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TRANSACTIONS
OF THE

American PriLosorHIcAL Sociery, &3c.

SECT. I
MATHEMATICAL and ASTRONOMICAL PAPERS.

4 dgfcﬁption’ of a new QRRERY, planxed and wow near-
U finifbed by Davip RiTTanNBoUsE, 4. M. of Nor-
riten, in the county of Pbiladelphia, Communicated by
Dr.SmiTH. ‘

Frnger Y THI S machise is intended to have three faces,
: ftanding perpendicular to the horizon:
‘That in the front to be four feet fquare,

made of fheet brafs, curioufly polifhed, filvered and paint-
ed in proper places, and otherwife ornamented. From
the center arifes an axis, to fupport a gilded brafs ball, in~
tended to reprefent the /un. Round this ball move others,
made of brafs or ivory, to reprefent the plancts: They are
to move in elliptical orbits, having the central ball in one
focus; and their motions to be fometimes fwifter, and
fometimes flower, as nearly according to the true law of
an equable defcription of areas as is poffible, without too

~ great a complication of wheel-work. The orbit of each
planet is likewife to be properly inclined to thofe of the
others; and their Apbelia and Nodes juflly placed; and
Vor. L. A their
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following, together with his Lordfhip's obfervations of the comet, which are inferted below.
He writes that he had no opportunities of making any other obfervations refpecing the sranyit
of Venus except the contacts, and that his clock was properly regulated.

2. Obfervation of the conta@s of the limbs of VENUS and she SUN, Fune 3d, 1769, made by
Bir. William Poole, at Wilmington, in Pennfylvania,

Lat. * 3¢4°. 44'. 3”. N. Long. sh. 2. ¢/. W,
Extra@ted from a lctter to Mr. Oeen Biddle, and communicated to the Society, Dec. 21t 1770,

Mr. Pue thinks the cxternal contat was feveral feconds
before the time marked in the margin.

The internal conta® was taken juft as the Sun’s light began
to furround the planct; though his limb was not vifible
beyond the planet, till a fecond or two afterwards.

Apparent Time.
2h. 12’. 487} 1ft Ext. cont.

1“’ith a refra&or of 12 fect magnifying aower about 50 times.
3. 3o. 204 Ift ot ditto. J

———E R ————

To the AMERICAN PHILosoPHICAL Society, beld at
Philadelphia for promoting ufeful knowledge.

GENTLEMEN,

TAKE the liberty of communicating to you an im-
I provement in the conftrution of Godfry’s double re-
fle&ting quadrant, which I have difcovered about two years
ago, which may be of fervice to fuch as ufe thatexcellent in-
firument. The greateft inconveniencies arifing from the
former conftruction of it are owing tothe badnefs of the glaf-
fes, the planes not being ground parallel to each other, and to
its ftanding in need of a new and careful adjuftment almoft
every time it is ufed. Both thefe imperfetions, I appre-
hend, are thoroughly removed by the new conftruction pro-
pofed. I have heard, that Mr. William Grant, an ingeni-
ous mathematician of London had alfo made fome improve-
ment in that inftrument; but I had not heard it before
eighteen months had elapfed, after I had perfected my de-
monftration of it, and {poke to the workman to conftru&
it accordingly.

As the propofed alteration makes the inftrument capable
of affording a number of obfervations, the unavoidable er-
rors

® Mr. Poolc had no opportunity of afcertaining the latitude or longitude of Wilmington by.

celeftial obfervations, but they arc both to be gotten with futficient exa&nefs from Mr. Biddle's
meafurement between New-Caftle and the Philadelphia obfervatory p. 87.  From that mea-
furcment, we get Wilmington weft of Philadelphia obfervatory 67414 perches=a3’. 38”,8
diff. of meridians, or 1'. 347,6 of time; and fouth of the fame 47324 perches=12". 52”,6 diff.
of latitude. Whence the latitude and longitude of Wilmington in refpe@ to Greenwich, are
as above fet down. W, SMITH

- e ———
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rors arifing from them may be greatly leflened, by taking
a mean of them: So that angles may be meafured by it
with much greater precifion than can be attained by the
common quadrants. This will make it peculiarly fervice-
able for finding the longitude at fea, from the obferved dif-
tance of the Moon from the Sun, or from a known ftar
near her path. For unlefs this diftance is meafured accu-
rately, it will occafion a confiderable error in the deduced
longitude. :

That the inftrument may anfwer thefe purpofes, it is de-
figned that the arch fhall contain an hundred and twenty
whole degrees, and be numbered from the middle to 120
both ways, and that inftead of one central fpeculum tweo
fhould be affixed to the index, and inclined to each other
in an angle of 60 degrees. When they are once adjufted to
this inclination, let them be fcrewed faft by the inftrument
maker. S

Now the largenefs of the arch will enable us to meafure
much greater angles than can be meafured by the fore ob-
fervation of the common o&ant. If the Sun be within 30
‘degrees of the zenith, the double fextant will give his al-
titude either above the fouthern or northern horizon, as may
be moft convenient; or for the fake of greater precifion, both
may be taken in thefame manner as by the fore obfervation ;
and then half the difference between their fum and 18ode-
grees, being added to the lefler altitude when the fum is
lefs than 180 degrees, or fubtracted from it, when greater,
will give his true altitude from neareft horizon more ac-
curately than either of them feparately could give it. This
may be done by one central {fpeculum alone and one half
of the arch. The fame may be repeated by the other, and
the mean of all the four obfervations taken as ftill nearer
to the truth. Hereby the error of adjuftment is taken a-
way, and that of the obfervations, leflened. Or thefe er-
rors may be corrected by the mean of four obfervations,
when only one horizon can be made ufe of, in the follow-
ing manner. Let the altitude be taken in the common

way,
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way, as by a fore obfervation, by one central fpeculum
and noted; let the index be pufhed ftill farther along the
arch and the image of the Sun will again be brought down
to the horizon by the other central fpeculum, which affords
another obfervation of the altitude to be noted alfo; count-
ing from the end of the arch next to the obferver in the
firft cafe, and from the middle of it in the latter. Then
let the arch of the inftrument be held upwards, and the
center downwards, and the index be moved the contrary
way; this will give two other altitudes. The meanofany
two of thefe obfervations that depend on the fame glafles
gives the true altitude free from the abovementioned errors.
The fame may be faid of taking any other angles.

The inverting of the inftrument is not neceffary in tak-
ing angles, when it is indifferent which of the obje@s is
brought to the other by refle@ion ; asin meafuring the dif-
tance between two ftars. But when one of the objecs is
brighter than the other, it is neceffary to bring the bright-
er 1o the other by reflexion, in that cafe it is neceflary to
invert the double fextant. In other cafes it will be found
more convenient to make all the obfervations, by only mov-
ing the index both ways.

When the diftance of two objecs is continually chang-
ing, and expedition is neceflary in the obfervation; two
or more pieces of brafs fhould be made to flide on the arch
. of the inftrument, that the degrees noted by the index
may be marked, by bringing one of them up to the index
and fcrewing it faft to the arch, where it muft remain, un-
til all the obfervations are made. In the fame manner
may all the obfervations but the laft be marked; that no
time may be loft in reading off the degrees and minutes
and writing them down. 'When the obfervations are com-
pleted, they may be read off, by bringing the index clofe
up to the abovementioned pieces, and written down at
leifure.

That the moving theindex backwards, will give the alti-
tude of the Sun or ftar above the horizon, when the arch

hangs

- ————
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hangs downwards, will appear very evident, by confide-
ring, that the image of the Sun is brought down to the
horizon, by puthing the index from the obferver, and con-
fequently the image of the horizon is alfo funk as much
below the true horizon ; therefore, when the indexismoved
in a contrary dire&tion or towards the obferver, the image
of the horizon is thereby raifed up to the Sun in the Hea-
vens, and their diftance is fhewn on the arch. But asit
is requifite to bring the image of the Sun to the horizon,
by moving the index both ways, this is effeted by invert—
ingthe inftrument; holding the arch downwards, while
one obfervation is made, and upwards while the other is
made. '

The above illuftration is fufficient to anfwer all the pur=
pofes of a demonftration to fuch as are acquainted with the
theory and principles of this inftrument; as it fhews, that
the demontftration is nearly the fame for the obfervations
made both with the arch hariging down, and with it invert-
ed. But as it may be defired by fome, 1 fhall infert the
demontftration for the obfervation with the inverted double
{fextant, which will thew more clearly the reafon of gra-
duating the arch both ways from the middle. -

Let the double fextantinverted be reprefented by APQR ;
(See Plate IV. Fig. Il.) QAR being the common fextant,
" and QAP the additional part propofed ; in whichit s to be
proved, that while the index moves from the pofition
QCA, to that of AFD, the folar image will move twice as
far from S, down to the horizontal line IDG, and will be
feen by the eye at I, in the horizontal lineIG, parallel to
HO; fo that the angle QAD fhall be balf of the angle
SFH, which is the Sun’s altitude.

Let SF be a ray of light from the Sun at S, falling on
the fpeculum at F, and from thence refle&ed to the {pecu-
lum at G, and from thence refleed again to the eye at I,
where the folar image will be feen in the horizontal line
I1G; the fpeculum at G, being fet parallel to the line AQ,_
or to the larger fpeculum at F, when the index is at Q, or

the



130 MATHEMATICAL anxb»p

the beginning of the graduations. Now it is to be proved,
that the angle SFH, is equal to twice the angle QAD,
which is the diftinguifhing peculiarity of this inftrument.

DEMONSTRATION.

Since NGM, is parallel to CBA, the angle NGC, is
equal to GCB, and theangle MGB, isequal to GBC, being
alternate; but the angles NGC, and MGB, are equal from
the laws of reflexion, which make the angle of incidence
equal to that of reflexion. Therefore GBC is an ifofceles
triangle, having the angles at B, and G, equal.

Again, fince HFS+SFD=(HFD=QAD+FEA=QAD+
+DEA=QAD+FBC=QAD+QAD +BFA=2QAD+ BFA
=1QAD+GFA=) 2QAD+SFD. Therefore, HFS—2

AD.

That the inftrument may be held with greater eafe, an
handle may be affixed to the back of it, or another fextant
might be added dire@ly oppofite to the middle of the other
two, and the index continued to the oppofite arches, mov-
ing on the center; which would have its advantages efpe-
cially on land. And as the errors of adjufiment and ob-
fervation may be corre@ed without the fecond central {pe-
culum, it may be negle&ed.

This improvement of an inftrument, which was firft in-
vented and conftruted by Mr. Godfrey of this city, and
which, I do not hefitate, to call the moft ufeful of all
aftronomical inftruments that the world ever knew, 1 hope
will make it ftill more ferviceable to mankind. But how-
ever this may be, it is fubmitted with all due refpe to the
fociety, by .

Their very humble Servant,

JOHN EWING.

To

. A ———
— | o ———— e ———
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7o the AmERrIcAN PHILOSOPHICAL SocCIETY, beld at
Pbhiladelphia, for promoting ufeful Knowledge.

GENTLEMEN,

INCE my delivering in the fhort account of the im-
provement, which I propofed in the conftru&ion of

Mr. Godfrey’s double refle&ting o&ant, at a late meeting
of this fociety, I have been induced to fubjoin a relation
of the manner in which [ was firft led into it, and of the
time when it was effeCted. In the beginning of the yeat
1767, finding that the common arch of the o&ant was too
fhort, for taking large angles by a fore obfervation, I thought
that it might be conveniently enlarged; and foon after
found that this enlargement might anfwer valuable pur-
pofes both at fea and on land. 1 communicated, to Mr.
Benjamin Condy, mathematical inftrument-maker of this
city, my propofal for making the inftrument with double
the ufual arch, and the addition of a fecond fpeculum on.
the index, inclined to the other in an angle of half the
length of the arch; as appears by his certificate, which I
have here inferted in the following words, viz. »

“ TH IS isto certify, That fometime in the [pring or fum-

mer of the year 1767, the Revd. Mr. Jobn Ewing,
of this city, communicated to me a propofal of his, for ma- .
king Godfrey’s Sextant with double the ufual arch, and the
addition of another fpeculum affixed to the index, andinclined
to the other in an angle of half the enlarged arch ; and
that we bad frequently converfed together on the purpofes .
defigned to be anfwered by this new confiruction.  As wit-
nefs my band this 1oth day of January, 1770.

'BENJAMIN CONDY.”

About two years after [ had thought of this conftrution
of the inftrument and perfe@ed the demonftration of it,
" which I laid before the fociety on the original {crap of pa-
per, on which it was firft written, I learned by converﬁ'nlg1

wit
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with Mr. A%illiam Grant, aningenious mathematician and
merchant of London, who came to this city about April
or May 1769, that he had alfo propofed an improvement
in the fame inftrument, but different from mine in thefe
refpects, viz. His was a complete femicircle, having the
horizon glafs and place of the eye fixed on the arch, and
without the fecond fpeculum on the index; which anfwer-
ed nearly the fame purpofes, with mine; excepting that
by its wanting the above mentioned fpeculum, it afforded
but half the number of obfervations which my conftru@ion
admits of. The firfl intimation I ever had of his improve-
ment was from the Rev. Dr. William Smith, provoft of
the college in this city, in May laft; to whom I had fome
time before mentioned, that I had thought of fomething,
which might be deemed an improvementin the conftru&ion
of Godfrey’s quadrant. This Dr. Smith intimated to Mr.
Grant, upon his informing him that he had improved that
inftrument before he left London; which circumftance in-
duced the Doctor to promife him an introdu&ion to my
acquaintance, as appears by his certificate in the following
words, viz. .

Philadelphia, 12th Jan. 177o0.

¢ REV. SIR,

« ]N anfawer to your requefly that 1 fhould certify the oc-

cafton of my introducing Mr. Grant to you, I do well
remember it to have been as follows.—~—That ingenious
gentleman baving been recommended to my acquaintance, by
Jome of my friends to the northward, we happened, one
day about the beginning of laft May, to fall into conver/ation
upon fome literary fubjecls. Among other things, Mr.
Grant mentioned an improvement which be bhad made in the
confiruction of Godfrey’s quadrant, and with a truly com-
municative [pirit feemed willing to explain the nature of bis
improvement, by making out a draft or fketch of it for me.
It bappened that I was to fet out the day following, on a
Journey to Northampton County, and Mr. Grant was appre-

benfive

R/ SR,
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henfive that be fhould leave P biladelphia before my retura.
I then recollected what you bad told me fome time before,
concerning your improvement of Godfrey’s quadrant, and
Jpoke to Mr. Grant as follows: I am forry, Iam obliged to
Lo out of town to morrow, as I could wifh to have fome
Surther converfation on this fubject; but there is a gentle- o
man of this city, the Rev. Mr. Ewing, who fome time ago
mentioned to me an tmprovement of a fimilar nature, which
he had made, and I believe be bas engaged a workman to
Jfinifb a quadrant for bim, on the plan be bas projecied.
Are you acquainted with Mr. Ewing ? If not, Iwill bring
you togethber, for I would wifb you tocompare yoar fchemes,
and to have a conference with each other. Mr. Grant ex-
preffed bis defire-to be acquainted with Mr. Ewing, and I
accordingly. introduced them to cach other, before I went

on my journey. . WILLIAM SMITH?”
Tothe Rev. Mr. Ewing.

Thefe things I have mentioned not from a folicitude a-
bout the invention, but to fhew, that, what has often been
fuppofed probable in affairs of this nature, has aGually
taken placein the prefent inftance ; that men at the diftance
of many thoufand miles might fall nearly upon the fame
inventions, about the fame time, without any previous
correfpondence or acquaintance with each other. J. E.

————rmE e

An ESSAY on the Ufe of COMETS, and an Account of their
LuMiNous APPEARANCE; fogether with fome Conjec-
tures concerning the Origin of HEAT.

By HUGH WILLIAMSON, M. D.
Read before the Society, Nov. 16th, 1770,

COMET is a folid dark body revolving round the

Sun in flated periods, receiving light and heat from

the Sun. Comets revolve as other planetsdo in an ellipfis,
Vor. L S one
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