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1. Obfervations on ithe Graduation of Afironomical Inflruments s

- awith an Explanation of the Method invented by the late Mr.
Henry Hindley, of York, Clock-maker, to divide Circles
into any given Number of Parts. By Mr. John Smeaton,
F.R.S.; communicated by Henry Cavendith, Ef. F. R, S.
and S. A. |

-Read November 17, 1785,

ERHAPS no part of the {cience of Mechanics has been
cultivated by the ingenious with more -afliduity, or more
defervedly fo, than thic art of dividing Circles for the purpofe
of Aftronomy and Mavigation. It is faid, that Tvcuo BraHE
Vor. LXXVI B ~ and
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2 Myr. SMEATONS. Oé/ér‘vatz‘oés on the

and Hevertus laboured this patt of their inftruments with
their own hands; and though public rewards have at length
brought forth different methods of dividing from our beft
artifts, which have been communicated to the Public; yet I
truft it will be thought, that if any thing relative to this
bufinefs remains yet behind, that may tend to furnith the
ingenious artifts, who are cultivating this ficld, with any new
or curious idea upon the fubje, it will be well worth communi-
cating to this learned Society: -fince, if an hint, which is
 effentially different from any thing that (fo far as I know) the
Public is in poffeffion of, be once ftarted, and is purfued and
worked upon by ingenious men, it is not poflible to fay, to
what valuable purpofes it may be conver rted.

This, perhaps, will better appear by taking a fhort review
of the labours of others, from the time of T'vycHo BrauE
and Hevervs (who did not ufe telefcopic fights) to the prefent
time, -

The very learned, ingenious, and inventive Dr. Hooxg, in
his Animadverfions on the Machina Celefiis of HeveLius,
publithed in the year 1674, has given us an elaborate defcrip-
tion of a quadrant, whofe divifions were formed, and after-
wards read off; by means of an endlefs ferew, working upon
the outermoft border of the limb of a quadrant; which, he
fays, does not ar all depend upon the care and diligence of the in-
Sirument-maker in dividing, graving, or numbering the divifions,
Jor the fame [irew makes if from end to end ; yet he has given us
no account of any particular care or caution that he ufed, in
preventing the fame fcrew from making larger or fmaller paces,
n confequence of unequal refiftance, from a different hardnefs
of the metal in different parts of the limb; nor any method of
sorreting or checking the fame; nor of making a fcrew, the
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Graduation of Afronomical Infiruments. 3
angle of whofe threads with the axis fhall be equal in every part
of the circumference; therefore the whole of this bufinefs (in
which accurate mechanifis well know confifts the whole of the
difficulty) he refers to the ingenious workman ; and, in particular,
to the then celebrated Mr. Tompron, whom, he fays, he em-
ployed to make his inftrument, and who had thereby feen and
experienced the difficulties that do occur therein: but was any in-
genious workman now to purfue the dire&tions of Dr. Hook,
fo far as his communication thereof extends, we may con-
clude, that he would make a very inaccurate piece of work,
far inferior in performance to what the Dofor feems to expet
from it*. But yet, I believe, it was the fi7/? attempt to apply
the endlefs fcrew and wheel, or arch, to the purpofe of form-
ing divifions for aftronomical inftruments; for, the Do&or fays
himfelf, the perfe@ion of this inftrument is the way of making
the divifions; that it excels all the common ways of divifion:
and in the table of contents it is intituled, An Explz'catfan of the
new Way of dividing.

This method, however, of Dr. Hook’s was not laid afide
without a very full and fufficient trial: for Mr. FLamsTEED,
in the Prolegomena of the third volume of Hjfloria Celeftis, in-
forms us, that e contrived the fextant, wherewith his obfer-
vations were chiefly made, from his entrance into the Royal
Obfervatory in the year 1676 to the year 1689. This fextant was
firft made of wood, and afterwards of iron, with a brafs limb
of two inches broad, by Mr. Tomp1oN, at the expence of Sir
Joxas Moore; the radius thercof was 6 feet 93 inches; it
was furnithed with an endlefs fcrew upon its limb of 17

~* This was indeed verified in an attempt upon the fame plan by the Duc pr
Cruavrnes, publithed in a Memoir of the Royal Academy of Sciences at Paris,

for the year 1763,
B2 threads .



4 Mr. SMeEATON's Obfervations an the

threads in an inch, and with telefcopic fights*. Of this in-
{trument Mr. FLaAMsTEED gives the figure at the latter end of
his Prolegomena before-mentioned, fufficiently large to fee the
general defign ; the whole being mounted upon a ftrong polar
axis of iron, of three inches diameter.

Though, in the full defcription of this mﬂrument, Mr.
FraMsTEED mentioned the Limb’s being furnithed with dia-
gonal divifions, diftinguithing the arch to 10 feconds 5 yet it
is pretty clear, that it had not thefe originally upon it; but
that the dependance was wholly upon the fcrew divifions,
‘when it came out of Mr. Tompron’s hands. This one may
reafonably infer from the obfervations themfelves ; for the firft
obfervation, fet down as taken with this inftrument, being
upon the 2gth of O&ober, 1676, it was not till the 11th of
September, 1677, that the column which contained the check
angle by diagonal lines was filled up; and there was alfo a
{pace of time, antecedent to that laft mentioned, wherein no
obfervations are recorded as taken with this inftrument, in
which time the diagonal divifions might be put on; and this
will be put beyond a doubt, as he fays expreflly, that finding,
in the year 1647, that the threads of the {crew had worn the
border of the limb, he divided the limb into degrees himfelf,
and drew a fet of diagonal divifions § ; and then comparing the
two fets of divifions together, he fometimes found them to
differ -a whole minute; wherefore, for corre€tion thereof, he
conftruéted a new table for converfion of the revolutions and
parts of the fcrew into degrees,fminu‘t,es,: and feconds; and

# ¢ __ Qualem nemo, ceelo adhibens;—' Preface to Hiftoria Cecleft. printed
in one vol. 1712,

+ Prolegomena Hiftor. Ceeleft, vol. TIL. p. 104.

4 Ibid. p. 106, ¢ Gradus in limbo deftribui ac diagonales duxi.”

which



Graduation.of Afironomical Infiruments. 5

which he applied in the obfervations taken in 1678,—However,
notwithftanding this corre@ion, in looking over the obfervations
noted down as deduced each way, I frequently find a difference
of half a minute ; not unfrequently 40’ ; but in an obfervation
of the moon, of the gth June, 1687, 1find a difference of 55" *,
which upon a radius of 6 feet 9 inches amounts to more than
- % th part of an inch. :
In theyear 1689, Mr. FLAMSTEED compleated his mural arc
at GREENWICH ; and, in the Prolegomena before-mentioned, he
makes an ample acknowledgement of the particular affiftance, -
care, and induftry of Mr. ABRAHAM SHARP ; whom, in the
month of Auguft, 1688, he brought into the obfervatory, as
his amanuenfis; and being, as Mr. FLaMSTEED tells us, not
only a very fkilful mathematician, but exceedingly expert in-
mechanical operations ¢, he was principally employed in the
conftru&tion of the mural arc ; which in the compafs of fourteen
months he finifhed, fo greatly to the fatisfation of Mr. FLam-
STEED, that he {peaks of him in the higheft terms of praife §.
This celebrated Inftrument, of which he alfo gives the figure
“at the end of the Prolegomena, was of the radius of 6 feet 7%
inches ; and, in like manner as the fextant, was furnithed both

# Vol. L. of Hift. Ceeleft. p. 343. »

¥ ¢ Qui'mechanices perquam expertus, pariter ac mathefeos peritus.” Prole-
gomena, vol. IIl. p. 108. -

1 ¢ Suarrerus fervus meus fideliffimus, ac omnibus quidem dotibus & facul- -
¢¢ tatibus erat imbutus, que ipfum tam fubtili & difficili operi obeundo idoneum
* ¢¢ redderent.”” Prolegom. ibid.

And on finithing the inftrument, he fays, ¢¢ Gradus- defcribuntur five nume-
¢ rantur et ex{culpantur, artificiofa manualiopera di¢ti domini Suaxrp, qui limbun: -
¢ partitus eft, diagonales duxit, totumque organum abfolvit et perfecit: adeo
¢ ut preftantiflimi quivis artifices poftquam illud confpexerunt et confiderarunt,
¢ f¢ exadtius id peragere non potuiffe, agnoverint,” Prolegom. p. 111.

withy:



6 Mr. SMEATON’s Obfervations on the

with ferew and diagonal divifions, all performed by the accurate
hand of Mr. SuarP. But yet, whoever compares the different
parts of the table for converfion of the revolutions and parts of
the fcrew belonging to the mural arc into degrees minutes and
feconds *, with each other, at the fame diftance from the zenith
on different. fides ; and with their halves, quarters, &ec. will
find as notable a difagreement of the fcrew-work from the hand-
divifions, as had appeared before in the work of Mr. TompION :
and hence we may conclude, that the method of Dr. Hooxk,
beirig executed by two fuch mafterly hands as Tompion and
Suarp, and found defetive, is in reality not to be depended
upon in nice matters.

From the account of Mr. FLAMSTEED it appears alfo, that
Mr. Szarp obtained the zenith point of the inftrument, or Zne
of collimation, by obfervation of the zenith ftars, with the face of
the inftrument on the eaft and on the weft fide of the wall + :
and that having made the index ftronger (to prevent flexure)
than that of the fextant, and thereby heavier, he contrived, by
means of pullies and balancing weights, to relieve the hand that
was to move it from a great part of its grav1ty +

1 have been the more particular relating to Mr. Suare, i in the
bufinefs of conftructing this muralarc; not only becaufe we may
{uppofe it the firft good and valid inftrument of the kind, but
becaufe 1 look upon Mr. Suare to have been the firft perfon
that cut accurate and delicate divifions upon aftronomical inftru-
ments ; of which, independent of Mr. FLaAMsTEED'S teftimony, .
there {till remain confiderable proofs : for, after leaving M.
FramsTeep, and quitting the department above-mentioned T

* Hift, Ceeleft. vol, II, Appendix. + Prolegom. p. 109. /

+ Mr. Suarp continued in firi correfpondence with Mr. FLAMSTEED fo long
as he lived, as appeared by letters of Mr, FLamsteep’s found aftcr Mr. SuaRre’s

he

dﬂlh, many of which I have feen,



Graduation of Afironomical Inflruments. 7
he retired into Yordfbire, to the village of Little Hirton, near
Bradford, where he ended his days about the year 17433 and
where I have feen not only a large and very fine colle&ion of
mechanical tools (the principal ones being made with' his own
hands), but alfo a great variety of {cales and infiruments made
therewith, both in wood and brafs, the divifions whereof were
fo quuiﬁte,‘ as would not difcredit the firft artifts of the prefent
times : and I believe there is now remaining a quadrant, of four
or five feet radius, framed of wood,” but the limb covered with
abrafs plate ; the fubdivifions being done by diagonals, the lines
of which are as finely cut as thofe upon the quadrants at Green-
wich. The delicacy of Mr. Suare’s hand will indeed perma-
nently appear from the copper- plates in a quarto book, publifhed:
in the year 1718, intituled, Geometry improved by A. Sharp,,.
Philomath. whereof not only the geometrical lines upon the
plates, but the whole of the engraving of letters and figures,.
were done by himfelf, as I was told by a perfon in the mathe-
matical line, who very frequently attended Mr. SuARrP in the
latter part of his life. I therefore look upon Mr. SHARP as the
firft perfon that brought the affair of hand divilion toz any degree
of perfeétion.

Some time about the eﬂabhfhment of the mural arc at Green--
wich, the celebrated Danith Aftronomer Oravus ROEMER
began his domeftic Obfervator y, which he finithed in the year
1715, 25 we are informed by his hiftorian PerEr HorrEBOW,
in the third volume of his works, in the tract, ntituled,.
Bafis Aftronomice, publithed in the year 1741, In this trad is-
the defcription of an inftrument, Tab. HI. which not only
anfwered the purpofe of the ‘meridian arc; but, .i'ts‘ telefcope\
being mounted upon a long axis, became alfo in reality what
we now call a Tranfit Inflrument 5. and which furnithed, fo far:

as
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as I have been able to learn, the firft idea thereof. One end of
the axis of this inftrument being the center of the meridian arc,
and carrying its index, M. RoEMER thereby avoided the errors
arifing from the plane of the mural arc not being accurately a
vertical plane; and which Mr. FLAMSTEED endeavoured to
check, by obferving the paffage of known ftars nearly in the
fame parallel of declination ; that is, paffing nearly over the
{ame part of the plane of the arc ; by which he was enabled to
corret or check the errors of the arc in right afcenfion. But
it is the peculiar method in which RoEMER divided his inftru-
ments, that occafions him here to be introduced.

Though it is a very fimple problem by which geometricians
teach how to divide a given right line into any number of parts
required ; yet it 1s ftill a much more fimple thing to fet off
upon a given right line, from a point given, any number of
equal parts required, where the total length is not exaftly
limited ; for this amounts to nothing more than affuming a
convenient opening of the compafles, and beginning at the
point given,. to fet off the opening of the compafles as many
times in fucceflion, as there are equal parts required ; which
procefs is as applicable to the arch of a circle as it is to a right
line. -Of this fimple principle RoeMER endeavoured to avail
Thimfelf. | ,

For this purpofe M. RoEMER took two ftiff, but very fine-
pointed, picces of fieel, and fixed them together, fo as to
avoid, as much as pofiible, every degree of {pring that would
neceffarily attend long—legged/compaﬂ‘es, or even thofe of the
thorteft and ftiffeft kind when the points are brought near toge-
ther. ‘The diftance of the points that he chofe was about the
Joor 2 of an inch. This, upon a radius of 23 or three feet,
would be about ro minutes. With this opening, beginning

at



Graduation of Afronomical Inflruments. 9

at the point given, he fet off equal fpaces in fucceflion to the
end of his arch, which was about 75° Thofe were diftin-
guithed upon the limb of the inftrument by very fine points,
which were referred to by a groffer divifion, the whole being
propetly numbered. The fubdivifion of thofe arches of 10
minutes each was performed by a double microfcope, carried
upon the arm or radius of the inftrument, the common focus
being furnithed with parallel threads of fingle filk, whereof
~eleven being difpofed at ten ‘equal intervals, comprehending

together one ten-minute divifion, the diftance of the neareft
threads became a very vifible {pace, anfwerable to one minute
each, and therefore capable of a much further fubdivifion by
eftimation.

The divifions of this inftrument were therefore, properly
{peaking, not degrees and minutes; but yet, if exatly equal,
would ferve the purpofe as well, when their true value was
found, which was dene by comparifon with larger inftru.
ments.

Now, if it be confidered, that in going ftep by ftep of ten
minutes each, through a fpace of 75 degrees, there will be a
fucceflion of 450 divifions, dependant upon each other; if it
be alfo confidered, that the leaft degree of extuberance in the
furface of the metal, where each new point is fet down, or
the leaft hard particle (wherewith all the bafe metals feem to
abound} will caufe a deviation in the firft lmpreﬁ' ion of a taper
point, and thereby produce an inequality in the divifion ; it is
evident, that though this inequality may be very {mall, and
even imperceptible between neighbouring divifions, yet among
diftant ones, it may and will arife to fomethmg confiderable
which, in the menfuration of angles, will" have the fame ilf
tendency as in near ones. Now, as M. ROEMFR has-given us no®

Vor. LXXVI. C e meags



10 . Mr. SMEATONS Oé/i”/*‘vatimzs o the
means - of chcckmg the diftant dmf ions, in: refpe of each:
other, it js very probable. that no one has followed his ﬁeps,,
‘m C“ifes where great accuracy was reqmred m a cenfiderable -
numbey of divifions.  Forin reahgy this method'is hkely to fall.
far thort of Dr. Hoox’s ;; as Dr. H@ox § dwnmns bemg cut in
a fimilar {ucceflive manner, by the rotation of the ﬂlarp edgg of’
the thrgads of afcrew againft the exterior edge of the limb of"
the mﬁrument a very flight. degree of preflure will bring a
fine fcrew of thirty threads in:an’inch (which he prefcrlbes) to -
touch againft an arch whofe radius is four or five-feet in. more-
than cne, two,. three; or four thxeads at: once ;- fo.that: the -
tireads fupportmg one another, a. {mall extuberance, or CVCII?&%E
{mall hard particle in. the metal, will be cut through: or re=-
moved by the grinding or rather fawing motion-of the fcrew ;-
and which, in reg; ard’ to its contall; bemg mn- reahty an- edge,,,,
will be much more effeCtual (that is, more firm) inits reten~
tion than a mere fimple point:- and”a repetition of the operas -
tion, from the fupport of the threads to each other, will tend™
to mend the firft traces;: whereas, in RoEMER’s:-way, a-,fepetiQ :
tion will make them. worfe; for, whatever drove forward or-
backward the point ow firft’ entering, will, from the ﬂopmg of
the point, be confirmed and increafed in driving it deeper.
When Dr. HarrLey was chofen Aftronomer Royal (Mr..
T amsTEED's inftruments being taken away by his executors),
Mr. GraraM undertook to make a new mural quadrant, about
the year 172535 who, uniting all that appeared valuable in the
different methods of his predeceffors, executed it with a degree
of contrivance, accuracy, and precifion, before unknown : and
the divifion thereof he performed with his ewn hand. The
model of this quadrant, for ftrength, eafy management, and

convenience, has been. ever fince purfued as the moft perfedt.
What
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What I'apprehend to be peculiar in it, was the application of
the arch of 96°; not only as a check upon the arc of degrees
and minutes, but as fuperior thereto, being derived from the
‘rnore ﬁmple principle of continual bifection,

* T'o make room for this, he has entirely rejeted the fubdivifion
by diagonals, and has adopted the method of the Pernier 5 but the
fubdivifion of the vernier divifions he, as I apprehend for the
firft time, meafured by the turns of the detached adjuﬁing"
ferew, making it in fa& a micrometer, by which the. diftance”
"of “the /¢ of the inftrument was to be meafured from the
perfedt coincidence of one of the actual divifions of the limb
with thé next ftroke of the vernier; by which means the ob-
fervation could not only be read off with all the precifion that
the divifion of the inftrumenit' was capable of, but the two fets .
“of divifions could be checked and compared with each other.
Another thing that I apprehend to be peculiar in this inftru-
ment, was the more certain method of transferring and cutting
the divifions, from the ‘original divided points, by means of
the beam-compafs, than'could poffibly be doné from a fiducial’
edge, as had doubtlefs been conftantly the pralice in cutting
dxagonals, for, placing the fteady point of the beam- -compafs
in the tangent line to that part of the arc where each divifion
was to be cut, the opening of the compafs being nearly the
length of the tangent, the other point would cut the divifion

~ in the diretion of the radius nearly ; and though in reality an
arch of a circle, yet the’ {fmall part of it in ufe would be {o
nearly a right line, as perfely to anfwer the fime end; all
which advantages put together, it is probable, induced Mr,
GrauaM to rejeét the diagonals.

Soon after the completion of this quadrant, Mr. GramaM
undertook ta execute a xenith feftor for the Rev. Dr. BraDLEY,

Ca2 ‘which
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‘whxch was fixed up at Wanfiead, in Effex, in the year 1727
The very fimple conftrution that he adopted for this inftru-
gognt (the plumb line itfelf being the index) did not admit of
the ufe of a vernier: he therefore contented himfelf with
dividing the arch of the limb of this inftrument by primary
points, as clafe as he thought neceffary, that is, by divifions
of five minutes each, and meafuring the diftance from the fez
of the inftrument to the next point of divifion by a micrometer
fcrew, in the conftruétion of which fcrew he ufed uncommon
care and delicacy. I have mentioned this inftrument to intro-
duce this obfervation; that I think it highly probable, had
Mr. GranaM conftruéted the great quadrant affer the zenith
feor had been fully tried, he would have reje€ted not only the
diagonals but the verniers alfo, as containing a fource of error
within themfelves which may be avoided by a well-made fcrew *,

It feems alfo, that Mr. GrRAHAM, at the time he con-
firucted both thefe inftruments, was not aware how much error
ecould arife from the unequal expanfions of -different metals by
heat or cold: for in both the radius, or frame of the inftru--
ment, wasiron, while the limbs were of brafs. ‘They, how-
ever, remain in the Royal Obfervatory, perfet models, in all
other refpefts, of every thing that is likely to be attained in -
their ,refpetive ‘deftinations, and ,mbnuments of the fuperla-
tive abilities of that great mechanician Mr, GRAHAM +..

* This has been found confentaneots to the experience of my friend Mr,
AvserT, who, on my fuggeftion, has long fince laid afide the ufe .of his vernier,

meafuring always by the micrometer fcrews the diftance betweeu the fet of the.
'mftxument, and the coincidence of the firft firoke of the vernier with the. nextu
primary divifion of the limb.
+ Ihave been informed, that Dr. MAskELYNE has canfed this objection to the
feStor to be redtified, fiace its removal to the Royal Obfervatory, by fubftituting
an iron Jimb inftead of that of brafs, the points being made upon ftuds of gold.!

M
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Mr. Granawm lived till the year 1751 ; and during his time
there were few inftruments of confequence conftru&ted with-
out his advice and opinion. = They were for many years done
by Mr. Sisson, to whom doubtlefs Mr. Graram would fully
communicate his method of divifion; and from this {chool
arofe that very eminent and accurate artift Mr, Birp, whofe
delicate hand, joined with great care and afliduity, enabled
him fill further to promote this branch of divifion ; and which
being carried by him to a great pitch of perfe&tion, the Com-
miffioners of Longitude did themfelves the credit, by an hand-
fome reward, ‘to induce him to publifh to the world his parti-
cular method of dividing aftronomical inftruments; which
being drawn up by himfelf, in the year 1767, this matter is
fully fet forth to the public: I fhall therefore only take this
opportunity of obferving, that there feems to be one article in
which Mr. Birp’s method may be ftill improved.

I muft here obferve, that I apprehend no quadrant, that has
ever undergone a fevere examination, has been found to form a
perfed arch of go° 5 noris it at all neceflary it fhould : the per-
fe&t equality of the divifions throughout the whole 1s the firft
and primary confideration ; as the proportion of error, when
afcertained by proper obfervations, can be as eafily and
readily applied, when the whole error of the retangle is fifteen
feconds, as when it is but five.

- In this view, from the radius taken, I would compute the
chord of fixteen degrees only. ~ If I had an excellent plain {cale,
I would ufe it ; becaufe I fhould exped the deviation from the
right angle to be lefs than if taken from a {cale of more moderate
accuracy ; but if not, the equality of the divifions would not be
aﬁ'e&ed,-tho:ugh taken from any common diagonal fcale. This.
chord, fo prepared, I would lay off five times in fucceflion, from

; 3 Eh&
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sthe.primary. point of o given, which would compleat eiglity
-degrees ; I would then bife@& each of thofe arches of 16°, as
jfpleCl‘lbﬁd by Mr. Birp, and laying off ene -of :them beyond -
‘the 8oth, -would . give the 88th degree: proceeding then by
.bife&ion, :till I.came toan arch of twe degrees, ‘layingthat off -
from the 83th degree, would give the point of ninéty degrees.
“Proceeding ftill by bifection, :till I had reduced the degrees into
.quarters .= fifteen minutes each, I would there flop; as from
-experience-I know, that when divifions are over clofe, ‘the ac«
.curacy of them,.even by bifedtion,.cannot be-{o well attained as
where they are moderately large. If a fpace of ;*, of an'inch,
which is a quarter of a degree, upon an eight-feet radius, ‘is
thought too large an interval'te draw the.dndex over by the mi-
_crometer {crew, 'this ' may be fhortened by placing another Jine
-at the diftance-of one-third of a divifion:oneach fide of the index
dine, in which cafe the fcrew will never have to move the index
‘plate more than one-third of a divifion, -or five minutes ; and
the perfeét equality of thofe fide lines from 'the index line may
be obtained, and adjufted to'five minutes precifely, ‘by putting
.each of the fide lines upon a little plate, capable -of adjuftment
o its true diftance from the .middle one, by an adjufting
{crew.

“The dbove hint is°'not confined to the chord of fixteen degrees,
-which prohibits the fubdivifions going lower than fifteen mi-
nutes : for if it be required to have divifions equivalent to five
minutes u_pon the limb itfelf ; then I would compute the chord.
of 21° 20’ only; and laying it off -four times from the primary
;point, the laft would mark out the divifion 85° 20/, pointed
.out by Mr. BirD ; fupplying the remainder to a quadrant, from
the bifeéted divifions as they arife, and not by the application of
wther computed chords.

In



Graduation of Afironomical Tnfiruments: T3
i my Introducion to M. RoemER's Method of Divifion, I
‘have fhewn, that:divifions laid off in fucceffion; by the fame
opening of the compafles, either in-a right-line, orin the arch:
of a circle,. being in its idea geometrically true; and-in itfelf the
moft fimple- of :alk procefles, it hasthe faireft: chance of being:
mechanically and pra®ically exa&, when cleared of the difturb-
ing éaufesa-v The-objetion therefore to his method is, the great
number of- repetitions, which .depending upeneachother in
fucceffion: (requiring no-lefs than 540.to-a quadrant, when fub--
divided to ten-minutes-each);, the fmalleft error in each, repeated:
540 times; without any-thing to check it by the way, may arife-
to a very- fenfible and large amount ::but “in-thé method 1 have
“hinted, this objetion will not-lie;.for, in-the firft. cafe, the.
affumed opening.is laid-off but: five times 5 and in the latter cafe
but four times ; :nor does this repetition arife out of the nature of
the thing ; :for, if you like it'better, you may, in the former cafe,
at once compute the chord:of 64°%;-and in-the latter that of
85° 20", and then proceed wholly by-bife&ion ; fupplying what
is wanted to make up the:quadrant, from the bife&ted divifions;
as they arife. . Mr. Brep prefcribes this method himfelf,: for the
divifion of HADLEY's fextants and o&ants. -

" He, I {fuppofe, was the firft; who:conceived the idea of laying
off chords ef-arches; whofe fubdivifions fhould be come at by
continual bife@ion 3 but why he mixed therewith divifions that
were derived from.a different origin (as prefcribed in his method
of.dividing) I do not eafily conceive. He fays, that after he had
proceeded by the bifeftions, from the arc of-85° 207, the feveral
points of 30°, 60°, 75°, and 90°% (all of :whi¢h were laid. down
from the principle of the chord of-60° being equal to radius),
Jell in without fenfible inequality 5 :and o indeed they might; but
yet it does not follow that they were equally trug in:their places

\ as
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as if they had been (like the reft) laid down from the bifeGtion
from 85° 207, and therefore being the firft made, whatever error
was in them, would be communicated to all conneted with
them, or taking their departure from them. Every heteroge-
neous mixture fhould be avoided where equal divifions are re-
quired. It is not the fame thing (as every good artift will fee)
whether you twice take a meafure from a {cale as nearly the fame
as you can, and lay them off {eparately ; or lay off zw0 openings
of the compafles, in fucceflion, #unaltered; for though the fame
opening, carefully taken off from the fame fcale a fecond time,
will doubtlefs fall into the points made by the firft, without
fenfible error; yet as the floping fides of the conical cavities made
by the firft point will condu& the points themfelves to the cen-
ter, there may be an error which, though infenfible to the fight,
would have been avoided by the more fimple procefs of laying off
the opening twice, without ever altering the compafies.
- The 96 arc was, I have no doubt, invented by Mr. Gra-
HAM, from having perceived, in common with all preceding
artifts, how very much more eafy a given line was to bife&, than
to trifed, or quinquefeét; and therefore the g6 arc which pro-
ceeded by bifections only (or by hying off the fame, identical
openings, which, as already fhewn, is ftill more ﬁmple and
unexceptionable) was wholly intended by him by way of
checking the divifion of the arc of go, which required trifec-
tions and quinquefe@ions. But experience foon fhewed the
{uperior advantage of it {o ftrongly, that the ufe of the go arc
is now wholly fet afide, where accuracy is required; whereas.
the ingenvity of Mr. Birp having thewn a way to produce the
9o arc by bifetion, when this is really purfued quite through
the piece, by rejecting all divifions derived from any other
origin, the 9o arc will have nothing in 1t to prevent its being
equally
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equally unexceptionable with the 96 arc; and confequently if,
inftead of the g6 arc, another arc of go was laid down (which
being upon a different radius, its divifions will ftand ‘totally un-
conne&ed with the former), then thefe two arcs would in realizy
be a check upon each other; for being of equal validity, the mean
‘might be taken : and if (in lieu of vernier divifions) ftrokes at
the diftance of any odd number, as 7, 9, 11, or 13, are marked
upon, and carried along with, the index plate ; thefe will pro-
duce a check upon neighbouring divifions ; and the angle may
then be deduced from the medium of no lefs than four
readings. |

The laft works that have been made known to the public in
the line of graduation (fo faras has come to my knowledge) are
thofe of the very ingenious Mr. RamspeN, which were pub-
lithed, by order of the Board of Longitude, in the year 1777,

From his own information, Ilearn, that in the year 1760
he turned his thoughts towards ‘making an engine for dividing
mathematical inftruments ; and this he did in confequence of a
reward offered by the Board of Longitude to Mr. Birp, for
publifhing his method of graduating quadrants ; for as, feveral
years previous to that period, he had taken great pains to ac-
complifh - himfelf in the art of hand-dividing, in which line
Mr. Birp had acquired his eminence, he conceived by this pub-
lication of Mr. BirD’s he thould be reduced to the fame ftandard
of performance with the reft of the trade. He, therefore, partly
to fave time, and that kind of wearinefs to an ingenious mind
that ever muft attend the endlefs repetition of the fame thing
from morning to night; partly ftill to preferve the pre-eminence
he had then gained 5 and partly to procure difpatch in the great
‘increafe of demand for HADLEY’s fextants and oftants, in confe-
quence of the fuccefsful application of the moon’s motion to the

Vor. LXXVI, D purpofe
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purpofe of afcertaining the longitude at fea (which mﬁnument&
for this purpofe required a degree of accuracy and certainty in the
divifion, by no means neceflary thereto when applied to the fimple
purpofe of obferving latitudes) ; 1{ay, for thefe confiderations, Mr.
RawmspeN determined to fet about fomething in the inftrumental
way, that thould be {ufficient effe&tually to anfwer thefe purpofes.

Accordingly, confidering the nature of the endlefs {crew, he
{fet hiix felf to work upon an engine whofe divided wheel or. plate
was of thirty inches diameter 5 and though the performance of
this firft effay was inferior to his expe@ations and withes, yet
with it he was able to divide theodolites. with. a degree. of preci=
ouh far faperior to any thing of the kind that had been-exhibited:
fite te public.

This engine I myfelf faw in the {pring of the year 1768 5 and.
it appeared to me not only a very laudable attempt towards in~
ftrumental divifions, buta very goed model for the conftrution:
‘of aur engine of the moft accurate kind for that purpofe: And
he furthermore, at the fame time, fhewed: me the model or
pattern for cafting a wheel of a much- larger fize, which he pro-:
pofed to- make upon the fame plan, and with confiderable 1m-
provements. This being effefted fome time in. or about the year:
‘1774, its accuracy was proved by making a fextant, afterwards.
fubjeéted to the examination of Mr. Birp; whoin con [equence:
approved the method, not only as fully {ufficient for the divi-
fon of HADLEY’s fextants and o&ants for any: purpofe whatfa-
ever, but in fa& for dividing any' inftrument whofe- radius did:
not exceed that of the dividing wheel, which: was forty-five:
inches in diameter : whereupon the Board: of Longitude, ever
ready to encourage all endeavours that tend to the certainty and’
perfetion of any thing fubfervient to the purpofe of finding the
longitude at fea, very propesly and ufefully refolved to. confer

aly
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an handfome reward on Mr. RAMsDEN, for dehvermg a full”
cxplanatmn of his method of making the faid engine; which,
in confequence, was publithed by order of the Board of Longi-
tude in the year already mentioned, viz. 1777 : the defigns
whereof are fo full and exphmt that whoever could not under-
ftand that defcription, {o as to enable him to make 1t, Would bc‘
unfit to undertake it on other accounts. -

From what I have faid upon the works of the different artifts
“that I have mentioned, it would feem that the art of graduation
was brought to that degree of perfection, that xiothing material
can now be added thereto : and I thould have been apt to have
thought fo myfelf, if I had not happened, in the courfe of my
life, to.have had a communication made to me (under the feal of
fecrecy). which feems to promife yet further light and affiftance
‘in Pel‘fe&:ing that important art ; and every impediment to the
difcovery thereof being now removed, I thall in the remainder
of this effay give the cleareft defcription thereof that I am able,
with fuch elucidations and improvements as feem to be naturally
pointed out by the method itfelf.

- Inthe autumn of the year 1741, I was firft introduced to the
acquaintance of that then eminent artift, Mr. Henry HIiNDLEY,
of York, clockmaker ;—he immediately entered with me into the
greateft freedom of communication, which founded a friendthip
that lafted to his death, which did not happen till the year 1771,
at the age of 70. On the firft interview, he thewed me not
only ‘his general fet of tools, but his engine, at that time fur-
nifhed with a dividing plate, with a great variety of numbers for
cutting the teeth of clock wheels, &c. and alfo, for more nice
and curious purpofes, furnithed with a wheel of about thirteen
inches diameter, very ftout and ftrong, and cut into 360 tecth ;

to which was.applied an endlefs fcrew, adapted thereto. The
' D2 ‘ - threads
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threads of this fcrew were not formed upon a cylindric furs-
face, but upon a folid whofe fides were terminated by arches:
of circles. The whole length contained fifteen threads; and:
as every thread (on the fide next the Wheel) pointed towards.
the center thereof, the whole fifteen were in contaét together s
and had been fo ground with the wheel, that, to my great
aftonithment, I found the fcrew would turn round with the
utmoft freedom, interlocked with the teeth of the wheel, and:
would draw the wheel round without any fhake or ﬁlckmg, or
the leaft fenfation of mequahty

How long this engine- might have been made before this firft
interview, I cannot now exactly afcertain : I believe not more-
than about a couple of years:;. butthis I well remember, that he:
then thewed me an inftrument intended for aftronomical purs-
pofes, which muft have been produced: frofti the engine, and.
which of itfelf muft have taken fome time in.making *.

FEin:

# This inflrument was of the equatorial Kind}. the wheel parallel to the.
equator, the quadrant of latitude, and femi-circle of declination, being atl:
furnithed with fcrews containing, fifteen threads each, framed -and moved in. the
fame manner as that of the engine ;. the whole of which infirument was- already.
framed, and the telefcope tube in its place, which was intended - to be of ‘the:
inverting refra&ing kind, andto be furnifhed witha micrometer: ‘This, however,.
was not corapleated till fome years after; but,.in.the year 1748, I'received it in-
London for fale.. It ftaid with me two years, in which time Ithewed it to all my:
mechanical and philofophical friends; amongft whom:-was Mr. SzorT, who after-
wards publithed in the Philoféphical ‘Tranfaétions, vol. XLVI ‘N? 493. p-- 24.1. an:
Account of a portablé @bfcrvatory, but without claiming any particular merit-
from the contrivance. However; the model‘of it-differs fromr HinpLEY'S equatorial:
only in the following- articles. He- added an-azimuth circle and-compafs at the:
bottom: He omitted the endlefs fcrews, . placing: verniers in.their ftead ; and at-
the top, a refleing teléfcope inftead of . a refradtors This inftrument of Hinpe-
1EY’s being afterwards returned to him unfold, Tpointed out the principal:deficien=
cies: that T found therein; vizo-that, in putting the.infrument into different pofis

tions,.
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I'in reality thought myfelf much indebted to Mt, HinpLEY
for th‘i‘s‘c_o‘mmunication ;/‘b'ut though he thewed me his engine, |
and told me, that the fcrew was cut by the rotation of the
point of a tool,. carried round upon a ftrong arm, at the dif-
tance of the radius of the wheel from the center of motion,
which arm was carried forward by the wheel itfelf, and the
wheel was put forward by an endlefs {crew, formed upon a
cylinder to a. proper fize of thread, cut by his. chock lathe;
though:he thewed me alfo. this chock lathe, and the method
employed to make the threads of the fcrew equiangular with.
the axis, that is, to free the fcrew from: what workmen term-
drunkennefs 5 and alfo fhewed me how, by the fingle ferew of
his lathe, he could cut, by means of wheel-work, . fcrews of
every neceflary degree of finenefs * (and, by taking out a
wheel, could cut a left-handed: fcrew of the very fame. degree:
of ﬁnenefs) by which means he was enabled not only to adapt-
His plain fcrew to the fize of the teeth of his wheel,. but alfo to-
prevént any drunkennefs.that otherwife the curved fcrew would!
be fubje& to - in confequence of: being produced from the plain-

tions, the fprinéiﬂ‘g of: the- materials was: fuch’ as in: fome pofitions to amount to -
confiderable errors. This remained with him in the fame ftate till the year of the -
firtt Tranfit of Venus, viz. 1761; when it was fold to ConstasLE, Efq. of
Burton Conflable, in- Holdernefs.- Mr. HINDLEY, to remedy:the evil above-men.
tioned, applied balances to the different movements, He foon afterwards com--
pleted” one, de -nowo, upor:this 1mp10ved plany for his Grace the late Duke of -

NorrorLk, A-method of balancing in- much the fame way, without - the know-~

ledge that it had been done before, has.been fully explained, and laid ‘before
the -Society, by our-ingenious:and:worthy. brothers Mr. Nairng. Phil, Tranf,.
vol, LXI. p. 108

# A machine for cutting the endlefs fcrew of Mt RAMSDENS engine, ﬁpon
principles exa&ly fimilar, is fully and accurately fet forth in his Defcrxptlon of his~
gdividing Engine above-mentioned...

one-;;
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one’; furthcrmore, that the fcrew and wheel, being ground
togethel as an optic glafs to its tool, produced that degree of
{moothm,fs m its motion that I obferved ; and, laf‘cly, that
the wheel was cut from the dividing plate: yet, how the
d1v1dmg plate was produced, he for particular reafons referved
to himfelf. ,

" Nor can he be blamed for the refervation of this one fecret s
as he had, even at the time of my early acquaintance with
him, akind of forefight that from the fuperior merit of Hap-
LEY's quadrant, a demand for that, and other inftruments for
the purpofe of navigation, was likely to increafe ; and that he
mlght live to fee a public reward offered for a method of di-
viding them with greater accuracy and difpatch than had at
that time appeared. Indeed, he had himfelf an idea, from the
fatisfaltory fuccefs that had attended his operations in dividing,
that a fcrew and wheel, produced from his engines of one
foot diameter, would have as much truth as the eight-feet qua-
drant at Greenwich: and though he doubtlefs greatly over-
rated the accuracy of thefe miniature performances, yet it does
not follow, as his methods were not confined to fo narrow a.
compafs, but that, his {cale of operation being proportionably
enlarged, a degree of accuracy in the graduation of aftrone-
mical inftruments may be attained in proportion. ,

I muft here beg leave to obferve, that there appears to me to
be a natural limitation to the accuracy of mftruments, con-
fifting of confiderable portions of a circle, fuch as quadrants,
&c.*. 1do not find that the fineft ftroke upon the limb of a
quadrant, made by Birp’s own hand, if removed from its.

* The zenith fedtor confifts but of few degrees, with little variation of its
pofition inufing it,
1 coincidence
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coincidence with its index, can be replaced with any degree of
certainty nearer than the 4ooodth part of an inch, though
aided by a magnifying glafs *,

A gooodth part of an inch being then determined to be the
minimum vifibile by the ftrokes- of an inftrument, this will be
lefs than one fecond. of a degt:ee upon- a radius of four feets
and therefore, if the whole fet of divifions upon the limb could
be preferved true to this aliquot part of an inch, the eight-feet
quadrants. of Greenwich might be expefted to be true to half
a fecond. How far they are from this, I do not exa&tly know ;:
but I have reafon to think they vary from it fome feconds:
nay, I believe it is generally allowed, that our largeft qua-
drants, even when executed by the accurate hand of Mr. Birp,
do not exceed thofe of a lefs fize, by the fame hand, in pro-
portion to their increafe of radius: norcan it well be expected
that they fhould; fince, as the weight neceflarily increafes. in
a triplicate ratio of the radius, the great weight of the Green-
wich quadrants in moving and fixing them (as they could not
be divided in their place) may eafily derange the framing; or
even the nternal elaflicity of the materials may give way, by a
change of pofition, to fo minute a quantity as a 4o00odth part
of an inch. It therefore appears to me, that fince the divifions.
of a quadrant of four-feet radius are more than fufficient, and.
even thofe of three feet admit of all the diftin&nefs that in
other refpedts is wanted, a three-feet quadrant, in.point of

% Tt will be to little, purpofe to attempt it with a greater povwer, Double-
microfcopes can doubtlefs be formed to magnify obje&s, far lefs than a- 4ooodt‘h.
_part-of ah-in‘ch; to diftint- furfaces ;. but then the advantage of fucli degrees of”
magnifying power is chiefly upon the organized:bodies of nature.. Let a dot; or
the fineft peint that can be made by human art, be fo viewed; and it will appear-
_xot round, but avery ragged irregular figure,
' ' fize,
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fize, is capable of all attainable exaétnefs; and would be as
‘much to be depended o as any of thofe now in being of eight
feet. By adopting quadrants of ‘this fmaller fize, we fhall of
‘courfe get rid of 2 £ths of the prefent weight ; and confequently
‘of much cumber, unhandinefs, and derangement, that muft arife
from that weight, as well as the fear of totally dxfcompoﬁng
‘them, if ever moved out of their place.

Tt now comes to be time to opén a principle upon which there
is a profpet of effe@ting fuch an improvement. I have fhewn
that a 4oooth part of an inch is the #ltimatum that we are to
‘expet from fight, though aided by glaffes, when obferving the
divifions-of an inftrument. But in the XLVIIth volume of
the Philofophical TranfaCtions-for the-year 1754, I have thewn
:the mechanifm of a new pyrometer, and experiments made there-
with ; whereby it appears, that, upon the principle of conzaét, a
:24,000th part of an inch is avery definite quantity. I remem-
bered very well that Ldidnot then go to the extent of what1
‘might have afferted, being willing to keep within the bounds
.of credibility : but on occafion of the prefent fubje, I have re-
-examined this inftrument, and find myf{elf very well authorifed
‘to fay, that a 6o,000th part of an inch, with fuch an inftru-
:ment, is a more definite and certain quantity than a 4oooth
part of an inch is to the fight?, conditioned as above fpecified.
The certainty of contaét is, therefore, fifteen times greater than
.that of vifion, when applied to the divifions of an inftrument 3
and if this principle of certainty in contat did not take place
.even much beyond the limit I have now affigned, we never
.fhould have feen thofe exquifite mirrors for refleting telefcopes
that have already been produced.

‘Thefe refletions apply immediately to my prefent fubje& as
HiNDLEY’s method of divifion proceeds wholly by contaé?, and

2 that
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that of the firmeft kind; there being fearcely need of magnify™
ing glaffes in any part of the operation, ,

In the year 1748 I came to fettle in London ; and the ﬁxﬁ:
employment I met with was that of making philofophical in-
ftruments and apparatus.  Inthis fituation, my friend HINDLEY,
from a principle the reverfe of jealoufy, fully communicated to
me, by letter, his method of divifion; and though I was enjoined
fecrecy refpecting others (for the reafons already men‘tioned),

“yet the communication was exprefsly made with an intention
that I might apply it to my own purpofes.

The following are extralts from two letters; which contain
the whole of what related to this fubjeét 5 and fince I have many
things to obferve thereon, fo that the paraphrafe would be much
greater than the text, I think itbeft not to interrupt the deferip-
tion with any commentary, as perhaps his own mode of ex~
preffion will more briefly and happily convey the general idea
of the work than any I can ufe inftead of it:

My peEAR FRIEND, ~ York, 14 Nov. 1748.

- AS to what you was mentioning about my brother’s knowing
how I divided my engine plate, I will defcribe it as well as I
can myfelf ; but you will want a good many things to go
through with it.

‘The manner is this : firft chufe the largeft number you want,
and then chufe a long plate of thin brafs ; mine was about one
inch in breadth, and eight feet in length, which I bent like an
hoop for an hogfhead, and foldered the ends together ; and
turned it of equal thicknefs, upon a block of {mooth-grained
wood, upon my great lathe in the air (that is, upon the end of

the mandrel): one fide of the hoop muft be rather wider than
Vor. LXXVI. E ths
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the other, that it may fit the better to the block, which will be
a fhort piece of a cone of a large diameter : when the hoop was
turned I took it off, cut, and opened it fraight agam.

The next ftep was to have a piece of fteel
bended into the form as per margin * 3 which-had

- two {mall holes .bor'éd in it, of equal bignefs, one
to receive a {mall pin, and the other a drill of -
equal fize. I ground the holes after they were
hardened, to make them round and {fmooth. The

- chaps formed by this fteel plate were as near to-
gether as juft to let the long plate through. Be-
ing open at one end, the chaps fo formed would
{pring a little, and would prefs the long plate
clofe, by fetting in the vz/.  Then I put the long

plate to a right angle to the length of the fteel chaps, and bored
one hole through the long plate, into which 1 put the {mall
pin; then bored through the other hole; and by moving the
fteel chaps a hole forward, and putting in the pin in the laft
hole, 1 proceeded till I had divided the whole length of the
plate.

The next thing was to make this into a circle again, After the
plate was cut off at the end of the intended number, I then’
proceeded to join the ends, which I did thus: I bored two nar-
row fhort brafs plates 4 as I did the long one, and put one on
theinfide, andthe other on the outfide of the hoop, whofe ends
were brought together; and put two or three turned fcrew
pins, with flat heads and nuts to them, into each end, which
held them together till I rivetted two little plates, one on each
fide of the narrow plate, on the outfide of the hoop. Then I
took out the fcrews, and turned my block down, till the hoop

* The figure is confiderably lefs than the real tool fhould be.
+ Thefe 1 thall hereafter diftinguith by the name of faddle-plates,
4 , would
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would fit clofe on; and by that means my right line was made
into an equal divided circle of what number I pleafed.

" 'The engine plate was fixed on the face of the block, with a
fteel hole fixed before it, to bore through; and I had a point that
would fall into the holes of the divided hoop; fo by cutting
fhorter, and turning the block lefs, I got all the numbers on
‘my plate. '

I need not tell you, that you get as many prime numbers ag
you pleafe; nor that the diftance of the holes in the fteel chaps
muft be proportioned to the length of the hoop. |

You may afk my brother what he knows about my method
of dividing ; but need not tell him what I have faid about it; ;
for I think neither be nor Fohn Smith know fo much as I have
told you, though I believe they got fome knowledge of it in ge-
neral terms ¥, I defire you to keep the method of dividing
to yourfelf, and conclude with my beft withes,

and am, dear Sir, yours, &c.

Hen. HINDLEY.

‘Though the above letter was in itfelf very clear and explicit,
as to the general traces of the method, yet fome doubts occurring
to me, a further explanation became neceflary. A copy of my
letter not being preferved, the purport of it may be inferred from
the anfwer, which was as follows :

* The perfons here referred to were both bred with him. His brother, Mr.
Rocer HiNnpLEY, who has many years followed the ingenious profeffion of a watch-
cap-maker in London, was fo much younger as to be an apprentice to him. Mr.
Joun Smitn, now dead, had fome years patft the honour to work in the inftrument
way, under the diretion of the late Dr. DEmainsrAY, for his prefent Ma JESTY,

E 2 DEAR
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DEAR FRIEND, York, 13 March, 1748-9.

- I'THINK in your laft you feem to be apprehenfive of fome
difficulties in drilling the hoop for dividing: Firft, that the
cetter of the hole in the hoop might not be precifely in the center
of the hole of the fteel chaps, it was drilled in ; but if I defcribed
fully to you the method I ufed, 1 can fee no danger of error
“there : for my chaps were very thick, and the two correfpond-
ing holes were a little conical, and ground with a fteel pin 3
firft one pair, and then the other, alternately, till the pin would
go the fame depth into each. Then for drilling the hoop, I
‘took any common dfill that would pafs through, and bore the
hole. After that I took a five-fided broach, which opened the
‘hole in the brafs betwixt the fteel chaps, but would not touch
the fteel ; fo confequently the center of the holes in the brafs
muft be concentric with the holes in the chaps : and for altera-
tions by air, heat, cold, &c. I was not-above two or three hours
in drilling a row of holes, as far as I remember.
2dly, For drilling, in aright line, I had a thin brafs plate,
faftened between the fteel chaps, for the edge of the heop to
‘bear againft, whilft I thruft it forward from hole to hole.
What you propofé of an iron frame with a lead outfide, will be
better than my wooden block ; but confidering the little time
that paft, betwixt transferring the divifions of the hoop to the
divifions of my dividing plate, I did net fuffer much that way.
It was when I drilled the holes in my dividing plate that I ufed
a frame for drilling, which had one part of it that had a fteel
hole, that in lying upon the plane of the dividing plate was.
fixed faft in its place for the point of the drill to pafs through :
then, at the length of the drill, there was another piece of
' 3 fleel,
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freel, witha hole init, to receive the other end of the drill to

keep it at right-angles to the plane of the plate. This piece

was a {pring, which bended at the end, where it was faftened

to the frame of the lathe, at about eighteen inches from the end

of thedrill; fo it pufhed the drill through with any given force

the drill would bear: and though that end of the drill moved
in the arch of a circle, it was a very {mall part of it, being no

more than equal to the thicknefs of the dividing plate.

My good withes conclude me yours,

Hew. HinpLEY,

Whoever attentively confiders the communication contained
in the above letters will fee, that more happy expedients could
not have been devifed to procure a fet of divifions, where there
fhould be the moft exal equality among ueighbours; and
which, for the purpofes of clock-makmg, is the principal thing
to be Wlfhed for. But herein, as in M. RoEMER’s method, there
were no means of checking the diftant divifions, which run on
to 360: now fucha check, when the expanfion of metals is con-
fidered, and particularly " the difference of expanfion between
brafs and fteel, feems abfolutely neceflary for the purpofe of
divifions upon inftruments, where the accurate menfuration of
large angles is required, as much as the equality of neigh-
bouring divifions *.

With this view the invention of this ingenious perfon fug-
geﬁed to him the thought of making his curved fcrew to lay

% Theingenious Mr, StancrLiFre (fome years a workman of Hrnprey’s) has
fuggefted, that the differcnce of expanfion between the fteel chaps and the brafs

hoop may be avoided by makmcr the chaps of brafs alfo, with hard ﬁcci hoies fet
feparately therein, fomewhat fimilar to the jewelled holes of watches,

E 3 hold
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hold of fifteen teeth or degrees togethér : this, in effe@, becomes
a pair of compafles, 24 removes of which complete the whole
circle, and produce 24 checks in the circumference : and whoever-
“confiders the very exquifite degree -of truth that refults from.
the grinding of furfaces in contadt, as already noticed, muft
expett a very great degree of reification of whatever errors.
might {ubfift in the wheel after its firft cutting. ‘

What degree of truth it might in reality be capable of upon
its firft production and adjuftment, is not now to be afcertained,
he never having ufed it for the graduation of any capital inftru~
ment. ‘Thofe that he made with a view to an accurate meafure
of angles, he always made with a {fcrew and wheel, or parts of
circles cut by his engine into teeth, and ground together as
before-mentioned ; but I have reafon to think, that its per-
formance, if put to a flrict teft, was never capable of that
accuracy that he himfelf fuppofed it to have. |

The method itfelf, however, from its ﬁmpliéity,., and eafe
of execution, feems to me to be a foundation for every thing
that can be expe&ed in truth of graduation; and in confe-
quence for reducing inftruments to the leaft fize that is ca-
pable of bringing out all that can be expected from the largeft ;
when it thall, like manual divifion, have received thofe advan-
tages that the joint labours of the moft ingenious men can
beftow upon it. ‘That I may not appear to be without grounds.
for my expe&ations, 1 will beg leave to propofe, what near
forty years occafional contemplation has fuggefted to me on
the fubje¢t; and as I can defcribe the procefs I would purfue,
where different from HinpLEY’s, in fewer words than F could:
make out a regular criticifm upon his letters, I will imme-
diately proceed to the defcription of it.

4 P ropaﬁd
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Propofed Improvements of HINDLEY’s Metbod,

I would recommend the number of parts into which the.
circle is to be reduced to be 1440 ; that is 4 times 360 ; which-
divifions will therefore be quarters of a degree; the diftances-
of the holes in the chaps will therefore, to a three-feet radius,.
be .57 of an inch nearly ; that is, between the one-fixth and!
one-feventh of an inch diftance center and center..

Having provided myfelf with a ftout mandrel, or- ?rbor, for‘
a chock Lathe, properly framed, that would turn a circle of fix:
feet diameter, I would prepare a chock, or platform, for the:
end of it, of that diameter, or a little more, compofed of
clean-grained mahogany plank, all cut out of the fame log;:
which, when finithed, to be about 1} inch . thick, and:
formed in feors of circles, fuppofe 16 to-make the circle ;-
the middle line of each fedtor lying in the dire@ion of the-
grain of the wood, this will confequently every where point’
outward:: the method of framing this kind. of work is- well:
known.

The way of getting a flip- of brafs to anfwer.the circum=
ference of this platform is fuggefted.in- Mr. BirD’s Account of*
conftru&ting Mural Quadrants. Let a parallelogram of brafs-
of about three fect long, and of a competent fubftance ({up-
pofe half an inch) to make it when finithed about one-twen-~-
tieth of an inch.in thicknefs, be calt' of the fineft brafs; and.
this to-be rolled down till it becomes-of fufficient length for
the hoop, and about one-fifth part more. I would then cut
off, from the whole length, fomewhat better than one-fixth
part, the whole being fufficiently reduced to a thicknefs by the
rollers, Perhaps no way will be more ready and convenient to

get
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get fuch along ftrip of brafs reduced to an equal breadth, than
the method prefcribed by HinpLEY 5 viz. by turning it upon
the chock prepared; but T would not make it wider on one
fide than the other, like the hoop of a-cafk, ‘as he defcribes,
but exaétly to fit the chock, when truly cylindric; for the "
internal elafticity of the brafs, in fo -great a length, will be -
very fufficient for fitting it on tight enough, without any taper-
ing. ‘'This I will now {fuppofe done; and a pair of fteel chaps,
as defcribed by HinpLEY, to be alfo prepared, and ready for -
grinding ; which, by f{uch a careful admeafurement as can
eafily be made, will give the length of the hoop fufficiently -
near, on its firft preparation.

Mibadqu forming a Pair of Straps as a check #o the Divifions.

The part firft:cut off muft be again cut into two equal parts
in length ; which, for diftin&ion fake, I will call the firapss-
and which are to ferve as checks to every 6oth and e\zery
12o0th divifion of the circle. A

A fteel plate, of about half an inch in breadth, the fame
thicknefs as the ftraps, and in length equal to the breadth of
the hoop plate, muft be foldered with filver folder to one
end of each of the firaps, by which means their length-
will be increafed half an inch by the fteel.  An hole muft then be
made through-each fteel plate, of the {antt fize as thofe through
the chaps, and anfwerable to the middle of the: ftraps; but {o-
near the border of the fteel, that when the chaps are put on,
and adapted to the fteel hole, the next hole will fall through
the brafs. The fteel plates muft then behardened; anda pin
being put through the two holes and the two plates, thefe muft

: be -
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be wrought to a right line in contiguity to each other; by this
means the ftraight edge of each of the ftraps will be reduced
to the fame diftance from the fieel hole: the hard {teel edgeo
may be rectified by the grmdﬁone, if neceflary.

This being done, not only the holes in the chaps, but the
holes in the two fteel plates, applied to each other, like the
two fides of the chaps, muft be refpe@ively ground together ;
not with a taper pin, as prefcribed by Hinprey ; but fo asnot
only to be cylindrical, but that the fame cylindrical pin fhall
cqually fit them all, and leave them f{mooth and polithed ;
which is a procefs no ways difficult to a curious artift, and of
which therefore a minute defcription is unneceflary.

The chaps being then put upon one of the ftraps, with its
ftraight edge uppermoft, and a pin put through the holes on
the left-hand, and through the fteel hole in the ftrap under
operation, the chaps muft be fet upright, fo that the line join-
ing.the centers of the holes fhall be parallel to the upper edge
of the ftrap; the brafs plate, mentioned by HiNDLEY, between
‘the.chaps, as a guide for direting them always to that upright
pofition, may be then adjufted and fixed to the infide of thc
.chap next the operator *.

The performance of the enfumg part of this work fhould be
at a feafon when the temper of the air is not very variable;
rather-above the:mean tempcr (fuppofe at 60°) than below it ;

# It would be Well, previous to the drilling of the.fteel chaps, that anothcx
hole was drilled in the chaps, that fhould be fomewhat above the upper edge of
the ftraps, and in the middle betwixt fide and fide, to reccive a feady pin therein,
antecedent to drilling the main holes; for then a tempered feel pin, a little iap'cr,
will, \by driving it in as far as neceflary, conftantly anfwer this purpofe from firft
to.Jaft, fo as to regulate the holes in grinding, to be truly oppofite: proper holes |
thould alfo be drilled for fixing the brafs guide plate to one of the chaps,

Yor. LXXVL F but
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but above all things the artift thould be himfelf cool ; that
is, not in a ftate of fenfible perfpiration ; and there thould be a
free circulation of air in the room. 'Things being thus condi~
tioned in refpe&t to temperature, he may ‘begin to drill
the holes in one of the ftraps; the pin being firft put
through the chaps and through the fteel hole of the ftrap ; and
the next hole, being drilled through the brafs with a common.
drill, thatandevery hole as it goes is to be finithed with a taper-
broach, as prefcribed by HinpLEY ; and he may then prove or
finith every hole by the application. of a thorough broach,.
made fo full as to require a degree of preffure to force it
through ; and th#s broach being a. little tempered,. and the-
holes quite hard, there will be no fear of 1 mJurmg the fleel.
holes ¥V
Calling the hole in the fteel plates o, and obferving the
time of beginning, you may proceed to drill 6o holes as pre-
fcribed by HIinpLEY ; and noting how long you have been.
about it, you may lay the work afide a length of time, equal:
to the time you took in drilling; that any addition of warmth.
it may have acquired in handling or working may be again.
loft in a great degree 4.  After this paufe youmay begin again,
and goon to finith 6o holes more ;- that is, to the length of

* The fteel holes in the chaps need not to be above one-tweﬂtiet,h-“of “an~inch in:
diameter ; and though it may be proper to-make the fteel plate, of which they.
are formed, one tenth of an- inch thick, in order to-give the {pring formed
‘between them a convenient degree of ftifinefs, yet they may be reduced (by cham..
fe’ring.the, outfides) to half that thicknefs,

¥ As there is not much occafion for the artift to touch his ‘work, the effects.
‘of ‘that may alfo be very much avoided by wearing thick gloves; and the friction -
‘being ‘but flight, and the work almoft continually in the vife, the variation of,
temperatuie in /the metals concerned cannot be fenfible or confiderable.

6 12e
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120 holes from the beginning ; you then proceed in the fame
manner with the other ftrap.

Method of drilling the Hoop.

You are now prepared to commence the work upon the
long or hoop-plate s and you proceed therewith, in forming the
firft hole with the chaps, ‘as before dire&ted by HinbrLey, and
this firft hole you callo. You then place the ftraps one on
each fide the hoop, with their gaged edges upward, and put
the pin through the holes denominated 6o ypon the ftraps,
and through the firft hole already made, ‘and denominated o
upon the hoop ; then, bringing the gaged edges of the fteel
plates to be even with the upper or working fide of the hoop,
you pinch them together in the vife, and drill and broach the
hole through the fteel plates, which will make the hole, num-
ber 60, upon the hoop. This done, you put the pin through
the left-hand hole of the chaps, and the hole marked o upon
the hoop-plate firft made, and proceed to drill with the chaps
to 59 holes inclufive, which will fill up the whole fpace from
o to the 6oth divifion before obtained. - |
- You now again have recourfe to the ftraps, and placing them
one on each fide the hoop-plate, you put the pin through the
12oth hole of the ftraps, and through the hole marked o
upon the hoop-plate; and regulating the fteel plates to the
hoop-plate as before, you drill and form a hole with the fieel
plates, which will correfpond with -the 120th hole upon the
hoop-plate; and afterwards filling up the 59 holes wanting,
by means of the chaps, you then have all completed to the

-120th divifion, which is one-twelfth of the whole eircle.
F 2 \ You
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You then proceed, in like manner, with another fet of : r2os
holes; that is, placing the 6oth hole of the ftraps to the 120t
‘hole of the hoop-plate, and from it producing the '18oth hole ..
you, in like manner as before, fill up this 60 with the chaps;:
and afterwards placing the 1zoth hole on the ftraps in the.
r2oth hole on the hoop-plate,. you will obtain the z40th hole ;
fo that filling up this laft fct of 60 divifions, you have ob-:
tained 241 holes, including 240 {paces or divifions of the
hoop 3 and repeating this -procefs ten times more, you will,. in.
like manner, obtain 1441 heles, comprehending, 1440 fpaces *..
And this procefs being earried on in temperate weather, the:
manner: of working produccs. twelve firnilar operations, wherein.
the materials and tools concerned will mot only be fubjet to,
very little change of temperature, but that change, what-.
ever it is, will be nearly fimilar in each fet of 120 holes:.
we may therefore infer, that the greateft inequality, or,
indeed any.that.can be fenfible, muft be. at every 6o. divifions,.
that 1s,. between the sgth and -6oth, and between. the 1 19th,
and i20th, both whichwill be equally repeated. 12 times, in the.
whole length which is to compofe the circumference of a Circle,,
and which will thus be checked. thereby 1.2 times in the cir~
cumference, and 12 times. more at the intermediate diftances ;.
that is, with 12 mafter checks, and 12 fubordlmte ones, in.

the whole round..

It is proper here to obferve, that in. M. RoEMERS methad
even fixty divifiens could fcarcely be trufted in an affair. of great:
accuracy, on. account of the objetions. already made,. arifing,
from the points having fuch flight hold in.the furface of the
brafs ; but here the parts are held fo exceedingly firm, and the:

* Tt will be proper;, for reafons hereafter to.be mentioned, to continue.the

divifions to 20 holes more, making in the whole 5461 holess L
't operation
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“operation carried on with fo much power, that any {mall ine-~

quality in the hardnefs of the brafs, or irregularity of furface,

cannot be fuppofed to affed the place of the center of the hole ;

nor will any finall inequality that may be {ufpected from the

wear of the fteel holes fenfibly affect the center of the hole, to
which every thing is ultimately referred..

Method of joinﬁlg the Hoop.

A more happy thought than that of HixpLEY’s, for joining;
the two ends of the hoop, could fcarcely have been withed for,,
in regard to preferving the fame equahty of the fpace between:
the holes contiguous to the joint, as in the other parts: for
though, geometrically fpeaking, the two faddle plates, in which:
tixe little cylindrical bolts are fixed, for bringing the terminating:
heles of the hoop plate to their due diftance, being one applied.
within. the hoop, and the other without, will belong to circles.
of different radii ; yet this difference being exceedingly fmall in.
fuch thin metal, and fo.great a radius, and one being: as much:
too big for the hoop as the other is too little, when the bolts.
are put in, and the hoop in that part fet nearly to a-circle bya
mould; the mean. between them affumed by the hoop, from:
the elaftic compreflibility of the materials, will be the truth.

It muft, however, be remarked, that in the ufe of the ftraps,.
the joining of the hoop fhould not be made at any part betwixt
an 11g9th and an 120th divifion, as fome inequality muft be.
fuppofed. there, unlefs the faddle plates were adapted thereto,
The method the moft eafily practifed, will be to continue the,
divifion upon the hoop, about twenty more than the completion.
of the number intended to form the circle, and to cut off all the
overplus ones at. the beginning.

Thé -
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- The faddle plates I would recommend to contain ten holes
each ; {o that if the divifions are carried on to twenty more
than what will be contained in the circle, there will be a piece
containing twenty to cut off; and this again being cut in the
middle will afford ten holes to make each faddle plate; fo that'
there will be a place for a bolt on each fide the joint, and then
putting a bolt through every other hole, there will be three
bolts at an end.

The pieces deftined for the faddle plates, thus obtained, being
broader than can be admitted when put to this ufe, I would advife
to divide the breadth of the plate into three equal parts; and
with a cutting hook (which perhaps will be attended with the
leaft violence in the feparation) to feparate the two outfide pieces
from the middle piece: by this means the two faddle plates
(though double) will occupy one third only of the breadth of the
hoop in the middle ; and two of the pieces cut off being applied,
one on each fide of the faddle plate on the outfide, will anfwer
in like manner for the river plates. ‘ |

- The laft operation to compleat thejoining of the hoop is the
putting on the rivet plates : to compleat this, I would advife a
piece of brafs, of three or four inches in length, to be filed fo as
to anfwer to the infide of the hoop, when reduced to a true cir~
cular form; and being three-eighths, or one-half an inch in
thicknefs, to file the oppofite fide fomewhat nearly concentric
thereto ; apply the middle of its convex areh to the infide of the
hoop at the joint, and theu bringing on the middle of one of
the rivet plates to the joint of the hoop, confine the three to-:
gether by a couple of narrow-chapped hand vifes, leaving a
{pace between them capable of receiving a couple of pins.as ri-
vets on each fide the joints the holes for the rivets are then to
be drilled through all, and a little fmoothed with a broach at

their
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“their entry, into which fmooth taper pins are to be driven ; not:
with violence, but moderately, that no fenfible ﬁretchmg of
the folid parts may take place thereby ; then cuttmg off and
fmoothing the heads, fhift the vifes {o as to receive another:
couple of holes, and a third couplein the fame énd of the hoop ;
and proceed progreflively in the fame manner, from the middle
to the other end of the rivet plate ; then gently feparate the in-
ternal brafs mould with a thin knife, or fuch like inftrument ;:
and cutting off, and very lightly nvettmg the inner ends, pro-
ceed to fix the other rivet plate, in the fame manner, on the
other fide : by this means the hoop will be firmly joined in the
very ‘pofition given it by the faddle plates and mould: Thefe
plates may then be removed, the infide of the hoop cleared and.
fmoothed, if neceflary; and the outfide will have the middle
part clear where the divifions lie, and that without fenfible lofs.
or gain in the juncture.. |

Method of transferring the Divifions of the Hoop to a dividing Plate..

The hoop being thus refitted® for the chock, ‘that fhould be:
turned down to leave a thoulder on one fide, that the hoop, now
reduced to an equal breadth, may be forced againftit; and the
dmﬁom, bemg equally diftant from one of its edges, .will be-
all found in a cxrcle, as if turned upon it. It ﬂlould be. very'
degree of tlghtnefs, and Wlthout the necefﬁty of much forcmg,
and it will be no inconvenience now, if it:goes on upon a very-
fight degree of taper of the chock, as the 1ntema1 {pring of the
materials will eafily accommodate it to this thape without any
injury to its general truth : a flight degree of a groove fhould-

bs..
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be turned in the place where the divifions will come, that any
«conical pin, that is to ferve as an index, let drop into the divie
fions or holes, may not, by reaching through this thin plate,
abut upon the wood, rather than upon the fides of the holes:
and thus this hoop is made into a wheel of 1440 equal divi~
fions, moveable round u pon its own axis, whereon it was
formed. ;

Againft the time that this is compleated, there muft be pre«
pared a flat circular plate or wheel of brafs, the rim of which
thould be of about 3} inches breadth, and about two-tenths of
an inch in thicknefs when finithed, to make a dividing plate ;
the external diameter of this is to be fuch, that when laid flat
upon the furface of the mahogany platform, its extreme edge
-will exceed the diameter of the hoop by about half an inch all
round. There muf} alfo be prepared brafs arms (fuppofe eight in
number) of an equal fubftance with the outer rim, and all con-
ne&ed with a circular plate in the middle; and, the whole of
this work being framed beforehand, is to be let on flat upon the
mahogany platforms whofe face is fuppofed to be turned truly
flat, and fufficiently affixed with fcrews : in this fituation, the
outward edge is to be turned, and the outward face of the rim
turned flat. The center plate, which may be about twelve inches
diameter, is alfo to be turned as flat as poffible, and a center
hole, of about half an inch diameter, to be very carefully turned
therein,

A piece of clean, ﬁraxght-gramed well feafoned mahogany, of
about two feet long, threeinches thick, and five or fix inches
broad, is then to be well affixed to fome part of the general frame
of thelathe, which muft now have its pofition altered, fo that the
platform will become horizontal; and therefore the frame fhould

‘ o ‘ be
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be originally made with this view ¥. The piece of mahogany
is to be affixed fo that one of its larger faces fhall be in a pa-
rallel plane to the face of the platform, and fo low as to clear
the under fide of the platform in its rotation ; and fo far diftant
from the center, that an index may be fixed upon this upper
face of the piece of wood, fo as conveniently to drop into the
holes of the hoop ; while the common cwzzer frame of a clock-
maker’s engine fhall be firmly attached upon the fame face of
the wood, and fo fixed as to cut the edge of the dividing plate
into teeth, anfwerable to the feveral divifions of the hoop. The
teeth need only to be cut with a common cutter, making a pa-
rallel notch : and here it will be proper to obferve, that not
only both the index and cutter are to be founded on the fame
piece or bafe of wood ; but that the nearer they are together, the
more free they will be from the effeCts of all variations of ex-
panfions by variations of temperature .

The equalifing the Teeth of the dividing Plate by grinding.

"The objet of transferring the diviflons of the hoop to the
teeth of the dividing plate, is ftill farther to equalife the teeth
by grmdmg ; efpecially thofe that, falling within the compafs of

+ After changing the pofition of the lathe, the collar of its mandrel fhould be
removzd, and the neck made to move within three planes, fo as to preferve an
exa& center, in the manner of an equal altitude infirument,

4 It is proper to obferve, that as it may be impracticable to get the rim of the
dividing plate caft of the proper fize, in one entire piece, it will be very pradti-
cable, if caft of a lefs fize (fuppofe half), but of a fufficient thicknefs, to roll it
down ; and by having the outward edge originally thicker than the inner, in the
proportion of the radii, it may be fo managed by the rollers as to be of an equal
thicknefs when brought to its proper fize. But the arms and center plate fhould
be of the fame metal, rolled in the fame degree, '

Vor, LXXVI, G each
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each fet of 120 dmﬁons, may be fuppofed, if any, to be mended
thereby ; but as it may be incommodious to conftruct a curved
fcrew, of fucha length and fize, in HINDLEYS method, as
would be fufficient for the purpofe, I would propofe to ufe two
fcrews of brafs, cut from a cylinder in the way fet forth by
Mr. R amMsDEN, each of which, with a very little grmdmg upon
this large circumference, would lay hold of ten or twelve tecth,
together. . Iwould place the two {crews, that is, their mlddlea,
to be ninety divifions afunder; of confequence, when one of
“ithe ferews is between the 5gth and the 6oth, or between the
119th and 120th divifion of each fet, the other will be in the
middle of the {pace divided by the chaps only *.

The threads of thefe {crews I would advife to be cut a little
taper, {o that as they grind in, they may fill the notches of the
teeth; which alfo, by this means, will acquire a little tapering
towards their extremities; and by cutting the notches parallel,
as T have mentioned, the true ground part will always be certain
of being at the extremity.

When the {crews have been ufed in grinding till they are
found to have the effe¢t of a perfeétly equal and eafy rotation all
round, and all the tecth reduced to a fenfible taper, and regular
bearing, I would then totally remove the féféws, from the fquare.
block of wood, upon whofe upper face I fuppofe them to have
been mounted; in like manner as I fuppofe the index and cutting
frame to have been removed, to make room for the mounting of

* The beft way of giving an equal motion to thofe two fcrews, feems to be by a
detached axis, carrying two common flat wheels; one alting upon a like flat
wheel, upon the axis of one fcrew, and the other, in the fame manner, upon
the other ; and applying the pulley for communicating the power to the middle of
the detached axis between the two wheels, the fpring or twift will be equal both

ways ; fo that in turning the contrary way round, they will fill be in equal
advance.

4 the
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the fcrews. I now confider the teeth of the dmdmg plate, fe
formed, as having all the equality that the prefent known ﬁate
of human art has pointed out ; and the whole convertible upon
the axis or mandrel upon which it has been originally. formed,
and the central hole of the plate concentric therewith : I there-
fore confider the ground faces of the teeth of the plate as the
acual divifions. It now remams to thew hovv they are to be
transferred, to form the divifions of an inftrument.

Preparatmn of z‘be dividing Plate for graduatmg Infiruments.

1f o fimall cyhnder of hard fteel is duly pollfhed and made of
a fize {0 as juft to chock in betwixt the extremities of the teeth
then the center of that cylinder will be a fixed point, in refpe&
to the cxrcumference of the wheel : if another cylinder is applied
in like manner, at the dlﬁance of a number of divifions (fup-
pofe ita pnme number, {o as to crofs all former dmﬁons, ViZ.
17 or 19), then the middle of the line joining the centers of
the two cylinders will remain in the direGion of the Jame ma’zm,
though one of them fhould force in a minute quantity further
than the other ; and if a point is affumed in the dire@ion of a
tangent to a circle at this middle-point, then though both ths
cylinders fhould drop in a minute quantity further at one time
than another, yet the mlddle-pomt would remain at the fame
diftance from the ‘point in the tangent; provided that point was
removed to a (ompetent diftance, that is, to five or fix inches.
On this principle I would conftrué an index, the two cylinders
being fixed in a frame, convertible about the middle-point, and
to be centered in the end of the lever, reprefenting the tangent
then this lever being again convertible about the point in the
tangent line, the middle-point would always have a fixed diftance
G2 from
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from the point in the tangent, and there hold it fteadily faft;
the tangent point being placed upon the fixed block before-
mentioned.

Ufe of the dividing Plate in the Graduation of Inflruments.

Our dividing plate is now ready for the reception of an
inftrument ; fuppofe it a quadrant, whofe radius, however,
muft not exceed the radius of the dividing plate: It is to be
laid upon the face of the dividing plate, and a weight, or
weights, equivalent to that of the quadrant, 1s placed on the
~ oppofite fide, to balanceit. It muft alfo be fuppofed, that the
quadrant is made with a view to be divided by this engine; and
eonfequently, that the central cylinder isfo well adapted, and
nicely fitted to the center hole of the quadrant, that the center
cylinder can be removed, in order for the limb to be divided, and
again replaced, without {enfibly altering its center. This being
the cafe, leta piece of metdl be turned, toapply to the quadrant,
perfe&ly like its center cylinder at the upper end, and turned
nicely to fit the central hole in the dividing plate, at the lower
end; then, the quadrant being fixed with proper faftening
{crews, 1 would cut the divifions with a beam compafs; and, if
a fixed point is affumed, vsz. the center of the tangent point
for the index ; then the beam compafs’ being always opened to
the computed length of the tangent of the circle of divifions, it
will be fufficiently near for cutting the divifions, fquare to the
circular arches between which they are placed.

It will alfo be proper (to prevent unequal expanfions) that the
beam of the compafs thould be formed of a piece of clean=
grained wbhite fir; and that the length between the points be
inclofed in a tube of tin or brafs ; without touching the beam,

| except
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except at the terminations, which will in a great meafure prote&
it from both alteration of moifture, and of heat trom the body
of the artift, during the operation.

It will be likewife proper to have a lever, or fome equwaleut
contrivance, to bring the dividing plate forward ; that after
lifting the little cylinders out of the divifions, and refting
them upon the tops of the teeth, they may be brought gently
forward with an equal drag, and ultimately fnap in between
the teeth, by the firength of the {pring commanding the index ;:
by this means the drag of the friction of the whole will be:
conftantly the fame way..

Conclufion..

Now, if, as it has been fhewn, a quadrant of any radius may
be read off to the 4000dth part of an inch, then this quantity-
upon a radius of three feet will not be {o much as 1% fecond ;-
and as the whole of the procefs is carried on by conta&, in:
which a greater error than that of a 6o0,000dth part of an.
inch cannot be admitted in any fingle operation, I thould-
affuredly expect athree-feet quadrant, fo divided, to-be true in.
its divifions, and read off to at moft two feconds.

But, after all, in an inftrument like this, I fhould expet the-
greateft {ource of error to be in the want of perfet coincidence.
of the center of the divifions with the aGual center upon-
which the index revolves; and therefore, that if, inftead of a.
quadrant of three-feet radius, a complete circle of five feet.
diameter was divided, and its divifions read oft’ from the two
oppofite points (taking the mean), then the errors of the
center will be wholly avoided. For. this reafon, I am very.
clearly of opinion, that the fagacious propofition of Mr, R ams--

DEN, .
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vEN, to ufe circles inftead of quadrants, or other portions of
circles, will bid much the faireft for perfe€tion in actual prac-

tice; and that his ingenious method of making them both {tiff
and light, by the ufe of hollow conical tubes by way of {pokes,

in the manner of a common wheel, will enable him to mount

them of five feet diameter, upon hollow axes, in the naturé of
a tranfit. By this mecans we fhall have all the good prope’ffi’é‘é,
of both the quadrant and tranfit united in one inftrument ; and

obfervations both of right afcenfion and declination, through the

very fame telefcope, as long fince attempted by M. RoEMER ;

and to a degree of perfeftion and certainty, in point of decli-
nation, hitherto unattainable by the largeft inftruments that

have yet been made. -

N. B. In matters of very nice determination, fmall circum=
ftances often come to be of confequence; and it isin this view
that I mention what follows. It was a praétice of HINDLEY’s
of many years ftanding, and fince followed by myfelf and
others, wherever he made aiy ufe of the vernier, to lay the
vernier plate in the fame plane, or cylindrical furface conti-
nued, whereon the principal divifions are cut. It is of equal
utility, though the vernier be rejeCted, to lay the index ftroke
in the plane of the divifions. In this way the divifions being
by convenience upon the external border of the limb ¥, rewo
fets of divifions are thereby rendered incommodious ; but thofe

* It has been objetted, that laying the divifions upon the extreme edge of the
limb of the inftrument fubjeéts it to injury : but, to obviate this, in an HADLEY’s
quadrant made for me, by my direction, by the late Mr. Morcaw, in the year
1756, wherein the vernier is laid even with the divifions, thofe are protected by a
proje&ion of the folid part of the limb, beyond the divifions ; a Raddet being funk’
in:the edge of .the limb, to clear the vernier.

that
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that with two fets, as a check, will in a great meafure aid
themfelves, by reading from two different parts of the fame fet
of divifions; which is very eafily provided for, by putting an
additional ftroke upon the index plate, at the diftance of ¢, 11,
or any prime number of divifions to r9, 23, or more; and
reading off from that ftroke alfo; as before recommended for-
great quadrants, where the vernier is propofed to be rejected * =
{o that they will thereby be mutually checked by divifions that
had no correfpondence in their original formation.

* I would not have it thought, from my propofal of rejeting the vernier;
that I have any quarrel with it; I think it a very fimple and ingenious contri-
vance, where it is properly applicable; that is, where the ftrokes of the vernier,
or their eftimated halves, are fufficient for all the precifion required or expeted:
from the inftrument, as in HapreY’s quadrants, theodolites, &c.: but where
{till more minute divifions are required than can eafily be had by eftimation from:
the vernier; to do this by afcrew, as a fupplement to the vernier, appears to me.
in the light of bringing a more accurate tool to fupply the deficiencies of one lefs-
accurate ; when the former might,. with more propriety, fupply the place of the
latter altogether. ‘ -




