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1L An Account of Mr. Thomas Godfrey’s fme
provement of Davis’s Quadrant, transferred

2 . 9 - . .

to the Mariner's-Bow, communicated to the

Royal Society, by Mr. J. Logan.

King inform’d that this Improvement, propofed by
Thomas Gadfrey of this Place, for obferving the
Sun’s Altitude at Sea, with more Eafe and Expedi-
tion than is practicable by the common Inftruments
in ufe for that purpole, was laft Winter laid be-
fore the Royal Society, in his own Defcription-of it 3
and that fome Gentlemen wifh’d to fee the Benefic
intended by it more fully and clearly explained: I,
who have here the Opportunity of knowing the Au-
thor’s Thoughts on fuch Subjeds, being perfwaded in
my Judgment that if the Inftrument, as he propofes
it, be brought into Pra&ice, it will in many Cafes be
of great fervice to Navigation, have therefore thought
it proper to draw up a more full Account of it, than
the Author himfelf has given, with the Advantages
attending it ; which if approved of by better Judg-
ments, to whom what [ offer is entirely fubmitted,
*tis hoped the Ufe of it will be recommended and
further encouraged, as alfo the Author. The Rife of
the Improvement with its Conveniencies; as alfo a
Defcription of it, are as follows, '

Tho. Godfrey, having under the greateft Difad-
vantages (as | obferved in my firft Letter to Dr, /7a/-
ley, giving an Account of his Invention of the Re:
fle&ing Inftrument) made himfelf Mafter of the
Principles of Aftronomy and Optics, as well as othet
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Parts of Mathematical Science, applied his Thoughts
to confider the Inftruments ufed in that moft momen-
tous Part of Bufinefs, Navigation. He faw that on
the Knowledge of the Latitude and Longitude of the
Place a Ship is in, the Lives of thoufands of ufeful
Subjelts, as well as valuable Cargoes, continually
depend 3 that for finding the firft of thefe, certain
and eafy Methods are furnifh’d by Nature, if Ob-
fervations be duly made: But Dawvis’s Quadrant,the
Inftrument generally ufed by Britith "Navigators,
(tho’ feldom by Foreigners) he perceived was ate
tended with this Inconveniency, that the Obferver
muft bring the Shade or Spot of Light from the Sun,.
and the Rays from the Horizon, to coincide exacl

on the fiducial Edge of the horizontal Vane: That
tho’ this can be done in moderate Weather and
Seas with a clear Sky, and when the Sun is not
too high, without any great Difficalty ; yet in other
Cales it requires more Accuracy than can in fome
Jun&ures poflibly be applied, and more Time than
can be allowed for it. In Eurgpean Latitudes, or to
thofe nearer the Northern Tropick, when the Sun
is in the Southern Signs, and near the Meridian, he
rifes and falls but flowly: Yet in Voyages to the
Eaff and Wefi-Indies, of which very many, efpe-
cially to the latter, are made, he is at Noon, often
and for many Days together, in or near the Zenith,
and when approaching to, or leaving it, he rifes and
falls, when he has Declination, fafter than even at
the Horizon ; for it is well known to Perfons ac-
quainted with the Sphere, that when his diurnal
Courfe takes the Zenith, he there rifes and falls a
whole Degree or 6o Minutes, in the Space of four
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Minutes of Time ; fo that the Obferver has but one
Minute, to come within'x§ Minutes of the Truth in
his Latitude : While in a middle Altitude, as 45
Deg. he is at Noon above 5 Minutes and a half in
Time, in rifing or falling one fingle Minute of
Space, the Odds between which is more than 8o
to 1. And yet, perhaps, no Parts of the World re-
quire more Exatnefs in taking the Latitude than is
neceffary in Voyages to the //eff-Indies: For it is
owing to the Difficulty of it, that Veflels have fo
frequently mifs’d the Ifland of Barbados, and- when
got to the Leeward of it have been obliged to run
down a thoufand Miles further to Famaica, from
whence they can fcarce work up again in theSpice
of many Weeks, againft the conftant Trade-winds,
and therefore generally decline to try for, or attempt
it -
‘But farther, as the Latitude cannot be found by
any other Method, that our Mariners are generally
acquainted with, than by the Sun or a Star on the
Meridian: In-a cloudy Sky, when the Sun can but
now and then be feen, and only between the
Openingsof the Clouds for very fhortIntervals, which
thofe who ufe the Sea know frequently happens:
As alfo in high tempeftuous Seas, when tho’ the Sun
fhould appear, the Obferver can. {carce by any Means
hold his Feet ; it would certainly be of vaft Advan-
tage to have an Inftrument by which an-Obfervation
could alfo be, as it were, {natched or taken in much
lefs Time, than is generally required in the Ufe of
the common Qguadrant, . -
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Tho. Godfrey therefore confidering this, applied
himfelf to find out fome Contrivance by which the
Neceflity of bringing the Rays from the Sun, and
thofe from the Horizon to coincide (which is the
moft difficult part of the Work) on one particular
Point or Line from the Centre, might be removed.
In order to which he confider’d, that by the 21. 34
Flewm. of Eucl. all Angles at the Periphery of aCircle,
fubtended by the fame Segment within it are equal,
on whatever part of the Circumference the angular
Point falls ; and therefore, if inftead of a Quadrant, a
Semicircle were graduated into go Degrees only, ac-
counting every two Degrees but one ; this would effe-
Qually anfwer: For then, if an Arch of the fame
Circle were placed at the End of the Diameter of the
Inftrument, every Part of that oppofite Arch would
equally {erve for taking the Coincidence of the Rays
above-mentioned. But fuchan Inftrument would ma-
nifeftly be attended with great Inconveniencies ; for it
would in great Altitudes be much more unmanageable,
and the Vanes could not be framed to ftand, as they
always ought, perpendicular to the Rays. He there-
fore further refolved to try whether a Curve could
not be found to be placed at the Centre of a Qua.
drant, which would, at leaft for a Length fufficient
to catch the Coincidence of the Rays, with Eafe ful.
ly anfwer the Intention,

A Curve that in all the Parts of it would in geo.
metrical ftriGtnefs effe this, cannot be in Nature,
any more than that one and the fame Point can be
found for a Centre to different Circles, which are
not concentric. It is certain that every Arch on
the Limb may have a Circle that will pafs through

' the
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the Center; and be a Locus or geometrical Place for
the Angle made by that Arch to fill on: but then
every Arch has a different one from all others; as
in the Figure. Let ABC be the Quadrant, and
AB, EF, GH be tiken as Arches of it: Circles
drawn through each two of thefe refpectively, and
through the Center C as a third Point, will manifeft-
ly be fuch Loci or Places: For every Pair of thefe

Points ftand in a Segment of their own Circle, as
well as on a Segment of the Quadrant ; and therefore
by the cited 21. 34 Elem. the Angles ftanding on thefe
firft Segments will every where be equal at the
Periphery of their refpe&ive Circles, and their Radius
will always be equal to half the Secant of half the
~Arch on the Quadrant. For in the Circle CEDF
(for Inftance) the Angle CED is right, becaufe ’tis
in a Semicircle, CE s the Radius of the Quadrant,
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F D the Tangent of the Angle DCE =1 the Arch
‘E F, dnd GDis the Secant of the fame= the Diameter
of the Circlée CEDF; and therefore its Radius is half
that Secant.

Now from the Figure ’tis plain, that in very fmall

" Arches “the Radius of their circular Place ‘will be
half the Radius of the Quadrant, that is, putting
~ this Radius=10, theother will be 5. And the Radius
for the Arch of go, the higheftto be ufed on the Qua-

drant will be the Square Root of half the Square of
the Radius = Sine of 45 Degrees = 7.071, and the

Arches at the Center drawn by thefe two Radij are

the Extredms, the Medium of which is 6.0355. And

if a circular Arch be drawn with this Radius Zth

‘Part of the Length of it, that is, in an Inftrumeat of

20 Inches Radius, the Length of one Inch on each

Side of the Center affording two Inches in the whole,

to catch the Coincidence of -the Rays on, which

muft be own’d is abundant]y. fufficient; the Error at

the greateft Variation of the Arches, and at the Ex-

tremity of thefe 2 Inches, Wd[ not much exceed one
Minute.

But in fixing the Carvature or Radius of this Cen-
tral Arch, fomething farther
than.a Medmm between, the. . *

.Extreams, in the Radius isto .
be confidered : Forin fmall
Arches the Variation is very |
{inall, bur in greater it equa{ .

"1y :ncreafea, ag in the Figure . ,
where it appears,. the Dxﬂ’er~ B
cncebetweenthe Angles A3C,
pl ADC &s i u..x o r tian t"c Diffororeabhoa

: froei
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tween EBC and EDC, though both are fubtended
by the fame Line BD: for their Differences are
the Angles BAD and BED. Therefore this In-
equality was likewife to be confidered ; and com-
pounding both together, 740, Godfrey pitched on the
Ratio of 7 to 11, for the Radius of the Curve to the
Radius of the Iaftrument, which is 6.3636 to 10,
But on further Advifement he now concludeson 6% ;
and a Curve of this Radius of an Inch on each Side
of the Center to an Inftrument of 20 Inches Radius
or of s5th of the Radius, whatever it be, will in no
Cafe whatever, as he has himfelf carefully compu.
ted it, produce an Error of above 57 Seconds; and *tis
very well known that Navigators (as they very fafely
may) in their Voyages intirely flight a Difference of
one Minute in Latitude.

This Radius 1s the true one for the circular Place
to an Arch of 77° 15/, and the Variation from it is
nearly as great at go Degrees as at any Arch below
it, the greateft below being at about 44 Degrees,
which is owing to the Differences exprefled by the
laft Figure above, and not to thofe of the Curvatures
or circular Places. Yetthis Variation of 57 Seconds
atifes only when the Spot or Coincidence falls at the
Extremity of the horizontal Sight or Vane, or a
whole Inch (in an Inftrument of 20 Inches Radius),
from the Center, and then only in the Altitudes or
Arches of about 44 or go Degrees. And in thefe,
at the Diftance of half an Inch from the Center, the
Variation is but % fo much, viz. about 14" ; and at ¥
of an Inch, not 4”; at the Center tis precifely true.
Therefore as an Obfervation may be taken with it in
enc fourth of the Time, that Davis’s Quadrant, on

which
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which three Things muft be brought to meet, in a
general way requires : I {ay, confidering this, and the
vaft importance of fuch Difpatch, in the Cafe of great
Alutudes, or of tempeftuous Seas, or beclouded
Skies, tis prefumed the Inftrument thus made will
be judged preferable to all others of the kind yet
konown. Some Mafters of Weffels, who fail from
hence to the #eff-Indies, have got of them made as
well as they can be done here; and have found fo
great an Advantage in the Facility and in the ready
Ufe of them, in thofe Southerly Latitudes, that they
reject all others. And it can fcarce be doubted, but
when the Inflrument becomes more generally known,
1t may upon the Royal Society’s Approbation, ifthe
Thing appear worthy of it, more univerfally obtain
in Prattice.

*Iis now four Years fince 749. Godfrey hit on this
Improvement; for his Account of it, laid before the
Society laft Wiater, in which he mentions two Years,
was wrote in 1732. And in the fame Year, 1730,
after he was fatisfied in this, he applied himfelf to
think of the other, wiz. the refle®ing Inftrument
by Speculums, for a help in the Cafe of Longitude,
though ’tis alfo ufeful in taking Altitudes, and one
of thefe, as has been abundantly proved by the Maker,
and thole who had it with them, was taken to Sea,
and there ufed in obferving the Latitude, the Win-
ter of that Year, and brought back again hither before
the End of February, 1733, and was in my keeping
for foime Months immediately after. It was unhappy
indeed, that having it in my Power, feeing he had
- noAcquaintance nor Knowledge of Perfons there, that
I tranfmitted not an Account of it fooner: But I

had
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had other Affairs of more Importance to me: And
ir was owing to an Accident which gave me fome Un-
eafinefs, w7z, his attempting to publifh fome Ac-
count of it in Print here, that 1 did it at that Time,
viz. in May 1732, when T tranfnitted ir to Dr.
Halley s to whom I made not the leaft Doubt but the
Invention would appear entirely New. . This, onmy
part, was all the Merit Thad to claim, ner did I then,or
now affume any other, in either of thefe Inftruments. I
only wifh that the ingenious Inventor himf{elf mightby
fome means be taken Notice of, in a Manner that
might be of real Advantage to him.

There needs not, I fuppofe, much more of a De-
fcription of the Inftrument than has been given: I
fhall only f{ay, the Bow had beft be an Arch of a-
bout rooDegrees,awell graduated, and numbered both
ways ; the Radius of 20 or 24 Inches ; the Curve at
the Center to be s%th of the Radius on each Side, that
is, &th of itin the whole ; the Radius of that Curve
5% Parts of the Radius of the Inftrument ; t-at the
Glofs for the Solar Vane fhould not be lefs, but ra-
ther larger, than a filver Shilling, with its Vertex:
moft exaétly fet. And that the utmoft Care be ta-
ken to place the Middle of the Curve at the Centre
exa@ly perpendicular to the Line or Radius of 45
Degrees. As the Obferver muft alfo take Care that
the two Vanes on the Limb be kept nearly equi-
difkant from that Degree ; to which T fhall only add,
that it may be beft to give the horizontal Vane only
onc Aperture, and not two, The reft T fuppofe
may be left to the Workmen. Thus doubting I
have already been too prolix on the Subjed, to
which nothing but a fincere Inclination to promote

' Ooo any
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any thing that might contribute to a publick Bene-
fit, and to do fome juftice to Merit, could induce
me, I fhall only requeft that whatl have here
offered may be conftrued by that Intention.

PlLilad. 28th of
Fune, 1734 :
J- Locar,

Note, That the Radius of the Quadrant be-
ing divided into 20 equal Parts, the Center x
(in Fig. 1.) of the Curvature of the Horizon~
Vane (AB) muftbe 12.% of thofe Parts from
‘the Center (C) of the Quadrant. The Breadth
(A B orgh) of that Vane thould be 7 of the
whole Radius, that is, z5 on each Side of the
Center (C).

V. The Defeription and Ufe of an Infprument
for taking the Latitude of a Place at any time
of the Day; by M. Richard Graham,
F. R. S.

T HE neceflity of finding the Latitude, a Ship
isin,is too well known to be infifted o : Fre.
guent opportunitics of obferving the Latitude muft

confequently
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