 Digits, but lefs than 9.
10. A t i\ \  the Ecliple was not begun : A t 3^^ at 10 Digits : The Er

at 4-^^
Phafes. Time. Phajes. ‘Time.

TheBe- 
ginning 
I Digit 

IgDigits

h. ' "  
2 43  27
2 51 58
4  2 00

HornsVert.
i t  Dig. 
The End. 1

h . '  "
4  24 32
5 Í
5 4  ,97

uic Oxford ; by 
i>r.Ed Ber- , 
nard.
N . 164, p. 747,

I  he bun s Uiameter 3 1 - 3 0  : J-ac muuii » ;̂ u . u .
12. The careful Hand o f Dr. JV aliis determined the 40  Phafes of this 

Eclipfe. Alfo the learned M r. C afw ell, and Dr. R ooke obferved the true Time 
o f the fame, by taking fome Altitudes of the Sun, where our Clocks and

I

y

Pendulums were deficient.

Obfcure
D igits

y  Üjeir
Tenths.

Time by the 
Clock cor
real. hy the 
H eavens.

h ' "
2 03 00 The beginning o f the Eclipie.

0 6 2 07 44
I 0 2 10 /|/|
 ̂ 3 2 13 19

I 9 2 I 5>4 -
2 2 2 21 34
2 6 2 23 44
2 9 2 25 39
3 5 2 29 54 • m -m
4  0 2 33 04
4  4 2 36 34
4  6 2 40  04
5 0 2 43 H
5 3 2 48 19
5 6 2 50 09 The middle o f the Sun obfcure.

2 57 30
6 7 2 59 *4
7 4 3 08 24 The greateft Obfcurity.

I I 3 I I  09
6  8 3 29 19
6  7 3 31 39 Darknefs again at the Cent, o f  the Sun
6 0 3 37 24 •

5 7 3 39 29
5 5
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5 5 3 44 29
5 0 3 47 59
4 4 3 50 34
3 9 3 53 54
2 9 4 2 49
2 5 4 4 39
2 2 4 6 19
2 0 4 7 54
I 4 4 13 9
I 0 4 15 4
0 7 4 16 49
0 3 4 19 39

4 21 The End o f the Eclipfe,
Liibon. {ft 

t ‘ 749-
13. Mr. Jacobs  at Lifbon  noted 
The Beginning of the Eclipfe at 30' exadly.
The Ending at - - - - -  4 jz .
14. M r. A jh and Mdyneux^ toward the middle of the Eclipfe, having a teiand. a, 

Ihort View of the Sun, they judged that about 8 Digits were covered; at
the Ending alfo having a faint View thereof, they affigned its End at 3*'. 56'. 
p. m.

The fame Eclipfe was obferved by one M r. OJburn^ nigh Tredagh. The 
Beginning i ‘‘. 37', 30". The End 3*'. 56'. 20".

15. J o . D idovicus Donellus^ and N ic. Jgn, Joanettus^  meafured the Sun’s Bononia 
Diftances from the Zenith ; we were three o f us employ’d in determining the
Phafes, D . J o . G aleatius Manzius^ Hercules Vanottus^ and myfelf. The Obfer- n . l o ^ p . 's s S .  

vations were wrote down by D. Greg. M alifardus. And the T im e was obferv’d 
at the Clock by D. B a rt. F errariu s,

D ifl. o f
CorreEled the Cent.

¿V the by the ob o f  the S.
Clock ferv ed  D i- from  the

ftances. Zenith.

h. S i h. ' " $ f t

3 34
3 37 30
3 48 14 3 47 47 51 31
3 52 00

3 56 23 57 00 52 58
4 2 G O 4  2 29 54 10
4 4  45 ' 4  5 59 54 44
4 9 20 , 4 9 1 55 17
4 H 40 4  »5 43 56 28
4 19 G O

The Phafes.

Dig. 2 30
3

Dig. 4  20 altogeth. doubtf 
Dig. 5 Very good.
Dig. 5 30

lo-a* 7 
Dig. 7
Dig. 7

exad.

20 doubtful.
4 27
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h i
40 h. t 0 i it . . -

4 - 2 7  44 4 28 42 58 39 Dig. 7 20 ■
«

4 32 35 Dig. 7 exact enougli

4 34 2 0 Dig. 6 45
4 '4 4  30 ' Dig. 6 30 . . ,

4  4 7 15 Dig. 6 3 0

4 30 Dig. 6 Very good
4 54 38 4 53 53 <53 16 Dig. 5 30 exaét,
4  c8 2 4 57 3« 63 56 Dig. 5 exact

5 I 55 5 1 2 64 32 Dig. 4 30 exact enough

5 4
s,y

40 5 5 28 65 19 Dig. 4 altoge. di igent

5 7 0 5 6 23 65 28 Dig. 3 30 exaic
5 10 30 5 , 9 9 58 Dig- 3 exact

5 12 35 5 Vi 28 66 '42. Dig. 2 30 exact enough

5 1 5 15 5 16 14 67" 13 Dig. 2 exad

5 19 50 5 20 24 0 7 . 57 Dig. I 3Q,exaft,
5 22 30 5 23 21 68 28' Dig. 1 exa£t
5 25 0 5 25 14 4.3 Dig. 0 30 diligent
5 . 27 40 5 2-8 ■ 7 §9 18

•
Dig. 0 exait y
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It w^s to be obfervéd, when the Quantity o f the Edipfe was Dig. 7. 20'. 
which ought to have Broughton no fmall Obhifcation of the Air, (as hath 
been often obfcrved in fuch Echpfes,) yet the State o f the A ir was not fenfibly 
clianged from what it uied to be when the Sun is at Liberty. When many 
that did not viiew the Sun had a Sufpicion, either that the Sun was not at all 

'  eclipfed, or but very- Ijttlp. O f this it  feems to me that no other Caufe can 
be ailigned, than^the 'great Quantity o f Clouds illuminated by the Sun, which 
w«re not very far from-hini.' For the Rays of the Sun being multiply’d by the 
Reflexion and Refraftion o f thefe, and thereby become more intenfe, might 
eafily make amends for the L ight that was intercepted, 

j  X X X V . I. Dr. WaUis writes from Oxford^ that this Eclipfe of the Sun was
16Í7 atCx- obferv’d there about f  a Digit, between oneand two o’Clock after Noon, 
ford. N. .87- 2 .  I'h is Eclipfe, tho’ it was but a fmall one, and could not be perceived by

gthtr the naked Eye, yet feems to be very convenient for the accurate Determina- 
N. 189. tion o f the Parallax, and Latitude o f the Moon.

A t London^ by tlie fepafate Obfervations o f Meff. Hvok and Hallty^ tho* the 
Heavens were very clear, yet becaufe o f the oblique Incidence o f the Moon, 
the Moment of the beginning could not be rightly determined : But at i . 
16'. the Eclipfe had begun very r^emarkably. The middle of the Eclipfe was 
about I**. 40 '. The Chord o f the Fart eclipfed, or that between t h e  ilorns, 
was found to be 9'. 30". to which anfwers an Arch of 36® but in the Diameter 
only 1'. 30". By die Agreement of both Obfervators the End h a p p e n ’c 

exaótly at 2^ 3'. d\
A t Greenwich^ at the Royal Obfervatory, Mr. Flam jieed, for the fame Rea* 

fon, did nor fee the beginning. Bj.it he determined the End at 2*'. 4'. 15"- 
the middle o f the Eclipfe, or at the greateft Obfcuration, the Chord of the 
eclipfed Part was 9'. 54'.

A tS o tu r id g e  near London, Weftwardly, M r. Haines^ F . R- S. faw the End 
at 2''. 2'. And the greateft Quantity was half a Digit from the South.

>
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In the Ifland o f Barbados^ at Bridg-town^ Mr. Frank found the End at i\ 30". 
before the Sun’s height was 3 1°. 47'. to the E aft; that is, 56'. 45". By Efti- 
mation he judged the greateft Quantity to be two Digits from the South.

At Nuremberg J .  P . ^ u rtzslbau r  obferved the fame Eclipfe. The Begin
ning was exaftly 58-^. About the Middle, that is at 2^ 36^'. he faw the 
greateft Qiiantity to be two Digits exadly. The End was at 3"- Í 3 - 3 3"-

At Ulm in Suevia, the Begmning was obferved by Honoldus at i ‘‘. 48', 
The greateft Quantity 24 Dig. The End at 3\ 1 &.

At Leipfic by Kirchius^ tlie Eclipfe was obfervable at 2'’. i d .  10". At 2\ 4 7 - . 
the Digits were about The End exaéUy at 3^ 15'.

At IV ratiJkw  in Silefta^ D . G. Schultzius obferved the greateft Obfcuration to 
have been fomething fooner than 3’'. 12' :  i-j Dig. Eclip. The End was 3''. 17'.

X X X V I. I. I did not fee the Beginning oí the late Eclipfe, but the End 
happen’d here, precifely 24', 9". after 10 o’ clock in the Morning, apparent 
T i m e : The greateft Obfcuration, which was 10 Digits and a Quarter, was 
about 7 Min. after 9.
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P haf(s.
^ a n t .
eclipfed.

‘Ti m es by a 
Pendulum. Phafes.

^ a n t .
eclipfed.

Ttmes by a  
Pendulum.

Dig. ^ h. '  " Dig. ' h. ' "

Begin. 8 57 14 20 9 49 10 3 0  10

I 0 52 9 3 26 2 1 9 21 10 33  I I

2 I 32 9 8 23 22 8 52 10 35 53
3 2 28 9 14 14 23 8 30 10 38 4 6

4 3 19 9 19 40 2 4 7 38 1 0  4 2  42

5 4 8 9 35 57 25 7 14 10 4 6  7

6 5 15 9 38 57 26 6 33 ID 4 9  42

7 5 50 9 2 4  2 27 6  6 10 5 3  22

8 6  26 9 31 43 28 5 2 7 10 5 6  37

9 6 53 9 40 36 29 5 9 I I  0  00

10 7 20 9 43 47 30 4 33 I I  4  24

I I 7 56 9 50 39 3* 3 57 I I  8 1 6

12 8 30 9 55 9 32 3 *3 IÍ 13 3

13 9 23 lO I 44 33 2 41 I I  18 3

14 9 53 10 5  4 6 34 2 1 1 I I  2 1  3 7

5̂ 1 0  24 ID 10 3 4 35 I 32 1 1  2 5  38

16 10 38 ID 1 4  3 7 36 I 2 I I  28 2 7

17 10 4« 1 0  1 7  54 End. 0  00 II 33 56
18 1 0  45 1 0  22 29

1 19 1 0  12 ID 2 7  31

An Ectipft 0/ the
Stm̂  Sipc. 5. 
1699.
ford; by Dr,
D. Gregory.
N. zyó. p. 336,

2«
A t  Nurem
berg; by M* 
Wurtxelbaur- 
N.2Í5. p. 6.g,
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Changes likch 
be difcovered 
the Mum  ̂ by 
M . Aviaout.
N , 7. p, 120. 
Dec.Ann, j65j
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I.

From  the 8th to the 12th Phafis, the opake Lim b o f the Moon on the 
South-fide was a little rough •, but about the Northern Horn, to near a 4th 
part of the Segment, it was more fm ooth; But when the Horns of the Eclipfe 
werealmoft parallel to the Horizon, before and after the 15th Phafis, the E x
tremity of the gibbous Lim b o f the Moon looking downward, was fomewhat 
enlightned, and o f a kind o f Saffron Colour •, but though the Sky was free 
from Clouds, yet no Stars were vifible. Nor was even l^enus itfelf vifible ia 
the open Air, unlefs by fome more iharp-fighted than ordinary.

Amongft many round Plates cut out of thick Paper of divers Magnitudes, 
differing from one another 5". about the firil Phafis, and after, none agreed 
to the Lim b of the Moon but that which was cut to a Radius or Semidiame
ter o f 15'. 30". (taking the Radius or Semidiameter o f that of the Sun to be 
16'. 4 '.)  and that gradually fo fwelled or augmented, that larger Plates were 
necelfary to be made ul'e of j and about the 36th Phañs, none lefs than one 
defcribed of a Radius of 16'. 5"'. would agree witii, or equal the Appcarancc-, 
and confequently, that the Diameter of the Moon, about the lind of the 
Eclipfe, did equalize, if  not exceed, that of the Sun. Beíides, in the 27th 
Phafis (when the oblture Part was 6 Dig. 6'.) the Body o f tiie Moon did 
obfcure more tlian two gds o f the Sun’s L i m b ; which is an Argument that 
its Semidiameter at that time was equal to that o f the Sun.

3. This Eclipfe, by tlie Obfervations of ]\lr. G odfred lu b er  at Ciza^ began at 
9''. and ended at i i\  35'. and increas’d to 11 Dig. By the Obfervations of 
M r. Jacob  Honold at H arvelfing  near Vim o f Suevia^ it began at 8”. 55'. and 
ended at 11''. 31'. and its greateft Defeét was 10 Dig. And by Obfervations 
at L eif/tck , it began at 9''. 11'. and ended at 12^ 38'. 30". T h e greateft Ob- 
fcurity was 11 Dig. 20'. which lafted from lo**. 16'. 45''. for 6'. Ten Digits 
being obfcured, the Sky (being otherwife very clear) began to appear of a more 
livid or wan Complexion, and more fad than it ufually looks with a clear Sky 
when the Sun is fet, or below the Horizon. T he Cocks alfo, w'hich had hitherto 
crowed very frequently, as if  filenc’d, going to R ooil, left o ff crowing, and die 
not renew it, till, by the Recovery o f the Sun’s L ight, they had recover’d their 
former Gaiety and Mir th ; However, we cannot learn that any Star, befides that 
o f was difcover’d by thofewho were Spectators of it in the open Air.

X X X V II . I fometimes think that the Earth muit appear, to the fuppofed
Inhabitants of the M oon, to have a different Face in the feveral Seafons of the
Year ; and to have another Appearance in W inter, when there isalmoft nothing
green in a very great Part of the Ear th ; when there are Countries all cover’c.
with Snow, others all cover’d with W ater, others all obfcur’d with Clouds,
and that for many W eeks together; another in Spring, when the Forefts and
Fields are green ; another in Summer, when the whole Fields are Yellow,
Methinks, Ifay , thatthefe Changes are confiderable enough in the Force of the
Refieftions of L ight to be obierv’d, fmce we fee fo many Differences of Lights
in the M oon. W e have Rivers confiderable enough to be feen, and they
far enough into the Land, and have Breadth capable to be obferved. T h ere
are Fluxes in certain Places that reach into large Countries, enough to make
there fome apparent Change j  and in fome of our Seas there float foinetinses

T fuci
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luch bulky Mafles of Ice, as are far greater than the Objefts which we are 
aíTured we can fee in the Moon. Again ; we cut down whole Forefts, and drain 
Marihes, of an Extent large enough to caufe a notable Alteration ; and Men 
have made fuch W orks as have produced Changes great enough to be per
ceived. In many Places alfo are Vulcano*s that feem big enough to be diftinguifli’d, 
efpecially in the Shadow. And when Fire lights upon Forefts of great Extent, 
or upon Towns, it can hardly be doubted, but thefe luminous Objefts would 
appear either in an Eclipfe o f the Earth, or when fuch Parts of the .Eardi are 
not illuminated by the Sun : But yet, I  know no Man, who hath yet obferved 
fuch things in the Moon ; and one may be rationally aíTured, that no Vulcano's 
are there, or that none of them burn at this time. This it is which all curious 
Men that have good Telefcopes ought well to attend •, and I doubt not, but 
if we had a vei*y particular Map of the Moon, as I had defigned to make one, 
with a Topography, as it were, of all the confiderable Places therein, that we 
or our Pofterity would find fome Change in her. And if the Maps of the 
Moon of Hevelius^ D ivin i, and RiccioU, are exa<5t, I can fay that I have feen 
there fome Places confiderable enough, where they put Parts that are clear, 
whereas I there fee dark ones. ’T is true, that if  there be Seas in the Moon, it 
can hardly fall out otherwife than it doth upon our Earth, where Alluviums 
are made in fome Places, and the Sea gains upon the Land in others ; I fay, if  
thofe Spots we fee in the Moon are Seas, as moft believe them to be, where
as I have many Reafons that make me doubt whether they be fo. And I 
have fometimes thought, whether it might not be, that all the Seas o f the Moon, 
if there muft be Seas, were on the Side o f the other Hemifphere, and that for 
this Caufe it might be, that the Moon turns not upon its Axis, as our Earth, 
wherein the Lands and Seas are as it were balanced: That thence alfo may pro
ceed the Non-appearance of any Clouds rais’d there, or ot any Vapours confi
derable enough to be feen, as there are rais’d upon this Earth •, and that this Ab- 
fence o f Vapours is, perhaps, the Caufe that no Crepufcle is there, as it fecms 
there is none, my felf, at leaft, not having been hitherto able to difcern any Mark 
thereof: For, methinks, it is not to be doubted but that the reputed Citizens of 
the Moon might fee our Crepufcle, fince we fee that the fame is without Com- 
3arifon itronger than the Light afforded us by the Moon, even when Ihe is full j 
or a little after Sun-fet, when we receive no more the firft Light of the Sun, 

the Sky is far clearer than it is in the faireft Night of the Full-Moon. Mean 
while, fince we fee in the Moon, when ihe is increafing or decreafing,' the 
Light ihe receives from the Earth •, we cannot doubt but that the People of the 
Moon fhould likewife fee in the Earth that Light wherewith the Moon illu
minates it, with, perhaps, the Difference there is betwixt their Bignefs. Much 
rather therefore iliould they fee the Light of the Crepufcle, being, as we have 
faid, incomparably greater. In the mean time, we fee not any faint Light 
beyond the Se¿lion of the Light, which is every where almoft equally rtrong, 
and we there diftinguifli nothing at all, not fo much as that cleareft Part which 
is call’d A rijiarchu i or P orphjrites, as I  have often tried although one may 
there fee the Light which the Earth fends thitlier, which is fometimes fo ftrong, 
that in the Moon’s Decreafe, I have often diftin£tly feen all the Parts of t ie
Moon that were not enlighten’d by the Sun, together with the Difference of the

Q^q 2 clear
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clear Parts and the Spots, fo far as to be able to dircern them all. The Sha
dows alio of all the Cavities o f the Moon ieem to be ftronger than they 
would be, if  there were a feeond Light. For although atar otf the Shadows 
o f our Bodies, environed with L ight, feem to us almoil dark, yet they do 
not fo appear fo much as the Shadows of the Moon do ; and thofe that are 
upon the Edge of the Ssdion, fliould not appear in the like manner. But I 
will determine nothing o f any of thefe Things.

X X X V III . At certain Times agreed on by two Obfcrvers, making ufe 
of Telefcopes, large, good, and well-fitted for this Purpoie, by a Mealuring- 
Rod placed within the Eye-G lafsata convenient Diftance, that it may be di- 
ilinclly feen, and ferve for mcafuring fmall Diftances by Minutes and Seconds, 
(which is ealy enough in large Telefcopes). L et each oí fuch Obfervcrs, thus 
lurniflied, obferve the vifible W ay of the Moon among the fix’d Stars (by 
taking her exa6b Diftance from any fix’d Star that lies in or very near her 
W ay, together with the exaót Tim e of her fo appearing) and the then appa
rent Diameter of her Diflc j continuing thefe Üblervations, every time for 
two or three Hours ; that fo, if  poflible, two exaft Obfervations ot her appa
rent Place among the fix’d Stars being made at two Places thusdillant in La
titude, and, as near as may be, under the fame Meridian, by thefe Obfervationii 
concurring at the fame time, her true and exaét Diftance may be hence col- 
iefted, not only for that time, but at all other times, by any finglc Obfei'vator’s 
viewing her with a Telefcope, and meafuring exadly her apparent Diameter. 
It  were likewife defirable, that as often as there happens any confiderable E- 
clipfe o f the Sun, that this alfo might be obferv’d by them, noting therein 
the exaft Meafure of the greateft Obfcuration compared with the then appa
rent Diameter of his Diil<. For by this means, after the Diftance of the 
Moon hath been exactly found, the Diftance of the Sun will eafily be deduced.

As for the Tim e fitteft for making Obfervations of the Moon, that will be 
when ihe is about a Quarter, or fomewhat lefs illuminated ; becaufe then her 
L ight is not fo bright but that with a good Telefcope ilie may be obferv’d to 
pafs clofe by, and fometimes over feveral fix’d Stars, which is about four or five 
Days before or after the Change: Or elfe at any other time, when the Moon 
pafles near or over fome of the bigger fort of fix’d Stars, fuch as of the firft 
and fecond Magnitude ; which may be eafily calculated and forefeen : Or, beft 
o f  all, when there is any total Eclipfe o f the Moon j for then the fmalleft Tele- 
fcopical Stars may be feen clofe adjoining to the very Body of the Moon, 

yf W/.'W for X X X I X . I . Eclipfes of the Moon arc obferved for two principal E n d s : 
nhftryh.g LuĤ r Qnc Aftronomical, that by comparing Obfervations with Calculations, the

Theory o f the Moon’s Motion may be perfected, and the Tables thereof re-
n. 12. p. 388. formed;  the other Geographical, that by comparing among themfelves the
e . An. 1666. Qi^fgj-vations o f the fame Ecliptick Phafes, made in divers Places, the Diffe

rence o f the Meridians or Longitudes of thofe Places may be difcerned.
The Knowledge o f the Eclipfes Qiiantity and Duration, the Shadow’s Curvi- 

ty and Inclination, i^ c. conduce only to the former o f thefe Ends. The exaft 
Tim e o f the Beginning, Middle, and End of the Echpfes, as alfo in total 
Ones, the Beginning and End of total Darknefs, is ufeful for both ot them.
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But becaufe in Obfervations made by the bare Eye thefe Times coniiderabiy 

differ from thofe with aTelefcope ; and becaufe the Beginning of Eclipfes, and 
the End of total Darknefs, are fcarce to be obferved exaftly, even with GlaiTes 
(none being able clearly to diftinguifh between the true Shadow and Penumbra, 
unlefs he hath feen, for fome time before, the Line feparating them pafs along up
on the Surface of the M o o n ) ; and laftly, becaufe in fmall partial Eclipfes, the 
Beginning and End, and in total ones of fmall Continuance in the Shadow, 
the Beginning and End of total Darknefs are unfit for nice Obfervations, by 
reafon of the flow Change of Appearances, which the oblique Motion of the 
Shadow then caufeth : For thefe Reafons I fhall propound a Method peculiarly 
defign’d for the Accomplifliment of the Geographical End in obferving Lunar 
Eclipfes, free (as far as is poiTible) from all the mention’d Inconveniencies.

For, FirJ}^ It fliall not be pra<5ticable without a Telefcopc. Secondly, T he 
Obferver fliall always have Opportunity, before his principal Obfervation, to 
note the Diftinélion between the true Shadow and the Penumbra. And, Third- 
ly, It fliall be applicable to thofe Seafons of the Eclipfe when there is thefud- 
denefl: Alteration in the Appearances. T o  fatisfy all which Intents,

Let there be of the eminenteil Spots, difpers’d over all Quarters of the- 
Moon’s Surface, a fele6b Number generally agreed on, to be conilantly made 
life of to this purpofe, in all Pai ts oí tlie Woj'ld. As for Example, thofe 
which M. Hevelius calleth M , Sinai, M . JEtna^ M . T o r fh y ite s , M . Serorum^
Inf. Bcjbicus, In f. C reta, Palus M ceotis, P alm  M araotis, L a  cus N iger M ajor.

Let in each Eclipfe, not all, but (for Infl:ance) three of thefe Spots, which, 
then lie nearefl: to the Ecliptick, be exadtly obferv’d when they are firft touch’d 
by the true Shadow j and again, when they are ju ft compleatly entred into i t ;  
and (if you pleafe) alfo in the Decreafe of the Eclipfe, when they are firit 
fully dear from the true Shadow. For the accurate Determinations of which 
Moments of Tim e (that being in this Buiinefs of main Importance) let there 
be taken Altitudes of remarkable fix’d Stars; on this Side of the Line, of fuch 
as lie between the E q u a to r  zná T ro f ick o í  Cancer \ but beyond the Line, of 
fuch as are fituate towards the other T ro p ick ; and in all Places, of fuch as at 
the Time of Obfervation are about four Flours diilant from the Meridian.

2. The Eclipfe o f the Moon, O£iob. 29. An. 1697,  was obferved at caf-
terdam with a Telefcope of almofl; four P aris  Feet, with a convex Eye-Glafs, p. 
in whofe Focus were four I ’hreads crofling in the Axis at right Angles and 
half right Angles, for meafuring the Phafes, and determining the fituation of 
the Lunar Spots. This Telefcope was fupported by a Fu crum having its 
Axis in a parallel Situation to the Axis of the W orld, that after it was di
rected to the Moon for the Obfervation of one Phafis, for obferving other 
Phafes it might turn about to tiie W eil along the Path of the Moon. So it 
Was firfl; direfted to the Moon, that continuing immoveable the Northern 
Limb of the Moon, by its Motion to the Wefl:, might touch one ot thefe 
Threads, which therefore we faid was parallel; tho’ becaufe oí the Motion 
of the Moon in Declination, blended with the much fwifter Motion oí the 
VIoon to the Wefl", it declined fomething from the Equator, whilil the Diflc of 

the Moon fell fucceíTively upon the three other Threads. The middle one of
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thefe three Thi*eads, making right Angles with the Parallel, we miiy call 
the flrrait, perpendicular, ami vertical. Thread ; the other two oblique oneg, 
o f which we call that the firft, upon which the Moon falls firft, the fecond 
oblique one upon which the Moon falls afterwards. A t the beginning of the 
Eclipfe,' when the moft Northerly Point of the Moon was not yet imnierfed 
in the Shadow, we adapted it to the parallel Thread. Then after tliis Pcini 
was immerfed ■ in the Shadow, wc adapted the moft Southern Point of die 

F;i;. 127. Moon to the fame Thread. Whence it is that the Thread which at the be+
ginning was fii'ft, in the determining the other Phafes was lait, and that be
came the’firft which before was laft. Now when the Lim b ot the Moon de- 
fcribed the parallel Thread, the Center of the Moon muft be fuppofed to 
defcribe the Lunar Path parallel to this Thread, which was cut by the other 
three Threads, And the Portions of this Path are fuppofed proportional to 
the times in which the Center of the Moon paiTes over them; for the inequa
lity o f the proper Motion blended with the univerfal Motion in a fmall time 
is not perceivable. Therefore when the Lim b of the Moon defcribed the 
Paral le , by the help o f a.Pendulum-Clock which beforehand had been fet to 
the Sun, the Tim e o f the approach o f fome o f the Lunar Spots was obferved, 
and aJfo o f the Lunar Horns, to any o f thefe three Threads*, and it was 
found, that at the time of the faid Eclipfe the Moon’s Difk pafied through 
the upright Thread in 2'. 24". and through the oblique Threads in 3'i 24". 
and therefore- the Semidiameter o f die Moon palTed through the upright 
Thread in i'. 12''. but through the oblique in i .  4 2 " ;  the difterence of each 

jp!i. laS. Tranfit being 30". Hence one Appulfe o f the Moon being obferved to any
o f thefe Threads, or one Egrefs, all the others are given to the other Threads, 
T h e Semediameter o f the Moon A B, lying in the Lunar Path ABCDEF, 
paiTes through any one of its Points while the Center A  runs over a Space 
A B  ec^al to it •, as another Semidiameter A K , making a right Angle with 
another Line NCK at the Point K , in which therefore it will touch the Moon 
in K , declining from its Path by the Angle KCA , paiTes through the Thread 
CK, while the Center o f the Moon palTes through the Line AC, which is 
the Hypothenufe o f the right-angled Triangle AKC. And the time of the 
Traríñt of the Semidiameter A B through the Perpendicular Thread that 
touches the Moon in B , to the Tranfit of the Semidiamer A K  through the 
oblique Thread NCK, as A B or A K , the Sine of the Angle ACK, to AC 
the Sine of the right Angle or Radius. Therefore the Thread N CK making 
half a right Angle KCA with the Path of the Moon, alfo the Angle KAC in 
the right-angled Triangle will be half a right Angle, and therefore the Sides 
C K  and K A  will be equal j the right Tranfit according to A B will be to 
the Tranfit o f the Semidiameter A K , through the oblique Thread NK, as 
the Sine o f half a right Angle to the Sine of a right Ang e, as 707 to 1000, 
or as 72" to 102", or i'. 42" nearly, as was obferved. The Path of the 
Center o f the Moon being A H , to the Semidiameter o f the Moon perpendi
cular to A M , M N O  being drawn parallel to A H , it will be congruous to 
the Thread which the Lim b of the Moon touches by its Motion to the Weft»
which will be cut by the oblique Threads NCK and N G I, and by the up'

ris It
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right Thread N E P  in the Point N , where the Axis of the Telefcope pafles. 
And with thefe Threads the Lunar Orbit will make two right-angled T r i
angles N EC , N E G , which are fuppofed to have half right Angles at the 
Points N, C, G ; they are therefore like and equal, and have their Sides C E , 
EG , EN , equal to the Semidiater of the Moon A M . I f  on each fide o f the 
Interfedions C and G, be taken in the Threads CK, CS, G I, G R , equal to 
the Semidiameter, and CA , C F , G D , G H , in the Orbit equal to CN, and 
AK, FS , d r , h i , are joined thefe will all be equal to one another, and 
at the Threads will make right Angles, at K , 8, R , I. Wherefore the Center 
of the Moon being in A , the Moon will touch the firft oblique Thread in K» 
and atter the Center of the Moon comes from A  to C, its Semidiameter will 
coincide with the I^ine C E , and therefore the Moon will touch the upright 
Thread in E . But after the Center o f  the Moon ihall come from A to D , it 
will touch the fecond oblique Thread in R . But A D  is equal to the Moon’s 
Diameter •, for fince GD  is equal to C A , adding DC we ihall have A D  
equal to GC, which is equal to the M oon’s Diameter. And fince GD  is 
equal to C F, if  from thefe are taken Equals, G E  and EC , then F E  will be 
equal to E D , and will be the double of D F  ; and will be only from the 
firft Contad; oí the fecond oblique Thread in R , to the lail Contad of the firft 
oblique Thread in S j and after the Center o f the Moon has gone on to G , 
at the diilance of one Semidiameter E G , the Moon will finally touch the up
right Thread in E . The Center going on from G to H , the Moon herfelf 
will finally touch the fecond oblique Thread in I. Suppofing therefore the 
upright Tranfit o f the Moon to be 2'. 2 4 '. as it is obferved to b e j and.

( 303 )

//
Suppofing the Center at A , and the Contad o f tíie firft

oblique Thread a t K ................................................- - - 0 0
The Center o f the Moon will be at C, and will touch (firft)

the upright Thread a t E ........................... - - - - - 1 4 2
The Center will arrive at D , and will touch (firft) the 

fecond oblique Thread a t R  - - - - - - - - - 2 2 4
The Center of the M oon will be at E , the intermediate

perpendicular Thread - - -  - -  - -  - -  - -  2 54
The Center will arrive at F , and will touch (laftly) the firft

oblique Thread a t S - .........................................- - " 3  24
The Center will be at G , and will touch (laftly) the up

right Thread a t E - - - - - - - - - - - - 4 6
Finally it will be at H , and will touch (laftly) the fecond 

upright Thread at I - -  - - - - - - - - - 5  48

ContaB  ̂
/ tt

O

O

42

4 2 '

30

30

42

42

Hence the Obfervations in this Eclipfe generally correfponded with the- 
Calculation within one Second. Therefore it was fufiicient in one Phafis to 
ebferve two of thefe Tranfits, in the reft one, that all the reft might be 
krio^n. As to the Lunar Spots, the Tranfit o f the preceding Lim b of the 
^ oón  and of the Spot through the upright Thread, is compared, to have what

is
F;¿. \v̂ y
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Fi¿. 1 31 .

is called the-Difference of the Longitudes o f the Spot from the preceding 
Lim b. And the upright Tranfit of the Spot is compared with the ObUque, 
to have the Difference which is equal to the Diftancc of the W ay o f the Spot 
from the Path o f the moft Northern or Southern Point touching the parallel 
Thread. For fince the W ay of die Spot ABC is parallel to the Way of
1 ir • I 1 /* \  ̂  ̂  ̂ A 1 •

( 30+ )

lethe Lim b D  E  F , it makes the fame half right Angles at A and C with t 
fame Threads, and right Angles at B j  whence the Angle at A  is equal to the 
Angle at C, and the Side B A equal to the Side B E , which is the Latitude 
o f the Spot B from the Thread F  D. But the Longitude and Latitude 
o f the Spot being given, its Situation in the Moon is given alfo. For a Square 
being defcribed about it whofe Side is A B, let it be iuppofed to become con
gruous to the parallel Thread, and let it be divided into fo many equal Parts, 
as the Moon pafles through the upright Thread in Seconds ; and let the Sides 
A C , B D , pei-pendicular to the Thread, be divided in like manner into as 
many equal Parts. The Longitude A E , C F , being taken in the Parallels, 
and F  E  being drawn, and in the Perpendiculars the Latitude A G, B H, 
which we fay is equal to the way intercepted between the upright and oblique 
Threads; tiie Situation of the Spot M  is determin’d by the common Intcr- 
fc6lion o f thefe right Lines.

As to what concerns the Horns o f the Moon in the Eclipfe, they may be 
determin’d by their Longitude alone, if  it be but known in what Semicircle 
North or Soutli they are. As the Horn I by the L.ongitude A  E  or C F. 
For the right Line F  E  cuts the Moon’s Limb in two Points L  and 1, one of 
which is in the Northern Semicircle, the other in the Southern, it  may alfo 
be determin’d by the Latitude alone A K  or B M , if  it be but known in what 
Semicircle Eaftern or Weftern the Point I is fituate. But o f the Lines of Lon
gitude and Latitude, that -vyill determine the Situation of the Horn more ex
actly, which is nearer to the Center j as there the Point I is more exadtly de
termin’d by the Longitude than by the Latitude. And on the contrary, the 
Point O is more exaélly determin’d by the Latitude than by the Longitude; 
and that becaufe o f the leffer Obliquity of the right Line to the Circum
ference, by which it is brought about, that a fmall Variation o f Diilance is 
more fenfible in the Circumference. In another manner the Situation of the 
Spots and Horns of the Moon may be determin’d by the oblique Tranfits, if 
the Line A D , parallel to the Moon’s Path P (^ tou ching  its Lim b, be made 
the Diameter o f a Square circumfcribed about the Moon, which is divided 
into fo many equal Parts as tlie Moon paffes through the oblique Thread in 
Seconds ; as in this Eclipfe into 204. O f this Square the two Sides A C , BD, 
will reprefent the firil oblique Thread, as being parallel to i t ; the others A B, 
C D , will reprefent the fecond oblique Thread. Now the Difference being 
taken between the Tranfit o f the preceding Lim b o f the Moon and Spot M 
through the oblique Thread, in horary Seconds from the preceding Angle 
from A  to T ,  and through T  the right Line E F  being drawn paral el to the 
Side A  C ; and in like manner from the fame Angle A  taking the Difference 
between the Tranfit o f the preceding L.imb K  and the Spot M , through the

fecond
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récóñí oblique Thread A B , a s A V ;  through die L̂ oint V  let tK Frr^it.Line 
G V H  be drawn parallel to the Side A B ;  it will reprefent the fecond 
oblique Thread cutting the former in the Point M , and will there determine 
the Situation o f the Spot. In the fame manner will be determin’d the Situa
tion of the Horn E , by the Difference of its Tranfit and of the Limb, through 
the firft oblique Thread, taken in the Diagonal as A T ;  the Situation of the 
Horn H , by the Difference o f its Tranfit along the fecond oblique Thread 
A B, as A V , and drawing through V  a right Line G H  parallel to the Side 
A D ; if it be known whether the Horn be in the precedent or fubfequent 
Semicircle.

X L . The Tables.did not indicate an E clipfc o f the Moon^ Ju ly  27. {N . S.) sciipft of rht
166^. but tho’ the Sky here was very clear, yet the Moon was not at all 
obfeúrtíd by the true, Shadow, but entred only a little into the Penum-«ckj

'  ‘ ' ■* '  — vclius.bra, wherein it continued 50'. The Beginning of its touching the Penum- 
bra did: then almoft happen, when Aquila was elevated 36°. 18'.

19. p. 348.

. X L I; In th e E clip fe o f Jm e  16, (N .S .) 1666, the firft Phafis o f i D ig. Edkfe of the
45'. appear’d in the. M oon’s Altitude o f when the greateft .Obfc"ura-
ration was already paft. The End fell out 9'*. 27'. about 120°. from the Ze- Heveiius. 
nith Weftward. . - ,

*
. I - « > • i

X L II . On, the 29th o f September new Style, An. 1670. in the Morning, 0/̂ ’̂«
the Beginning of this Eclipfe happened ..at.2\ 22'. tho’ this could hardly 
obferved very accurately, becaufe o f the very thin Shadow of the Earth. For “ êibs. 
during the Eclipfe the Shadow of the Earth was fo very thin and dilute, that ' ’ 3-
I could fee very well through it all the principal Spots, with my twenty-foot 
Tube, and even with ihorter.

The greateft Oblcuration fell at 3'’. 50'. The End at 5''. 21'. So. diat the 
whole Duration was 2**. 59', and the Quantity hardly more than 9 Digits.
About the Middle o f this Eclip fe,, at, f .  40'. 1 faw very plainly a certain 
unknown little Star, which could be ¡feen only with the Tube, covered by 
the Moon near the greater black Lake ; but I could not fee it come out again.
■When the.Eclipfe.,was .ended it was.la .very pleafant Sight to fee. tjhe two 
Luminaries both, above the Honzon together: For the Sun arofe before the 
Moon was fet. The other Things tU t  were remarkable may be found in the 
following Table.

V o l . I. R r The

ED



( 3 ° 6  )

H .

i

li

)

i  S .

»
c

•

Phafes e f  the 
Moon ohfer- 
v id  w ith  a  
^ekfcope.

The ohjerved A lti- 
titudes.

Times cor- 
rc5i :d  by 
the AUi- 

iud”s.

Things cbfirvable.

Swan’s Tail 50“. 54'. 
Swan’s Tail 50 25 
OfPtf//«xIl26 39

n  27 16

h. ' " 
12 8 34 
12 I I  32 

I 28 56
I 33 7̂

. Beg. Penum. 2 10 0
Beg. Eclipfe. 2 22 0 Eclipfe began in upper Parts

• of the M. about Sin. Hyper.
I 4  Dig. 2 31 0 Shadow ikim’d by Sin. Apol,

and Mar. Porphyr,
2 2 i 2 36 0 L ac.N ig .M aj. beg. to be cov.

'2 s i
%

‘ 2 41 40 Shadow reach’d thelfleof0
4 sifom .m ore 2 45  50 Corfiea,
5 4 t 2 49  0 Palus M aotis and M . ^ tn a
6 5 Dig. nearly

1
2 53 0 plainly cover’d.

7 5r 2 57 0 InfuL Bejbic. and Jtif, Macra
8 6 Dig. 3 3 0 cover’d. • it  * r

9 6 i • 1 5 0 J

10 6^ . 3  8 30 In f. M elos beg. to be cover’d.

I I 7t
•

3 I I  0
Í 2 7t 3 16 0 Inful. Rhodus cover’d.

7t 3 20 0
3 25 30

^5 S i 3 29 0 Inful. M aj, Cafp. vras cover’d
t6 3 33 4 0
*7 8-ff ' 3 37 50 • • ^

3 4 0  0

i r

18
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18

19
20 
21

22

23
24 
#

25

26
27
28

9 Dig.
Í
9 fomet. lefs

3 47 0

3 51 10
2 57 0
4 I 40

Greateft Obfcurat. extended 
itfelf thro’ J .L e t . tcM .A ber. 
Pal. M araotis  under the Sec

tion of the Shadow.1

8^ nearly.

8 fome. more
7f

O f Pollux n  50',
4 6 0  
4  10 28 
4 1 1  0 
4  17 20

.

Iflands M elos and Rhodes 
came out of the Shadow.

7^

6 j  nearly
5Í

4  22 25

4 27 35 
4 33 40 
4 37 37

M ar. PorphyriteS began to 
be illuminated.

The Shadow had now left 
Mount ^ tn a .

29
30
31
32

4-Í
4 Dig.
3t

2t •

4 44 46 
4 50 56
4 54 0
4 57 0

M . Argentor. and In f. Bejbic. 
were illuminated.

33
34
35

2 -f nearly, 
l i 
l i  Dig.

- A,

Lion’s Heart 2 5" 48'

5 I 23 
5 4  45
5 7 43 
5 >0 50

Shadow had almoft pafs’d 
the whole Ifland C afp.M zy

End Eclipfe. 
End Pem m b.

Sirius 18*. 54'.

5 21 25 
5 24  0 
5 28 32

The énd happen’d about the 
R iphean  Mountains.

X L III . I . On Sept.. 8. 1671. about fix in the Evening, the Moon rofe to
tally obfcured at E S on  in N ortham ptonjhire.

It began to emerge out of the Shadow, the Center o f the Moon being 9“. 
35' high, or at 18'. . _

At the End Ar^urus. was i6 “. 30'. high, or at S'*. 16'. 20". Whence the 
middle o f the Eclipfe is computed to be at ó**. 28'. 16".

° ' h.
2. The Emerfion i Alt. o f the upper Edge o f the Moon 10 30

The End of the Eclipfe ; Alt- of Arcturus 16 20 ,
3. 7''. 27^', I firft obferved the Moon eclipfed when it beg^n to be en- 

hghtned, the total Darknefs being already paft. The Shadow paiTed through 
the middle of the Spot called by H evelius, M . Porpk^rius.

R  r 2 7“ 49'

Eclipfe of the 
Moon, Sept 8. 
1671. at E cIo d ; 
by Mr, Palmer. 
N . 76. p*

7
8

21 
164

Ai Lofl¿<ín; íf- 
Mr, iAsttt. ih.

3y Dr, Kook. 
N. 77. p.

m
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A i  Paríí ; hj 
Ai. Buliialdus. 
N. 7f. p. 2273,

A t  D a n t z i c J c ;

HevcVios.
78* p» 3028.

( 3 0 S  ■)
7". 49'. The Shadow paíTed through the middle o f M  Sinai^ through the 

middle of the Eafternioft of tiie three Lakes called A iare Aariaticum^ and juft 
touched the R idge'of the Apennine Moui^ains.

>f. 54'. It paiTedthe middle of the /. o^cfhicus in the Propontis.
.8\ o i . It pafied througli the S treig ks  of the Pomus Euxinus, ?r. the Pro

m o n t o r i e s a n d  
• s ’*. 6/ . It touched the Pains Mcsolis^ rwhich P a h s  M eeotis was thv’i pjilant 

from the Limb o f the Moon, next adjacent, one third part of its fliorter'Dia
meter or Breadth.  ̂ .

8”. 17'. The Shadow .went off the Body o f the Moon upon the injner- 
moil Lihib-line o f H eveliush  large Chart of the Moon at the 2';th Div5fion, 
ju ft without the 1. M ajor o f the Cajpian Sea. The duf^ifli Pcmirnbra left not 
the Limb o f the Moon quite without fome kind o f Darknefs till 8\ 29 ' ;  at 
which time I found that that fide of the Moon which the Shadow lail left, 
was full as light and clear as the other.

About four or five Minutes after the; Shadow was gone off, I  perceived 
a faint Reprefentation of Colours upon that Part of the Body o f the Moon 
which was moft affeded with the Ptnumhra^ fomewhat refembiing the 
Colours of a faint H alo about the Moon ; this grew fainter and fainter, and 
after a few’Minutes was ho more vifible. It did not feem to be caufed by 
any Clouds or Exhalations in the Air, the Sky near the Moon being very 
clear, and the faid Colours not appearing any where but upon the duiky 
part of its Phafis. PofTibly it might be cauied by the Refraólíon of the 
Light o f the Sun through the Atmofphere about the Earth.

4. the End was obferved, when the Altitude o f
Ar£lurus to the W eft w a s ................. .....................

Subtrafting tlie Refradion, his Height was -  - 
Hence is given the End obferved - - - - - - -
The End o f the Penum bra, the Height o f A riiurus

being

h. '
8 29

t i

16

13
13

4.1
37 45

13
12

14
14

26

23
o

55

Corrected - - - - - - - - -  - -
Whence is given - - -  - -  - -  - -  8 33 40
M aotis  was obferved wholly out o f the Shadow 8 24 16
The Altitude of A r5lurus was - - - - - -
C o r r e f t e d ......................................................... ......
The Moon came out of the Shadow over againft P etra  Sogdiana, by Heve- 

lius's Map.
5. A t S'*. 3o^ a-Clock, through the opening Clouds, which were pretty 

thick, we perceived the Moon fomething obfcurely, and fo much enlightned, 
that one would have thought the Eclipfe had been over already. Thence it was 
certain, that the total Obfcuration was then pafs’d at leaft, or rather fomething 
fooner. For that the Moon was come again, we could all perceive plainly 
enough through the Clouds. So that the Eclipfe muft have appear’d in the 
Heavens above half an Hour fooner, than Kepler'^ Calculation made it. At 
8'*. 34'. I  obferved the Moon had freed herfelf from the Shadow a whole Digit 
at leaft j and again at p**. 4.1'. the Light o f the Moon had increafed to l i  Di' 
g it, as near as we could judge.

‘ t  Li



i
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found here, - as Mr. HeveUus had done at Daniztck^ that th e Rtidcl̂  ̂

fhine Tables were out in the late'Ecllpfe. W c found here alfo, that the Moon
emerged o u fo f the“Shádów o f the* "Eafih'before nine a-Clock. , ........... 

h. ' •
’ X L IV . I .  The beginning of the true Shadow

The Immerfion 
The Emerfion
The End o f the trae Shadow

Hamburg  ̂
by Dr» Fogelius, 
Ibid. p, 3033.

i
22
19
58
58

EcHpfe of the 
Moon̂  Jan* i, 
1674-J. at 
Tvondon; by 
Dr- Hook.
N, i i i . p ,  137,

I

The Penumbra was feen to continue near half an Hour before It wholly-
quitted the Body of the Moon.

2. Mr. Flam jieed obferved the Beginning of the Entrance of the true Sha
dow h. 5. and 19'.

A t Derby j hy 
Flamfteed-

nid.

0 / h. / . tf
52 26 5 32 29
62 8 6 33 3
43 46 8 9 30
20 47 9 10 0

A t  Paris; hy 
M, Bullialdus* 
lh\á. f . 238.

■ 3. The beginning of the true Shadow, Height 
o f Cupdla - - • - .

The Immerfion, Height o f Capella 
The Emtrfion, Height of Cap. PoUuc.
End of the true Shadow, Height of Sirius

I
4. A t c**. 12'. in the Evening, in the R oyal Obfervatoty^ they began to Paris;j r  

perceive that the Oriental Part of the Moon, by little and little loft its L i g h t ; 
fo that at 5‘‘. 25  ̂ they faw a manifeft Penum bra: Then at 5’’. 32'. 50". the Roemer. 
Limb over-againft the Spot called H evelius grew fo dark that they all agreed 
that this was the true Beginning o f the E clipfe. A t S'*. / . one o f the Obfer- 
vers believed the Emerfton^ another at 8". 8'. and the third at 8''. 9'. 30". but 
afterwards confidering the Em erfion of the firft Spots, they all efteemed it at 
S'*. 8'. A t f .  2 1 '. the Southern Lim b of the Moon was come clofe to a 
Telefcopick Smr : A t 8^ 9'. 20". another Star yet lefs than the former, came 
cut of the darkeft Side, almofk over-againft the Spot Langrenus. At 9'.
40". all the three Obfervers agreed, that the Moon then came out o f the Sha
dow. The Diameter o f the Moon, being meafured before the Eclipfe, was 
of 32'. 15".

The Times were noted by great Pendulum W atches that had been adjufted 
by the Sun the fame Day, and that were afterwards verified the next Day :
Befides that, before the Eclipfe, at 4**. 45'. i " .  by the Watches, the Star 
Capella was 45 Degrees high towards the Eaft.

fim e,.
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Titni.

h.
f //

5 32 50
5 3» 00

5 3^ 30
5 45 GO
5 46 00

5 48 30
5 53 00

5 53
5 54 15
5 54 40
5 55. 05
5 57' 40
5 59 3.5
6 01 30
6 02 4Q

6 03 50
6 04 3.0
6 09 oa
6 la op
6

► 45 -
3«>

6 Í5 45,
6 29, 3:5,
6, 21 09
6

1 ^4 50
6 2í> qo
e  28; 15.

2^ 4̂ ^
6 30 5
6 3i 5

6 3.5 46
8 8 00
8 12 35
8 14 GO
8 20 20
8 24 5
8 24 35
8 26 30
8 28 30
8 29 50

P hafes,

¿V*

Beginning over-agaioft the Spot H evelius.
The firll Sppt ot G rim aldi. Pains M araoiis.
The fecond L,imb o f G rim aldi.
The middle of A rifiarchus. N bm  P orpbyriles.
M erfenm s.
Herigone.
H eraclides.
The iirft Lim tj o f Copernicus, M tn a.
The middle of Copernicus.
Pitheas^ or H iera Infula.
The fecond Liqib of Copernicus.
The firft Lim b o f 'Tim charis. CorficcL . , . r ,
The firft Lipib o f the Sinus M edius j^ u u m ._  A driaiick Sea^
The noddle o f the Sinus M edius. - j
The firft l-.ip'ibof ^ycho  ̂ or S in ai; and the firft l im b  o f PlaH^ or 

the la cu s  ^ ig er  M ,ajor. j
The fecond Lim b o f Plato^ and the middle of Tycho.
The CmUr o f th^ Diik.
The mid;dle o f ManiBus^ or M ons Bejhicus.

I & •
1

•i

Vi^^uvius..
ov L4A.T^prhr.Jupericr. 

^ rom n L  Hera^Unm^

T -  M . . . .  ^  V .  —  - —^  ->~w  w  ■■ »  • m  ^  -  »  •  » ^  ^  ^  ^  r  w  ▼

The middle o f the Ci^pian Sea^
T lie  Qther LinpJb qf tlie C afpan  &f<r.
The firft Limb o f Langremis^ or h fu la  M aj.
The middle of hm grm u s.
HotM Immerfioni betwixt Langrenus and the Cafpain Sea,
;Firft Epierj^n^ towards GrimaUus,
The firft Limb of Grimaldus.
The fecond Lim b o f Grimaldus.
Merfennus.
Herigone.
The middle oíAriJiarchus^imá. the middlebetwixt/i/if/^’i»^ zrAMorin 
The middle o f K epler, or Loca Paludoja.
The firft Limb o f Tycho.
The fecond Limb of Tycho.

Tim.

i m m
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C 3 ”  )

h. / t/

8 34 5
8 35 35
8 3^ 10
8 3^ 30
8 40 0
8 42 35
8 43 45
8 49 30
8 5» 10
8 55 0
8 50 6
8 59 30
9 6 20
9 7 10
9 8 40
9 9 40

The^middle o f Copercnius.
The fecond Lim b of Copernicus. '
Pitheas, - . .
H eraclides.
The firft Lim b o f Tim ocharis.
The firft Lim b of P lato.
The fecond Lim b of P lato.
The middle o f M anilius.
Menelaus and Dionyf, Areop'ag.
PoJJidonitts.
Vitruvius.
Endymion.
The firft Lim b of the Cafpian Sea.
The middle of the Cafpian Sea.
The other Lim b of the Cafpian Sea.
The End^ between the Cafpian Sea and Langrenus.

5. Through the whole Duration o f the Eclipfe, with a Tubé of 20  Feet, 
and others better than that, I direfted my watchful Eyes to foiir fixt Stars, N.uj.p.tSj. 
negleéling others that were lefs, (which however I  faw very well,) among 
which the Moon was at that Tim e. It was diftant from the little Star a  hard
ly 4 Minuutes, -with its lower Lim b in Conjunftion with i t :  And the thrée 
other Stars f ,  d, the Moon cover’d entirely with her Body. Now of all 
thefe four femarkable little Stars, only one o f them e has been hitherto ta
ken notice o f by Aftronomers, and infcribed upon the Globes *, it iá call’d the 
uppermoft o f the unform’d Stars between H and at the Back ot Pollux :■ 
whofe Courie with its Ingfefs, Progrfefs, and Egrefs, is chiefly to' be well ob- 
ferved. For from this kind o f Obfervations ei^ciaily  it nfiay bé eafier to 
perfedb the Theory o f the Moon’s Motion, and to fix its Nodes artd Latitude, 
than in my Judgment can be done from mere Solar Eclipfes. T h e liftle Star 
h was cover’d nearly at Mount Eous, and d  at the inferior Lim b Of the Moon 
itfelf. This pafs’d through the Sinus Sirbonis^ the Ifle o f Rhodssy and S. Athi'- 
ni^fts, the otlrerthmiTgh the Deferr o f M ngnt,

T im ,

ED
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The Time 
according 
to Pend. 

Clocks cor
rect. by Alt.

h. '
6 22 l8

6 25 4

6 35 o 
6 41 50

6 43 45 

6 44  55

6 49 o 

6 52 30

6 57 35

7 2 15

7 2 55

7 7 40

7 10 40 

7 14 o 

7 16 40

o

!■

a

4

7

8

10

I I

The Altitudes o f  the fixed  
StarSy w ith things worthy 

to be noted.

The height of the Sívan^s 
Tail 39°. 3'. o"

The height of die fame 
4 1 . o .

Moon enter’d the Penmn. 
Beginning of the Eclipfe.

It reach’d the Palus M a- 
raotis.

Palus M ar¿eotis quite ob- 
fcured.

Mons Porphyrites cover’d.

It began to cover Mount 
M tna,

Mount M tn a  ' quite co
ver’d.

Mount Sinai cover’d.

The greater black Lake 
cover’d.

Through w hat Spots the Sediions 
o f  the Shm o^'paffcd.

It began about 50® from the N a
dir, towards the Eaft.

Ju ft at the Beginning Sinus Siga- 
ricus, the lilands o f and 
M elos were in one • right Line.

The Seótion of the Shadow pafs’c 
by Mounts PentadaSl. and Eous.

By the L oca Paludofa and M. Ca
taract.

T o  M . Baronins, thro* M . Petri, 
A thor, and M . Troicus.

T o  the Bay o f Apollo, the IQand 
F ica ria , to the ,bot. o f y[./E ln a, 
the Id. Didyma,2Lná the S. Lake.

T o  the Ifle of Sardinia, by the 
Ifles H iera zn á Crete.

By the greater A tlantic Moun
tains, the Ille Vulcania, Rhodes, 
and Mount Ann. * ,11

By the Ifles O phiufa, Cyprus, and 
Mount Sinai.

By greater black lake, by the M.
Sipylus, L ibanus, and Seir.

By lefT. black lake, the Ifle Befbica, 
Mounts Olympus and Didymus.

(}

7 20

I



( 3*3 )
7 20 20

7 25 o

7 28 30

7 32 o

7 34 10

7 42 44

7 55 30

18 o 50 
‘ 8 35 20
8 51 20
9 9 10

12

13

14

15

The Star c was diílant 
from the Lim b o f the 
Moon towards the Eaft 
almoft 30'.

I •

The Se6tion of the Shadow pafs’d 
by M . Carpathus, Byzantius, 
and Taurus.

By the Lake Boryfthenes, the Ifle 
Apollonia, Mount M ofchus, and 
Sogdianus.

By the Mountains M acrocemnios, 
Promontory o í  A ries, o f Hercules, 
by the utmoft Bay o f Ponlus, 
and Mount Paraptem ifus.

By the Palud. H yperborea, the Ifle 
Corocondametis, and M. Caucafus.

By the Riphcean Mountains, the 
Palus M aotis., and the lower 
Bay of the Cafpian Sea. ■

9 12 13

9 20 20 

9 25 o 

9 30 20

17

18

19

The total Immerfion happen’d about 50®. o f the Lim b 
from the Zenith towards the W eft.

The little Star ¿2, in its Conjunélion with the Moon, was 
diftant from its loWer Lim b about 4  Minutes.

The little Star h covér’d at Mount Eous.
The little Star c enter’d at the Southern Lake.
The little Star d was -hid at the lower'Limb.
The little Star c emerged again under Mount N evofus •, fo 

that it enter’d the Moon at 3'. 20". It was truly a very: 
pleafant Sight, to find all thefe very bright, even almoft 
under the greateft Obfcuration, and the M ’sConjundrion.

Emerfion of the Moon out o f the Shadow happen’d almoft 
at 30°. of the M ’s Lim b, from the Nadir towards the Eaft.

Shadow pafs’d by P al. M araotis, 
Fontes A m ari, and Mount Eous. 

By Mount dudus.¡ A jax, and Tm ~  
cus.

By M . PentadaUylus, Carpathus, 
S. Sirbonis, and Mount Lion.

% •

V o l .  I, S f 9 32
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9 32 4  ̂

9 3^ 5 

9 4 2 . 1 5

20

21

22

Mount Porphyrites came 
out o f the Shadow.

Mount, «S/W began to be 
iliuniinated.

Mount JS tn a  under the 
very Seélion of. the 
Shadow.

By Mount Porpbyntes^  
and Vidymus.

By M . Barcn. at the Ifle of Sicily^ 
hyC rete, at the bottom of Sinai.

By the Promontory o f Apollo^ 
M . Mtna^ by R hodes, and the 
Mountains o f Seir.

9 47 IQ 

9 5 1 0

1

«  4

9 56 50

n

24

25

26

27

28

■ ' ' .  J  ‘ 1 '  ̂* L

r- ■: • i
• >  -j V . ' -  .  \

^ W V - • i' 'M

The Iñ tB eJbica  came out 
again into the Light.

By the IQe Vulcania^ M . Maficytiis^ 
Cragus^ and Antilibanus.

By the greater black Lake, Bay 
of Pafiam m ^  Mount Didymus^ 
and Mount Coibacaroni.

By the leflfer blackLake,at the Ifle 
B esbica, by the Mount’ Uxerii.

^  B9 35 

10 5 0

10 7 0

W

.  . I / ; '

.  ' 1  :  , J  Í  ^  - r  . 

f  • •  r
f ,  = T  ■  ‘  •

A . #  t  f  r .1
•

» *

• • 1 i  ^  ^  ‘  * ' * *  •  M  1 t :
f

V *  *  »  . - • 

f

n -  . .  i  •

By x h tljiik tS a lm id irfa , Is/i.Hormi-
niunty Mofchus,2in& \2k.t Thofpitis,

By Pontus^ Ifle Cyatiea, Bay of 
A thens, and Mount Caucafus. 

By L ake Boryftbcnes, at the Ifle 
.^Apollonia, by H eracleum , and 

- >  M . Tancon.

lO 19 35

10 20 0  
lo  23 0

The Sirndow was not yet 
quite gone.

The End of the Eclipfe. 
The Penum bra.

10 52 58
10 58 35
11 i J  33

Alt. of M ars. 
Alt. Star A ries. 
Alt. o f Capella.

37°., 12' 
28 52 
70 I I

At sevaie j irf 6. T h e Obfervation o f this Eclipfe was very exadb j for the Sun being near the 
\'sf̂ 'of Matbé. H orizon, by the Latitude of this Place the Minutes were eafily found. I ob- 
"oticks. ferved the reft by my Clock, which that Day did not differ fo much as a 
N. II . Í  - 4a • Minute ;  fo that there is no Room  for Doubt in the Obfervation.

T h e Beginning o f the true Shadow 
T h e Immerfion 
The Emerfion 
The End

h. '
4  56
6 I
7 33
8 39 or fomething longer.

XLV.
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( 3*5 )

20

2l
2-2

23
H
25

Hour o f  
the Pend. 

Clock.

h. / /tk
I r I 00

3 I 11 GO

£ I 37 50

6 1 46 40

7 I 51 40

8 I 55 15
0 2 2 20

10 2 5 30
11 2 6 GO
12 2 8 40
n 2 12 GO

14 2 17 45
Í5 2 23 5
16 2 26 3
17 2 29 00
18 2 30 45
19 2 35 00

Moon’s Diam. 3190 =  31'40" 
Moon’s Diam. 3191 =  31 46

2 37 
2 39
2 45 
2 50 
2 56 
2 56

The Meafures were often re
peated, both by my felf, 
and my Affiftanc M r. Ha/> 
ley.

No Appearance of the Penumbra ; and now the Moon went un
der ibme flying Clouds, under which (he ftill lay hid.

T ill a denfe Penumbra appear’d through their Openings, or per
haps the Beginning itfelf \ but I could not be fure.

The Moon’s Lim b being now raifed out of the Clouds, was feen 
to labour under a very notable Defe<3:, a fixth Part, or at leaft 
an eighth Part of her Circumference being obfcured. 

'PentadaSlylus was cover’d.
Pcrphyrites was cover’d.
The firil Lim b of Sinai.
The next Lim b o f M tn a.
The remaining Parts illuminated were 2071 =  20'. 38 '.
A fmall Telefcope Star, that was not vifible with the leiTer Tube, 

in the greater appear’d to be o f almoft half the Capacity of 
the fame, or diftant 15' apparently from the lower Limb.

The remaining Parts illuminated 1655 =  i6 '. 27".
The firil Limb of Bejbicus.
H orminius cover’d.
M inus cover’d.
The remaining Parts illuftrated 1047 — 24"»
The remaining bright Parts 865 ,=  8'. 38". And now in the 

longer Tube another fmall fixt Star appear’d, being diftant 
from the Limb of the Moon the Long, of the Cafp. Spot, itsLat. 
from the line drawn thro’ tlieCufpids towards the right Hand.

15 The Shadow cover’d the Weftern S iore o f Pontus.
30 It touched the firft Lim b of Qrocondometis.
00 It touched the Palus M aolis.
45 M aotis was wholly cover’d.
10 Doubtful whether any true Light remain’d.
55 Immerfion : For furely the primary Light had intirely left the 

Moon, for over againft, or a little above the Riphcan  Moun
tains, and about a Deg. of the L im b of H evdius 330, 2*’. 57'. 
0,0". the Lim b appear’d thro’ theTube o f a kind o f .Afli-colour.

The Air was very ferene from the feventh Obfervation to the Immerfion. 
And a certain faint whitiili L ight feem’d to take PoíTeíTion of the Cufpids of

S f 2  the

X L V . I.
EcHpfe of tĥ  

Mom  ̂ June x7« 
ló/f. at Lon 
don,- hy Mr. 
Fiamfteed, and 
Mr. Hailey.
N. 116. p. 371, 
N. 1 18. p. 432^
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( 316  )
;the darkned Moon through the whole Tim e o f tlie Eclipfe, which made the 
Moon confpicuous after the Immerfion, on that Side which fell laft into the 
Shadow. The Penumbra of this Eclipfe was very thin, nor was its breadth 
greater than that of Shiai ■ or jE in a . The P alus M<eotis appear’d very broad, 
and removed as far as it could be from the Lim b o f the Moon. On the con
trary, M araotis was very much cóntraóted, nor farther diilant from the Moon’s
--- m a  «  \

Lim b than halt' its Length.

M  Paris; by 
JI/ Bullialdus.
IhÛ  p. 372.

3-
'Ey A/. Caffim, 

Picart, and 
M. Roemer.
N , 1 17. p. 3S8.

2. Beginning of true ShadoWj Cdpdlc^% height to Eaft 18 45 
Shadow reach’d P aliis M aot. L y a H  Alt. to W eft 50 51 
Total Immerfion, Lyra'% Alt. to the W eft 48 50

h. '
Í 55
2 55
3 6

%

I
I
1
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2

56
57
58

1
2
4
4
5
6
7
8

11
12
16
16
17
18 
21 
24 
24 
26 
26
31
32
34
36
38
38
39

45
20
50
45
15
15
40
30
15
45
18
35
40
25
40
25
12
45

o
53
10
40
40
20

The Beginning below Grimaldus. 
Through the firft Lim b of Grimaldus.
The fecond Lim b of Grim aldus. 
Galiheus.
The firft Lim b o f M erfem u s.
The Beginning o f Gajfendus.
The middle o f Gajfendus.
The other Lim b o f Gajfendus. 
Herigon and Seleucus.
M orinus.
The middle of K epler.
A riflarchus and Bullialdus. 
A rijlarchus difappears.
The Beginning of Tycho.
The Beginning o f C ofernkus.
The middle of Tycho and Copernicus.

15
10

The other Lim b o f Tycho.
Pythea, and the firft o f the th rttS in .M ed ii. 
The middle o f the fecond Sinus M edii. 
H eraclides or Virgo.
The firft Lim b of Tim ocharis.
The middle of Tim ocharis.
The Promontory between Virgo and P lato. 
Abulfeda.
The Beginning o f M anilius.
T)ionyJius the Areopagite.
The Shore o f the Sea o f Tranquillity.

45  The firft Lim b o f M enelaus and P lato.
20 F racafior.

The middle of P lato.
2 4*
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y
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lim e.

h. ' 
2 41

n

2
2
2
2
2
3
3
3
3

4 4
50
50
53
55

I
I
3
7

15
15
20
45
55
20
10
45
15
45

( 3>7 )
^ranjit o f  the Shadow,

Through the other Lim b o f P lato. 
Promontory between Conforinus and Beda. 
The firft Lim b of Palus Somnii.
The Horns were vertical.
Tile beginning of Langrem s.
I ’he firft Lim b of M o.re Cafpium.
The other Lim b of M are Cafpium. 
Endymion.
M efiiola.
End, or tot. Immerf. above M are Cafpium.

The Cafpian  Sea was then diftant from the Weftern Lim b about ^ o f its 
Breadth. After the total Immerfion the whole Body of the Moon was ftill 
diftinguifliable.

JiT ,

CorreSi. H . 
o f the Clock

h. ' n

2 29 30
2 55 45
3 0 30
3 ” 30
3 35 0

3 42 30
3 52 45
4  7 15

4 8 0
4  15 3 c
4  19 30

4 23 c

P hafes.

Between the Cufpids 2085 =  17'. 16".
The Shadow almoft touch’d H am us.
It had certainly touch’d H am us.
The right Cufpid from M araotis  1235 =  10'. 14".
The lucid Parts were about 2800 =  23°. 11". or perhaps fome- 

thing more ; for it was very difficult to diftinguiih the Limits 
o f the true Shadow, becaufe the Air was foul with Vapours.

The Shadow near M acra.
Between the Cufpids about 2288 =  i8 '. 57".
The End : For the Lim b appear’d, and there feem’d nothing to 

be wanting in the Roundnefs o f the Moon.
The Lim b very plainly feen through the Tube.
The Penumbra, which to the naked Eye refembled an Eclipfe.
The Diameter of the Moon taken 3757 =  3I^ 5''. but not much 

confided in, tho’ I think it not far from Truth.
Still and afterwards, the Lim b forfaken by the Eclipfe feem’d 

fomething obfcure, and as it were another Eclipfe._____________

X L V I. I .
An Eclipfe úfthe 
Moon, Dccemb. 
22. iSyf. at 
Grejnwich ; hy 

Flamfleed. 
N . 121. i».435*

The D iftanceof Corftca from the remote Lim b of the Moon 2732= 22 '. 3 7 '. 
Its neareft Limb from the neareft of the Moon 1045 =  8'. 39".
The remoter Lim b of Sinai from the neareft o f the Moon 599= 4^  58" good. 
The Middle o f the greater black Lake from the neareft Lim b 4 5 2 ^ 3 '-  45 *̂

I
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A t 1 ondon ; 
by Mr, £Um . 
Hailey.
Ibid. P» 493*

I  took notice beiides, that the Shadow always appear d far more diftlnft at 
the Horns than elfewhere, in the Face of the Moon. In the firft Obfervation, 
or a little before, the Horns were parallel to the Horizon.

Then alfo P orphyritcs, and the greater black Lake, were cijually out of the
Shadow, about the Length of Maraotis.^

Yet it never went beyond P crpbyriles in this Eclipfe, yet I faw it deeply im.
merfed in the Penumbra.

In the Height of the Eclipfe the Shadow almoft reached O rficn   ̂ yet I ne*
ver faw it extind, but immerfed fo deeply in the Penumbra, that I could
hardly perceive it.

Neither did die true Shadow ever go over the Ifle M acra , but only a denfe
Penumbra, through which it was difficult to fee it.

At 4*'. 5^ - 1 could not fee the Lim b, nor at 4'*. 6 ^ . But at 4^ 7' I thought
I faw t le Light of the Lim b very faint, but with much Difficulty. At 
7'. 15". I  was fure it had emerged out o f the Shadow, nor was any thing 
\Vtinting to its Roundnefs. I'heretore there I placed the End.

The Shadow went out near the upper Lacus Hypei-boreus^ the Penumbra re
maining, whicli exhibited the Eclipfe to the naked Eye as tar as 4 ”. i But 
the Limb left by the Eclipfe recover’d the Brightnefs of the other Limb not 
till 4^. 28'. or later.

The Tim es o f the Phal ŝ  ̂were correded by the Altitudes of ArSiurns^ and 
the bright Star of the Crown, taken by a Telefcopic Quadrant of above three 
P'eet Radius. T o  the taking o f which Altitudes I apply’d rny f>jlf, when
ever the Clouds came over the Moon, Thofe Stars forfietimes ilione out very 
bright in the other Quarter of the Heavens,

2. The Eclipfe was bégim before I came to my Inftruments. But this was 
obferved at London in IVincheJU r-jireet by M r. Hailey^ when the upper Limb of 
the Moon was diftant frorn the Vertex.

( 3 1 8 )

39 5 1
from the fame 41 i

54  1 2

whence he reckon’d the Flour 
The Horns parallel to the Horizon

Mr* Colfon. 
Ibid.

h '•

2 16
2 25
3 58

A t Parts i by 
M .  CaiTini.
N , 123« 561.

3. John  Colfon ^iJVapping^ near th t  H erm itage, faw the Lim b of the Moon
fomething deficient at But at 4'’. 9'. 25''. he found it had come out
of the true Shadow, and that there was only a denfe Penumbra remaining.

4 . In this Eclipfe two o f the chief things have been exactly determin’d by 
us, that is, the middle Time of the Eclipfe, and its Magnitude. The middle 
is deduced not only from a Coniparifon o f the Beginning and End,  but alfo of 
two equal Phafes, which are very eafily determin’d, that is, when the Diflance 
o f the Horns was equal to the Semidiameter o f the M oon, taken before the 
Eclipfe, 1.5' 28". That is, when the beginning of the Eclipfe was eftiniatet
at 2*'. 24'. .35"
End o f the total Eclipfe, a like Penumbra being left as 

was in the Determination of the Beginning 
The Duration o f the whole Eclipfe comes out 
The H alf
And the middle o f the Eclipfe 
A  fixth Part o f the Circumference is cut off

h .
/ // 1

.

4 1 5 2 5
I 5 0 5 0

•

0 5 5 2 5

3 20 0

2 38 5



{ 3 > 9  )
h. '
4  2 
I 24 

42 
7 10

//

25
20
10
15

And again 
T h e Interval 
The H alf
Hence the middle o f the Eclipfe

Agreeing to the former Determination within a fourth part o f a Minute.
W e agree entirely with M r. Flam fteed in the Situation o f the Shadow, and 

the Magnitude of the Eclipfe. For it is obferved by both o f us, the Shadow 
never went beyond Porfhyrites^  tho’ it was deeply immerfed in the Penumbra.

Next to Porphyrites is a little . whixiih Mountain, which we then call’d the 
Cotíípanion o f  AfifiarchuSy becaufe it is hardly diftant from Porphyrites its own 
Diameter. That little Mountain was immerfed in the Shadow at 2̂ . 51'. 15''. 
And it emerged at 3''. 8'. 25", and all the Tim e between was in the Shadow 
next to Porphyrites.

WeJDoth of jjs . obierv.ed aJfOj that in the Height of the Eclipfe the Shadow 
almoft reached to Corfica^ yet it v/as never cover’d by it, but a fmall Diftance 
was le f t ; the Diftance of which Lim it being taken from the neareft Lim b o f 
the* Moon was-&'. i  / '. Whereas Flam jieed  found the Diftance o f the Ifland 
itfelf a little more remote from the fame Lim b, to be 8'. 39". W e alfo ob
ferved the Ifland M acra^ or rather Peninjula, to be very long adjacent to both 
the Shadows. W e took notice this begun at 3̂ . 28'. 15". and that it conti
nued at the fame Diftance for a quarter o f an Hour.

Capella 
difl'. from  
the Vert.

P hafes. M ean
Tim e.

0 ff

39 36
40 42

\

The Penumbra thin.
The Penumbra more denfe. 1

¡U ' "
2' 6 1 2  
2 12 7

42 30 
42 50
44 25

Senfible Begin, over againft Sinus Hyperb. about 70°. 
Almoft 4  of  ̂ Digit.
1‘he Shadow touch’d the leiTer A tlas.

2 23 32 
2 25 48 
2 36 I I

47 28

48 56
49 54

i'he Shadow a little above Baronins^ above Ligujlinus^ 
it had feized M . M acr.

The Shadow had almoft reached Catena M undi. 
i'he Shadow touch’d M ontumal.

2 56 27

3 6 22 
3 12 54

50 30 
52 7

54 52

Touch’d Sin.Peront. M.Pyrdt, and middle o f Pal.H yper, 
It feiz’d Sinus Sagaricus^ and Peronticus^ and the Pro

montory of the Moon.
Leucopetra was out of the Shadow.

3 17 41 
3 29 I

3 48 2

5 '
Bj. M. Bullial- 
dus.
N , i2|, p, 6iOv

55 40



6.
A t  ^trasburg; 
hy A/. Richeit. 
Ibid*

[!

( 3̂ 0 )
55 40
55 48

Sinus Perontictis out o f the Shadow 
Sim s Sagaricus out o f the Shadow. 
Sinus Cerciniies v/as almoft emerged.

3 54- 6
3 55 12 
3 58 29

57 »6
58 30
59 6

Part under Shad, equal almoft to breadth of P al. M aot. 
The End over againft Mont. M acr. about g. 355. 
Penumbra.

4 5 38 
4 J3 59

The Shadow did not reach Corfica, nor Lacus rhrafym enus wherefore the 
Eclipie did not exceed  ̂ dig* • or rather leis. ^The Beginning was iooncr 
by a iVIinute or than what is iet down» io that it n'iay be fixt more exaftly 
at 2\ 22'. 30". Hence the whole Duration exaftly enough was j\  51'. 24, 
So that the greateft Obfcuration happen’d at 3'“. 18 . 14 .

Alt. o f  
■ Ar£lur.

M ean
Time. P hafes.

0 /

30 30
36 0 
39 50

h. ' '
2 48 48
3 20 8
3 45 44

Beginning.
S h ^ . thro’ M . Porphyrites^ and Promont. o f  the Moon. 
The Sludow ikim ’d by L acu s “Thrajyrnenus^ Mount Ba- 

roniuSi and Sinus C erciniies.

44 15 
46 2 Í  
48 30

4  13 20 
4 27 36 
4  41 44

Shadow pafs’d by Promont. of the Moon,and M.Cimmems. 
Shadow touch’d the leffer black Lake, and M . Carpar thus. 
It ended, in the middle Region o f Sinus Hyperboreus.

Therefore the whole Duration was i ‘‘. 52', 56".

jtt Dantzick; 7- In this Eclipfc it IS to be well obferved, that all the Seélions never intirely
h  Heverius. cover’d Mount Porphyrites^ but it remain’d perfpicuous in the very Limit of 
N. I2+. p. 585. shadowj even in the greateft Obfcuration.

é

' T . fifiK



m\ iiw ii.Tunrf Í

( )
-Ttme cor- ¡
■eSl. byAUŜ  Altitudes o f  the fix ed  S tars.

h.
2
2
2

3

3
3
3
3

//

28 3 8 2 6  12
33 2 0 2 5  33 
36 40 

8 10,
35 

4  202
30 o
36 25
4 2  5

3 4 6  3 0

I

I

3 52 10
3 59 15
4 7 45

4 I I  45

4 18 5

4 2 6  o 

4 56 20

5 55 2S;s2 33
5 57 3 3 32 50
5 59 o 
t) 8 o

Right Should. Orztfw. 
The fame.
Begin, o f the Penum.

O Through w bat Spots the SeSlions 
^  o f  the Shadow pafs*d.rt»

Begin, of Eclipfe.

Star diilant from the 
Lim b 36' or 40'.

At Mount Baronius.
The Penumbra more denfe. 
iThe Penumbra denfe.
The Penumbra very denfe.
At the Bay o f Apollo.

2 By M. A labafi. and Sin. Hypsrb.
3 A t Apollóos Bay.
4  By M . Baronius and the grea

ter black Lake.
5 By the Ifle Ophiufa.

At M . P orphyr.éc leíTblac lake 
By M. P orph. and M . Serr.

6

7

8

Brt. Star of the harp. 
The fame.

10

11

By M . P crph. Promont o f the 
Moon, and M . Carpath.

By the Ifle o f Corftca^ M. A rg.
and Mount M acroceran.

By M . Porphyrit. and Lac.
Thrcjlm .

At Apollo'̂ s, Bay, Mans C hrijli, 
and Inful. M acra.

The Penumbra.
Penumbra vaniih’d, as well as 

we could guefs by theClouds-

The P hafes o f  the M oon, and o f  the Spots, 
as determined by Ricciolus.

The Shadow begins.
The fubfequent Limb of Grimaldus.
Gain i f  us.

'fh e  End of GaliUeus.
V o l . 1 .

In the R oyal O bftr-
vatory.

Below . Above.

h. ' "  
6 43 30 
6 45 o
6 46 o
6 47 o

T t

In the Col
lege o f  

Clarmont.

h. ' "
6 43 40

6 4^ o

h. '  "
6 43 54
6 45 29

X L  VII.
Eclipff of the 

Moortf 0£t- 29. 
{S:, jsr.) 1678.

Paris i ¿y 
Cailtni.

N, 141.

M erfennus



n r

Ii

It-

i

J
I

111. '  "  th. 
6 48 20

6 50 50 

|6 51 43

P 52 50

6 54 00 
16 56 00

( 3 2 2  )

M erfennus.
The Chord of the Eclipfe was 6 dig.
7 'he Beginning o f Gajjendus.
The middle o f GaJJéhdus.
T h e Beginning of Schikard.
11 Dig. Eclip.
The Beginning o f A rijlarchtis.
The middle of A rifiarcbus.
T h e End o f A rijlarcbus and Mor'tnus.
Capuams^ or the Dragon’s Eye.
III. Digits.
A  Chord o f 9 Digits.
The Begin, of 'Terra Pruina and Copernicus 
The Beginning of Copernicus.
The middle o f Copernicus.
The end o f Copernicus.
The beginning o f P itheas,
The end of P iibeas.
The Virgin’s Head.
H arpalus.
The beginning o f Tycho,
The middle of Tycho.
The end of Tycho.
E ratcjihenes.
V. Digits.
The Promont. between the Virgin m ^PlatoX y  
The IQand in the fartheft of the Sinus M edii\y 
A  bright Spot following Tycho. [7
V I. Digits.
Tymocharis. |7
The beginning o f P lato.
T h e middle of Plato.
The end of P/fl/c, and the begin, o f Af(ZK/7/aj.|7 14 00  
The end of Plato.
M anilius.
T h e end of M anilius. 17 15 12
T h e beginning o f Tiiorjyfius. {7 17 15
Dionyjius.
M enelaus.
The end of Biony/ms^ and begin, of M enelaus. 7

// Ih. //

6 49 00
6 50 50
6 51 30 6 51 37] 

> 52 00

7'

6 56 30
6 57 GO

I 40

\6 58 54
6 59 lol

I7 GO 007 00 c o p  59 30] 
7 GO 5¿7  00 55 \

|7
7 

7 
7 
7 
7

|7
17

1 5 0 7
2 30 
2 45 

2 55
4  20
5 00 
5 5Í

7 2 40  7 3 18

20

7 4 20
17 5 48

7 00
7 30
8 31

I I  48
7 I I  20

7 13 20 7 13 29] 
7 3̂ 40

7 H  40 
7 H  50 7 15 41

Pliny begins.
Pliny.
Picolomineus^ or the bri' Spot above the Ring. 
T h e beginning o f Fracaftoreus or the Ring. 
The beginning of PoJJidonius,
The end o f Fracajioreus,

18 28; 
7 20  56

7 21 30 
7 23 00
7 23 55 
7 24 25

7 17 25]
7 18 iGj7 17 59|

7 18 Ji

7 21 ic

7 23

7 21 51

24 38

The

n E D



( 323 )
h. / 11. / " i. /

i
Bright Spot before the Angle of the acute Promontory 7 24 35 • :
The Angle of the acute Promontory 7 25 10

26IX  Digits 7 10
Palus Somni 7 28 QO
The beginning of Endymion 7 29 20
I ’he beginning o f Tatirentius 7 30 30
Angle o f the horns with the Parallel 77° 15'. 7 30 40 7 31 i6
The beginning o f Hermes 7 31 c
End ot 'TaurentiuSy or of the Serpent’s I lead 7 31 40
i'he end oí Hermes 7 32 00
Proclus • 7 32 2o
i'h c  Lim b o f M ¿ire Cafyium 7 32 29 7 33 3 7 33 10
The lower Spot 7 33 5
I'he beginning o f L an grem s 7 34 24
M- jJaU  . 7 34 40
The end o f L an grem s 7 35 40
1 ‘he Pen'infula in C afpia 7 37 50

18The end o f Cafpia 7 37 50 7 37 50 7 3«
An oblong Spot 7 39 16
I'he end 7 40 41 7 41 00 7 41 28

The beginning o f the Emerfion 9 21 30 9 21 3^ 9 21 5
G rm aldus 9 22 44 9 22 10
The end of Grimaláus 9 23 40 9 23 40
Galilceus 9 24 35
The Sea o f Humours 9 28 15
I'he middle of Schikard 9 29 00
The beginning o f A rtjlarchus 9 29 44 9 29 41
The middle o f A rifiarchus 9 30 20 •

The whole of A rifiarchus 9 30 25
The whole o f Cajfendus 9 31 DC
The beginning ot Kepler - 9 31 40 9 31 6
The whole of Kepler 9 32 24
M orinus 9 30 oc
I'he end o f die Ifland of Kepler 9 34 22
The whole of Capmnus 9 34 4c
The beginning ot Tierra Pruina 9 35 43
Vir?o0 9 37 oc
Golden Spot between P itheas and Kepler 9 37 20
Hnrpalus^ &  the bright fpot hdoxtCopernicui 9 37 3^
III Digits 9 37 40
BuHialdus 9 3  ̂ 3c
The beginning of Copernicus 9 39 00 9 3« 30
The beginning of 'Tycho 9 40 oc 9 40 22
The whole o f Copernicus 9 40 18
P itheas 9 40  30

T t  2 The

Un£D
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The middle of Tycho 9 41 00 9 4 ^ 10
9

The end of Tycho 9 42 20
IV Digits 9 42 40
The whole o f Timocharis 9 45 30
Plato begins 9 45 30 9 45 00
V Digits 9 47 00
The whole o f  Plato 9 45 00 . 9 47 30
The Ifiand under Sinus Medius 9 50 001

1
1I'he end ot Sinus Medius 9 50 50

Archimedes 9 51 37
VI Digits 9 52 00
Manilius 9 54 00 9 53 52
Fretum 9 54 22
The beginning o f Ahifeldea 9 54 40
The end of Abifeldea 9 55 30
The whole o f Arijlotle and Eudoxus 9 56 00
VII Digits 9 56 20
‘I'he beginning o f Dionyftus 9 57 12
Menelaus 9 57 50, 9 57 40 9 57 16
The middle of Dionyftus Q .̂ 8 .̂ 0
The whole o í Matelaus 9 59 00

É

Tlie whole o f Dionyftus 10 00 00
1

VIII Digits 10 I 3<>
The Mouth o f Lacus M ortis lO 2 00
Plir^. 10 2 15 10 1 28
The Promontory above Dionyftus 10 3 00
The end o f Pliny 10 3 40

%
•

PoJJfdonius 10 30
1‘he Acute Promontory 10 6 00

«-/

Hermes 10 6
IX  Digits 10 9 30
The Chord of the Shade o f  8 Digits 10 11 00
Mejfala 10 30 10 12 10 10 1 1 30
The beginning o f the Cafpian Sea 1 0 16\j

00
The whole o f Langrenus 10 14 00
A  Chord o f 6 Digits 10 1 6 5^

25

10 1 6 44
The firft end of the Cafpian 10 1 7 10 ^7The other end of the Cafpian 10 18 I ^
T he Whitenefs in the Cafpian Sea 1 0 20

* j
00 l o 20 I C 10 20 42

T he total End >

I H E D
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^ime hy iht 
Pendulum 

Clock.

Time cor- 
reSied by 

O bfcrvat, .

%

O hfervations.
i

h. / " h. / // ' ••

I 5 00 I 00 00 The Moon’s Diameter 6101 =  30'. /52"
1 46 30 I 41 30 The Penumbra obiervable.
I 53 40 1 48 40 The Penumbra denfe.
1 55 40 1 50 40 The beginning.
I 58 00 I 53 00 The Shadow at Mount Climax.
2 3 20 I 5« 20 Sinus Sirbonis begins.
2 5 50 2 00 50 Lacus M araotis  begins.
2 7 30 2 2 30 Mons C atara5les  begins.
2 8 16 2 3 16 M araotis wholly cover’d.
.2 10 50 2 5 50 Sinai begins.
2 12 56 2 7 56 Sinai wholly cover’d.
2 18 00 2 »3 00 Audus,
2 27 24 2 22 24 Circinm .
2 31 oc 2 26 00 A li-lfcda according to Ricciolus.
2 32 30 2 27 30 Ptntadii5i\lus begins.
2 33 32 2 28 32 The firil Lim b of JE tn a.
2 34 26 2 29 26 I ’he whole of Pentadaiiylus,
2 35 6 2 30 6 The middle of M tna.
2

V  v -^

36 00 2 31 00 A itn a  wholly cover’d.
2

k J

40 00 2 35 00 The Shadow thro’ the middle of Porpi^rites.
2

f
44 50 2 39 50 Ifle H iera  and F icaria  together at the Shadow.

2 46 10 2 41 10 The Shadow at Horminius.
2 50 10 2 45 10 Mons H ercules begins.
2 51 10 2 4 6 10 Mons Hercules wit lin the Shadow.
2 52 10 2 47 l O The Shadow through the middle o f Bejbicus.
2 54 00 2 49 00 Through the middle o f Infula M ajor.
2 ^5 ^0 2 50 30 Through the middle of Bizantium .
2 ^7 40 2 52 40 Through the middle o f the Ifle Cyanea.
3 I ^ 0 2 56 50 A t the firft’Limb of Corocondometes,
3 4  30 2 59 30 At the firil Limb of M aotis.
3 ^3 00 3 8 00 M acra  begins to be obfcured ; Doubtful.
3

w /

1 4 00 3 9 00 M ^oiis wholly cover’d.
3 19 J 2 3 1 4 12 l ‘he remaining lucid parts were 1 0 9 2 = 5 '. 27".

X L V III. I .
EcUpft of the 

Moon, Aug, 19* 
m. 1681. at 
Greenwich j hy 
Mr, Flamfteed- 
Th, ColL N. 5. 
p. 67.

D igi/s

n E D
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Párts Í  

7ÍÍ. CafTini.' 
W/̂. ^ 65.

cclipfed.
É

P hafes. Time.

■ d. " " • h. ' "
The Beginning at I 58 30

t The Arrival of die Shadow at Grimaldus 2 I 30
f At 2 8 00

At the Center o f the Moon 2 37 30
At the middle o f Copernicus 2 39 30
A t A riftarchiis 2 40 00

8 16 00 At the middle o f M anilius 2 54  30
At Plinius 3 I  O Q

9 2 o c At the lower part o f the Cafpian Sea 3 -7
9  31 At the upper fide o f the Cafpian Sea 3 30

10 I 00k T h e  greatejl Obfcurity 3 55  45r
t  The Return  o f  the Sliadow 7 •

4 40 00 ¿ to A rifiarchus 5 3- 47  00
>

I 'o  the Center o f the M oon 4 29 00
T o  Tycho 4  41 30
I'he E n d  o f the E clip fe 5  13 00
Tiie W hole D uration 3 14  30

>
0

A t 19' 56'". the A pparent A ltitude o f the upper edge of the Sun  ̂ was ij;
10". and that o f the Moon^ i “. 11'. 30". 

i 1

Dantz'ck ; 
hy Ai.Hcvelius. 
N . P» 160.

TUrñebi the AUt
k

Tim e cor- >1
Clock. P hafes. ■ tiides. reSied. I

h. V it 0 / h. /
I

i  I 03 The Altitude o f the Bull’s Eye 24 14 I 4 48
• 1

2 4 30 The fame Altitude 3 ^ 58 2 6 32
11

1• 1 1 ,2 9 00 T  aken again 33 30 2 10 32
2 45 bo The Track  o f the Penumbra 2 46 30

\ 1I ! 1 ,

2 53 00 Penumbra fomething denfer 2 54 00
1 ]
!

2 59 00 Still more denfe 3 00 00
3 I 00 Now very denfe 3 2 00

1

3 2 00 The beginning o f the Eclipfe 3 3 00 1
! 1 t» -3 6 00 The firll Phafis 3 6 30

-  ̂ F2 00 i  he fecond Phafis •- 3 12 3 0
f

3 H 00 The third Phafis 3 ' 4 3 0
•*

2 20 00 I'he fourth Phafis 3 21 00
3 22 3 0 Mount wholly cover’d 3 23 00
3 29 00 The fixth Phafis 3 30 00
3 43 GO The Altitude of Pollux 30 00 3 43 00
5 2 00 The Center of the Sun arlfes t

The



( 3 2 7  )
The Colour of this Eclipfe was Afh-colour, or dnfky. A t The Tim e of 

Obfervation M ons Porphyrites^ and Mount jE tn a  were nearly in the fame 
perpendicular.

Phafes I. T h e Shadow pafs’d over Mount Ecus.
II. It came to the Lakes of A rabia.
III. It touch’d the lower Bank of Palus M ar¿eotis, and the Extre-

mity of Sinus Sirbonis,
rV. It pafs’d over the, Ifland L etoa  as far as M . Sinai^ but the whole

Mountain was yet vifible and uncover’d.
V . It feem’d to pafs over Si7ius Syrticus  ̂ fo that the Shadow now

cover’d all Mount Sinai.
V I. It went above Sinus Syrticus, beyond the Ifland Crete  ̂ and over

Mare Mortwim.

X L IX . I. An. 168Í. Feh. 11. Hour 8. i'. with a Tube o f 16 Feet I  took 
the Moon’s Diameter 6702 =  33'. 25 '̂. Then the Diftance of its neareft leg”’ 
Limb from the neareft Lim b o f M araotis 145 =  o'. 43''. But the Diilance 
of the Lim b of the fame Spot from the remoter Lim b o f the Moon was 6575 
=  32'. 48". Alfo by the Help o f the fame Tube I obtain’d the Tim es, when 
the Obicuration reach’d the Center o f the Moon, and when the Radius fub- 
tended its Arches in the Peripliery that were either deficient or after they were 
rcftored ; From whence the middle may be derived, perhaps not lefs accu
rately, than from the compared Obfervations of the Beginning and End, the 
Immerfion and Emerfion.

P bafisl
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Farnus at the lower L i m b ; by our naked Eyes 
The Shadow - - - - .
A denfe Penumbra - - - * - _ .
The Beginning -
The middle o f Palus M arx otis  cover’d 
I'he whole o f M nrcsotis cover’d 
A iixch part o f the Periphery was obfcured 
Circinna within the Shadow - - - _ .
The middle of Porphyrites - . - _ ,
The Shadow ilcims by Syrbo - . _ _
Firft Lim b of M ans Cataractes^ or o f Gajfendus 
The Eye o f the Dragon 
It flcim’d by the nearer limbs o f Crete ^náyEtna 
Mount yE tva  wholly cover’d i H iera  begins 
H iera wholly cover’d 
The Beginning of Corjica - - - - -
The middle o f C orjica - - -
M ount Sinai begins - - - - - -
The middle o f S i n a i .................................. -
All Sinai cover’d - - - - - - -
The Center o f the Moon, or 6 Digits 
The greater black Lake begins - 
The middle o f the greater black Lake
The whole is covcr’d ..................................
The beginning o f Befbicus - - - _ -
The middle o f Bejhicus _ -

The Times o f  the P  ha fes  corrected 
by Pendulum docks.

O bfervJt. in G reenw icb\ht T.ondc;■
By m y fd f By Hailey.

W hole ot Bejhicu:^ it glides by the Euxine Sea 
Byzantium  begins - - -  - -  - -  -^
Horminius begins - - -

Ccrpathes - -  - - _
A ions S errcrim  - .  _ _
Apollonia - - - - _
M acra  - - . -
Mount o f Hercules - ’ - -
AH M acro  cover’d -
All Mount H ercules cover’d 
Corocondometes Palus - _ - _

Thro’ the middle o f the upperLfic«j H yperbor. 
Corocondometes wholly cover’d - - - .
The Shadow over Mount Corcrx -  - - -

It glides by M aotis  - - - .  .

1. / h. / ti
8 48 38

9 4 8

9 11 44
9 12 3 ^ 9 13 04

9 14 02

9 14 39
9 18 10

9 20 10
9 2 1 1

9 21 9
9 21 32
9 27 58

9 28 22 9 28 44
9  29 48 9 30 16

9 30 4 4
9 33  46

•

9 34 48

9 3^ 38 9 37 10

9 37 22

9 38  04 9 38 JO

9 38 48
9 39  58 9 40 36

9 4 1 4 C'

9 43 48
9 43 42

9 4 4 36
9 4 6  58

9 47 22 1

9  47 50
9 48 30

9 50 24 9 51 21

9 52 44 9 53 33
9 54 26

9 5 4 53
9 55 33

9 59 10
9 59 53

10 GO 38
10 I 17

1 0 2 20 1 0 2 38

^H aines.
hT'

9 12 i8 
perh.foon.
9 Í3 48

9
9

28 19 
30 12

9 36 20

9 38 20

9 40 48

9 44 13

>

Through

£ Q
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Through the loweK Lacus Hyperboreus 
Through the middle o f Infula M ajor  
Lacus M aotis almoft wholly cover’d 
A fixth part of the Periphery, the reft bright 
Immerfion - -

E m e r f i o n ...................................... _ _ _ _
A fixth part of the Periphery illuminated, 

with the firft Lim b of M araotis  - - -
The middle of M arceolis - - - - - -
All M araotis  i l lu m in a te d ................................
The Shadow thro’ the middle of PorpJjyrites 
All Porphyrites cover’d - - - - - -
All Cirdnna - - -  - -  - -  - -  -
it glides by the Shms Sirbonis - - .  .
Caiaracles Sirbonis^ or all Gajfendus 
H iera begins - - - - - -  - -  -
M ina  begins to emerge - - - - - .
Thro’ the middle of the greater black Lake 
Through the middle of M in a  - - - - -
M tna  wholly uncover’d - - -
Crete is illuminated - - - - - .  -
Sinai begins - - - - -  - -  - -
The middle of S i n a i .........................................
All Sinai - - - -
The middle o f B e jh i c u s .....................................
The Center of the Moon, 6 Digits uncover’d 
Thro’ the middle o f the Hyperborean lake
The Shadow thro’ the middle o f Bizantium  
Bizantium  without the Shadow - - -
All M acra  - - -  - -  -
All the Infula Apollonia^ and Horminiiis 
The lower L acu s Hyperboreus - - -
Mount H ercules - - -  - -  - -  -
The middle o f Corocondometes at the Shadow 
Mmis Corax - - -  - -  - -  -
M.€Otis begins to be enlightned - _ -
Mceotis wholly uncover’d -  - - - -
A fixth part of the Periphery, the reft obfcure 
TheMiddle o f the greater Ifland o f the Cafp.Stz 
The whole Ifland uncover’d - - - -
The End doubtful - - - - - - -
The End c e r t a i n l y ........................................

h. • / // 1. / // h. / //

10 3 53
10 5 14
10 6 54 lO 8 00 lO 6 48
10 7 28
10 10 14 10 10 1 1 10 9 48

II 47 38 11 47 9 1 X 47 48
11 50 02 II 50 7

11 50 42 II 50 48
11 5 Í 6 i I 50 58
11 52 50
11 53 34 II 52 54
11 58 i8

II 58 59
12 I GO

12 3 *14
12 3 20

12 3 48
12 4 19

12 5 18 12 5 4 12 5 45
12 7 34 1
12 13 3» 12 i 3 43
12 H 28 12 14 12
12 15 34 12 14 55
12 17 34 12 17 48
12 18 28

12 19 c
12 20 18

12 20 50 12 20
12 22 36

12 24 24 12 24 16
1

12 26 6
12 30 5^ 12 31 18

12 31 38
12 32 37

12 33 18 12 32 18
12 37 57 12 38 3

12 39 6
12 41 22 12 42 18

12 42 18
12 45 10 12 44 48
12 45 8̂ 12 44 35 12 45 18

V ol. I. U  u D urbg
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During the Eclipfe M r. H alliy , together with Thomas Smithy took the follow
ing Diftances o f the Moon from the fixed Stars with a Sextant.

1

Times cor- 
re£}. by the 

Clock.
O hfervations, Drjiaiices.

h. ' "
8 53 07
8 55 07
9 2 34

9  4  18 
9  8 4 2

O f the remoter Lim b of the Moon from Regulus
Repeated

O f the remoter L im b of the Moon from the bright Star 
in the L ion ’s Side

Repeated
O f the remoter Lim b o f the Moon from Regulus, again

0  t  i t

8 0 5  20 
8 0 6  20

14 58 15

14 57 55
8 12 50

1 0  1 9  21
1 1  38 0<3 
I I  4 1  48

The Moon being intirely immerfed in the Shadow,
M r. H ailey with me.

O f the neareft L im b o f the Moon from Regulus
O f the remote Lim b from Regulus

Repeated

8 13 30;
9 23 50 

9 25 35

12 52 G O  

12 55 10

And when the Eclipfe was over,

0 f  the remoter Lim b from Regulus, again,
Once more

9

9 58 20
10 00 00

►

m u

f •

Phafes

>

'J
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I

P hafes.

ff

A t P aris. A t Copenhagen.

In the K oyal O hferva- 
tory.

College o f  
Clarmont.

'^yRoemer. 
A reduSlion 
o f M erid i
ans being 

m ade,fubt, 
4-i'. 40"

By Caffim.
By P icard  
and D e la  

H ire.
By Father 

Fonteney

h. /
I

// h. / ft h. / // h. ' "
The Beginning 9 20 55 9 21 58 9 21 25 9 21 50
riie middle of A rijlarchus 9 29 51 9 29 33 9 29 28 9 29 50
The middle o f Copenncus 9 38 45 9 38 25 9 38 40 9 38 48Í
The Beginning of T'^cho 9 45 52 9 45 48 9 45 48 9 46 20
The end o f Tycho 9 47 40 9 47 36 9 47 20 9 47 50
The Beginning of Plato 9 49 47 9 49 08 9 49 25 9 49  50
The Center o f  :he Moon 9 51 10 9 50 20
The Center from a Comparifon

of the beginning and end 9 50 24 9 50 44 9 50 IC 9 50 30
The middle o f M anilius 9 53 i6 9 53 30 9 51 18 9 53 20
M enelaus 9 56 43 9 56 20 9 5^ 14 9 5^ 20
Dionyfitis 9 57 09 9 57 40 9 57 20
The Acute Promontory 10 04 31 10 04 15 10 04 12 10 0 4  20
T  le Beginning of C afpia ÍO 11 40 I© 11 25 10 11 20 10 I I  50
The End o f Cafpia 10 16 27 lO 16 30 10 15 50 ID 16 20
The Moon intirely immerfed 10 19 53 10 19 3c 10 18 55 10 19 5c
The Beginning o f Emerfion

between G rim ald. and G alilaus 11 57 51 11 56 o c 11 58 00 I I  2c
The middle o f A rijlarchus 12 02 00 12 01 55 12 03 09 12 01 50
The middle o f P lato 12 12 06 12 12 10 12 26 12 12 2C
The middle o f Copernicus 12 14 32 12 14 30 12 14 29 •

The mic die o f Tycho 12 23 35 12 23 55 12 24 2 1 12 25 20
The Center o f the Moon 12 25 50 12 26 2C
The Center by Comparifon of

the Emerfion of t le Limbs 12 26 09 12 25 15 12 26 08 12 24 KO
1 he middle o f M anilius 12 26 22 12 26 20 12 2 6  2C
The middle ol M enelaus 12 29 08 12 29 20 12 29 22 12 29 05
Diony/ius 12 32 30 12 33 15 12 32 20 12 32 50
The Acute Promontory 12 39 45 12 39 50 12 39 50
The Beg;inning of C afpia 12 41 53 12 41 30 12 41 T r • •

The End o f C afpia 12 47 15 12 46 30 12 48 20 Í2 47 2C>
The end o f the Eclipfe 12 54 27 12 54 3012 54 17 12 54 20

A i  Paris, siid 
Copenhagen.
N . 146.-f ,  145,

2.

U u 2 ‘Time
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3 -
At Dant-
xick j by M. 
Hevelius. 
lb. p. 146«

Bii

U n € D

7*tme by 
the W atch

h. '
8 4 1  
8 4 4  
8 48

//

18
9

14

o'i
'i

lo  8 28 
10 12 50 
10 19 5
10 23 50

10 24 30

10 29 45

D igits
eclipfed

10 32 13

10 36 30

10 43 25

10 47 25

1 0  5 2  2C

1 0  55 45

A ltitudes o f  the 
S tars.

By what Spots the Sedions o f 
the Shadow pafs’d, and what 
was obferved bclides.

I I  o 33

I I 4 30

“  9 5 9

I 0 f

Bull’s Eye 39 53 
Again 39 27 
Again 39 Ü

1
B
1
1
1

E

Í i^ Dig. I

I 2 alino. E

3 2 i  aim. E

4 3t

5 4t  Dig.

6 5 I

7 ^t 1

8 7^ Dig

9 8 Í

0 9 ^

Time cor
re Sled by 

Altitudes,

h. '  "
8 4® 46 
8 4 4  20

 ̂ 47 59

denfe.

Lim b, or 95° from the upper 
point o f perpendicular Line of 
90th Deg. towards the Eaft. 
t proceeded by M. Germanician 
to  M are Syrticum  and M . Acabe.

¥ X. ^ ^ ^

Ifle Circinna, Sin. Syrticus, over 
M. Sacer, and M are Cafpium. 
iy M . Baron, the Ifle JEthuJa^  

thro’ the middle o f Sin. S ir- 
bonis, and Mount P haran . 

rhro’ bay’of̂ í̂?//í», M . M tfia , 
the Ifle L etoa, to Ifle Didyma.

10 9 c
lO 13  20 
10 19 ^6 
l O  2 4  24

10 25 5

10 30 30

10 32 50

10 37 10

«W, Carpathia., and M . H oreb. 
fo the greater black Lake, by 
M . A rgentariufa, Sipylus., M a- 
ficytus-, la b o r , Sinai, and the 
Defert o f R aphidim .
5y the Hyperborean R ocks, Ifle 

Bejhica, M . Olympus, D idy- 
mus, and M . Antilibanus.

10 44 10

10 48 15

lO 53 10

lo  56 40

minius, M . U xii, M . Coibacarani 
5y yi.A m bonus to Ifle Apollonia, 
and the Athenian Bay, by M . 
Uxii^ and Coibacarani.

By the upper Hyperborean Lake, 
P alus, Byces, by M . H erculeus, 
and the utmoft Bay of Pontus.

I I  1 3 °  

I I  5 30

I I  10 55

By

>



( 3 3 3  )

f

I r ft h-
II  13 30 

I I  16 30

11 

Í2

10 Dig. 

lo ia lm

1

’

By the lower Hyperborean Lake, 
M ons Cimmerias^ and to the 
lower Bay of the Cafpian Sea. 

By the Riphean  Mountains, Pal. 
M ieolis, and Ifle Alopecia^ to the 
greater C¿7y^.Ifle,by M .N erofus.

h. ' "  
u  14 27

I I  17 17

II 19 10

II  22 0 

I I  26 30

13

14

i iT

I1-Í

r 2 Dig.

r

Bank o f Palus Mccotis^ and M.
Hippocus. ’

By ^ounx. Alaunus to the lefler 
Weftern Lake.

Total Obfcuration was obferved 
about 297° of the Lim b, or in 
94° from the upper Point o f 
the perpendicular Line of the 
90th Deg. towards the Eaft.

12 20 10 

u  23 0 

I I  27 30

ÍÍ  35 36
37 35 

II  38 50

Of Pollux 52° 13' 
Again 52 0 
Again 51 41

1
”  37 4
I I  38 42 
I I  39 35

12 58 20 The Recovery of Light was a- 
bout 118“ o f the L im b, or in 
88° from the upper point of 
the perpendicular Line of the 
90th Degree towards the W eft.

1 0 8

I 0 40

» 3 35 

I 8 10

16

‘ 7

1 Dig.

I t

2 almo.

At Mount A labajirinus, Mount 
PentadaSlylus^ Mount Audus^ 
and Palus M araotis.

By M . Porphyrites^ to M are Syr- 
iictm^ and by M are Eoum.

By M . Baronius^ the L oca Palu- 
dofa^ the Ifle Circinna^ between 
M are Syrticum and Egyptiacum^ 
at the Bay o f Syrbon.

1 2 3 1

I 5 32

I  10 32

I I I  48 

1 16 20

I 20 50

18

19

20

2^ aim 

3t

4 t  Dig.

By the Bay o f Apollo, the Ifle Ta- 
racinia^ the Ifle M thufa^ and 
the Bay of Syrbon.

At the liland M ajorca, by Mount 
M in a, M . Neptune, JacJoynthus, 
the Ifland L etoa , the liland 
Didynuiy and Mount Lyon.

At the Ifland Corjica, by the Ifland 
Vulcania^ and Carpathus, at M are 
Mortuum^ by the Defert of Sinai.

I 13 54 

I 18 33

I  23 6

nED



i '» I
11

I

t,
I

r-iIhpr'

1

I

bt

h. ' "
1 24 39 21

1 26 25

1 28 32

22

23

I 31 1224

I 35 5925

1 39 33126

1 4 1 4 5

1 4 4 1 9

1 47  20

1 5 1 4 4

5 6 1 2

1
2
2
2
2

57
Í ^5 
2 30 

10 20 
12

27

28

29

30

<

'I
30,

2 1 5  39 
2 1 7  35

5 t  Dig.

6 almo.

6 i

7f  Dig
r

0

/

9 Dig.

9 h  Dig.

1 0

10Í

I I  little
more.

12 Dig.
»

•

A lt. Pol. 29° 12' 
Same A lt. 28 46

( 3 3 4  )

A t M ons Argentarius^ M are Pam - 
philium , lile o f Cyprusy by M. 
Hortninius.

By M . Apennine^ to the L ake 
Thrafm em m ^  at Mount Sipulus^ 
by the lower M . lih a m s .

‘0  Mount C arpatbos, by the Ifle 
Bejhica^ M . Olympus^ Didymus^ 
and Mount Balangueros.

By Mount Perce^ Byzantium., to 
Mount Horminius^ and by M . 
Antitaurus,

By Sinus theIfleiV/¿?í:r¿7,
the Ifle Apollonia^ the middle ot 
Mount Mofchusy and the Sogdian 
Mountains.

By the lower H yperborean  Lake, 
the Marfli Byce, M . Strobilus^ 
by the extream Bay of Pontus^ 
and Mount Paropam ifus.

Between the Marih o f Byce^ Lake 
Corocondometesy by M . Hercules^ 
and the lower M . Caucafus.

By M . Cimmerius, M . Tancon^ 
and Mount N erofus.

By P alus M icotis, by the lelTer Ifle 
o f the Cafpian  Sea, and by the 
upp; ;  Mount N erofus.

By Mount/&«;/«J,Mount SanSlus, 
and the Mounts Hippocus.

End about 294° o f the Lim b, or 
97° from the upper point o f the 
Perpendicular o f the nonage- 
iim towards the W eft.

A very denfe Penumbra.
Still very thick.
Something more dilute.
A very dilute Penumbra.
The End o f the Penumbra.

ah. *
I 27 0

I 28 40

I 31 o

I 33 44

I 38 37

I 42 15

I  44 30

I 47 9

I 50 14

I 54. 42

I 59 17

2
2
2
2
2

O
4 27
5 45 

13 4^
15 ^

2 19 7 
2 22 O

>

%

\

In

1£0
1:̂1



I

I

In the Progrefs o f the Eclipfe the Shadow was v e ^  dikite, and its Lim b 
was uneven and ill terminated, fo that it was very difficult to determine the 
Phafes from the Beginning, nor could it be exaftly diftinguiih’d thro’ what 
Spots the Shadow paffed •, yet in procefs o f Tim e as the Eclipfe went on, all 
things became more diftind:. The Colour from the Beginning was fufficiently 
dull, obfcure, and gloomy, as if  the Eclipfe would ihew itfelf about the great- 
eft Obfcuration, live that in the Month of A pril in the Year 1642, fo over- 
ihadow’d as hardly to be perceived. But the thing fell out otherwife; for 
when the Moon was quite eclipfed, its whole Diik was perfpicuous enough to 
the Eye. For then its Colour was quite ruddy, bloody, or like Ruft, which 
continued till the Moon had half recovei-’d her Light, and then again it ap
pear’d pretty dark and dufldlh.

L . The Obfervation of this fmall Eclipfe was very difficult, becaufe o f AnEcHfftof-tht 
oblique Incidence of the Moon into the Earth’s Shadow, and the Thinnefs of^oon, ]ane 17. 

the Shadow, through which we could very plainly perceive the Lim b o f the creenwkh 
Moon, even in the middle o f the Eclipfe. W e could not accurately define 
the Parts of the Diameter, which were then deficient from the true Shadow, *  ̂
becaufe the Limits were fo confufed. I therefore took the Diftance between 
the Cufpids tho’ ill defined, about the middle of the Eclipfe, from whence the 
faid Parts might be eafily deduced, and with lefs Danger o f Error.

(  3 3 5  )

’Time by the True Times
Pendulum

Clock.
correSi, by 
O bfervat.

h. / it h. i //

1 40 40 I 31 8
2 4 30 2 54 58
2 6 40 2 S I 8
2 12 0 2 2 20
2 16 00 2 6 28
2 18 CO 2 8 28
2 21 36 2 12 4
2 26 00 2 16 28
2 30 00 2 2 6 28
2 42 00 2 32 28
2 43 00 2 33 28
2 50 o o 2 4 0 28
2 54 00 2 44 28
2 57 oc 2 47 28

3 1 1 0' 3 1 28

3 20 oc 3 10 28

O bfervations.

Tendency to an Eclipfe
Diam. of the M . by a Tube of 16 feet was i6oS~
- - - - - - - - -  repeated 6 4 3 0 =
A denfe Penumbra, perhaps the beginning 
The Shadow had defaced the limb above M . Sinai 
The Shadow was certainly within the Diik 
The Chord o f the darkned Periphery—  1 6 7 0 =  
.......................................... -  - repeated 2 0 1 0 =
- - - - " - - - - Again 2 2 9 0 =
The Eclipfe fenfibly decreafed
Between the darkned Cufpids again 1 8 9 5 =  
The End, but doubtful to me 
Certainly ended, my Affiftant Smith agreeing 
A  denfe Penumbra 
And ilill
The fouthern Lim b had hardly yet recover’d the 

Brightnefs o f the northern L im b : But its Light 
was duller than in the northern Lim b, as it 
appear’d in the firft Obfervation.

//

31
32

57
4

8 

11

28

25

9 20

L I. It

m nED
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EcUpftofite L I. It required no little Skill and Labour to manage our Tubes, tho’ they 
were but ihort, o f 5 , 6 , and 7 Feet, and to keep them fo fteady to the Moon, 

rttDanttick ; fo that wc might truly diilinguiili the Penumbra, and exaótly mark out all the 
N.Y7g”p ! ^ ^ ^ h r o u g h  what Spots they pafs’d, or what they arrived at in every par

ticular Inftant o f Tim e. But I perform’d this as well as I was able, and as far 
as the fevere Seafon and floating little Clouds would allow. F iril it may be 
obferved, that a very denle Penumbra went before the true Beginning of the 
Eclipfe, fo that I could hardly, if at all, diftinguilh the Beginning. As to the 
Colour, it is chiefly to be noted in this Eclipfe •, for I have very rarely found 
fo great a Diverfity in Colour. Sometimes it was ruily, or o f the Colour of a 
W eefel j but when the total Obfcuration came on, the Lim b of the Moon 
was up and down fomething livid, and partly brightiih and ruddy. But in 
the middle of the Moon a denfe and obfcure little Cloud was feen, fo that we 
could not well diilinguifli the Spots in the Moon. This blackiih Cloud ad
vanced by degrees towards the Right Hand, and to the P alus M e o t is ; fo 
that about the Beginning o f the Recovery of Light, the w ĥole genuine Sha
dow appear’d very dark and black j and about the laft Phafis taken Notice 
of, the remaining part o f the Moon ilill obfcured, or its Lim b, could not be 
feen at all.

( 336 )

0 T m e accor. 
to Clock 

cor. by A lt.
O hfervables.

A lt. Sun, 
M o on,and 

fix t Stars.

0 f /f

VIerid. Alt. 12 39 0
h. ' " of the Sun.Ni '• 3 1 9 0 Alt. o f the S. I 54  0
4  28 0 Alt. Moon Q 0  6
5 2 30 Alt. o f C a

pella 31 0 0
5 8 0 Alt. of C a

pella 31 2 0
9 32 25 Penumbra
9 42 35 Penum.more

denfe
9 4B 5 Penum. very

denie
9 50 10 Begin, as far

as could be
colleded

I 9 53 20 P al. M araotis
wholly co
ver’d.

2 9 57  ^

3 10 0 1 5 M .P orpJ^ rlt.
not yet co
ver’d.

Shadow pafs*d.

Dubious

At Mount yitdus^ and P al. M armot.

Mount A cabe.
0 Mount Porphyrites^ c\ 
tkum^ and Mount A jax.

By



>

(  3 3 7  )

8

/ fth.
l o  3 5

lo  6  25

10 10 25

ÍO 14 55,Ifland M elos
now wholly 
cover’d.

10 19 55

10 24 5

10 10 27 lo

11 10 31 27

12 10 36 o

13 10 41 20

14 10 45 35

15 10 48 40

16 10 52 lO

\TOL. I.

By Pi/n, between the Ifle 
Circim a^  and Ifle Terractnnia^ 
by Sinus Sirbonisy and the 
Marihes o f A rabia.

T o  the Ifland F icaria , M alta, M . 
Athos, \w Mount P baran , and 
Mount 'Troicus.

T o  the Bay of Apollo, by the Ifle 
o f E rror, by Mount M in a, the 
Ifles Letoa  and Didyma.

Above the Bay o f Apollo, to the 
Lake of H ercules, the Ifle of 
Sicily, by M. Parthenius and 
Taigetus, i^ tM elos, and M.Lw».

T o  the Ifle M inorca, thro* the Bay 
o f Pajlanus, M . M icalo, Ifle of 
Cyprus, M . H or. to M . Sinai, 
and the Defert o f Raphidim .

T o  Mount Ligujlinus, Panyaus, 
between M . Sipulus and Didy- 
mus, by M . Libanus and Seir.

Above Mount N iger the L efs, 
by yionntA pennine, Ifle Bejbica, 
Mount Cim aus, and Mount 
Calcbaftan.

At M . Serrorum^ and Carpathos, 
at Byzantium, by Mounts H or- 
minius, Taurus, and Delanguer.

By Mounts M acrocem nii, the I- 
fland Cyanea, Mount Amanus, 
and Antitaurus.

By the Ifland M acra , by the E -  
ricbtenian  Rocks, Athenian Bay, 
and Palus A rcefa.

By the upper Hyperborean Lake, 
Palus Byce, Ifle A ca, Mount of 
H ercules, ,the utmofl: Bay of 
Pontus, and M . Parapom is.

At the lower H yperborean'Lzk.t, 
Mount Im m erius, by M . Corax, 
Taucan, the lower Bay of the 
Cafpian Sea.

By the R iphean  Mounts, Palus 
M aotis, the greater Cafpian

; Ifland, and Mans Nerofus.
X x The

nED



1 . " V?'

vr.

ífé^ 
w
'■’.r:' 
IrA'-*
iT̂
' - -0 >•
• , \'

OIJ , rV' 
L)f

I

%■ -Í'

//
’̂»1 <.

U a..

ll>,'
J »0 5 6  3S M obnhót

yet fully 
darknéd. 

10 -58. 25 Total liii-
merfion.

W % V

I

f a

I I "20  4 5  

II 25 45 

II  36 o

17

18

19

4  •

12 43
f;

o

12 46 40

12 5^ O

12 57 O

20
S

I .5 0

Altitude of
Proiy'ofi.

The fame
Altitude.

That dark
Shade or lit-
tie Cloud,
plainly feéh
in the mid.
o f M ’s Diik

The begin.
ofEmertion¡,
or Recovery"
of Light.
P al. M arceot,
now entirely......  ̂ 1 'cover d.

f  r .  3 5 8 ) )  
1

r

t  r

\

. ' I I '

• Á

\\

i\ '■ 

/ )
s

Í

ft

3t 8̂  o 

31 38: o

n

I.

T o Mount Atidus, not far from 
Palus M arao tis . , j

By M áre Eotm^ M are Syrticum^ 
and Mount Cajius. :'

By the leffer Mount A tlas, be-j 
tween the liles C irdnna and Ta-\ 
racim a, by the Egyptian  Sea, the 
Sin. Sirbcmis, and M, P haran . 

T o  the lilands M ajorca, Sardinia, 
and H iera  •, by M. M tn a, the lile 
M elos, to M. Anna and H ajalon.

T he Beginning o f the Eclipfe was a little above Palus Maraotis.
The total Obfcuration was at Mons Sancus, below Palus Maraotis.
The Recovery of Light happen’d nearly in the fame Placc where it was loft.

I

I

Í
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( 339 )
h. '  "
9 19 00

9 23 30

10 23 30

12 13 o

i4alm

The, Penum bra was very obfcure, and the Beginning o f the 2 '.
cUpfe v«as at liand. Aí

T h .t ^ clip je was' ^ W ,  the Quantity almoft half a Digit^ and ••
the Diftance between the Cufps was about 42 Degrees of the h. 1*2. p. i+i. 
Moon’s Lim b, and P d u s M arao tis  was juft all eclipfed •, hence ' 
we may conclude the Beginniifig about 9'’. 21'. 30".

As near as I  can colléft, "' Was the time p f the Total Immerfton 
into the Shadow, to yerif]^ 'which, the A ^niuth qf the Moon’s 
Center was obierved to thfe Éaft, 41“. i i “2 ' ú í f  o f Tim e af
ter the faid i

Or 10' 13" before X^^Untnaiión o f the Shoulder of
Orion^ #as' the Emerfion^ pr ‘ fiiirft Áppearan_ce' o f thé Moon out of 
the total I)arkhcfs. /• '  '' ' \

W as the ju ft E nd  o f the’ E<Uffe\ being 2* 20" before the Cul
mination o f Sirius, '

P ,  V

Whence the M id d t^ of this ihould" have' l^ppened' áti ii*'. 18 '^ .
at N urernburg: the ‘Total D uration  .^2' 4 "  j ahcj ihe fo.t^l D arknefs i**.
49 30 • . . . . .

The Meridian Altitude o f the Mippn’s'uppei:' Lim b was obferved 6 f .  23'
50", and the M oon’s apparent Diameter v^hilí fótóíiy eclipfed was found
20 07  . * , . • -
V  / I . * : *  4

M. . Ph.M . JV urtzelbanr made ufe o f a Pendulum Clock, correfted’ by Altitudes: %O 1 . ✓-Ni r  . - r, • • f • • '  V/urrzclbaur.
According to his Obfervation, '-------  ibid. p. 147.

h. '
9 23 30

9 -4  50 
10 25 20

12 II 30

I 14 30

W as Beginning of E cliffe-, at'about 11^ Degreés of 
the Limb o f the Moon in H evelius’s Selenography. . '

was all covered. ■" ■ i 
T h t ' i o id  Inmer/ioHy about the 299th Degreé of the Lim b of

the Moon. ‘
The Moon began to emerge out o f the Shadow, about the 112th

Degree o f her Limb. " '
T h t  E nd 0 Í  the EcUpfe, about the 295th Degree of the Limb.

By thefe Obfervations, the M iddle o f the E clip fe ought to have been about 
n ”. 'f>i. at Huremburg', differing but one Minute from M . Eim m art’s
Obfei*vation. ■ . -

The Duration will be 51 ', and the "Total D arknefs 46". :  ̂ . • >

'  'K
‘ t.

. » • * \
i.*' * ••iimt".'
. A - ' r  .W

•
1 h. /

'I'he Beginning . -  ̂ \ s 02
Immerfion - - 9 0 6
Emerfion - 10 50
End - - - 11 57

Lisbcm ; fy 
Air- Jacobs.
N. 184* p. 2c6.

X  X 2 Pha'es.
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f. LU.
Eeiipfe of the 

Meant Nov* 19. 
7686. at Dub
lin i by Mr* 
W. Molineux. 
N . J%S‘ f* ^3 *̂

N. -

t

él

A  notable Penumbra 
Clouds interpoiing, the beginning 

could not nicely be determined; 
therefore with Uncertainty I fup- 
pofe E d . began 9’’. 25 ', or p**. 27'. 

The Shadow'was at Palus M araotis  
Palus M arao tis  was cover’d 
Mount B im i was cover’d 
Mount 'Ihambes was cover’d 
Mount Audm  was cover’d 
Mount Neptune cover’d 
The Shadow at M ons Sypylus 
The Ifle Circinna cover’d 
A t M ons Didymus'
Mons Didymus is cover’d
Mount Audus emerges
The Shadow at P alus M arao tis
M araotis emerges
At Mount Sinai
Sinai emerges
The end of the Eclipfe

9  27 
9 38
9 40  
9 4 6

10 01 
10 08
10 14 
10 15 
10 16 
10 18 
10 20 
10 23 
10 48
10 52
11 38
”  39
11 04

I

00  *  
20 
2 0 *
3 0 ’ 
20, 
0 0 *  
0 0 *  
1 0 *  
40  
20 
10 
00
30
00
G O

30
G O

O bfervahles. The Tim es were thofe of a Pendulum Clock, reflified by die 
fixed Stars.

The Obfcrvations marked with an Afterifm were taken through the Open
ings of the Clouds, and therefore I cannot account them as exad. '1 he Quan
tity o f this Eclipfe I think was fix W gits.

jin cf tht L I I I .  H alf a Quarter o f an Hour after 7 in the Evening, the Moon arofe
clear, but o f a deep Red Colour without any Sign of E clip fe : At 7’’  ̂ the 
Moon went into a thick Cloud, but was again clear at 7*'. 38 '. when the 
Under fide of the Body o f the Moon was ¿̂ egnn to be obfcuredy in a clear 
Sky ; Ihe being then in the 25th Degree of JJbra^  and 6 °i above the Hori
zon. (Suppofe the Center.) A t 9''. the whole Under Side o f the Moon was 
eclipfed i and about 8' after 9'’ it was at the Height, or rather feemed to de- 
creale. A t 9'’-̂ - there was ftill a third Part o f the Moon eclipfed. (Suppofe 
o f  her Circumference.) About ig**. it decreafed apace, and at io ''i  there 
was but little to be feen : A t I0^  4 5 .  it was certainly ended, the Moon be
ing then about 22° high.

Jmmerjlons.

Apr,
at Mof- 

cow  \ by M, 
Timmerman, 
W .  1 9 Z .  ^  4 5 3

►
Y

n £ D
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( - 3 4 1  )

Immerftons. Minies. Emcrfions, Taimes.

h. ^ h. '
The Beginning 6 8 i Porphyrites, and the middle
Porphyrites immerged 6 16 of M , yÉ/WíZ 8 7 00
North part of M araotis 6 2 l i Horminius -  - 8 17 30
L acu slS iger M aj. and South H erculis - 8 18 30

End o f M araotis 6 26 Bejbicus -
xj

8 2 i 00
Bejbicus - 6 461 Apollonia - 8 26 15
Apollonia - 6 4 9 Í Byzantium -  - 8 29 00
Byzantium  _ - - 6 53 McyV 8 32Í
Horminius -  - 6 59 South part of Msootis 8 35
North-part o f M aotis 7 2i North part of M csolis 8 43
Mons Corax - - - 7 3i The End .  - . 8 49 i
M ons H erculis -  - - 7 10
South part of M aotis 7 I 2 i

L IV . I.
r̂t Ecltpff tf  the 

Moon, OBt, 19# 
1697, at Che- 
IVcr ; by Mr* 
E d m . Ualley« 
N . 23;. p. 784.

About (he Middle there remained 9' 26" of the luminous Part, and confe* 
i quently the Digits eclipfed 8 2 

T*

1
411

TzVw? cor^ 
reSled. O bfervations.

!
1 •
: A 

B 
C
C — B 

C — A

h. '  "
6 20 36 
6 21 27 

^6 22 3 
0  00  36

0  I 27

6 32 34

The acute Promontory at the firil oblique Thread.
I'hc preceding Lim b of the Moon at the perpendic.Thread.
The acute Promontory at the perpendicular Thread.
The Difference of the Tranfit over the perpendicular 

Thread, which is the Longitude o f the acute Promon
tory from the preceding Lim b.

The Difference of the Tranfit o f the acute Promontory be
tween the firft oblique Thread and the Perpendicular, 
which is its Latitude from the Northern Lim b.

I'he Moon feen among the Clouds feem’d as yet intire.

2.
M  Rotterdam j 

iW.Ja. Caf-h^.
uni.
N. 136. f» 2©. 
Vid. íbp. ScO* 
X X X IX , 2.

I»
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In  the fir ji P hafe,

Q .
R

>i • i  ' u% .

F
I

F
B
F

K j
F

O . - F  ,  

O — M . 
( 1 ^ 0

ih.  ̂
6  41 
6 41 
6  42
^ -Í2  
6 42 
6 42
6“ 43
^ 43 
e  49
6 43 
6, 44

1

6 44 

^ 4 4 .
’ 44 

6 -45
6 45
6 45
6 46

o 02 
o 03 
o 00 
o 01 
o 00

/X

21
35
57
07

23 The Beginning o í  M are Cr^tum  at the firfl; obliqueThrqad
50 The acute Promontory at ihe firft Oblique.
12 Pliny th t  firfl: Oblique. -ü ' :
25 M enelaus at the firft Oblique. ’ i o . ,  t
33 M anilhts at the firft Oblique. ‘ •* C
43 The firft Margin at the Perpendicular. \
00  P rod tfí at the Ferpendicülar.
20 The acute Promontor^^ át the Perpendicular.
20 The fubfequent Margin at die firft Oblique.
30 AfíWí/¿?«x at the Perpendicular.
0 0  The preceding Horn o f fhe Moon at the Perpendicular •

• i ~- t  * . 1  nr*i . 1  * * ; ^

\

iheherfelf touches the'horizontal Thread. 
The fubfequent Horn a f  the firft Oblique, 
M en elm  at the fecond Oblique.

\A\ ■

■dA
I j

The fubfequent Horn at the Vertical.
The fubfequent L im b at the Perpendicula.

33 The fubfequent Horn at the fecond Oblique, 
^^'prim aldus at the fecond Oblique.
49 SubiequentX.imb atlh e  iecond Oblique. *"

I
f

24;T he Tranüt of the. M oon .Qver .the. perpendicular Threap
23
37
30

o 01
1;
o 01

05

*7

Q 0 0  

P 02
o 00

00
14
3^

The Tranfit of the Moon over the lecjDnd Oblique. 
Longitude o f the acute Promont. frprri theprec^d. Margi^
T  .  ♦ .  1  r  _  _  _  _  r  _  _  J i  i w T  ^  - . 1 ^  T i_ Latitude o f  the acute Promont. from the' North. Margin, 

47  The L^ngitud^ of M eneluui from the preceding Margini

The Latitude o f M enelaus from the Northern Margin.

Long, o f the preceding Horn from the preceding Margiii.

The Latitude nothing. ■
Long, o f the fubfequent Horn from the preceding Margifl 
Latitude o f the fame Horn from the Northern M argin. j

Í
I
»

In
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In  the fecond Phafts.

f

V

h. ■f • tf ■

A 7 6 40
B 7 7 8
C 7 7 47
D 7 8 19
E 7 9 4

7 12 22

B -
\

•A o O 28
K - -A o 2 24
E - - C o I 17

The preceding Margin at the perpendicular Thread.
The preceding Horn to the vertical Thread,

‘he fubfequent Horn to the firft Oblique.
The fubfequent Margin to the firft Oblique.
The fubfequent Horn to the Vertical.
The Shadow to M anilius. •

Long, o f the preceding Horn from the preceding Margin. 
Long, o f the fubfequent Horn from the Eaftern Margin.

17 Lat. o f the fubfequent Horn from the Southern Margin.

I

I
t

1
t

t

*%4
i

In  the th ird  P hajis,

h. / u

A 7 Í 9 3 0 '
B 7 21

f
9

C 7 21 19
D 7 21 51
E 7 22 2 4 '
F 7 22 47
G 7 23 9
H 7 23 3 Í
I 7 24 40

7 26 4 '

r. - B 0 0 ID
c
#. ,

- A 0 I 49
( ; 0 I 50
H - - B 0 2 22;
H - - E 0 I 7
Í - H 0 I

/

0

The

preceding Horn to the firft Oblique, 
preceding Margin to the Vertical, 
preceding Horn to the Vertical, 
^receding Margin to the fecond Oblique, 
ubfequent Horn to the fifft Oblique, 

fubfequent Margin to the firft Oblique, 
preceding Horn to the fecorid Oblique, 
fubfequent Horn to the Vertical, 
fubfequent Horn to the fecond Oblique. 
Shadow to Dior^fiiis.

2 22 Long, o f the fubfequent Horn from the preceding Margin.

G

In

ED
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In  the fou rth  Phojis,

li|i

ÍH

A 7 40 24
B 7 41 35
C 7 42 18
D 7 42 44
E 7 42 51
F 7 43 14
VT 7 43 58
H 7 45 04

D -- 2 '  24" =  ! 7 41 34
B —  I 0 GO 01
B —  A 0 01 11
D —  B 0 01 09

H —  E 0 2 .13
K 0 I

E , +  K 7 43 57 i
E +  K  —  I 0 2 23 t

h. '
The preceding Horn to the firft Oblique.
The preceding Horn to the Vertical.
The preceding Margin to the firft Oblique.
The preceding Horn to the fecond Oblique.
T h e  fubfequent Horn to the firft Oblique.
T h e fubfequent Margin to the firft Oblique.
The fubfequent Margin to the Vertical. .
The fubfequent Horn to the fecond Oblique.

The preceding Margin to the vertical Thread. 
Long, of the preced. Horn from the preced. Margin.

^ Lat. o f the preced. Horn, from the South. Margin.

ÍDiíF. o f the Tranfit o f  the fubf. Horn betw. the Obi.

In  the fifth  T hefts,

h. '  "
A 7 50 22
B 7 51 04
C 7 51
D 7 51 58
E 7 52 29
F 7 52 56
D —  2 24 =  I 7 49  34
B —  I

1
0 01 30

D—  0' 4 2 "  =  L 7 51 16
C L 0 00  02
C —  A 0 G O  56

E  —  I 0 G2 5 5
0 G O  2Q

IF —  E 0 00  27

The preceding Horn to the firft Oblique.
The acute Promontory in the Shadow, 
rh e  preceding Horn to the Vertical, 
rh e  preceding Margin to the fecond Oblique, 
rhe fubfequent Horn to the firft Oblique, 
rhe fubfequent Margin to the firft Oblique.
The preceding Margin to the firft Oblique. 
Longit. Obi. o f the acute Promontory from i Ob

The preceding Margin to the Perpendicular. 
Long, o f the preced. Horn from the p r e c e d .  Margin. 
Lat. o f the preced. Horn from the South. Margin. 
Long. Obi. from i Obi. to greateft Long. 3'. i 4 '' 
The Complement.
The fame Complement. The Medium

In
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In  the J lx tb  Phajis.

h. ' "
A 7 54 06
B 7 54  44
C 7 54 59
D 7 55 3«
F 7 55 52
G 7 56  04
H 7 56 36
I 7 57 20

D— 2' 24" =  L 7 53 14
P  —0 42 — K. 7 54 56
C K 0 GO 03
C —  A ?
F -  c f 0 00  53

I —  K 0 02 24
I —  G 0 0 1  16
B L 0 01 30

The
The
The
The
The
The
The
The

preceding Horn to the firil Oblique, 
acute Promontory to the firft Oblique, 
preceding Horn to the Perpendicar. 
preceding Margin to the fecond Oblique. 
Dreceding Horn to the fecond Oblique, 
iibfequent Horn to the firft Oblique, 

fubfequent Margin to the firft Oblique, 
fijbfequent Horn to the Vertical.

The preceding Margin to the firft Oblique.
The preceding Margin to the Perpendicular. 
Long, o f the preced. Horn from preced. Margin

Lat. o f the preced. Horn from Southern Margin

Long, o f the fubf. Horn from the preced.Margin 
Lat. o f the fubf. Horn from the South. Margin. 
Obi. Long, o f the acute Promont. from i Obi.

1

/i
'̂ 1

i

In  the feven th  P hajis.

h. f it

A 8 6  58
B 8 7 39
C 8 8 15
D 8 8 21
E 8 8 55
F 8 9 H
G 8 9 55
H 8 9 5 ^

C - - 2' 2 4 "=  I 8 5 51
V -  0 42 = K 8 7 3.3

-  K

-  B

0 0 06
B 0 0  41
D 0 0 42
G K '0 2 22

T h e preceding Horn to the firft Oblique.
The preceding Horn to the Perpendicular.
The preceding Margin to the fecond Oblique. 
The preceding Horn to the fecond Oblique. 
Middle of the Shad, almoft at the Perpendicular. 
The fubfequent Margin at the firft Oblique.
The fubfequent Horn at the Vertical.
The fubfequent Margin at the Vertical.

The preceding Margin at the firft Oblique.
The preceding Margin at the Perpendicular. 
Long, of the preced. Horn from preced. Margin,

Lat. o f the preced. Horn from South. Margin.

I>ong. o f the fubf. Horn from the preced.Margin.

.'i*' B•r
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i
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Jn  the eighth Phajis.

h. / //

A 8 23 53
B 8 24 24
C/ 8 24 55
D 8 24 57
E 8 25 55
F 8 26 26
G 8 26 38
H 8 28 20
C - - o ' 4 2 "  =  K 8 24 13
B —  K 0 'CO II
B —  A 0 00 3 *
D —  B 0 00 33
F —  K 0 02 13
H —  F 0 01 54Í

The preceding Horn to the firft Oblique.
The preceding Horn to the Perpendicular.
The preceding Margin to the fecond Oblique. 
The preceding Horn to the fecond Oblique.
The fubfequent Margin to the firft Oblique.
The fubfequent Horn to the Perpendicular.
The fubfequent Margin to the Vertical.
The fubfequent Horn to the fecond Oblique.
The preceding Margin to the Perpendicular. 
Lopg. of the preced. Horn from South. Margin.

^ L a t. o f the preced. Horn from South. Margin.

Long, o f the fubf. Horn from the preced. Margin, 
Lat. o f the fubf. Horn from the Southern Margin.

Í

i

In  the ninth P hajis.

1. / tf

A 8 49 25
B 8 49 42
C 8 50 08
D 8 50 41
K 8 50 51
F 8 51 34
G 8 51 43
H 8 52 26
H - -  2' 24" =  I 8 50 02
C —  I 0 00 06

—  A 0 GO 43
E —  C 0 00 43
F —  I 0 01 32

The preceding Horn to the firft Oblique.

The preceding Margin to the fecond Oblique. 
The preceding Horn to the fecond Oblique. 
The fubfequent Horn to the Vertical.
The fubfequent Margin to the firft Oblique.

^  Lat. o f  preceding Horn from Southern Margin,

i  Iu.

u
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In  the tenth P hajts,

h.
A 9 4 29
B 9 5 4
C 9 5 53
D 9 6 17
E 9 7 2
F 9 7 47
E - -  2' =  H 9 5 20
D —  A 0 I 48
M 0 0 54
D - -  M  =  I 9 5 23
I —  H 0 0 3
E - -  3̂  2^* —  L 9 3 38
F - - 4  06  r= L 9 3 41
C —  L 0 2 25

9 9 4
0 9 ^9
0 13 4 0
0 14 39
0 21 34

The preceding Horn to the firft Oblique.
The Shadow withdraws from P//»y.
The fubfequent Horn to the firft Oblique.
The preceding Horn to the fecond Oblique.
The fubfequent Margin to the firft Oblique.
The fubfequent Margin to the Vertical.
The preceding Margin to the Vertical.
Tranfit o f the preced. Horn between the Obliques. 
H alf is Lat. o f preced. Horn from South. Margin. 
The preceding Horn to the Vertical.
Long, o f preced. Horn from the preced. Margin.

^ The preceding Margin to the firft Obliqi

Obi. Long, o f fubf. Horn from the firft Oblique. 
The Shadow withdraws from L an grem s.
The End of the Sea of Tranquillity,
A rijlotle,
The End o f M are Criftum,
The End.

lue.
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. L V .
A  Tranfit of che 
M o o n  a b o v t  V e -  
nuj, 0£l. II* 
(St, M ) I(>70. 
riir D a n c z ic k ; 

ky He^’e^us. 
>•'. 66. p. Z026.

by a  
W dtch in 

the M orn.

D iji anees 
and A lti

tudes.

Time cor- 
re£ied by 

Altitudes.

h. ' "
3 47 20 
3 50 35

Alt. o f the bright Star o f A ries 
I'he fame Altitude - - - - -

0 / ff

41 45 0 
41 21 0

h. '  "
3 54 10
3 57 28

5 47  44 
5 48 35 
5 ' 5 r 59 
5 53 40

Diftance of Venus from Ju p iter  
Dift. o f Eaft. Lim b of M . from V 
Diftance of ?  from %
Dift. o f Eaft. Lim b ot M . from %

35 25 30 
35 50 0 
35 29 10

5 54 44 
5 55 35
5 59 0
6 0  40

6 12 20
6 14 3
6 37 0 

7 1 2  0

Dift. o f Venus from Ju p iter  
Dift. of the M .’s Eaft.Lim b from V 
Dift. of 2 from as near as could 

be judged by the naked Eye 
Dift. oiV en . from low. limb o f the M

35 50 20 
35 37 35

0 6 0
0 5 0

6 ' 6 0 
6 8 0

6/51 0 
7 7 0

7 17 ' O 
7 35 0

The fame - - - - - - - 
Venus appear’d clearly - - - -

0 4 0 7 12 0 
7 30 0

9 1 1  0 
9 15 48 
9 17 39

Venus continued confpicuous
The Altitude o f the Sun
The fame - - - - . - -

1 9 8 0  
19 58 0

9 12 0 
9 1 7  20
9 Í 9 4

jtn 9ctn!tat:on L V I. T h c Begim ’ng o f the Occultation happen’d at 3''. 3 8 '2 7 " . in the 
M^n^June*!. M om ing, about the Mountain Germanicianus. The Line o f Paflage, as far as 
(St. 1Ñ.) 1671. conld be collefted from the Ingrefs alone, was through Mount M tm ^  the Cen-

o f the Moon nearly, by Mount Horminium., the.M ount of H ercules, and 
N. 78. .̂3017. the upper Part o f M are Cdfpium  As far as I remember, excepting this Year’s

Obfervation, within 41 Years I have feen Saturn cover’d by the Moon only 
twice. Firft in the Year 1630, Ju n . 29, 11 ,̂ in the Evening, when I was at 
the Ifland Huennava the Danijh Sea. And again in the Year 1661, Aug. 3, f .  
58'. 20". in the Evening, here at D an izick.

ATranfit of the L V II. In a V e r y  clear Sky, with a Tube o f 20 Feet, with great Eagernefs
received the rifing Moon, and Ju p ite r  a little after. W e found by our 

(St. k )  1671. great brazen Oftant, o f almoft 9 Feet Radius, that Ju p iter  was yet 1°, 23'. 40". 
% remote from the Eaftern Lim b of the Moon, and that all his four Satellites
ibii. p. 3031. were there to the Right Hand, from whence the Moon approached. An un-

Jook’d for and unhappy Accident prevented us from taking the very Moment 
o f  Conjunftion. For when Ju p iter  now approached to the Eaftern Lim b of 
the M oon, at 3', and was diftant only 6 ' from the Line o f Conjunólion drawn

through

5
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through both Horns ; feme little Clouds intervening deprived us of the Sight
both of Ju p iU r  and the Moon. T he Rudolphine Tables promis’d us an Oc-
cultation, and much fooner than it could happen ; yet there was none at all, but
only a very clofe Tranfit, at almoft two Digits ; the Tim e of which was 

/t ff •26 . o •

L V III. The Altitude o f the Moon being 20°. 50', I took its Diameter 32'. ocutUatkn
and when its Altitude w'as i9°. 23', I took it again 32'. 47". T h e r e f o r e  

the true Semidiameter of the Moon in the Horizon was 16'. 19". Yet it was 
ftill at a greater Diftance from the Weftern Star of the Pleiades^ than the Tele- D«by; h  ’
fcope could conveniently take in. Now at i i\  19^' after Noon, when the 
Altitude of the Star¿, the more Weftern o f the Pleiades^-wzs 9°. 50', I took the fí£. u6. 
Diftance of the fame Star from the neareft Horn of the Moon 11'. 58" 5 then 
fuddenly turning to obferve the Stars Altitude, (which was ftiewn by a Qua
drant of 20 Inches Radius fixt to the fide of the Tube,) and immediately re
turning back again, 1 could not find the Star, being then cover’d by the Moon.
In the mean'wiiile the Moon had defcended 10 Minutes, and the Star as much, 
which from the following Phafis I guefs had gone under the Moon at i i* ’.
2o i'. For at 11'’. 30^ , when the Altitude o f the Star e was 8“. 43 ', I faw 
the Star c cover’d by the Moon. Wlien I had taken its Diftance 16'. 33" from 
the neareft Horn, by my Computations I found the Space of T im e between 
the Occultation of this and o f the foregoing to be 9'. 37", which being taken 
from the Tim e of this Phafis, gives the Tim e of the foregoing Occultation as 
I have made it.

A t i i\  374', when the Altitude of the Star c was 11°. 37̂ '̂, it went under 
the Moon, as in the mean time I was meafuring its Diftance 22'. 36", from 
the Horn of the Moon, which was apparently the inferior, but really the fupe— 
rior. When the Star vanifti’d, the apparent Semidiameter o f the Moon was 
16'. 2 1"  and therefore its Occultation was at 8 7®. 2 5' o f the Moon’s Peri
phery from the upper Cufp, whofe Reclination was 1° 37' from a Line drawn- 
through its Center perpendicular to the Ecliptic. Thus the Ingrefs of the Star 
was 4" 12' above a Line drawn through the* Center o f the Moon parallel to the- 
Ecliptic, and the Center of the Moon was antecedent of the Star 16'. 18", with 
lefs Latitude 1'. 12".

According to the Author of the CaroUm Tables, the Place of the fixt Star is 
25". i'. 24" in Taurus, and its perpetual Latitude 4°. 20'. 39" ; fo that at the 
apparent Hour at Derby 11*". 37^' after Noon, the apparent Place o f the Moon 
was 24°, 45. 6" in Tatmis^ and its Latitude obferved 4°. 19'. 27" North.

Moreover it well deferves to be remarked, that though almoft all the Hypo- 
thefes of all Aftronomers afcribe a greater Diameter to the Perigee full Moon 
in the Quadratures, and therefore a lefs Diftance from the Earth than in tJie 
Syzygees or Oppofitions; yet the contrary obtains in the Heavens. For the 
Perigcan full Moon paffing near the Pleiades.^ N ov. 6 , 1671, had a greater Día

mete^



I
F

( 35°  )
meter than in this Tranfit, when in almoíl the fame Place it was diftant from 
the Sun 70 Degrees. T he Moon’s horizontal Diameter according to

N ffv. 6. 1671. 
Feb. 21 . 1672.

Bullialdus. 
17 '00"
17 50

+  50

Street. 
16' 30"

+ 43

by O bfervations,
17 0 0
16 19 

—  41

W e can no longer wonder, that the Moon íhoiild fo long refufe the Confine
ment o f Numbers, and that the Times o f Appearances, when computed from 
the Tables, íhouid hitherto fo far deceive our Expedations ; fince it appears 
tliofe Tables are generally computed from erroneous Hypothefes.

n«Moon’i L IX . A pril 2. {St. N .) 6\ 50' v . A  Line drawn through the Horns of
^ o o n  paiTed through the Star that is at the Point ot the N orthern H orn oi 

CiffiniV T au ru s; and the Diftance o f this Star to the N orthern  Horn of the Moon^ was
N . 81. p. 4047.  ̂Minute greater than die Semidiameter o f the Moon.

L X . An Immerfion o f the fubfequent Star o f the two in the Left hinder 
Foot o f the Lion, was at i ”. 19'. 34."  The Coaft o f the Immerfion was near 
the End o f Schicard  towards Phocilides in the Selenography o f Ricciolus.

The Emerfion was at 11** 16' 4 0 " , 'in an equal Diftance from the Right Line 
between Vendelinus and P etaviu s.

A  Right Line being drawn through the Points o f Immerfion and Emerfion, 
when carefully obferved, will divide a Diameter perpendicular to it in the Ra
tio of 6'. 45". to 26'. 5".

But the Diameter of the Moon approaching to the Meridian was 32'. 50". 
A t 12'*. 29 ' the upper Margin of the Moon was in the fame Parallel with 

the Star, which then preceded the Moon by i'. 50" in time.
A t 12‘‘. 40'. 18" the Star preceded the Weftern Margin of the Moon by i .  

1 1" in time. The Diameter o f the Moon pafs’d through 2'. 14".
A t 12'’. 52'. 35" the Star preceded the fame Margin 2'. 25".
T h e Meridian Altitude of the inferior Lim b o f the Moon was taken 39®. 

25'. 25".

J in  Bccmltation 
of a fixed Star 
¿y the Moon, 
I c b .  29*
N,) 1676.

P a ris ; hy 
M, Cailini.
N . 1*3. 564.

Hour

•)
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Jioar o f  the 
Clock cor. Altitudes and Diftances.

h. / ✓/

4 20 15
4  47 0
4  49 30
4  52 Í 5

4  56 0
5 I 15

5 3 30
5 7 25
5 10 50
5 15 50
5 21 20
5 26 0
5 31 25
5 37 0
5 41 10

5 48 30

5 52 40
6 9 40

Ju p iter  from the bright Lim b o f the Moon 
The Diameter of the Moon was taken 
Ju p iter  from the neareft Cufp 
Ju p iter  had pafs’d over a Right Line drawn 

through the Cufps, by a tenth Part o f 
the Diftance, or about 3', making a Con- 
jefbure by the Eye through the Tube 

Ju p iter  from the Cufp 
From a Right Line thro’ the Cufps 
From  the Cufp 
From the Right Line 
From the fame 
From tlie Cufp
From the remoter Lim b, dubious 
From the neareft Cufp 
From the Right Line thro’ the Cufps 
From the Cufp •
The Altitude o f the Moon being l o i  De

grees, the Diameter was about 
DiflF. o f the Alt. o f the lower Lim b of the 

■Moon and of Ju p iter  
Ju p ite r  was diftant from the neareft Cufp 
From  the Cufp, dubious.___

tt

26
31
26

9
30
28

^7
7

28
9 

11
30
62
33
20
36

3«
53
22
58
55
27

4
o
9

*5

31 53

23
41
47

I
40
_20

L X I.
A  Tranjit of the 
Moon above Ju
piter, Feb. a8. 
m. 1675-6, at 
Greenwich i by 
Mr, FJamfteed* 
Uid, p. 566»

L X II. I.  Aug. 21 . A . 1676. before Noon. 
Clock, I  took thefe Altitudes o f the Sun’s Lim b.

H o u r  of 
the Clock.

h. / tt

8 04 3 Í
8 5 42
8 7 58
8 9 10
8 10 15
8 17  15

Altitudes.

%

For the Correftion o f my c»Mitattcn,
»f í̂ars iy th9  

¿loon ,Aug. ar.
_________________________ 1676* at Green

wich ; by 
Flamfteed.
N. f . 722;

Alt. o f the inferior Lim b of the Sun 26 04 
26 14 
26 34
26 444:
26 54
27 54

Then after Noon, t^e Sky being exceeding clear.

H our com
puted.

E rro r  in 
Time.

h. / // / //

8 09 26 t  4A 55
8 10 35 t  4 53
8 12 53 t  4 55
8 14 03 t  4 53
8 15 12 t  4 57
8 22 09 t  4 54

H eur
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H our o f  
the Clock. CorreSled.

h. / // h. / //

10 45 03 10
i 49 58

11 06 11 I I I I 05
11 20 00 24 55
11 35 57i“ 40 52
11 57 31 12 02 26'

12 05 00 12 09 55

12 9 44 12 14 39

12 1 0 03 12 1 4 58
12 18 38 12 23 33

12 20 36 12 25 3»

12 24 58 12 29 53

12 4 6 GO 12 5 0 55
1 0 4 30 I 09 25
I 1 0 56 I 10 51
I 13 29 I 18 24
I 18 1 5 I 23 10
1 22 GO I 26 55

1 39 00 I 39 55

Brji'm ces,

M ars from the bright Lim b o f the M . 
The fame Diftance

W ith tube o f 16 feet, M ars from Lim b 
Planet could no longer be perceivec 

with the naked Eye 
Light of M ars confounded with the 

Light o f the M . M ars from Zen. 
M ars intirely cover’d by North. Cufp 
41 in Taurus appear’d in a right Line 

drawn thro’ the Cuips 
I in ‘Taurus from the Lim b or Cufp ; 
with a ihorter Tube

with the fame Tube 
Diam. o f the Moon with a longer tube 
Again with the fame Tube 
Marses, Emerf. perhaps 4 "  or 5" fooner 
M ars from the Northern Cufp 
The fame Diftance
The Moon’s Altitude 23% with the 

longer Tube. H er Diameter 
Moon’s Diameter with a ihorter Tubel3645

5125 = 42 08
3829 _ 31 29
3007 = : 24 44
1982 = 16 18
I912 _ 07 35
1158 = 5 47

»

1185 — 9 44
3475 = 17 20

3912 _ 32 10

"935  = 32 21
597 Í = 29 47
5973 — 29 48

3675 =
ft

18 20
4035 = 20 08

5988 = 29 55
3645 = 29 58

* 41  ̂ in Taurus. According to Tycho its Place is now «  i f .  5 8 Í ' Latitude 
I . 2 0 . South. Therefore the Places both o f the Moon and M ars  may fee 
cxaftly deduced.

V.
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T m e cor- 

reMed.

h. / //

11 43 30

11 49 2
11 54 48
12 3 ^5

12 10 28

12 10 42

I 10 4 1
I 12 45
I ID

I 33
1

15

r 34 00
I 5 2 35

1 57 5 2

D lftances

The Center o f M ars irom  the neareil Lim b of 
the Moon 

Again
Again - - - _ - _
The Center of M ars  from the North Cufp of 

the Moon _ _ - _ .
The gibbous part o f M ars touchcd the Moon'%

L i m b .................................................. - - -
M ars was wholly covered, being diftant from 

the Cufp - - - -
M ars did emerge, I fuppofe, his Center
H j r   1!/1____   C ... „  _ X T _ _ x . L  T  T   _ r  -% jt

fcope
le Southerr 
fame Point

//

/ tt

7 1 9 - Í - 12 40
571 = 10 3
409 — 7 12

1118 = 19 41

9^3 - 17 14

1018 = 71 55

A ll. M oon 31* circ.
ia fs  from the Northern Horn o f the M oon 

2 2 /; Í? M ars from the Southern Horn o f the M oon
2 0 4 2 = 3 6  5
2266 =  '40 q

Time h N am es o f  the A lti cor 1
fix ed  Stars. tudes. r ed , by A lt. R em arks.

h. ' " 0 / h. '
I I 25 Swan’s Tail 57 10 I 0  24
I 9 45 I 8 45 was'nearly as far diftant

from the bright Lim b o f the 
M oon, as Mount Porphyriies 
was from Mount jE tn a .

I 3  ̂ 39 I 33 42 M ars cover’d by the Moon.
I 45  25 Swan’s Tail 51 17 I 4 4  7
2 47 54 2 46 29 M ars jfliin’d out again,and made 

an end of the Occultation.
3 19 50 Scheat in Peg. 45 3 ' 3 18 19

Oxford i hf 
Afr. Ha’Iey- 
Ibid. p, 734.

•̂ t Danrzick, 
h  M fJeviliur. 
lUd» p. 7ii,

V o l .  I . Z z M ars



C::u!cat;ón 
© /  S a r u r o  by 
tht Moon,
Feb. 27* ft. n* 
»678  ̂ ijrParis s 
éy M, Bullial-
Uos. 17, 1)9*
»• 969-

Occultation 
t f  Jupiter,
Jun. 5. tfi. n,) 
1679. Dinc- 
zick  ̂ by M, 
Heveiius,

CoWt D* Ta
p. »9.

I
7

M ars  was cover’d about Mount Audus^ proceeding as it were through the 
L oca  P dudcfa  o f the M oon, by Mount jE tn a , below the Ifland Bejhica^ above 
the Falus Achertifta, above Mount Corax, by the Palus M aotis^ and a little a- 
bove the lile Alopecia^ and the very Center of the Moon. And thus again 
going out at the greater Weilern Lake.

I f  you afk from whence I could thus exadtly mark out his Paffage, and that 
at the obfcure Part o f the Moon, you are to know it proceeded from hence, 
that by thoie Tubes of mine I could very diílinótly perceive the chief greater 
Spots in the fhaded part o f the Moon •, and thus I could obferve very plainly, 
that M ars  emerged near the middle of Palus M aotis.

L X III . Bullialdus obferved the Beginning, when the Altitude of Andromeda‘s 
Head above the'W eilern Horizon was i8°* 1 1 '; whence the Aftronomical 
Tim e from Noon is given y** 20 ' ;  but the mean Tim e was 7*̂  29' 55" And he 
faw the End when the more Southern Star o f Andromeda's. Girdle of the fecond 
Magnitude was 21” 17' high to the W eil. Whence the Aftronomical Tim e 
from Noon will be found to be S’* 30' 22'.

Here we are obliged to take notice, that the P hilolaic  Tables make Saturn 
farther advanced in Longitude, by at leaft 19 Minutes, than he really is by 
Obfervation ; fothat Saturn was then in n 3° 28', with South Latitude i° 38'.

Farther, in this Obfervation if  we have Recourfe to the Defcription o f the 
Lunar Dille, as defcribed by the illuftrious M r. H evelius *, we found Saturn 
to emerge in that part o f  the L im b, which is fituated in a Right Line drawn 
from the middle o f Mount Berofus through the Riphcean  Mountains, a little 
above Mount Alanus^ and below the Southern Lim its of the Hyperborean 
Marihes.

L X IV . I . T h o ’ I have apply’d my felf to the Obfervation o f the Heavens 
now for 50 Years, (for which I ought to give, and do give, all poflible Thanks 
to Almighty G od ,) yet I have only once feen Ju p iter  cover’d by the M oon, 
w h ic h  was in the Year 1646, Decemb. 24. (new Style) in the Evening, when the 
Sun was u n d e r  the Horizon. Therefore I very m u c h  congrai;ulate with my 
felf, that I c o u ld  make this Obfervation, not only with a very ferene Sky, but 
alfo a c c o r d in g  to my W iih, in the Prefence of my moil W e llco m e  Gueft, the 
fa m o u s  and m o ft  learned M r. Edmund Hailey.

It entered the Moon at Mount Audus^ and as far as could be expeded from 
its Exit, it pafs’d through the h oca  Paludofa o f the liland Cercinna^ over Mount 
uEtna, through the Ifland B ep ica , through Byzantium^ the Illand Apollonia, and 
the upper Part of Palus M eeotis ; fo that it went a little above the Center o f the 
Moon ; the Moon having then fome South Latitude. Then-, which is very 
rare, we very accurately meafured (as it fcems to me) the apparent Diamcttr 
o f  Ju p iter  in this Obfervation. I remember that I have feveral Tim es obferved 
the Diameter o f  Ju p iter  by the Lunar Spots, and found that it crime to 55 
Seconds more or lefs. But now the Diameter of Ju p iter  came out much lefs. 
For the whole Duration of this Occultation being known to be 58" 10", and at 
the fame time the Diameter of the Moon being given -xt!  4cf" j it prcfendy 
becomcs known from that Mora of T im e, when firft Ju p iter  with his Lim b 
touch’d the Lim b o f the Moon, and when again it was hid, (which was done
in the fame Space o f 55  Seconds,) that tlie Diameter o f Ju p ite r  is 30" 53"'.

O rder

( 3 S 4  )
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0

c

y*
Time by the 
Pendulum 

Clock.

1.
/ //

I 18 55
I 29 0

I I 52 0

2 3 2 6 0

3 3 33 0

'4 3 4 1 0

5 3 58 0

6 4 13 50
7 4 1 4 40
S 4 1 5 40

9 4 i b 9
10 4 35
11 5 1 4 0

12 5 •4 20

13 5 1 4 45

10 22 30
10 27 1Ó
10 30 8
10 38 0
10 45 28

Altitudes o f  the fix ed  Stars and o f  the Stin  ̂ w ith th> 
D ifiances <?/Jupiter from  the L im b o f  the Moon.

Time cor- 
re£led by 
Altitudes.

The Altitude o f Andromeda'% Head 
The Altitude o f Ar^urus

24 52
3 1  3

ff

o
00

The Moon arofe ---------- - ■
The Sun rifes -----------------------------
The Diftance o f Ju p iter  from the Lim b o f the Moon 

was nearly equal to the Moon’s Diameter 
Ju p iter  fo far dift. from the Lim b o f the Moon, as is 

the Diftance of M . Porphyrites from Mount Sinai 
Ju p iter  was as far from the Eaftern Lim b of the 

Moon, as Mount /E tn als, from P alus -M araotis  
Ju p . dift. from the limb of the M . two Diam. o f Ju p . 
Ju p iter  was diftant one o f his Diameters 
Ju p iter  grazed upon the Eaftern Limb of the Moon 
H alf Ju p ittr  was hid 
All Ju p iter  was quite cover’d 
A notable part of Ju p iter  now feem’d to come out 
Half Ju p it ir  was now come out 
All Ju p iter  was now come out

h. '
I 20

Í 31
' 54
3 28

it

54
24 
2 í;
25

3 35 o

3 43 o

Altitude of the Sun 
Altitude of the Sun 
Altitude o f the Sun 
Altitude of the Sun 
Altitude of the Sun

53 34 44
53 5 9  45
54 1 4
54 53 4 0
55 27 20

4
4
4
4
4
4
5 
5 
5

00
16
17
18
18
19
16
16
»7

o
15
5
5

34
o

25
45
10

1 0 ,2 5  ■
10 29 42 
10 32 26 
10 40 26 
10 47 46

2. A t 3'' 0 ' 11", the firft Satellite was hid by the Eaft Lim b o f die Moon.^t 
At 3** 2' o"L  the Eaft Side of the Moon touched the W eft-fide of 
then I took the Height o f Ju p ite r , which was 8® 01', at 3" 2' 51". A t 3" 2'*' 
57", Ju p iter  was intirely hid by the Moon. It entered' at equal Diftance 
from the, two Spots G rim aldi and A riftarchus \ the laft o f which was in the 
Seftion of the Moon, which diftinguiihed the L ight from the Dark Part. At 

5' i " ,  the fecond Satellite was hid by the Eaft-fide of the Moon, A t 3'* 5' 
48", the,third Satellite was hid. A t s'" 56', we perceived by the Eye that J u 
piter was parted from the obfcure Side of the Moon.

M . D e la H ire took the Height o f Ju p ite r  two Minutes after parting, and
found it 17° 17'.

■ Z  z 2 Ttmt

ParU;
CaíÜnú 

?• ih

0



L X V .
A n
tim of the 
Cull's Eye, ¿2C 
Greenwich, 
Sept 4. 16S0. 
by Mr, FUm- 
Jiccd Ph, Cell, 
n.  ̂ p. 99.

L X V I.
An Occftfta- 
tiof/ of the
JBuirs Eye at 
Greenwich, 
C¿i. 28. 1680, 

A/r. Flam- 
rtced. Ph, €oU,
n. 4. p. 100*

( 3 5 6 )
Tim e cor- i 

re¿l. in the 
M orning.

O bfervalions.

h.
2
2
2

A*r

4
4
4

//

5249 
53

54!
01 16

South Cuip o f the M . from the Tiuirs Eye 
OjThe Bull’s Eye from the ncareit Lim b

From  the iiiid Cufp
Repeated 

fmmerfion by the Cufp05 4 2 ^
08 20;The Diameter o f the Moon

14 02 
I 5 12
18 52

4 22 

4  ¿3
00

Repeated by my Afiiirant —
The Bull’s Eye em erged------  -
Was dillantfrom  the Southern Cufp

Repeated-------- -
Again 
Once more

5 -̂ OQ
1028
48,30
437«̂
4 0 4 - 9

% 9¿
6588

^725
3980
4.098

//

=  16  26
— 05 08
— 24 06

2 1
20

- 3 2  
=  32

/ 
18
19
20 ;̂ 6

48_
12’or fome- 
54 thing k f  
52 '

01

35 
51

3" 05' 40", the fixt Star feem’d to adhere to the bright Lim b of the Moon, 
and after two Scconds o f T im e nothing appear’d in the Lim b. The Place of 
Jfnmerfion was. near the moft Southern o f three fmall Spots lying in the mid
dle between Pains M aractis  and Mount Clim ax.

A t  4'' 13' 4 5 " , 'the firil Star was not yet emerged ; then, or a little after
wards, I know not on what Occafion, I removed my Eye from the Telefcope, 
and when I apply’d it again at 4" 14' 2", I faw the Star emerged, and fhining 
•with full Light.

h. ■

Neareft Lim b of the M . from the bright Foot of Orion 
The bright foot of Orion from the Buil’s Eye 
NeareftUmb of the M.from brightFoot o f Or/<3» again 
The neareft Lim b ot the Moon irom Pollux

Repeated
The bright Foot o f Orion from the Bull’s Eye

4  53 
4 k6 20
A i S  20
5 0 4  02 
5 06  33 
5 55

26
26
26

12 25 
29 25
1 2  C O

44 09 10
4 4  c 8  i 5 j  
26 29 40,

Time cor- 
re¿íed.

h. ' " 
7 I I  52 
7 16 26 
7 19 46
7 24  44 
7 4 0  14
7 5  ̂ 2/

O bfervations.

The Diameter of the Moon
Repeated

The Bull’s Eye from the bright Lim b
Repeated-----

6745
6744
■5 ^ 5
-5095
3203
1817

//

= 3 3  39 
=  33 39
= 2 9

- 25
=15 59 
=39

24

25

{

1 59
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( 3 5 7  )
h. '
7 59 34
8 02 09

810 
490

8 06 09 It reached the Lim b 
8 0 6  30 It difappear’d at the Longitude o f Palus M irh

towards the North, at its Northern Extremity.

//
= 0 4  02 
= 0 2  26

The Northern Lim b of M ceotis, alfo of had the fame DecUnation
with the Place of Ingrefs.

The Difference of the Declinations o f the Place of Immerfion, and of the 
Northern Lim b of the Moon, was 27 7 0= 13 '. 49".

At 9*' 2' 58"', it emerged from the obfcure Lim b, at the Longitude of Injula 
from its Northern Lim it.

Its Paifage was through the Place of Emerfion, to its Diameter North from 
Crete, through the N orti Lim b of Sir bon, and Mount Climax.

At 9 ’' 10' i  the Moon’s Diameter was 52".
2. At London, we noted the Immerfion at 8“ 6' 00", and that Star was newly 

emerged at 9'' 2' 52".
3. Mr. B¿nj. H arry, M ailer o f the Berkley C afile, riding at Anchor in B al- 

lafore Road, about 20 Miles E.. S. E . from the Town, obferved that the Moon 
)affed to the Northward o f ̂ the B hWs E ye, about 24 or 25 Min. and by his 
•^enduLm Watch, redify’d by Altitudes and the Rifing and Setting of the 

Sun, lie noted, tliat precifely at 16'' 00' the Bull’% Eye was in equal Altitude 
with tile M conh Center, and that at 16'’ 30' the Star was in equal Altitude 
with' the lower Lim b of the Moon, and at 17'’ 12' the Occidental Lim b of the

was in a Right Line with the BuWs> Eye and Capella.

At London;
-̂y Mr, Haliey, 

and jV/r» . 
Ha'mes.

Co//, n. 5. 
p. 124.
Ac Ballafore 
:n India 9 hy 
Mr, Benj. 
Harry> í¿.

Times.

h. ' " 
6 47 00

7 37 00

7 46 00
7 49  30
8 46 00

8 51 00

O bfervatlons.

The Bull’s Eye was fo far diftant from the Confine of 
Light and Shadow, as the Mount o f Cbrift is removed 
from the lower Lim b o t the Moon.

The Star was hid at M are Syrticum, under the Ifland Cer- 
cinna, the Altitude o í  AndromedcC^ Head being then

The Altitude o f A iidrom cdah  Head ----------  -------
'I'he fame Altitude ■ ---------— — ■
The Bull’s Eye again ihone out at the greater Ifland of 

the C afñ an  Sea.
Therefore its PafTage, in refpeil: o f the lunar Spots, was 

through M are Syrticum, Mount A thos, under the 
llland him nos, and Mount Didymiis, under the A the
nian Bay, through the i^ontic Sea, and the greater Ifiand 
of M are Cajfiiim .

The Altitude o f Andromeda'^ Head.

50
49
48

32
27
55

40 22

L X V III .
All dcistltA" 
úm the 
BulTs Eye at 
Dan crick,
Jan- I. A. n» 
1681, by Mm 
Heveliue.

Ph Cell 
n. 3. p. 65.

2. Mr.



(  3 5 8  )
B allafore Road obferved, that the M oon paft to the 

Har̂ y" PhXM. Noithward of the Bull's. Eye^ and that the Star and the M ocnh  under-Limb 
«•S'i* *25- were in equal Altitude when they were both 13° 45^'jiigh to the W eft, which

gives 
whic

At Avignon ; 
h  M. ballet, 
ib.

JÍ Tronfit of
ihf M oon be- 
loro th’ >hne 
S u p erio r  i ia-
jiefs. Rc' 
£ulus, i6Í?2» 
at Dantxick ; 
by M* Heve- 
Jius- 143« 
p. 17. n. 
p. 32/.

n .  1 4 3 .  p .  * 8 .

WWW* 3Í. fee. 
37. n. 151. 
f ,  3x6. min, 
Si'fec.  55.

in equal Aintucie wnen rney were oocn i  ̂ 45 lu luc vv ch, wnich 
the T im e 14’' 4 9 ' j and when th e Soulh Horn o f 'Taurus was 23° 30' high, 

1 makes the T im e 15” 13', the Weftern Lim b o f the Moon was in a 
Line w ith.Cc/)í//í7 and the Builds Eye.

3.̂  T he corred: Tim e of the Immerfion was ó’’ 18' 22", and the Emerfton at
f  19 46".

L X V III . Sept. i j .  N . S. 1682, at Three in the Morning, I faw with my 
naked Eye the Moon and the three other Planets •, but the Moon at that Time 
was ftill diftant about 7 Degrees, according to the Order of the Signs, towards 
the W eft.

But as far as may be colleiled from the Inclination o f the Horns of the 
Moon inrefped of the Tendency of the Planets, I prefently concluded, that 
there would be no Occultations but only T ranfits; fo as that die Moon wouk 
proceed below thofe fuperior Planets, In this Opinion I was more and more 
confirmed, when the following Day, Sept. 28. in the Morning, Regulus was 
not cover\l by the Moon, which Star, in refpeft o f the Latitude of each, 
iliould rather have undergone an Occultation. For Regulus in the Conjunc
tion, at 4"* 6', was diftant 31' 17" towards the North from the upper Horn of 
the Moon •, as 1 obferved exactly with an excellent Tube and a very good 
Micrometer ; fo that there was no Occultation at all of Regulus^ but only a 
Tranfit of the Moon. The fame alfo happen’d 05}ob. 25. And Ju p iter m á  
Saturn.^ as alfo Mars^ on 0 ^ . 26. were not at all cover’d by the M oon, but the 
Moon pafs’d far enough beneath the faid Planets.

\

jin6c»dtatkn L X IX . Feb, I I .  JSI.S. 1683 , at 9^ When firft the Moon approached my
Eye, Regulus was at'a fufficient Diftance towards the Eaft. So that the Con- 

Feb II- fi.n. junftion itfelf (asfar as I could make a rude Eftimate) happen’d at the Rifing 
aick̂ ,’ ' o f the Moon at Five or Six a-Clock. But whether Regulus had been cover’d, 
HeveiiQs. or whether it was only a Tranfit, I could not be intirely fatisfied.
n. lyi. f, 3Jii ^

fimñ.

u
s
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tim e by the 
W atch.

h. //

9 53 30

lo  o8 30

10 29 36

10 52 50

I I  46  30
I I  4 7  5 0

D ifiances 
and Alt.

i
I 'h e  beginning o f the Occultation o f the 

greater little Star A , of the 5 Magnitude

I'h e  Conjundtion o f the Moon and the 
little Star C was diftant.from the lower 
Horn o f the Moon

0 ' "
0 04  00

I'he beginning o f the Occultation o f the 
little Star B of the fixth Magnitude

The end of the Occultation of the Star 
A .

The Altitude o f L y ra  -------  — . 31 4 4  00
31 55 00
32 06 00Again -------- - ----------  ------

L X X .
A n  Occmlta'̂  
thn of ttoo 
fix td  Stars hf 
tht Moon, and 
a Tranjtt above o f 
a Third) Apr, z* 
Jl-  «. 16S3. at 
Danczlck ; by 
M, Hevelius.
%h.

T h e Seftion of the L ight and Shade this Day fell upon the Mounts Serrorum  
and C arpathos, through the S im s Peronticus^ betíüeen Byzantium  and the Ifle 
Cymea^y through the Mountains Amanus and 'Tiiirus^ and the Urian Mountains.

The firft little Star A  is not to be found in Tychd'^ Catalogue, but in my 
new one it is call’d. T he Subfequent under the Bull’s Horn of the fifth M ag- 
niuide. A t this T im e it is n  19° 1 1' 35", and in 4® 43" 44" o f Southern L ati
tude. The other B , as far as I could colleft from this Obfervation, is in n  
19® 17' o", and in South Latitude 4° 47 ' o". But the third C, which is hardly 
to be feen with the naked Eye, is now to be found in n  19° 9' o", and in Lati
tude 5° 2' o" South. Now the Star A  entered the Moon at Mount Audusy 
pafs’d over the Idand Cercinna^ Mount Neptune^ the A driatick  Sea, between 
Mount H orm inhm  and Mount A m a n u s over Mount Hercules. S o  that it 
emerged again between Palus M<£Otis and the greater Ifland o f the Cajpcm , 
"Whence it is plain that this little Star A  \vas nearly in a central Conjuodion 
with the Moon.

The other Star B  of the fixth Magnitude entered the Moon at Palus 
M araotis^ pafs’d through Sinus Syrticus^ to Mount Athos., by Mount Latmus.^ 
between the Mountains Sipylus and Macy/ttus^ below the Center of the Moon, 
by the upper Mount M ofchus., through tlie Pontic Sea, and fo below the 
greater Ifland of the Cafpian  Sea.

L X X L

JHED
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O c e u i u t i m  

o f  a  H x e J  S t a r f  
4in4<> Trofijlt 
éthüvs. áwithtr, 
I í̂ay 2, ft. n. 
1685. Dar.t* 
Sick ; hj M, 
i:i£vcUus* /i'.

J i n  O c c u h a t h n  

o f  R e g u lu s  by

( 3 6 0 )
L X X I .  M ay 2, n .J i. 1683, at 11** 0' o" in the Evening. The Moon pafíed 

above cKeTictle 5 tar at the R oot of the Tail of Concn^ wliich then wa  ̂ in $  
27° 53''. 37", in i)Oiith Latitude 2° ii>' 42" j fo that in the very Conjun<jlion it
was not diil'ant from the lower Horn o f tlie Moon above 12'.

A t 12** 0 ' o", another fixt St^r, but a very fmall one, was cover’d, which
otherwife is not in the Catalogue. As far as can be guefs’d it was in ,$  28® 
30', and in South Latitude 1° 54'.

L X X I I .  I  obibrved m oil exaftly the very Moment of Immerfion, which 
«/Regulus happen’d at 11** 17' 20", in the Evening, according to my W atci. 'I’he Ljne

o f PaíTage Went through M ^re Pm philium ^  below the Ifland C arpathos, die lile 
xf̂ k’ Cyprus, below the utmoil Bay of Pontus, and the lower Bay o f M are Caf-
Hcveíiut;í.‘ pium , ‘A t-11" 24  4 2 ", according to my W atch, the Altitude o f  the bright

Star o f the Harp was obferved to be 44° 39' 00" from whence the beginning 
o f the Occultation may be correded. T h e Se6tion o f L igh t and Shade was 
through the greater black L ake, -at the Ifland Corfica^ Mount Niconius^ thro’ 
the Strymonie Lake, and the Ifle of R hodes ; by Mount Sinai^ and Mount
^Techifavdam.

An occnitatim L X X II I .  I- A t 9*' 26" the Under L im b o f the Moon was ju il  rifen, and foon 
ef Jupiter ¿jf Jupiar  appeared near the Eaftern^Limb o f tlie Moon, witliin a few Mi-
the Moon, r  i • jMar. j i ,  1686. n u tes  o f  b e in g  ecupjea.

‘̂ London; by -h - as could be gueíTed, was the T im e of the C entral Im m erim ,jJt* FlOOJĈ   ̂ 1 _3 • 1 11 Í* KM. Hailey. whiclv was Very dimcult to be oblerved by realon of t le Alperity ot the M oon\ 
r. iSi. p. 85. L im b, which undulated and fparkled very much, as it appeared through t le

Vapours near the H orizon : T h e Ingrefs happened much about die length of 
the Spot, called by Hevelius^ Palus M arxotis^  to the North o f  the faid Spot, 
or about the 124th Degree o f the outer Lim b o f iiis Selejiography^ nearly in the

• fame Latitude with the iVicw’s Center.
lo '' 30'. T h e W eilern Edge o f Ju p ite r  began to emerge out o f the dark

Lim b o f die M oon.
10'' 31' 20". T h e whole Diik o f Ju p iter  was entire, fo  that he was about

a Minute and a Third in coming out from behind the M oo//.
T h e E m erfm  was exaftly in a right Line with the M oon\ Center and die

Northern Part o f P alus M aotis., or about the 3 24th Degree of the inner Limb 
o f  the Seknographick 1 ‘able o f H evelius. 1
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Time cor- 
reSled by 

P en i. Clock

h. '  " 
9 32 30

9 33 42

10 I I  12

10 30 30

10 21 
10 35

10 41
10 44 
10 45

36
50

40
00
44

Ju p iter's  L im b touch’d the bright Lim b of the Moon, 
the Diameter o f M araotis from its Northern Lim it. 

Ju p iter  was wholly cover’d, as far as could be gueis’d by 
means of the Vapours of the Horizon, and the Undu
lation o f the Lim b which was very turbid.

The Difference o f the Declinations of the Lim b of the Moon 
which was truly Southward, and of the place o f Ingrefs 
by a Tube of 8 Feet and a Micrometer. 15 4 6 =

A little part of Ju p iter  emerged over againft the Northern 
Lim b of M aolis,

All Ju p iter  was free, 
rhe Difference of Declinations of the Center o f Jupiter^

tf

12 42

and the Soutiiern Lim b of the Moon
Repeated

The Diameter of the Moon
Repeated-

3 4 3 6 =
3 5 8 5 =
3 9 0 6 =

3 9 ^5 =

28
29
32
32

2.
At Green
wich i hy Mr, 
Flamfteed. n* 
184.

28

lelbauer.

3. A t io ‘‘ 19' 56", M , I . J a ,  Zimmerman obferved the firft ContaSt o f the^íNurem- 
Lim bs o f Ju p iter  and the M oon, and at io ‘‘ 20' 47", Ju p iter  was all eclipfed.

A t II**  22 ' 51", Ju p iter  was wholly clear from the E clip fe. n. 183. p. 17*7,

T h e Immerfton was about the 117th, the Emerfton at the 321ft Degree of the 
Lim b, in the C hart o f  H evelius.

A t I I “ 31^ 06", the third Satellite o f Ju p ite r  emerged. Thefe Times were
colleóted from the Culminations o f fixed Stars, and the Vibrations of a Pen-t

dulum.
4. A t 10*’ 20' 50", Ju p iter  applied to the Lim b o f the Moon, o v e r - a g a in f t  w m - 

the Loca Paludofa In fu la Cercinna.
A t I o** 2 2' 00", he appeared about half eclipfed.
A t 10'’ 22' 30", he was wholly hid.
A t I I  19' 40 ", Ju p iter  began to emerge.
At 11** 21 ' 20", he was quite fr e e  from the Interpofition o f the Moon. The

Point o f the Emerfton was fomewhat to the North o f the Falu s M aotis. No
Spot in the Moon was fo near the apparent Magnitude o f Jú p iteres Diik as the 
Infula Befbicus H tvelii.

A t 11*» 40 ' 00 ", the Altitude of Procyon was 8° 3 7 ' ;  whence the Pendulum 
Clock, which had been fet by Altitudes o f the Sun the Afternoon preceding, 
may be examined.

V o l .  I. A  a a 5- T h a’
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îDannuck, ¿y Tho* hitherto for 56 Years I  have neglefted no Obfervation o f any M o.
ment, yet I have not been able rightly to-take and note - down above three 
Eclipfes o ^ Jitp iter . T h e firft was An. 1646. D ec. 24. in the Evening-, but 
then I could only obferve the End. T he fecond was An, 1679. Ju n e  5. ¡n the 
Forenoon; at which Tim e the whole fucceeded as I could wiih. The third 
was this prefent Year 16^6. A pr. l O .  in the Evening.

Am ong other things this is to be noted, that this Occultation did not hap
pen when the Moon was quite in the full, but about a Day after the full Moon, 
in the Evening. And likewife at the fame time, (which is very wonderful* 
and is a Coincidence which hardly ever happens) and with the fame Appear
ance, as w\'is feen in that Occultation An. 1646. D ec. 24. in the Evening. 
A t which T ime the Moon had now decreafed for two Days, and without 
doubt it exhibited the fame Libration alfo, as in this our laft Obfervation. 
For the Section of Light and Shadow was jufl: the fame, and pafs’d through 
the fame Spots, which I cannot fufficiently admire that is, at the greater and 
leiTer Hyperborean Lake, alfo at the Riphean  Mountains, through Talus Maotis^ 
by the greater Lake o f the Cafpian Sea, and its lower Bay to Mount Nerofus.

On the contrary, the Occultation o f Ju p iter  o h ít w tá  by me An. 1679. 
very different, as it happen’d not about the full M oon, but the new Moon, 
about three Days before the Conjunftion.

( 3 6 2  )

Hour by the 
W atch.

*

Altitudes 
taken ‘w ith  
a ^ a d r a n t

Time cor
rected  by 
the Alt.

h. '  "
5 10 10 
c. 12 30 
5 17 40  
5 23 50

The Sun’s Altitude. 
T h e Sun’s Altitude. 
'I'he Sun’s Altitude. 
The Sun’s Altitude.

Gr. ' "
Í 3 47  0
13 28 0 
12 41 0  
I I  4 6  0

h. '  "
5 ”  43 
5 13 55 
5 19 21 
5 25 43

8 7 10 
8 I I  15 
8 15 10

The Altitude o f A r5lurus. 
The Altitude o f ArSiurus. 
The Altitude o f A r£iurus.

29 55 0
30 32 0  
30 59 0

8 12 50
8 17 4
8 20 51

9 4 4  50
The M oon rifes about -----
Ju p iter  was diftant from the Ifland c 

about 43 Minutes.
)f Cercinna

9 24  0

9 52 50

10 21 30 

10 4 0  35 
•

Jú p iteres  Diftance was fuch, as the Diftance of M.
Sinai from T alus M araotis.

Ju p iter's  Diftance was nearly equal to the Diftance 
between M ount jE in a  and Mount Porphyrites.

10 31 30 

10 51 5
The

Un£D
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h. '  "

io  51 30

1 0  56 9
•

ID 5 6  5 4

10 57 39

The Limb oF Ju p iter  was as far diftant from the Lhnb 
of the M . as Val. M araotis  from the Limb of the M. 

Ju p iter  with his Limb began to touch theLimb of the M.
and thus the beginning of the Occultation came on. 

Half Ju p iter  was hid.
A ll Ju p iter  was wholly cover’d by the Moon.

h. '

I I  2 0  

[ I  7  9
I I  7 54
I I  8 3 9

I I  8 3 1

>

The Occultation of the outmoft of Ju p iter ’& Compa
nions happen’d at M om  A labajirinus.

Only two of his Companions could be feen on the 
Eaftern Side.

I I  15 54 
I I  1 9  0

I I  2 1  3 7  
I I  2 4  5 7

The Altitude of Lyra.
The Ifland Bejbica and Rhodes were found 

under the fame Perpendicular, which 
was removed about 3 5  Degrees from 
the vertical Line of the Moon.

The Altitude of L y ra .
Again.

32“ 59' 0"

33 50 0
34 24 0

I I  2 6  0

I I  32 15
I I  36 24

I I  38  1 5  

I I  39 0
39 45

«

The beginning of Ju p iter's Emerfion.
Half Ju p iter  emerged.
A ll Ju p iter  appeared.
Diam. o f the M . obferved with a M icrom . was 31' 0".

I I  49 15 
I I  50 0 
I I  5 0  45

I I  54 10 I 'h e  Diftance o f Ju p iter  from the Confine of Light 
and Shade was equal to the Diftance o f Mount 
M tn a  from Mount P orpl^ rites. 12 5  40

I I  57 20 Diilance o í  Ju p iter  from the Confine of Light and Shade 
was equal to the D iil. between the Ifland B^ejbica and 
y io n n tjE tn a . And the moil remote o í  Ju p iter ’s Com
panions was as far diftant from Ju p iter., as that Com
panion from the faid Confine of Light and Shade. 12 9  20

1 2  6  9 
12 9 18

12 1 3  20

The Altitude of L y ra ,
The fame Altitude again. 
I'he Altitude of the Moon.

4 0  1 9  0 
4 0  4 6  0 
1 6  1 5  0

12 18 39 
12 2 1  4 0

Firíl it is plain from the Obfervation itfelf, that the Path or Line of Jupiter*^  
Paflfage was by Mount Alabafirinus^ by the Mount o f Chrift, Mount Carfathos^ 
below Mount Macrocemnios^ and by the lower Hyperborean Lake. Secondly, 
that the Ifland Bejbica and the Ifle o f R hodes were under the fame Perpendi
cular, at the T im e of the Occultation, about 3 0 ';  fo tiiat 35 Degrees of 
the M oon’s L im b culminated. I'herefore Ju p iter  enter’d tlie bright Lim b of

A  a a 2
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the Moon about the 61 Degree, that is, from the Perpendicular Line of the 
Nonagefm and the Point o f the Zenith, towards the Éaft. And he went out 
about the 31 Degree from the faid perpendicular Line o f the Nonagefm to
wards the W eft, at the obfcure Lim b of the Moon. Therefore Jupiter*^  Path- 
Line was a Subtenfe o f almoft 104 Degrees, in tlie North Parc o f the Moon.

Befides it is very well worth obferving, that from this Obfei*vation I could 
derive the Diameter of Ju p iter  exaitly j which was 51" 42"'- And o f this 
Magnitude was the Diameter o f Jupiter^  or about 50'", whenever I meafured 
it by the Spots of the Moon. B u tin  the Year 1679» on the 5th díjun e^  
when I obferved a like Eclipfe of Jupiter.¡ it was much lefs than this, being 
only 30" 53'". Which I imagine to proceed from hence, becaufe that Obfer- 
vation was made in the Day-time, and while the Sun íliined, when the adven
titious Rays o f the Stars and Planets are more difpell’d by the Sun’s Light, 
than in a dark Night. Now if  you Ihould inquire which o f thefe apparent 
Diameters I take to be the truer, I ihould anfwer that which was obferved on 
the 5th ot June in the Year 1679, when the Sun fhined. Not becaufe the lail 
was not obferved with the fame Diligence and Exaélnefs but becaufe, as 1 
faid before, the adventitious Rays in the Night-time are a greater Hindrance 
than in full Day-light.

At Pari« j iy 6. A t 9 ’’ 31' 6", JupitBT was in a Perpendicular falling on the Lim b of the 
M. caflini. M oon ovcr-againft the Northern-part o f  the Spot Grimaldi^ {M arao tis) near to
n. 125. P‘ I7S.* (^Stag. M iris) and diftant from the Lim b about 4  Tim es as much as

the faid Spot.
9*' 40 ' 2i'\  Ju p ite r  touched the Circumference of the Moon^ which undu

lated byreafon o f the Vapours near the H orizon.
9'* 41 ' 20", H e quite difappeared in the Inequalities o f the M oonh Limb, 

the T!otal hnmerfton might be fome Seconds later. So the Central Im m erfm  
was at 9" 40 ' 5 1". Ju p iter  entered over-againft that Part of G rim aldi next 
Riccioli,-

10“ 30' The outermost Satellite which preceded Ju p iter  appeared over- 
againft the Middle o f the Cafpian Spot {P al. M teotis) through which the Se^im  
o f  L ig h t and D arknefs paiTed, and made nearly an Equilateral Triangle, with 
the Extremities o f that Spot.

I o’* 40 ' 24", The firft Lim b o f Ju p iter  to come out of the dark Side 
o f  the Moon., over-againft the North-part o f  the Cafpian Spot, about Cleomedes, 
{ad  M ontes R iphaos.)

10“ 40 ' 56", The Center o f Ju p iter  did m erg e. It was difficult to diftin- 
guiih the Moment when Jupiter^% D iik was fully clear, but at io ‘' 41' 36", 
the Eclipfe was certainly paft.

A t the Em erjion o f the Center, the Altitude o f Ju p iter  was 1 1° 31'.
A t I o'* 42 ' 4 9 ", The Second Satellite.^ being the neareft of the three that fol

lowed the Planet, emerged.
A t 10  ̂ 45^ i" ,  The Im term ofi Satellite.^ being near its greateft Elongation, 

m erg ed .
A t 10^ 50' 40% T h e ^ hird, or Penextimus Satellites^ being like wife near its 

greateft Elongation^ began to appear over-againft the Northern-Edge o f the 
C afpian  Spot. A t

( 3 6 4 )
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A t 11“ 45'- T h e Diameter o f t h e  M oon was 32' 2 7 " ;  and according to the .
Calculus o f M . Cajftni^ her P arallax  was 61 Min. r;

The Central Immerfion was at 9“ 42' 1 3 " ; and the C e n t r a l a t  Avignon;
10 45 ' ^6", over-againft the Southern part o f the C afpan  Spot. R p. Bonfa.

ih, p. 176*

L X X IV . I.  The Immerfion was feen z t  jo t t e r id g e  (which Place is about 9 occuiutUn 
Miles from London, and nearly 25" of Tim e to the Weftward thereof) by ^
Mr. E d. Haines^ who between a Gap of the Clouds obferved the ContaSl of 
the M oon's L im b and Jupiter's^  at 3** 3'-j. p- 87-

The Clouds clofing again permitted him to obferve no m ore: however 
from this we may conclude the Central Im m erfion at London^ to have been 3**
4^1, mane.

The Em erfion  was obferved at London, by M r. Edm . Hailey, to fall out at 
3  ̂ 4 9 ' :  for at 3'' 50', Ju p iter  was all out, and the Limbs fo little feparated, 
that he judged, that a Minute before, the Center o f Ju p iter  had been upon 
the M oores Edge : T h e Point o f the Em erfion  was over-againft the Southern
part of the Spot, call’d by H evelius Infula M acra , or at the 342d Divifion of 
the inner Lim b o f his M ap  o f  the M oon.

2. T h e Immerfion o f the Center happened at 3** 37' 23", on the Eaft-fide ofAvi»Hon 5 hy 
the Spot Xenophanei. T he Em erfion was at 4'* 28' 24", between Seneca and 
B erofus, according to R iccio li, or ad  M ontes Alanos H evelii, a little to the 
Northward o f the Palus M aotis^

By the 
W atch.

h. ' "  
3 23 20
3 24 25

3 44  30 

3 47 00

3 52 00

3 59 00

4 16 40

^ime cor- 
reUed.

Altitude o f A r5iurus. 
The fame Altitude.

It

31 1 6 0  
31 0 4  o

Ju p iter  was diftant from the M .’s Lim b by a greater In
terval than that o f Mount Sinai from Mount M tn a.

Júpiteres Diftance was as much as that o f Mount P or- 
phyrites from Byzantium .

Diftance o f Ju p iter  from the Lim b o f the M . was equal 
to the Dift. o f the lile of Sardinia from P al. M araotis.

Ju p iter  was diftant from the Lim b of the Moon fome- 
thing more than P alus M araotis  from M tn a.

Dift. o f Ju p iter  from the Lim b of the Moon was almoft 
equal to that o f M . Porphyr. from the Ifland Cercitina.

The Planets were now fet.

h. '
3 20 
3 21

i t

12
35

3 41 30 

3 44 00

3 49 00 

3 56 00

4
4

13
17

40
00

/̂Danntck; hj 
M* Heveliu». ik. 
p. I Í4*
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L X X V . I .
Ouuhatim 

^ ^ tu rn  hytht 
Moon, War. i j .  
1686-7 at Toc- 
teridgej by Mr, 
Ed* Haines, 
n. 186. p . i 63«

The H our 
by a  large 

Clock.

h. ' "
12 06  10 
12 16 47 

I 1 8  00

I  1 8  3 0

I  19 00

4  0 1  2 5  
4  09 06

The Altitude o f Pollux.

- An fa o f Saturn.
riie Immerfion o f Saturn's Center a 1 

low P alm  M aneotis.
Now Saturn  was quite hid.

T h e Altitude o f the Center of the Sun.
mmt

' ‘The Time
correSied.

0 h. ' "
28 35 1 2  1 2  14
2 6

\
59 1 2  2 2  4 7

I 2 4  00

I 2 4  30
I 2 5  00

2 0 0 0 7 0 7  1 7
‘ 18 55 4 1 4  43

f
rn \rA n̂A;hr 2 M arch  i8 . A t Night I  obferved here the O ccultalhn  o f Saturn  by the

which happened at 12" 13' 55" : it paiTed diredly under the Midft of 
n. Z4J. p. 193. the M oon's D ifcus.

Thafci i/Sarurn, 
An, 1665. at 
Mainhcad ntar 
Emer; ¿yAfr. 
Wiiiram Ball, 
tf. 9. p. 15-2.

rig, I3Z. 
An, 1Ó66. at 
London; hy Dr9 
Hook. ft. 14* 
p. 246.

Fig. 133.

A n . t668. at 
Paris i hy 
Mugen» and M, 
Piccart. ». 45. 
p> 900«

A n . i6jo, at 
D.^ntzick ; by 

Hcvcliui-
n. 65. p. ao8^- 

Fig. 134.

L X X V I. I .  0 £f. 13. 1665. at fix o f the Clock, with a very good Tele- 
fcope near 38 Foot long, and a double Eye-glafs, Saturn appeared to me 
fomewhat otherwife than I  expeded, thinking it would have been decreafing, 
but I found it as full as ever, and a little hollow above and below.

2. Ju n e 2^. 1666. between 11 and 12 at Night, I  obferved the Body of 
Saturn thro* a 60 Foot Telefcope, and found it exaftly o f the Shape repre- 
fented in the Figure. T h e Ring appeared o f a fomewhat brighter L ight than 
the Body *, and the black Lines a  ¿z, crofling the Ring^ and b  croffing the 
Body (whether Shadows or not I  difpute not) were plainly vifible ; whence 
I could manifeftly fee, that the Southernmoft part o f the R ing  was on tliis fide 
o f the Body, and the Northern-part behind or covered by the Body.

3. Aug. 17. 1668. at Hi** thefe Obfervers, imploying a Telefcope
of 2 1 Foot, law the Globe of Saturn in the Middle manifeftly appearing above 
and below, beyond the Oval of his Anfes \ which was hardly difcernible the 
laft Year. They meafured divers ways the Inclination  o f the greater Diame
ter of the O val to the M quator, and found it o f about 9 Degrees. By this 
Obfervation and other like ones of this and the preceding Year, M . Huygens 
finds, that, inftead of 23® 30% the Angle o f the Planes o f the R ing  and of the 
E clip tick  m u ftb eo f 31% or thereabouts.

4 . Aug. 26. New Style, 1670. T hat Telefcope o f 50 Foot long, which you 
lately fent me, fhew’d me the Face o f Saturn very plainly and clearly, not- 
withllanding the Prefence of the Moon. Now how it appear’d to me may be 
feen by this Delineation, It had a very different Appearance from what was 
feen by M r. Huygens^ and you alfo, An. 1666. and likewife by the Paris

2 Obfervers

i¡ jn £ D



Obfervcrs in 1668. For the Ring which encompaffes Saturn  was now found 
to be much narrower and clofer than at that T im e, its Path now being much 
more oblique in refpedt of the Earth.

5. This Summer M r. Huygens obferved Saturn with his Telefcope of 2 2 Pad*; aí.
Feet, and faw his Figure to be very conformable to what it iliould be accord- J'**
ing to his Hypothefts j viz. the or Arms to be very narrow, infomuch 
that tlieir Opening appeared not but very obfcurely.

6. Sept, 16. Dx. H ook obferved the Phafe o f Saturn as here reprefented, r̂ n̂don • í»
Fig. I 2^. I?r. Hook, /ii,

7. Saturn^ according to the Hypothefts o f M r . w a s  to have retaken An. 1671. 

his Round Figure in the Months o f Ju ly  and Augufi 1671. But this Appear- 
ance hath been perceived ever fince the End o f May^ at a T im e when he wasp.^o"^-"^ * 
diftant enough from the Sun and the Horizon^ to be well obferved. H e hath 
remained in this Figure unto the n t h  o f Augufi, and M r, Cajfmi did then 
obferve him thus ; but three Days after he faw him with Arms^ though very 
narrow ones.

8. Our Philofophers here know very well, that as foon as M r. Cajfmi had Wuygew. 
told me that the Arms o f Saturn were returned in Augufi^ I faid that aíTuredly'^’ '̂̂ “ '̂̂ ®*®‘ 
they would difappear before the End o f this Year. I  ftill obferved them, 
iVijv. 6. J l .  n. in the Evening, but they were fo faint and obfcure, that it was 
hard to difcern them •, fo that within a few Days they will appear no more at 
all. This confirms altogether my Hypothefts o f  the Ring^ which now difap- 
pears in proportion as the Rays o f the Sun do obliquely illuminate the iiat 
Surface o f it, obverted to our Sight.

9 . How it appear’d lately, on Sept. 11. New Style, I have delineated very- í̂Danreick;¿j»
truly and careful y, and have here fent you the Scheme. But in the Months 
of Ju n e, and Augufi, that you ihould fee it quire round, as the P arifians
affirm, I can hardly imagine. For tho’ the Arms of Saturn might appear very 
clofe at the Sides, even in a Tube o f 60 or 70 Feet, .yet I  can hardly think 
they could quite vaniih, fo that no Remains o f them could be feen. Perhaps 
the Parifians might view Saturn in ihort Telefcopes, during the Twilight, 
when the Moon was up.

10.  OSt. 12. with my lefs Tube I thought I faw fomething on each Side of . i r Derby 
Saturn, amidft the Colours o f my Glafs, and the fpurious Rays of his Body.
Diredting my longer Tube (o f 14 Feet) to him, 1 could fee his Anf¿e fome- 
what more diftindly, but very flender, and to one, that thought not of them, 
icarce difcernible.

N ov. 30. I  obferved him with my 14 Foot Telefcope, the Aperture being 
If- Inch, and its Eye-GIafs drawing two Inches. H e appeared perfe¿Uy row,id, 
ir?e from Rays and Colours, and no Anf^ to be feen. M r. T ownl^  in his laft 
{N ov. 20 .) tells me, that he looked at him one Night, and could hardly di- 
ftinguiih his Line o f the Anfulce, but plainly faw a dark Line through him 
near his upper Part. 5 80. A n .fóyK

11. B ee. 16.* we found Úrax. Saturn had retaken his round Figure.
•  i* r\ • A i r *  i  í a m i t c c ü »

12. June 11. in the Morning 1675. we law Saturn  miproved with uiSa. 1.6. p 372.
wide and open í ' j t  S i ’., I]

23. In Augufi, the Figure of Saturn appear’d, as Fig. 137. ». uy. p. 661.
14. From

{ 367 )
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A n. at
'̂aris i by M. 

Ciifini, », 118. 
p. 690.

1 3 T .  

JFV̂ . 138.

Places of Saturn 
ebf/trved An* 
1670, (jtDant- 
i'lck i by hi. 
Hevelius. 63 
p. zoSp.
A n. 1677- 
Paris j by M, 
Builialdus.
»39- P*97S'
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14, From the Scheme of as obferved by Mr.//iw/m a Year ago,
I perceived that he made ufe o f Telefcopes which were much inferior to ours! 
For at that T im e, as alfo now Aug. 1676. in the Globe of Saturn, an obfcure 
Zone was feen by us, a little to the South of the Center, not unlike the Zones 
of Ju p iter . Moreover the breadth o f the Annulus was divided into two Parts, 
by an obfcure Line thát to appearance was elliptical, but was really circu
lar, as it were into two concentrick Rings, the Interval of which was brighter 
than the External. I faw this Phafis immediately after the Emerfion of Saturn 
out o f the Sun’s Rays through the whole Year quite to his Immerfion •, firft 
with a Telefcope of 35 Feet, and afterwards with a lefs of 20 Feet.

L X X V II . I . Aug. 26 . ft . n. 1670. I  faw Saturn^ the Altitude o f Aquila be
ing 24° 32' o", at the Diftance of 33“ 48' o", from the utmoft W ing of Pi- 
gafus., and 24° 51' 40" from his Mouth ; in 4° 1 1' o f Pifces^ and in 1“ 53" of 
South Latitude, being then in Oppofition to the Sun.

2. D ec. 29. new Style, 1677. at S'* 58'. In the fame Azimuth, and in the 
nonagefm Degree o f the Ecliptick from the Horizon, we faw Saturn and the 
Northern Eye o f the Bull, which was below Saturn. Whence we found that 
the Planet and the fixt Star had the fame Longitude in the Zodiack j that is, 
n  3“ 58' 53", according to "Tycho.

The outermoii L X X V III . I .  About tlic End o f O ifoher 1671. we difcovered, by a Tele-
tilin  ̂7  ̂  ̂ Saturn., one o f  which by its particular

Motion ihew’d itfelf to be a tm t  P lanet j which we found, by comparing it not
«•9»- p- 5̂ 78. tQ Saturn and his ordinary Satellite, difcovered 1655 by M . Huygens^ but

alfo to the F ix ’d Stars. T h e Motion of it was very manifeft in refped of the 
F ix ’d Stars, but lefs fenfible in refpedt o f S atu rn ; yet it appear’d, that from 
05Iober unto N ovem ber i ,  his Diflance from Saturn increafed Weflward, 
and from that time unto N ovem . 6 . it diminifhed : So that his greateil Digrejfion 
from Saturn happened in the Beginning o f N ovem ber.

Dec. 16. W e found that on the Eait of Saturn.̂  there was a fmall Star, far 
diftant, in a itreight Line to Saturn, and to his ordinary Satellite, which was 
Oriental alfo, but little diftant frgm Saturn. And D ec. 'i\th. we faw this Sa- 
tellite in the W eft, and a Star, Oriental likewife, lefs diftant from Saturn than 
that we had feen the 16th.

D ec, 13. and 17. 1672. W e perceived, with an excellent Telefcope, (of 35 
Feet, made by Campani') an Occidental Star, remote from Saturn, which in 
both thofe Obfervations had a Southern Latitude in refped o f the Line of his 
W ings ; but in the firft it was furtiier diftant from Saturn than in the fecond: 
fo that, i f  this was the fame Star, as I fuppos’d it to be, it mov’d towards Sa
turn  on the Eaft, and confequently (fuppofing it to be his Satellite) it was in the 
fuperior Part of his Circle.

Feb, 6. 1673. W e began to fee him again, and we obferved him almoft all 
the Days following till the 20th . This new Planet did more and more remove 
from Saturn  till the 19th of Feb. when we meafured the Difference between his 
PaiTage and that o f the Center o f Saturn to be 30" of an H our, which gave at 
ieaft 10 Diameters o f Saturny and on the 2 o tb  the Diftance was judged by 
Eftimate to be yet greater. This
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This DigreíTion, being treble to that o f t\\t Ordinary Satellite, enabled us p-5
at firft to judge the T im e of this Revolution to be Quintuple, applying to^'*^’
the Satellites t lat Proportion, which Kepler hath noted in t le P rin cipal P la 
netŝ  between the Periodical Times and their D ijlances. W e were after
wards confirmed in this Opinion i for by the apparent Swiftnefs o f his 
Motion, it was eafy to fee that this Planet had been in Conjunótion with 
Saturn Feb. 3. 1673. and by his Motion on the W eft, it appears, that he 
was in the inferior part of his Circle : And becaufe during this time of 17 
Days he remov’d more and more from Saturn, ’tis certain that he remained 
in the fame Quadrant of the inferior Occidental Circle above 17 Days, and 
that his whole Revolution  is more than 68 Days. H e was thefe lait Days 
at a Diftance almoft equal to that which he had about the end o f October 
1671 j fo that in 480  Days or thereabout he made a certain Number o f In- 
tire Resolutions^ which can be no more than 7  ̂ fince each o f them is with
out Queftion of more than 68 Days. I f  you ihould count 7 of them, each 
would be 6 8 t  Days •, if  you count 6, each would be 80 Days ; and if you 
count but 5, each would be 96 Days. But this laft Suppofition can by no 
means be made to agree with the two Obi'ervations o f Dec. 1672 i and the 
firft doth not agree fo well with them as the fecond.

M r. Caffini has fince found, that this outermoji Satellite is diftant from the«. 133. 

Center o f Saturn i o i  Diameters o f his Rin¿^; that the Period o f his Revolu
tion in 80 Days is fo ju ft, that he doth not anticipate 9 Revolutions, which 
are made in two Years, but by one whole D a y ; and that in the Conjunc
tions with Saturn, his Latitude encreafes according as the R ing  of Saturn en- 
largeth itfelf j though the Line of his Motion is not parallel to the Circum
ference of the R ing.

Mr. Cajfini liatli alfo difcovered, after many Revolutions, that this SatelUtr 
hath a Period of A pparent Augmentation and Diminution, by which Period lie
becomes vifible in his greateit Occidental DigreíTion, and invifible in his
greateft Oriental DigreíTion ; he begins to appear two or three Days before 
his Conjundion in the inferior part, and to difappear two or three Days after 
his Conjunftion in the fuperior p a rt: So that he remains inviiible in every 
Revolution of 80 Days for a whole Month together.

This Viciilitude o f P hafes makes it feem probable, that one part o f his 
Surface is not fo capable of Refleiting to us the Light o f the Sun, which 
maketh it vifible, as the other part is. Whence we may conjeilure, that 
the Globe o f the Satellite hath fome Diverfity o f Parts analogous to chat of 
the Earth, the one part o f whofe Surface is cover’d by the Sea-, which is 
not fo fit to refled from all parts the L ight of the Sun, as the Continent 
which maketh up the other part: So that this Planet by a Converfion about 
his A xis, or by an Expofition of the fame Hemifphere to Saturn (much 
after the manner o f the Hemifphere of the M oon to the E arth ) fometirnes 
turns to us the part analogous to the Continent, fometirnes tliat part which 
anfwers to the Sea.

V o l . I. B b b L X X IX .
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p.

D



The Third Satel
lite of i âturo 
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L X X IX . D ic. 23. 1672. W e found a fmall Scar W eil ward o f Saturn^ be

tween him and his O rdinary Satellite^ which was on the W eft aho, almoft at 
a double Diftance. B cc. 30. we faw a little Star, on the E aft of him and his 
Ordinary Satellite^ which had pailed alfo to the E<aft ot him.

Ja n . 10. 1673. This little Star appeared to have returned almoft to the 
fame Pofition in refped: of Salurn  and his O rdim ry Satellite., where it had 
been D ec. 23. J a » . 15. the O rdinary Satellite- was Oriental, and the iVfto 
one Occidental, as it had been in the precedent, but a little nearer to Saiur-,,-̂  
W e had that Evening time enough attentively to obferve this Planet foi 
a whole Hour together, during which we perceived, it approached to Saturn 
on the W eft, and confequently was in the luperior part o f his C ircle: Which 
did fully confirm us in the Suppofition we were inclined to, that it was an 
Interior Satellite.

Comparing the Obfervations together, we began to find the Ruie of the 
Motion o f the new In terior Satellite. For the two laft ihewed us, that in 
5 Days he had made more tlian a whole Revolution. The firft Obferva- 
tion compared with the third made us judge, that in 18 Days he had made a 
Number o f Revolutions, almoft whole ones, which certainly were 4 •, each 
o f them was o f 4-1-D ays: So that between the lo ih  and i^ th  it might be, 
that there had Í3een one Revolution o f 4 í  Days, or two Revolutions of 2- 
Days each. But the Combination o f the firft with the fecond, made us feclude 
the Period o f 2 i  Days. W e therefore judged by thefe Obfervations, that 
this laft Planet finifties his Refolution about Saturn in 4^ Days *, that the 
Semidiameter of his Circle is 17 o f the Diameter of Saturn's R ing  ; and that 
he was towards his greateft Occidental DigreiTion the 23d o f December^ and 
Ja n . I. about 7 a Clock in the Evening. W e have fince found, that his 
greateft Digreflion from the Center o f Saturn  is only i f  o f his Ring., and the 
Period of his Revolution is 4 Days 12“* and 27'. His Latitude augments 
alfo according as the R ing  enlargeth, and at the prefent that the largenefs of 
the R ing  is greater than the Diameter of the Globe o f Saturn., he is to pafs in 
the Conjunétions without touching either Saiitrn  or his Ring. Y et notwith- 
ftanding we have not yet been able to diftinguiíh him in the Conjunétions 
either in the upper or lower part o f his Circle j but only in his greateft, as well 
Oriental as Occidental, Digreflions.

 ̂ ........... . L X X X . Thefe two Satellites were firft o f all feen in M ar. An. 1684. by
KiKtes 0/sawrn two excellent Objeét Glaííes of 100 and 136 Feet ; and afterwards by two

 ̂ others o f 93 and 70 Feet •, all made by C a m p a n iafter the Difcovery of the
3d and 5th Satellites^ which had been made by others o f his Glaffes of 47
and 34 Feet. W e have fince feen all thefe Satellites with that o f 34  Feet, and
continued to obferve them with GlaíTes of M . B orelli o f 40 and 70 Feet,
and by thofe which M . Artouquel hath lately made, o f 80 , 155, and 220
Feet. It was eaiy for us to fee thefe two Satellites by thefe different forts of
Glaffes, after having found the Rules of their M otion, whereby we might
with more particular Attention look upon the Places where they ought 
to be.

The

B. 133- P 833'
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The F irft ’Satellite was obferved 45° diftant from its P erigee, moving to

ward the W eft,- M ar. 11. 1686. f t .  n. at lo*' 40 ' at Night, and returned to 
the fame Pofition on the 14th o f A p ril at the fame Hour.

I'he Second was 36“ diftant from the P erigee to the W eft, the 30/̂ » o f M ar. 
1686. f t .  «. at 8 a Clock in the Evening.

The H rft or Innermcji Satellite, is never diftant from Saturn's Ring above 
Í  of the apparent Length of the fame R in g ; it makes one Revolution in i"* 
21*’ 1 9 '» and the Circle of its Orb is nearly in the fame Plane with the R ing.

The Second or Penintim e Satellite is ^ of the Length o f the R ing  diftant 
therefrom, and makes his Revolution in 2̂  1 y*' 43'.

After a great Number o f choice Obfervations, it was concluded, that the 
Proportion o f the DigreJ/ions o f the Second to that of the F irft, (counting both 
from the Centre of Saturn) is as 22 to 17 •, and of its Revolution as 24^ to 17. 
This is that very fame Proportion which K epler obferves between the D iftancss 
and P eriod  of the P rim ary P lan ets, and which we have found between the 
other Satellites o f Saturn, and is verified in the Satellites of Ju p iter. There is 
nothing that better fliews the admirable Harmony o f the particular Syftems 
with t le great Syftetn o f the W orld.

The antient Aftronomers having tranflated the Names of their Heroes 
among the Stars, whofe Names have continued down to us unchanged, not- 
withftanding the Endeavour o f the following Ages to alter them •, and G ali
leo after their Example, having honoured the Houfe of the M edici with the 
Difcovery o f the Satellites o f Ju p iter , made by him under the Proteflion o f 
Cofmus II. (which Stars will be always known by the Name of the Sidera M e- 
dicea.) Wherefore the Difcoverer concludes that the Satellites of Saturn, be
ing much more exalted and more difficult to difcover, are not unworthy to 
bear the Name o f Louis L e  G rand, under whofe Reign, and in whofe O bftr- 
•vatory the fame have been deteéled ; which therefore he calls Sidera Lodoicea, 
not doubting but to have perpetuated the Name o f that King, by a Monu
ment much more lafting than thofe o f Brafs and Marble, which fliall be ered- 
ed to his Memory.

L X X X I . The Fourth  or Penextime Satellite o f Saturn, firft difcover’d by 
M . Huygens 16^^, I have of late frequently obferv’d with a 24 Foot le le fto p e : 
And I perceiv’d that M . Huygens^s Numbers were confiderably run out, and 
about 15° in 20 Years two fw ift; this made merefolve more nicely to enquire 
into it’s P eriod, and accordingly I waited till I had gotten a competent Num
ber of Obfervations, the moft confiderable whereof are thefe.

1612. T^ov. 13. 13*' 00' p . m. the Satellite appear’d on the North fide of 
Saturn, and a Perpendicular let fall from it on the tranfvcrfe Diameter of the 
Ri^gi fell upon the middle of the dark Space of die follow^ing Anfte ; and the 
fame Night ly** 00 ', it had paft the Conjundion, and the Perpendicular fell 
exaólly on the Weftern Edge of the Globe o f Saturn : the Northern Latitude 
and Retrograde Motion made it evident, that the Satellite was then in P i-  
rigao, .

B  b b 2 Agam,

Th<ory o f  th e  

F cu Y th  Satcllire- 
p / ?a tu rn  c o r n il^
f d ' ,  b y  M r ,  L 'd -
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Again, N ov. -2i. 15', this SatelUie o f S a lm t was on his South-fide • the

Perpendicular on the Line of the /Unfa fell on the Middle o f the dark Space 
o f the Weftern and the fame Night 19'* 00', the Perpendicular fe]j
precifely on the Center o f Saiurn, and the Diftance therefrom was foniewhat 
lefs than one Diameter of the Ri^g» By this it was evident that the Satelliti 
was in Apogao.

I obferved it in Apogao again on the i¿^th o f Ja n -  1683. at S'" o d  p. tn. 
Perpendicular on the Line ot the A n fa  fell exadlly on the Weftern Limb of 
the Globe o í  Saturn., and at 30', p . m. the faid Perpendicular fell within the 
Globe more than half way to the Center., and the Diftance from the Line of 
the A n fa  towards the South, feemed much about one Diameter o f the Rin^^

Laftly, Feb. 9. 16S3. 8“ 10', it was again in Apogao., and I could by 
no means difcern towards which fide it inclined moft, nor whether the Tranf- 
verfe Diameter o f the Ring^ or the Diftance o f the Satellite therefrom, were 
die greater j fo that at that time it was precifely Apogaon.

T o  compare widi thefe, I chofe two out o f tliofe o f Huygcjts, which feemed 
the moft to be confided in j the firft made 1659. M arch  n. 12'' 0 0 'at
the Hague ; when the Satellite appeared about one Diameter o f the Ring un
d er  Saturn ; but it was gone fo far to the Weftward, that he concluded, that 
about 4  Hours before, or 7** 40 ' at London., it had been in P erig ao .

Again, M arch 22. 1659. lo*" 45^ the was a whole Diameter above
the Line o f the Anfa^ and the Perpendicular thereon fell nearly upon the 
Extremity o f the Eaftern Anf^s.

By the Firft o f my Obfervations it appears that the Satellite was in Perigao 
1682. N ov. 13. 17*' 00', circiier., at which time Saturn  was 30 ’ 2 9 “ 39' from 
the firft Star o f A ries in the Eclipticky  but the E a rth  reduced to Saturn’s 
Equino£iial, and ú\t Satellite was 9® 23° 46 ', á i® % y'. And M arch  4. 1659» 
7*̂  40', Saturn's, Place in the E cliptic was 6* o® 41' ;  but the E a rth  reduced, 
and confequently the Satellite., in 11’ 28° 18', ^ P rim a Stella A rietis. The 
Interval of Tim e is 8655 Days, 9° 2 0 ';  in which the Satellite had made a 
certain Number o f Revolutions to the F ix ’d Stars, and befides 9 ' 25“ 28', 
or ZQ5 Degrees 28', whofe Complement to a Circle 64° 32' is 2 Days 20“* 
3 6 ' Motion of the Satellite., according to Huygens. So that 8655 Days 5*“ 56̂ , 
or 12467846 Minutes of T im e, is the T im e of fome Number o f intire Re
volutions*, and dividing that Interval by 15 Days 22*^39', ^^'^‘̂ 959 
Period o f Huygens) the Quotient 543 ihews the Number o f Revolutions; and 
again dividing 12467876 by 543, the Qiiotient 22561 -^^tnin. o r  15 Days, 
22*» 41 ' 6"', appears to be the true T im e of this Satellite'^ P eriod. Hencc the 
Diurnal Modon will be 22° 34' 38" 18'", and the Annual» befides 22 Revo
lutions, io ‘ 20° 43'. Having made Tables to this Period, I found that in 
the A pogaon  Obfervation o f Huygens, the Satellite was above 3 Degrees fafter 
than by my Calculus., and that in the three other Obfervations o f my own, 
being likewife in the fuperior part, it was 2 i  T^£g. flower than by the fame 
Calculadon. Now ’tis evident, that the Differences muft arife from fome

Eccenlrici!^
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Eccentricity in the O rhit oF this Satellite^ and that in M ar. 1659. the A p cro -  
nion (as I may call it) was fomewhere in the Oriental Semicircle, and that in 
jVeu. 1682. it was in the Weftern Semicircle j and fuppofing the A pocronim  
ftx’d, it muft neceffarily be between 9’ 23“ 46', and 11* 28“ 18', á i* :#c t ,  
that being the common Part between thofe two Semicircles i and becaufe the 
Difference was greater in Huygens's Obfervation than in mine, ’ twill follow that 
the L in ea Abfidum^ oxApocronion^ ihould be nearer to 9* 23° 46 ', than to 11‘ 28* 
18'. I will fuppofe 10* 22° 00' a  P rim a Stella Arietis^ (which happens tobe 
alfo the Place o f Saturn's Equinox) and the greateft Equation about De
crees. Upon the Score of this Inequality the mean Motion o f the Satellite 
will be found about 2° 45 ' flower in 2 3 !  Years, or 7 Minutes in a Year, 
whence I ftate the Annual Motion 10* 20° 3,6', above 22 Revolutions, and 
the correft Epocha for the laft Day o f December 1682, at Noon in the Meri
dian of London 9* 10“ 15' á 1* *  r  *, from which Elements 1 compofe the
following Table.
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Tab. of the Mean M ot. o f the Satel. o f Sat. found hyHt^'gens^ from the firft T

Current 
T ear o f  
Chrift.

Epoques.

1641
1661
1681
1682

1683
1684
1685

M onth
é

common
T ear.

8 29 17
10 14 10
11 29 3
10 19 39

9 ^5
8 00 51
7 14

M eanM ot

Ja n .
Feb.
M arch
A pril

M ay
Ju n e
Ju ly
Augufi

o o 
I I  9 

8 12 
7 21

53
r%
Z

56

Sept.
O Slober
N ov.
Dec.

6 9 
5 19 
4  6 
3 16

26
IQ

2 26
I 13
o 23 

11 10

3
24
43

1
2
3
4

6

8

c
10 
(1 
12

M eanM ot.

10
9
8
7

20 36 
I I  12 

I 48
14 59

6
4
3

5 35
26 I I
16 47 
26 57

I
o 

11 
10

20 23 
I I  9

I 45 
14 56

13
14
15

14 16

9
7
6
5

5 32
26 8

17
18
19
20

4
3
2
1

1 1
I

longing to it.

b

•

M eanM ot.
•

S O '

I 0 22 35
2 I 15 9
3 2 7 4
4 3 0 18

5 3 22 5 :i
6 4 15 28

7 5 8 2

8 6 0 37

9 6 23 1 2
10 7 15 4 6 .
11 8 8 2 1
12 9 0 55

13 9 23 30
14 1 0 1 6 5
15 1 1 8 39
1 6 0 I 14

Í7 0 23 48
18 1 16 23
IQ 2 8 58
20 3 I 32

21 3 2 4 1
22 4 16 4 2

5 9 16
24 6' I 51

2K 6 24 25
26 7 17 GO

2 7 8 9 35
28 9 2 9

29 9 2 4 44
30 1 0 17 18

31 1 1 9 53
32 0 2 28

tvT;
;5i«

M eanM ot.
0 / t rr

1
'  //

I 0 56 31 29 10
2 I 53 32 30 6
3 2 49 33 31 3
4 3 46 34 3 ' 59
5 4 4 2 3.5 3^ 55

6 5 39 36 33 52
7 6 35 37 34 48
8 7 32 38 35 45
q 8 28 39 36 41

10 9 2 4 40 37 38

1 1 10 21 41 38 34
12 1 1 17 42 39 31
13 12 14 43 40 27

14 13 1 0 44 41 24
I nw H 7 45 42 20

16 *5 3 46 43 n
17 1 6 0 47 44 13
18 1 6 56 48 45 10

'9 17 52 49 4 6 6
20 18 49 5c 47 3

21 19 45 5 J 47 59
22 20 42 5 2 4 8 5Ó
23sj 21 38 53 49 5 '̂
24 22 35 54 50 49
25%/ 23 31 55 5 í 45

26 24 27 56 52 42
27 25 24 57 53 38
28 26 20 58 54 35
2Q 27 17 59 55 31

30 28 13 60 56 27

%
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I here fuppofe the L m ea Apfidum fix’d,  ̂as having no Argument from Ob- 

fervation to prove the contrary, though it be very probable that as the A po- 
g&on of our Moon has a Motion about the E arth  in about 9 Years, fo that of 
thi¿ Satellite ought to have about Saiurn^ but with a much longer Period, 
which future Obfervation may difcover.

The Diftance o f this Satellite from the Center o f Saturn feems to be much 
about 4 Diameters of the Ring^ or 9 o f the Globe, and the Plane wherein it 
moves, very little or nothing diitering from that of the R ing, that is to fay, 
interfering the Orb of Saturn 4 ’ 22°, and 10’ 22“ á :fc T ,  with an Angle 
of 2 3 Í  Degrees, fo as to be nearly parallel to the E arth's Equator-^ whence 
the Latitude o f the Apogaon Semicircle from 4 ’ 22° to 10’ 22° o f Saturn's Lon
gitude from the firft Star of will be Northern, and of the other Semicircle 
Southern ; and the contrary in the other half o f Saturn’s Longitude, to wit, 
from 10’ 22° to 4® 22° of his diftance from the firil Star of y\

It follows now to ihew how by the help o f this Table to compute the place 
of this Satellite, to any Tim e required.

Firft we muft have the true Longitude of Saturn from the E a rth , and num- 
bred from the firft Star o f T , (or rather the Place o f the Earth viewed from 
Saturn, together with its Latitude from the Orb of Saturn ; but that being 
never fully f  of a Degree we negleél it as a Nicety) and therefrom fubtraót 
io“ 22°, there remains the Diftance of Saturn from this E quinoctial Point, 
with which Diftance with the Longitude o f the Sun, take out the R ight A feen- 

fion 2xiá D eclination  thereto (237 Degrees being the Obliquity common to 
both) and to the R ight AJcenfion adding 10* 22°, the Sum ihall be the Lon
gitude o f the Satellite's Apogtzon. Then fay, as Radius to Sine of the D ecli
nation, fo 8 to the greateft Latitude in A pogao, or P erigao  in the parts of the
Semidiameter of the R ing.

Next colleft the M iddle M otion  of the Satellite, and from it fubtraél 10’ 22% 
the Remainder fhall be the mean Anomaly, with which in the Table of tlie 
Moon's primary Equation, take out the Equation anfwering thereto, and the 
half thereof added or fubtraéted to or from the M iddle M otion, according to 
the Table, gives the true Motion of the Satellite from which fubtraft the 
Apogeeon, and if  the Remainder be more than 6 Signs, the Satellite is Occiden
tal, if  lefs. Oriental •, and as R adius to Sine o f the Remainder, fo 8 to the 
Semidiameters o f the Rivg^ or 18 to the Semidiameters o f the Globe, that the 
Satellite is to the Eaftward or W eft ward of the Center of Saturn, according to
the foregoing Precept.

Laftly, as R adius to Cofine o f the faid Remainder, fo is the greateft L a ti
tude from the Line of the Anf¿e, to the L atitu de fought.

Here note, that I purpofely negleót the Inequality of the Diftance ariiing 
from the E ccentricity, as being too fmall to be any way obfervable.

Laftly, to clear all Difficulties that may arife to them that are but little 
verfed in this fort of Calculation, I have added an Example o f the W ork, 
that where the Precept may feem obfcure it may be thereby illuftrated. ^
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/i>i. 1657. M ay n. M. Huy^e>}s obferved the Satellite very near Saturn 

on the Weftern Side, and very little above the Line of the A n fa, 1 fuppofc 
this about id'* p . m. Let us now calcalate to that time.

1657, M ay 9'* 9'' 10', at London.
T h e Place o f Saturn 28° 57'
S at. from firft Star of A ries 5' o 32 
Equinoót. fubtraét. 10 22 00

Saturn from the Equinox 6 8 32
R ight Afcenfion  ̂ 7 50

Apog¿eon
Declination South.

4  29
3

50
23

Mean Motion o f the Satel. 
1641

16
M ay

9*’ 40'

8 29
5 29 54
6 9 14 
o 23 12
o 9 5

Mean Long, o f the Satellite 4 10 42 
Apocronion 10 22 oo

VIean Anomaly

Equation fubtraób.

5 18 42

o o 31

True Long, o f the Satellite 4  10 11
A pogaon  4  29 50

Remainder n  10 21
That is, before the o 19 39

Therefore it is Semidiameters o f the R ing, and to the North, agree
ing exactly with the Defcription and Figure o f M . Huygens.

1 here- call the Plane o f this Satellite's Orb, which hitherto I fuppofe the 
fame with that of the R ing, Saturnas E quino^ ial j not that any Difcovery hath 
been able to prove that the A xis o f that Globe is at right Angles thereto, but 
becaufe it hath pleafed M. Huygens to call it fo, and likewife becaufe it is fo 
nearly parallel to our Globe's E qu in oS iial; neverthelefs, to fpeak my Opinion, 
I  believe that the A xis is inclined, and that not a little, to the Plane o f the 
R in g  : for as the Refleélion of the Sun^s L ight from the R ing  is a great Con
venience to that Hemifphere of Saturn, which beholds its illuminate Side ; 
fo the other Hemifphere is very much incommoded by the Shadow of the 
R in g , which for many Months, and in fome Parallels for feveral Years, occa- 
fions a continual Night by the Interception o f the Sun^s Beams, which is a 
Confequence that demonftratively follows the Pofition of the R ing, in the 
Plane o f Saturnas jE quator. Now tliis great Inconvenience would be in fome 
meafure relieved by the oblique Pofition of the A xis ; for then the Parallels of 
Latitude interfeóting the Plane o f the R ing, many, and in m oil cafes all of 
them, might for fome time in every diurnal Revolution of the Globe, free 
themfelves from this E clip fe, which otherwife were fufficient to render this 
Globe of Saturn unfit for any fettled Habitation •, but this is but Conjedhire.

The

t -



The Theory o f the

The other two Satellites o f Saturn difcovered by S. Caffml at Faris^ An.
1672. and I muft confefs I could never yet fee •, I have been told diat
they difappear for about 3 f  of Saturn^  Revolution, and were only to be feen 
when the A n fe  were very fmall, it being fuppofed that the Light which pro
ceeds from the Anfa^ when confiderably opened, might hide thefe Satellites.

i ^

. L X X X I I .  I. The Diftance o f the firft Satellite from the Center of Saturn, 
appears to me to be variable, and its Motion is fenfibly unequal,, fwifter at 5satcíiit¿o/sá' 
this Tim e in the W eilern Semicircle than in the Eaftern. I have finally de- 
termin’d its mean Diftance to be o f the Diameter of Saturn's Ring, its p-apg- 
daily Motion to b e  6® 1 0 '4 1 '3 1 " .  So that if  its Motion were equal, die 
Duration of its Conjundlion with Saturn^ that is to fay, all the T im e it takes 
up in paiTing through the Ring, would be 7'’ 46'. It appear’d greater to me 
by immediate Obfervations; but it is to be obferved, that as yet I liave not 
been able to fee this Satellite nearer to Saturn than a quarter part o f an Anfa.

I have calculatcd the Epoque of its Motion, for the laft of D ecem ber 1685,
•at Noon, at the Meridian of Paris^  to be in vcp 24’’ 50'.

The Diftance o f the fecond Satellite from tl;e Center o f Saturn has feem*d to 
me to be more uniform. I  have determined it to be i-'- Diameter o f the Ring.
Its Motion alfo feems.to be more equal. I have calculated the daily Motion, 
and find it 4* 1 1“ ¿1 ' 30". Therefore the Duration of its Conjundion ihoulc 
be 8“ 36'. Nor have I yet been able to fee this SateUite nearer the Ring o f 
Sa,iurn than ^ of an A nja, As this Satellite was feen, for the greateft part o f 
its T im e, within the Confines o f the Diftance o f the firft, to which it is equal 
in Magnitude, and like to it in Colour the Difficulty to diftinguiih one from 
the other was very great •, fo that without a conftant Application to Obferva
tions, and a great Multitude of Combinations, I  could by no means per
form it.

I  have determin’d the Epoque o f this Satellite, for the 31ft of December 
, 1685, Noon, to be ^  9® 10'.

The Diftance o f the Third from the Center of Saturn feems to be Dia- 
’ meters o f the Ring. Its daily Motion is 2’ 18® 41 ' 50". Therefore its Con- 
junftion muft continue 10 Hours. T he Epoque o f its Motion for the laft 

j Day of the Year 1685 at Noon is 9“ 39'.
! T h e Diftance o f the fourth Satellite from the Center of Saturn feems to be 
, 4  Diameters o f the Ring. Its daily Motion is 22° 34' 38 ." The Duration 
•of its Conjundlion is 15" 6'. T he Epoque o f its Motion in the fame Tim e 
; and P laceas the others, in ^  16° 19'. On thefe Principles Tables and 
Ephemeris’s may be conftru£ted.

Í 2. The following Tables are calculated from thefe Elements, and reduced 3 .̂..........
■ to the Meridian of hondon.

Y o l . I. C c c  Table

( 3 7 7  )

4

P
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A  Table of the Mean Motion of the inmoft Satellite of Saturn, dircover’d
by M r. Cajftni^ An. 1686.

( 3 ? 8  )

Current 
T ear o f  
Chrift.

1681
1685
1686
1687

1688
1689 
1701

M onths
common

T ear.

Epoques,

~  IQ 34 
Yf 10 30
»  13 4 
m 15 37

yf 18 I I  
t  I 26
a 4 *4

Ja n .
Feb.
M arch
A pril

M ay
Ju n e
Ju ly
Auguji

M ean M ot.

Sept.
O£lober
N ov.
Decemb

o
5
3 o 4 9 1 3

0  o
1 27

'i

1
2
3
4

5
6
7
8

o
10
11 
12

8 16 «4

6 23 2 1 6
11 24  29 —  
10 15 15I17

I

8 18 < 
7 8 54
O 10 21

I I  1 7

19

M eanM ot. b
% 0 / •

4 2 34 1
8 5 7 2
0 7 41 3

10 20 56 4

2 29 30 5
6 26 4 6

10 28 3S 7
9 11 52 8

I 26 9
5 »7 00 1 0

9 19 34 11
8 2 48 12

0 5 22 13
4 7 56 i 4
8 10 29 15
6 23 43 16

10 26 17 17
2 28 51 18
'7 I 25 19
5 14 39 20

21
22
23
24

25

In Leap-Year after February add 
one Day, and the Motion be
longing to it.

26
27
28

29

M eanM ot,

8 0 /

6 10 42
0 21 23
7 2 5
I 12 46

7 23 28
2 4 9
8 H 15
2 25 32

9 6 14
3 t 6 55
9 27 36
4 8 18

10 19 00
4 29 42

11 10 23
5 21 4

«

0 I 46
6 12 28
0 23 9
7 3 50

I 14 32
7 25 13
2 5 55
8 16 ^̂ 6

2 27 18
9 7 59
3 18 41
9 29 22

4 1 0 3
10 20 45

it:• M eanM ot M eanM ot.0 f
I'‘

«
S / // 0 /

I 0 7 57 3 ‘ 4  6
2 0 15 53 32 4 1 4
3 0 23 50 33 4 22
4 0 31 47 34 4 30 '

5 0 39 44 35 4 38
6 0 47 40 3^ 4 46

7 0 54 37 37 4 54
8 I 3 3 4 38 5 2

9 I 1 1 31 39 5 10
10 I' 19 28 4 0 5 18
11 I 2 7  24 4 ‘ 5  26
12 I 3 5 21 42 5 34

^3 I 4 3 18 43 5 42

H 1 5 1 1 5 44 5 50
1 5 I 5 9 1 1 45 5 58
1 6 2 7 8 4 6 6  5

1 7 2 ^5 5 47 6 13
18 2 23 I 48 6  21

19 2 3 0  58 49 0 2g

20 2 38 55 5 0 6 37

21 2 4 6  5 2 5 ' 6 45
22 2 54 4 9 52 53 ■

23 3 2 45 33 7 I
2 4 3 10 42 54 7 9

25 3 18 39 •55 7 1 7  '
26 3 26 35 56 7 25  ’
2 7 3 34 32 57 7 33 •
28

3 42 2 8 5 8 7 41  ,

29 3 50 2 5 5 9 7 49
30 3 58 22 60 7 57
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{ 379 )
A  Table o f the Mean Motion o f Saturnas Satellite the inmoft but one, dif-

coverM by Mr. Cajftnî  An. 1686.
^  M ean M ot ,Current 

Y ear o f  
Chrift

1681
168.5
1686
1687

1688
1689 
1701

M onth
common

T ear.

Kpoques.

20 41
t  28 42 
«  5 20
m. I I  57

^  18 35
6 44 
o 48

M eanM ot.

Ja n .
Feb.
M arch
A pril

M ay
June
Ju ly
Augujl

Sept.
OSlob.
N ov.
Dec.

M eanM ot.

1
2
3
4

4 6  37

8 13 15
o  19 52
9 8 i

oo o 
3 27 16 
6 19 58 

10 17 15

5
6

78
9

10
11
12

I *4  39
5 2 1  16
9 27 54 
6 1 6  3

10 3 o
2 0 1 6
1 1 6  I
5 13 18

9 10 34
8 26 19
o 23 3b
o 21

‘ 3

15
16

17
18
*9
20

10 22 40
2 29 18
7 5 55
3 24 4

8 00  42 
o  7 , 1 9
4  13 57 
1 2 6

5 8 43
9 15 21 
I 2 1 : 5 8  

l o  10 7

In Leap-Year after Felfruary add 
one Day, and the Motion be
longing to it.

b M eanM ot.
.Cl
. « S 0 ^

1 4  I I  31
2 8 23 3

3  ̂ I 4  34

4 5 16 6

5 9 2 7  37
6 2 9 9

7 6 20 4 0
8 I I  2 12

9 3 *3  43
10 7 2 5  1 5
II 0 6  4 6
12 4  18 18

13 8 29 49
14 I 1 1  21

J5 5 22 52
16 IQ 4  24

17 2 1 5  55
18 6 2 7  27

19 I I  8 58
20 3 20 3©

21 8 2 1
22 0 1 3  33
23 4  2 5  4
H 9 6 36

25 I 18 07
26 é  29 39
27 1 0  I I  1 0
28 2 2í2 4 2

29 7 4  13
30 I I  I;5 4 5

1«
t1 f t

1
2
3
4

78
9

10

it

11
12
13
H]
Í 5

16
17
18
19
20

21
22
23
24
25

26
27
28
29 
3C

o 5 29 
O 10 58
o 16 26  
o  21 55 
o 27 24

O 31 53
o 38 22
O 43 5 ' 
o 49  19
o 5 4  48

I 00  
I 5
I I I  
I 1 6
I ?2

17
46
15
44
12

I 27
I 33
I 38 
I 44
I 49

42 
11
398
37

Í 55 
2 00
2 6
2 I I
2 17

— I
'2 ¡22 
2 27
2 ^3
J2 ^8 
!2 <J-4

6
34

3
31
GO

29
58
26
55
24

55♦«■fc

M eanM ot.

0 /

31 2 50
3 2 56
33 3 I

3.4 3 7
35 3 12

36 3 17
37 3 23
38 3 28
39 3 34
40 3 40

4 ' 3 45
42 3 50
43 3 56
44 4 I

45 4 7

46 4 12
47 4 17
48 4 23
49 4 28
50 4 34

51 4 39
52 4 45
53 4 50 ■

54 4 56
55 5 I

5^ 5 7
57 5 12
58 5 18
59 5 23
60

•

5 29

C C CÍ2 i\ Talile

l€D
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A Ta of the Mean Motion of the middlemoft Satellite of
ver’d by Cajfini, An. 1686.

( 3 8 0 )

Curreni 
Tear o f 
Chrift.

Epoques.

S O /

1661 22 50
1681 16 3
1685 Aw 2 4 ’
1686 ni Í 7 10

1687 I 39
1688 n 16 9
1689 n '9 20
17 0 1 9 15

Months MeanMot.
common

Tear. t 0 /

Jan . 0 0 0
Feb. 9 9 37
M arch 10 23 8
A pril 8 2 45

May 2 23 40
June 0 3 17
July 6 24 12
Augpji 4 3 49

Sept. I 13 25
October 8 4 20
Nov. 5 13 57
Decemb. 0 4 52

MeanMot.
Si
• s 0 /

I 9 H 29
2 6 28 58
3 4 13 27
4 4  16 38
5 2 I 8

6 11 15 37
7 9 00 6
8 9 3 17
9 6. 17 46

10 4 02 15

11 I 16 45
12 I 19 55
13 11 4 24
H 8 18 54
15 6 3 23

16 6 6 34
n 3 21 3
18 I 5 32
19 10 20 I
20 10 23 12

b MeanMot.\ íí; Mean Mot

o /

2 18 42
5 Z 24 
7 2Í) 5

10 14 47
I 3 29

3 22 I I  
6 10 53 
8 29 35

I I  i8  lO
2 6 58

16

15

9 16

7 2 39
9 21 20 
o 10 02 23 
2 28 44 
5 '7  26

In Leap-Year after February  add 
one Day, and the Motion be

longing to it.

o 19 40 
o 22 57I
o 26 1 4 3 8  
o 20 21
O 32 47

O 36 ■

o 39 2 
o 32 38

45  55
o 49 II

o 52 28 
o  55 45 
o 59 

2 I
1

5 3 5 5 0

5 ’

21 59

22*60

A  Table
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A  Table o f the Mean Motion o f Saturn's Satellite the outmoft but one,

difcover’d by Huygens^ An. 1673.

Current 
Year o f  
Chrift.

1641
1 6 6 1
1681
1685
1686

1687
1 6 8 8  
1689 
1701

M onth
common

T ear.

J a n ,
Feb.
M arch
A pril

M ay
Ju n e
July
Auguft

Sept.
O£iober
N ov.
Dec.

Epoques.

vf 24 43
K  I I  1 9

r  27 56
Í  13 *5
m 3 56

24 37 
iSl 15 19

28 34 
n 14 32

M eanM ot.

o o <
I I  9 54 

8 1 2 3
7 2 1  57

'N'

1
2
3
4

6
5
4
3

9 16 
19 JO  

o 29 
16 22

2 26 16
I 1 3  35 
o 23 29 

I I  10 48

M eanM ot.

10 20 41
9 I I  5
8 2

6 4 26 4 ^

7 3 1 7 22
8 3 GO 39
9 I 2 1 20

10 0 1 2 I

11 1 1 2 4 2
12 10 1 5  58

13 9 6 39
1 4 7 2 7 20

1 5 6 1 8 I

16 6 I 1 7
17 4 2 1 58
18 3 1 2 4 0

19 2 3 2 ]

20 I 1 6  36

In l-.tZTp-Yt2Lr Felruary  add 
one Day, and the Motion b 
longing to it.

• b  

♦

M eanM ot. 

% 0 *
§
S ’•

M eanM ot.

/ //
1

1 ;
S"

M eanM ot.
X

t  ft»

I 0 22 35 I 0 56 31 29 10
2 I 15 9 2 I 53 32 30 6
3 2 7 44 3 2 49 33 31 3
4 3 0 18 4 3 46 34 31 59
5 3 22 53 5 4 42 35 32 55

6 4 15 28 6 5 39 36 33 52
7 5 8 2 7 5 35 37 34 48
8 6 0 37 8 7 32 38 35 45

> 9 6 23 12 9 8 2S 39 36 41
10 7 15 46 10 9 24 40 37 38

11 8 8 21 I I 10 21 41 38 34
12 9 0 55 12 I I 17 42 39 31
13 9 23 30 13 12 14 43 40 27
14 10 16 5 14 13 10 44 41 24
15 11 8 39 *5 14 7 45 42 20

16 0 I 14 16 15 3 46 43 17
17 0 23 48 17 16 0 47 44 13
18 I 16 23 18 16 5^ 48 45 10
19 2 8 58 19 7̂ 52 49 46 6
20 3 I 32 20 18 49 50 47 3

21 3 24 7 21 '9 45 51 47
22 4 16 42 22 20 42 52 48 5^
23 5 9 16 23 21 38 53 49 52
24 6 I 51 24 22 35 54 50 49
25 6 24 25 25 23 31 55 51 45

26 7 17 00 26 24 27 56 52 42
27 8 9 35 27 2 5 24 57 53 38
28 9 2 9 28 26 20 58 54 35 i
29 9 24 44 29 27 17 59 55 31
30 1 0 17 18 30 28 13 60 2 7

•

Table
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( 3 * 2  )

A  Tabfe o f the Meafi Motion of the outmoft Satellite of Saturny difcoverM
by Cojfirti^ An. i 6 y i .

M eanM ot.Current 
T ear o f  
Chrift.

' Epoques,

*' 0 /

i 6 6 i 2 4  45
1681 Y 35 15
1685 IP 25 21
1686 I 44

1687 t 8 7
1688 14 31
1689 25 27
1701 25 45

M onth M eanM ot.
common

T ear. % 0 /

J a n . 0 0 0
Feb. 4 20 41
M arch 8 27 45
A p fil i 18 2 5

M ay 6 4 34
Ju n e lO 25 i 5
Ju ly 3 11 23
Augujl 8 2 4

Sept. 0 22 45
OEloher 5 8 53
N ov. 9 29 34
D ec. 2 15 43

■a
1
2
3
4

7
8
9

lO

r I 
12
13
14
15

M eanM ot. M eanM ot.

1
2
9
5
o

6 23
12 47
19 lO
0 0  6 

6 29

7 12 53 
2 19 16 

10 0 1 2
5 6  35
o 12 59

16
17
18
19
20

7 
3

10
5
o

19
o
6

13
Í 9

22
18
41

5
28

10

8
3

10
5
I

0 0
6

13
>9
o

24

47
n
34
30

16
17
18

21
22
23
24
25

In Leap-Year after February add 
one Day, and the Motion be
longing to it.

26
27
28
29
30

ÍÍ3 M em M ot.

t 0 /

I 0 4 32
- 0 9 5

0 13 37
I- 0 18 9

0 22 41

0 27 H
I I 4 6
I 6 18
I 10 50
I 15 23

I 19 55
I 24 27
I 28 5 9
2 3 32
2 8 4

2 12 3^
2 17 8
2 21 4 i
2 26 13

3 0 46

3 5 18

3 9 50
3 14 22
3 18 5 4
3 23 27

0 27 59
4 2 31
4 7 ’ 4  ;
4 11 36
4 16 8

St

10

11
12
13
14
'5

16
*7
18
Í 9

o
o
o
o
o

2
2
2
2
2

3
3
3
3
3

3
4 
4
4
4

4
5 
5 
5 
5

//

I I

23
34
45
57

8

19
31
42
53

5
16
27
39
50

I
13
24
35
47

58
9

21
32
43

55
6

17
29
4 0

as

5

31
32
33
34
35

36
37
38
39
40

41
42
43
44
45

46
47
48
49
50

F5 Í
52
53
54
55

:?/
58
59
60

5
6 
6 
6 
6

6

7
7
7
7

7
78 
8 
8
8
8
9
9
9

9
9

10
10
10

I Q  

10 
10 
I I 

I I

n

51
3

14
25
37

48
00
I I
22
34

45
56
8

19
30

42
53
4

16
27

3«
50

I
12
24

35
46
58

9
21

I ihall



( 383 )
I  Ihall only add, that the Proportion o f the Squares o f the T^mes o f  the P e

riods to the Cubes of the B ifim m  (which is propofed as probable by Kepler^ 
but how demonftratively found true by M r. N ew ton) gives us nicely the Pro
portion of the D ijiances o f thefe Planets from the Center o f Saturn •, and fup- 
)ofing the Satellite o f Hw '̂gens four Diameters o f Saturn‘s Ring diftant from 
lim, we ihall find by the Periods the Diftances as follows.

P eriod. D ijiances.

O f the Inmoil --------------
O f the Inmoft but one —
O f the Middlemoil -------
O f the Outmoft but one 
O f the Outmoft -----------

d. h.
1 21 i 8 i
2 17 4 1 Í
4  13 47 t  

15 22 41
79 7 54

D iam eters.
0, 964
1, 235 
I ,  740 
4 , 000

I I ,  621

Thefe Diftances may be ufed, as more accurate than thofe obtained by 
Obfervation, which yet differ but little therefrom.

L X X X I I I .  An. 1666. June 26, between 3 and 4  o f the Clock in the Morn- The Phajit of 
ing, I obferved the Body o í  Ju p iter  through a 60 Foot Glafs, and found the ^
apparent Diameter o f  it through the Tube, to be fomewhat more than twon'J4 
Degrees, that is about 4  Tim es as big as the Diameter of the Moon appears
to the naked Eye.

I faw the Lim b pretty round, and very well defined without Radiation.
The Parts o f the P hafts o f it had various Degrees o f L ight *, about a  and 
/, the North and South Poles o f it, fomewhat darker, and by degrees it grew 
brighter •, towards b  and two Belts or Zones^ the one o f which, hy was a 
fmall dark B elt croiTing the Body fouthward ; adjoining to which was a fmall 
Line o f a fomewhat lighter part and below that again, fouthwards, was 
the great black Belt^ c. Between that, and f, the other fmaller black Belt^ 
was a pretty large and bright Zone j  but the Middle,, dy was fomewhat dark
er than the Edges.

L X X X IV . I . 5 . Cam pani afiirms, that, by the Goodnefs o f his Glaffes, htThtRfvt!ut!<mof 
hath obferved certain Protuberances and Inequalities o f Ju p iter  :  and he is now 
obferving whether they do not change their Situation. pan*- "• '• p

2. /in . 1664, M ay (). about 9 a Clock at Night, M r. with an ex-3jrDr<Hoofc.>fr* 
cellent 12 Foot I ’elefcope obferved a fmall Spot in the biggeft of the three
obfcurer B elts o f Ju p iter  ; and obferving it from time to time, he found that 
within two Hours after, the faid Spot had moved from Eaft to W eft, about
half the Length o f the Diameter of Ju p iter .

3. E uftachio de D iv in is  pretends, that the Perm anent Spot in Ju p ite r  hath vy s. DWini.
been firit o f all difcover’d with, his Glaffes j that P.. G otignies is the firft th at"’ ’*■

0 ¡ hath.

to
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( 3 S + )
hath thence deduced the Motion o f Ju p iter  about his A xh  and that M, Cajjlni 
at firil oppofcd i t : B u t that Spot w as obferved in England a^ood w hile before.

4. There are two Sorts of Spots at certain times to be feen in the Difk of 
; Jupiter^  One Sort are nothing but the Shadows ot his Satellites ; but the 
other have Ibme refemblance to thofe that are Teen in the M oon •, and they are 
perhaps of the fame Nature with thofe that are called B elts. 'I'hey move 

: rom the Eailern to the Weftern Lim b-, their apparent Motion is unequal 
and fwifter near the Center than the Circumference ; and they never are fo 
well as when they approach to the Center, they being very narrow and almoit 
imperceptible when they approach to the Circumference ; which makes us 
believe, that they are flat and fuperficial to Ju p iter .

Among thefe Spots there is none fo fenfible, as that which is fituatcd in the 
Northern-part of the Southern-Belt. Its Diameter is about die tenth part of 
that o f Ju p iter  \ and at the T im e that its Center is neareft to that o f Jupitery 
it is diftant from it about the third part o f the Semidiameter of that Planet.

M . CaJJinî  after he had made many Obfervations o f this Spot during the 
Summer of the Year 16(^5, found, that the P eriod  o f its apparent Revolution 
is o f Q** 56'. H e continued to obferve it till the Beginning o f 1666, when 
Ju p iter  approach’d to the Beams o f the Sun ; but after he was got free of 
the S u n -B eam , it was difficult to be difcern’d. This, giving grounds to think 
that it might be o f the Nature o f tlie Spots o f  the Sw:-̂  (wliich after appear
ing for a wJiile, difappear for ever) M . Cajfini ceafed at length to obferve 
them. «

' But Ja n . 19, 1672. (7? . »- )  when he obferv’d Ju p iter , at 4 ^h, in the 
Morning, he perceived in the fame Place o f his Difk the Figure of the fame 
Spot^ adhering to the fame Scuthern-Belt. It was already gone beyond the 
M oiety o f this B elt, and he faw it advance little by little towards the Weftern 
L im b, to which it feemed to be very near at

By the Celerity of its Motion near the Center, and by the Place where he 
had begun to fee it, he judged that it might have been in the midft of the Belt 
at 4'' 35' in the Morning. And as he prepared himfelf to make Ephemerides 
o f its Motion for tliat T ear i 6 y i ,  he perceived that in thofe he made for the 
Year 1666, this Spot had been in the midft of Ju p iter  the fame Day, namely 
the 19th o f Jan u ary  at the fame Hour. So that in fix Years, o f which one is 
a B ijfex tile, it is found to have made, in refpeft o f the Earth, at leaft 5294 
Revolutions, each o f 9 55^85^' ,  compenfating one Revolution by another; 
and at moft 5294. Revolutions o f g** 55' 51" *, forafmuch as he was aíTured of 
the Precifenefs o f one M ean Revolution  to one eighth of a Minute.

Until then he had never feen an immediate Return of this Spot after 9 
Hours and 56 Minutes ; becaufe it had not happened, that Ju p iter  after the 
Apparition o f the Spot had ftayed, in one and the fame N ight, long enough 
above the H orizon , at leaft a fufficient H eight, to obferve him with due Dif- 
tinftnefs. H e had only concluded the l  ime of this Revolution  by Returns 
obferved after about 20 , 30, and 50 Hours ; and he had more precifely 
limited it by Obfervations more diftant. But the Night after M arch  i , at 

in the Evening, he faw this Spot in the midft of the B elt and the iame
Night

i‘



; slight at 5“ 26', in the Morning, he faw it again returned precifely to the 
fam e Place. M a r . ^ .  H e together with M , and M , M ariotte^ began to 
fee at S'* 4  the Spoi ah*eady fomewhat removed from the Oriental Lim b, but 
yet obfcure and fmall. A t 8*' 47 ', they faw it very diftinftly advancing to
wards the middle of the Belt, A t 9** 15' 40", until p*" 8', they faw it in tlie 
midft o f the Belt. A t 9" 15', it was paft the middle, and was come nearer to 
the Occidefital Lim b. And a little after the Heavens being over-caft, he 
could obferve it no further.

L X X X V . I .  An. 1675. Fch. 16. 7'* 4 4 Í . The Altitude o f '''vas 18" Ff^esof jup\ttr
10 '. I meafured with a long Tube its Diitance from a fix’d Star o f the fourth Fumfteed̂ r̂ *̂ ’ 
Magnitude, and founc  ̂ it 16' 33". The Latitude of this Star ŵ as 1® 4 0 'Uerby, n. sz.p. 
northerly. Its Place according to me was ^  10“ 7' 16" : But according to^°^*'
Street it was 14° 3 '5 4 " .  T he Difference of the Altitudes of the Centers of 
Ju p iter  and the iix’'d Star was 1' i".

17 Fcl>. 2 5'. After Noon, the Altitude o f Ju p iter  being 15“ 54', he was 
diflant from tlie fix’d Star 21' 5 0 " ;  the Difference o f Altitudes was 8' 40".

18 Fch. 7̂  o'. • The Diitance of the fix’d Star from the Center o f Jup:tr.r
was 28' 15"-: The Difference o f Altitudes was about In each Ol)-
fervation the Planet was higher than the fix’d Star, from whence it always 
ftbod towards - the Meridian.

' Hence m iking a Calculation for every Day and Hour of the Obfervations •,
I  found

( 3B5)

|d. h. 
F eb h iary iG  7 4 4 Í

d. h. '
17 ’ . 7 25

d. h. /
18 7 0

The Longitude o f Ju p iter  from the ficx’d
Star in Antecedentia-----------------------------
Latitude from it towards the South -------

Therefore Ju p iter's  Northern Lat. was
Its true place in Virgo according to me-------

according to Street-------

0 / //

0  9 16
0  13 30
1 26 30

.13 58 0
13 S4 38

0 '
0 17 22
0 13 14
1 26 46

13 49 54
13 40 32

0 f /i
• • . . •

0 25 12
0 12 45
1 27 15

13 4^' 4
13^38 42

2. M arch  15 in the Evening, I  undertook to obferve the Diflances and 
Pofitions o f Ju p iter  from the Star ^  38, whofe Latitude is 1“ 20Í- North ; its 
Place according to Street n? 9“ 54' o" ; but according to me is 9° 37' 20". 
At f  25' afternoon, the Altitude o f Ju p iter  was 32“ 52', T he Diftance of 
its Center from the fix’d Star was 33° 50' T h e Difference o f Altitudes was 
about 20' 2'.

was 2' 24" higher than the Planet from which at 6*̂  55', its Diftance was ;
10 21

A t 7’’ 11', the fourth Satellite was diftant 7' 28'' from the fix’d Star. T.ho 
the Planet always appear’d to be higher than the fix’d Star, yet it was really 
lower; afterwards it feem’d to be lower, but was really higher.

V o l . I. D  d d . M arch
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ÎI: 1̂'

! , i .  Í I

:t

I S'
Mi
I' ‘I

t I
' j:' f'.

T; I
• e 1'V I . ' }■

I

u

( 3 8 6 )

M. 86, f, J037.

'  Mau¿> 20. The Micrometer being better adapted to the taking of the 
Differences of Altitudes, I made tlie following Obfervations, which I take to

A lt. c f  
J  upit&r.

T im s.

t
0 '

30 0
30 47
32 0
3  ̂ 30
40 50

h. '
6 44

6 5 '̂s
^ 59
7 54 i
8 18^

Ju p iter's  Center was really higher than the Star------
The fame Difference o f Altitudes taken over again
Ju p iter ’s Center was diftant from the fix’d Star------
The Center of Ju p iter  really higher than the fixt Star
The Difference o f Altitudes taken again----------------
Then the Diftance o f the Centers w a s--------------------

* a 

2 19
2 ''14
7 0
3 14 
3 42 
7 5

For obtaining the Place o f Ju p iter  from thefe Obfervations, I computed

♦ *

The Angles of the Vertical Circle with the Ecliptick 
T h e Diftance of Ju p ite r  from the fix’d Star was —  

The Difference o f Altitudes
Therefore Ju p iter  was in confequence of the fix’d Star 

W ith  a greater Latitude-
So that the true Latitude o f Ju p iter  was 
T h e true Place W according to Street —

according to me —

h. / it h. /

6 51 30 8 i8 40

0 / ti ) //

35 39 46 15 —
0 7 0 0 7 0
0 2 H 0 3 42
0 2 3 0 1 44
0 6 42 0 6 47
1 27 12 I 27 17
9 56 3 9 55 44
Q 23 Q 5? 4-

M ay

d.
24

26
Sky
very
clear.

Time. A lt. o f  
Jupiter.

h. ' 
10 00

0 '  

14 10

8 46
9 00 
9 20
9 33 
9 36

33 30 
31 50
29 10
27 20 
|27 00

faid Star 38
From which I took its Diftance firft 
A fterw ards-----------------------------------

//

o 7 46
o 20 00
o 19 54

Dift. of the Cent, o f j u p .  from the firft Star o 10 4
The fix’d Star was higher than Ju p iter- 
The Difference of Altitudes was

I

Diff. o f Azimuth of Ju p . and the fix’d Star ¡0 7 1 9

o
o

6
6

30
38

Dift. Q ÍJup ,  from the fix’d. Star taken again o 1 0 '

27,

r



27 '.
W i n d

f o n í e -

l i i n e s

m o v e d

t h e

T u b e .

h.
8
9
9

59
7

i 6
23

8
9

28.
W i n d  

b l e w  

h a r d ,  a n d  

f h o o k  t h e  9
T e l e -  1 
f c o p e .

57 
19 
3
34

36

31
30
29
28

24
30
13
10

31 8
28 1 0
2 6 30
26 8

2 6 1 5

( 3 8 7 )

Dift. o f  the Center o f % from the fix’d Star 
The Difference o f Azimuths—  -
The fame Difference again

I- f t

Dill, o f the Center o f Ju p iter  from the Star

Again ——-  ------- ------- ------- —
Diff. o f the Azimuths o f the Center, & c. 
The fame Difference again ■ — —
The Diftance again —  ——  —

0 6 2
0 I 5 0
0 1 52
0 6 i

26 15 7 «/>//tVs Diftance from the fix’d Star o 15 38

This and the foregoing Night Ju p iter  was in confequence o f the fix’d 
Star, but always before in Antecedence.

Thofe Obíérvations which are mark’d with an Afteriik I  look upon as the 
moft certain. I  imagine the Differences o f Azimuths, which were obferved 
on the 27 and 28 Days, were taken rather too fmali, becaufe o f the ihaking o f 
the Tube *, therefore fince I could not meafure them as accurately as I  defired, 
I  took care not to take them too large.

T o  obtain Ju p iter*% Place from three Obfervations, I  have computed

M ay
d.
26

h.
0

/

0
d.
27

h.
9

/

7
|d. h.
28 9 19

The parallaftical Angles, or o f the vertical / // 0 / // 0 ^

Circle with the Ecliptick 8q 47— 79 49 --- 78 36
The obferved Dift. of Ju p . from the fix’d Star 9 1C► 4 0 6 /*» 0 6 3
The Difference of Altitudes —  — 0 6 30 A zy.i 52 Azy-3 30
Therefore the Angle o f Pofition 31 I 62 38 0 66 3 0
And the Planet in Antecedence o f the fix’d Star 0 8 38 0 2 51 conf. 2 27
With leffer Northern Latitude 0 5 11 0 0 *9 0 5 32
Tychd’  ̂ Nort aern Latitude of the fix’d Star I 20 30 I 20 30 I 20 30
The Place of the Star ^  according to Street 9 54 9 9 54 9 '9  54 9

according to me 9 57 30 9 57 30 9 57 30
Therefore Jupiter'^  Place according to Street 9 45 3 Í 9 5 Í 18 9 5  ̂ 36

according to me 9 48 52 9 54  39 9 59 57
W ith Northern Latitude — 1 19 i '5 11 I 14 58

D d d 2 An.

UnED



• 546c33. 3. An. 1673. Márch i-̂ . in the Evening. JupiUr\xih\i Aphelio»  ̂ 8?ing 
to his Acrúnhal Phafis, having pafs’d a little the Northern Limit of his Orbit, 
j)roceedcd retrograde towards the gtli Star of ^  of the fourth Magnitude, 
irom which (his Altitude being about 6 Degrees) I took the Diilancc of his 
remoteft Limb, witli a feven-foot Tube, and &̂vonlef% Micromcter, 4560:=:

■ 5 2 '  3 4 " .

l^ n b  17. About half an Mour after Jupiter arofe, with the fame Tube I 
again took the Diftance of his remoteft Limb from the fix’d Star, 2073= 
23' 54".

March 20. I made the following Obíervattons *, the firft with a ihorter 
Tube of 85 lnchcs> the reft with a longer of 164 Inches,

( 388 )

4
5
6
78

0/
fixiStar,

tlottr bj 
Calc.

0 < h. '
6 0 7

40 8 16
*5 40 8 23

16 25 8 26

' 9 00 8 50*

Dift. o f the remoter Limb of U from the fixt Star S50 9 4S 9 24 
The fame Diftance taken with the longer Tube 1650 9 52

Ü 16 Lower Limb of % more deprels’d than the fixt 7 ^ 4 4 1

The Diameter o f JupUtr - ■■
The Diftance of the Limb taken again

786
155

1605
1658

8 50̂ 01*̂ . of Ait, of Júpiteres Limb and the fixt Star 138

Liwb Cent,

if

4  4 1

O 48
57 
54

5 00,

//

9 28
4 17
4 17 

9 33
9 30
4- 3É

March 26. in the Evening. The Altitude of Jupiter being 15® 50', I mea- 
fured the Diftance of his remoter Limb from the fix’d Star with the fame 
leiler Tube, 4205=48' 30̂ .

For finding the Place of the Planet from thefe Obfervations, I made die 
following Calculations.

Mar.

The Parallailical Angle was-— — ------ --------
The Center of Jupiier\iii& diftant from the fix’d Star 
The DifiTerence ot Altitudes was
Therefore the Angle of Pofition was -------
And Jiipiier in Antecedence of the fix’d Star 
With Icfler Latitude----------------------------

h. h. i ii.
20 8 16 - 8 50

0 it 0 9 //
34 44 0 37 30 0
0 9 3 « 0 9 30
0 4 17 0 4 3^

80 6 0 78 21 0
0 I 38 0 I 55
0 Q I 9 18

According to me the Place of the fix’d Star was 1 f  3 /  1 1" (takii^ the
annual Motion at 50",) which the Author of the CaroUne Tables takes to be
’ 3  ̂ 33 * 7̂ • Its North Latitude 1® 45', Therefore according to me the 
true Place o f Jupiter will be ,

h*" 16' ^  13® 35' 33^7 its true ^ i® 35' 40"'!.
S 50 13 35 16 3 Latitude ¿ I 35 42

At
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î<r. j t ^ . /  ‘

*
/

S/

X x>

P-

V f  1
\  t i l  \^C8| /\ ^/ l  \  1 \\ 9 • i Jv

1 ^ 1f 1  ̂ 1 y 1 '  Vfl w  1 M% y 1

l 'V''1 l * V 1 1 «1 \
v L \ /

\ y / \ 5 / / '
n  ̂ /

\A \ \̂'/ % m ~

\ y
— \ l / N ír • yr l

X

\

T ^ .

^ . ^ Z r x r B ^

B

l K

B

'V-

/í̂ TciS/' 
JaCtM'*íJflft‘.

íS-h

J

ÜS'




