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An dccompt of a Ner Catadioptrical Tele(zope invented by Air,
Moweony Fellow of the R.Society, ani Profeffor of the Ma:
thematiques inthe Diwve fiey of Cambricy:.

THis Excellent Mathemarician having given usy in the
,E Tranfadtions of Febraary laft, anaccount of the caule,
which induced him to think upon Refleélmg Telefcopes , in-
ftead ot Refrafling ones, hath thereupcn prefented the Cus
rious World with an Effay of what may be performed by
fuch Telelcopes 5 by which it is found, that Telefcopical
Tubes may be confiderably fhortned without prejudice
to their magnifying effect.

This new inftrument is compofed of two Metallin fpecu-
lum’s , the one Goncave, (inftead of an Obje&-glafs) the
other Plain 5 and alfo of a fmall plano-convex Eyes
Glafs.

By Figure 1. of Tab, 1. the firnture of it may be eafily
imagined ; viz. That the Tube of this Telefcope is open at
the end which refpects the object 5 zhar the other end is clofe,
where the faid Concave is laid, and that near the open end
there is a flat oval fpeculum,made as fmall as may be,the lefs to
obftruct the entrance of the rays of Light, and inclined to-
wards the upper part of the Tube, where is a little hole fur-
nifh’t with the faid Eye-glafs.  Sothat the rays coming from
the object, do firlt fail on the Coacave placed at the bot:
tome of the Tube; and are thence refleGed toward the o-
ther end of it, where they meer with the flat {fpeculum, ob-
liquity pofited, by the refle@tion of which they are dire@ed
to the little plano-convex Glafs , and fo to the fpe@ators
Eye, who looking downwards fees the Obje&, which the
Telefcope is turned to, '

To underftand this more diftin&ly and fully, the Reader
may pleafe tolook upon the faid Figure, in which

A B is the Concave fpeculum, of which the radius or {emi:
diameter is 122 or 13 inches,

C D another metalline ffeculum, whole furface is flat, and
the circumference oval.
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G D an Iron wire, holding aring of brafs, in which the
fpeculum €D is fixed,

F,a {mall Eye-glafs flat above, and convex below, of the
twelfth part of aninchredius, if notlefs; forafmuch asthe
metal collelts the Sun’s rays at €2 inches diftance, and the
Eye-glafs atlefs than ¢ of an inch diftacce from its vertex :
Befides that the Author (as he informs us) knew their di-
menfions by the tools to which they were ground, and para
ticularly meafuring the diameter of the hemi.fpherical Con-
cave 5 in which the Eyc-glafs was wrought, found it the /fixth
part of aninch,

GG G, the fore part of the Tube faftn’d to a brafsring
HI, to keep itimmoveable,

P QK.L, the hind-part of the Tube, fafta’'d to anotber.
brafs.ring P Q,

0,an lron hook faftn'd to the Ring P @, and furnifh®e
with a fcrew N, thereby to advance or draw back the hind-

art of the Tube, and {o by that means to put the fpecuia
in their due diftance.

M Q.G1 a crooked Iron fuftaining the Tube, and faft-
ned by the nail R to the Ball and Socket §, whereby the
‘Tube may be turned every way.

The Center of the flat fpecalum C D, muft be placed in
the fame point of the Tube's Axe, where falls the perpen-
dicular to this Axe, drawn to the fame from the center
of the linle Eyesglals : which point is here marked
at T.

And to give the Reader fome fatisfaCtion to underftand, in
what degree it reprefents.things diftin¢t, and free from co-
lours, and to know the aperture by. which it admits light ;
he may compare the diltances of the focus E from the wver-
tex’s of the little Eye-glafs and the Concave [peculum, thatis,
EF, % of aninch, and ETV, 63 inches;. and the ratio will
be foand as 1 to 38 ; whereby it appears, that the Objects
will be magnified about 38 times. To which proportionis
very confentanecus, an Obfervation of the Crown on the
weather-cock,about 300 feet diftant.For the fcheme X fig.2.

reprefents it bigger by 21 times in diameter, when feen
through
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through this, than through an ordinary Telefcope of about
z feorlong.  And fo {uppofing this ordinary one to mag:-
nfiz 13 or 14 iimes, as by the deferiptionitfhculd, thisnew
ce by the Experiment muft magnifie near as much as hath
been affigned,

Thus faras to the firuCure of this Telefcope, Concern-
irc the Metalline matter, fit for thefe refle@mg Sprculums |
thz Iuventor hath alfo confidered the fame, as may be {cen
by two of his Letters, written to the Publifher from Cam-
bridge Jan. 13.and 29. 16, tothis effect, vi3.

:, Thatfor a fir metalline {fubftance, he would give this
Caution, that whileft men feek for a white, hard and du-
rable metailin compofition, they refolve not upou {uch an
onc, as is full of fmall pores, only difcoverable by a Micre-
fcope. For though fuch 2n one may to appearance take a
good polith, yet the edges of thofe fmali pores will wear
away fafter in the polithing than the other parts of the me-
tal; and fo, however the Metal {cem polite, yet it fhall not
refieét with fuch an zccurate regularity as it cught to co,
Thus Tin-glafs mixt with ordivary Bell-metall makes it more
white and apt to reflelt a greater quantity of light; but
withall irs fumes, raifed in the fufion, like fo many aerial
bubics ,fill the metall full of thofe Microfcopical pores. But
white Arfenick both blanches the Metall and leaves it {olid
without any fuch pores,efpecially if the fufion hath not been
teo violent, What the Stellate Regulus of Mars ( which I
have fometimes ufed) or other fuch like fubftance will do,
dcferves particular examination.

To this he adds this further intimation, that Putty or other
fuch like powder, with which “tis polifhed, by the fharp
angles of its particles fretteth the metall,if it be not ve:
ry fice, and fills it full of fuch fmall holes, as he fpeak-
eth of. Wherefore care muft be taken of that, before
judgment be given, whether the metall be throughout the
body of it porous or not.

2. He not having tried, as he {aith, many proportions
of the Arfenick and Metall, does not affirm, which is ab-
folutely beft, but thinks, there may conveniently be ufed
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any quantity of Arfenick equalling in weight between a fixt
and eight partof the Copper, a greater proportion making
the Metal brittle.

The way, which he ufed, was this. He firft melted the
Copper alone, then put inthe Arfenick, which being melteq,
he ftirred them a little together,bewaring in the mean time,
not to draw in breath near the pernicious fumes,  After this,
he put in Tin, and again fo foon as that was melted ( which
was very {uddenly) he ftirred them well together, and im-
mediately powred them off,

He [aith, he knows not, whether by letting them ftand
longer on the fire after the Tin was melted, a higher degree
of tufion would have made the metall porous; buthe thoughe
that way he proceeded to be fafeft.

He adds, thatin that metall, which he fent to London,there
was no Arfenick, but afmall proportion of Silver ; as he re-
members,one fhilling in three ounces of metall.But he though:
withall, that the Silver did as much harm in making the me-
tall foft, and fo lefs fit to be polifh't, as good in rendring it
white and luminous,

Atanother time he mixed Arfenick one ounce, Copper fix
ounces,and Tin two ounces: And this an Acquaintance of his
hath,as he intimates,polifh’t better,than he did the other.

As to the objeélion, that with this kind of Perfpe&ives, obs
je@s are difficultly found, he anfwers inanother letter of his
to the Publifher, of Jan. 6. 16Z. that that is the inconveni-
ence of all Tubes that magaific much s and that after 2 little
ufe the inconvenience will grow lefs, fecing that himfelf cculd
readily enough find any day- Objects, by knowing which way
they were pofited from other objeés that he accidentally faw
init ; but in the nightto find Stars, heacknowledges it to be
more troublefome ; which yet may, in his opinion, be eafily
remedied by two fights affized to the Iron rod, by which the
Tube is {ufteined 5 or by an ordinary perfpe&ive glafs faftn'd
to the fame frame with the Tube, and dire@ed towards the
fame obje, as Des- Cartes in his Dioptricks hath dcfcri-
bed tor remedying the fame inconvenience of his beft Te-

lefcopes.
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So far the Inventors Letters touching this Inftrument @ of which
aving communic2tzd the defcription to Monfieur Chriffian
Tugens de Zulichem, we received from him an Anfwer to this
effe® inhis Letter of Febr. 13, 1672. ft.n.

I {ee by the Defcription, you have fent me of Mr. Newtons
admirable Telefcope, that he hath well confidered the advan-
tage, which a Concave [peculum hath above Convex glaffes in
colleéting the parallel rays, which certainly accordingto the
calculation, I have made thereof, is very great, ence it
is, thathe can give a far greater aperture to that feca/um,
than to an Obje-glafs of the {ame diftanee of the fecus, and
confequently that he can much more magnific objects this
way, than by an ordinary Telefcope. Befides, by it he a-
voids an inconvenience, which is infeparable from convex
Objc&t-Glaffes, which is the Obliquity of both their furfaces,
which vitiateth the refrattion of the rays that pafs towards
the fides of the glafs , and does more hurt than men
are aware of. Again, by the meer refleGtion of the metallin
fpeculum there are not fo many rays loft, asin Glafles, which
refle& a confiderable quantity by each of their furfaces, and
befides intercept many of them by the obfcurity of their
matter.

Mean time, the main bufinefs willbe, to find a matter for
this /peculum that will bear {o good and evena polithas Glaf-
fes, and a way of giving this polifh without vitiating the
foherical figure. Hitherto I have found no Specula, that had
near fo good a polith as Glafs ; and if M, Newton hath not
already found a way to make it better, than ordinarily I ap.
prehend, his Telefcopss will not fo well diftinguifh objeés,
o5 thofe with Glaffes.  But ‘tis 'worth while to fearch for a
remedy to this inconvenicnce 5 and I defpair not of finding
ore. Ibclieve, tha: M,Newton hath not been without con-
fidering the advanizge, which a Parabolical [peculum would
have above a Spherical one in this conftrultions but that he
defpzirs, as well s I do, of working other furfaces than
fshercal onss with due exa&nefs 5 though elfe it be more
eafie to make a Parebocal than Elliptical or Hyperbolical ones,
by reafon of acertain propriety of the Parabolick Conoid,which
is,

o

]

ol



( 4009 )
is, thatall the Sections parallel to the Axis make the fame Pa.
rabola,

Thus far M. Hugenias his judicious. Letter ; to the latter part
of which, concerning the griuding Paralolical Conoids, M.
Newton faith, in his Letter to the Pubiifher of Teb, 20. 71.
that though he with him defpairs of performing that work by
Geometrical rules, yet he doubts not but that the thing may
in fome meafure be accomplifhed by Mechanical de-
vifes.

To all which 1 cannot but fubjoyn an Extralk of a Letter o received
very lately, (March 1gth) from the Inventor of this new Te.
lefcope, from Cambridge, viz.

N my laft Letter I gave you occafion to fufpect, that the
Inftrument which I fent you, is'in fome re{%c& or other
indifpofed, or that the merals are tarnithed. And by your
Letter of March 16, Iam fully confirmed in that opinion.For,
whileft [ had it, it reprefented the Moon in fome parts of it as
diftinctly, as other Telefcopes ufually do which magnific as
much asthat, YetI very well know, that that Inftrument
hathitsimperfetions both in the compofition of the metall,
and in its being badly caft, as you may perceiveby a {cabrous
place near the middle of the metall of it on the polifhed fide,
and alfo in the figure of that metall near that fcabrous place.
And in all thofe refpets thatinftrument is capable of further
improvement,

Youfeem to intimate, thatthe proportion of 38 to 1 holds
only for its magnifying Obje(ts at {mall diftances, Butif for
{fuch diftances, fuppofe 500 feet, itmagnific at that rate, by
the rules of Opticks it muft for the greateft diftance imagi.
nable magnifie more than 372 to 135 whichis {o confiderable
a diminifhing , thatitmay beeventhenas38to 1.

Herz is made another Inftrument like the former,
which does very well,  Yefterday I compared it with a fix
foot Telelcope, and found it not only to magnifie more, but
alfo more diftinétly.  Andto day Ifound, thatI could read
in cuc of the Philofophical Tranfaétions, placed in the Sun’s

LIl 2 light,
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light, atan hundred foot diftance, and that at an hundred
and twenty foot diftance I could difcern fome of the words.
When I made this tryal, its Aperture (defined next the Eye)
was equivalent to more than an inch and a third part of the
Objelt-merall, This may be of fome ufe to thofe that (hall
endeavour any thing in Reflexions 5 for hereby they willin
fome meafure be enabled to judge of the goodnefs of their
Inftruments, &c.

N. B. The Reader may expectin the next Aonth another
Letter, which came fomewhat too late to be here inferted ;
containing a Table, calculated by the fame Mr. Newton, a-
bout the {everal Apertures and Charges an{wering the feveral
Lengths of thefe Telefcopes.

EPITOME
Bine Methodi Tangentium DoQoris Fobannis Wallifii
Geom. Prof, Saviliani Oxonis 5 alids fufius & explicatius ab
ipfo traditz, hic verd ob anguftiam loci compendifatt :
1o quarum Schematifmis fi forfan literz quedam redunda-
verint, ille ad ea pertinere cenfendz funt, que in ampliori

ejufdem Scripto continentur, hic vero dictd de caufa omit-
tantur.

Hxﬁu hic (Clariffime vir) eorum [wmmam ( fri6lim traditam)

que fufius feripferam, meas de Tangentibus Methodos

Spelantia y duas potiffimum quibus prefértim utor 5 alteram in Spe-

zz:jbm, alteramin Lineis 5 utramque generali formi facile explica-
ilem.

Priorem adhibeo ConSe&.prop.23,30,36,46,49,63 paffim alibi,

Juce heceff.,

Expofitd Curva da,(puta Parabola, fig.4.) quam in « tangas
o F, diametro VDA occurrens in F5 ordinatim applicentur o V, &
DOT curvain O & tangentiin T occurrens, Ponatur autemVa=Db,
VA=v, VF={, VD=a, adedque DA=v i a, DF=f ja;

Eft (propter fimilia triangula) VF,DF :: Ve, DTzf—*f—"’ b.

Ieem, [i tangens it ultra curvam, DT 5 DO s fi citra, DT<
DO: Nempe, DT=DO [ intelligatur D in V5 [ed, fi extra v,
DT vel DO major prous. tangens eff witra citrave curvam.

Tum,
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