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0 THE

READER,

Concerning the Third Edition.

LT HOUG H this little Book was

a Part of the Diverfion of my ju-

venile Years, and drawn up when 1
was young, and :zﬂ‘erwszrds twice publifhed 3
yet baving been for fome Time ﬁw'cf and
much called for, I bave reviewed it for a
third Impreffion. Neither do I think it
unbecoming my riper Years, or my Pro-
Jeffion, to do Jo, by reafon it hattr done fome,
not inconfiderable, Good in the World, not
only among the Clock-Makers, and their
Apprentices, but alfo among many Gentle-
men and others, that delight in Mechani=
cal Studies and Exercifes : to whom if
hath been an innocent and wvirtuous Diver-.
Jion.

Upon this Review (the laft I fhall ever
make) I bave thought it neceflary fo make
many and  confi iderable  Alterations : of

A 2 which
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which I would have given a Lift, in Fuflice
to the Purchafers of the former Editions (as
1 did in the fecond Impreffion) but that it is
almoft impoffible.  For afl the Supplement
to the Second Edition, [0 far as I thought
2t might be of ufe, is thrown into proper
Places of the Book 1tfelf, and fo many Things
are expunged, (o many added, and fo many
amended, that the Book isin a manner New.
So that could I have given the Particulars
of the Alterations, yet no Purchafer of the
former Editions would think it worth bis
while fo tranfcribe them, but rather buy the
Book a-new, fince it is rendered, I hope,

more compleat, and the Purchafe is but
(mall.

TN
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THE followmg Book was at firft
drawn up in a rude Manner, only
to pleafe m}rfelf and divert the vacant
Hours of a {olitary country Life, But
it is now publithed, purely in hopes of
it’s doing fome good in the World among
fuch, whofe Genius and Leifure lead
them to mechanical Studies, or thofe
whofe Bufinefs and Livelihood it is.
Many there are, whofe Fault or Ca-
lamity it is, to have Time lying upon
their Hands ; and for want of innocent,
do betake themf{elves to hurtful Pleafures.
This is the too common Misfortune of
fome Gentlemen. Among fome of the
loofer fort of which, if this Book fhall
find Acceptance, it may be a means to
compofe their rambhng Spirits ; and by
an innocent Guile, initiate them in other
Studies, of greater ufe to themfelves, their
- Family, and Country. However, it may
hinder their commiflion of many Sins,
which are the Effects of Idlenefs.
A 2 53
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If there be any one Perfon, in whom
thefe good Effe@s are produced, I fhall
think my idle Hours well beftowed, and
blefs God for it. However, upon the
Account of the Innocence of my End in
publifhing this Book, and that it was
written only as the harmlefs (I may add
alfo the virtuous) Sport of leifure FHours ;
I think myfelf excufable to God and the
World, for the Expence of fo much
Time, in a Subject different from my
Profefiion.

But befides, I think there are fome
little Obligations of Juftice and Charity
lying upon me to publith the enfuing
Papers, for the fake of thofe whofe Bu-
finefs the Mechanical Part 1s. T take it
to be a Charity to the Trade; becaufe
there are many (although excellent in
the Working-Part) who are utterly un-
{killed in the artificial Part of it. And
then it is a Debt I pay : Becaufe I owe
fomewhat of Health, as well as Diverfion,
to the Study and Pratice of this fort of
Mechanicks. And the beft Requital I can
make for my Trefpafs, is to publith what
1 have had better Opportunities perhaps of
learning than many Workmen have.

And further yet, there 1s another Rea-
fon, which much prevailed with me to,

publifh
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publith this Book, viz. Becaufe no Body,
that I know of, hath prevented me, by
treating fo plainly and intelligibly of this
Subject, as to be underftood by a vulgar
Workman. I have often wondered at it,
that {o ufeful and delightful a Part of
Mechanical Mathematicks fhould lie in
any Obfcurity, in an Age wherein fuch
noble Improvements have been made
therein, and when many Books are daily
pubhfhed upon every Subje& I fpeak
here of this Art remaining in Obﬁ:urlty ;
not as if nothing was ever written of it,
and I the Inventﬁr of Automatical Com-
putation.

But altho’ I cannot aflume the Glory of
being the firft Writer upon this Subjedt,
yet very few have as yet done it; of
which I fhall next give fome Account.

Cardan, Kircher, and Scottus promifed
it; but I do not find they ever publifhed
any thing to the Purpofe of it. Our great
Mr Oughtred 1 take to be the firft that
ever wrote to any Purpofe about the Cal-
culation of Automate : And 1 believe he
was the firft that brought that Art under
Rules, in his little Treatife called Auto-
mata. Which was firft furreptitioufly
publithed in Engl/h in a little Book
called Horolsgical Dialogues, in 1675 ;

A 4 and
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and afterwards far more compleatly -in
Latin, at the Theatre in Oxon, among
Mr Oughtred's Opufc. Matbem. in the
Yearabryo P

What Mr Oughtred had wrapt up in
his algebraick obfcure Characters, was
afterwards put into plainer Language by
that excellent Mathematician Sir “fonas
Moor, with {ome Addltzons of his own ;
which you have in his Marzh. Camjbfmf
and fince him, by Mr Leybourne, in his
Pleafure with ij&f

I hope 1 fhall not be judged to have
tranfgreffed the Rules of Modefty, in
coming after thefe Men ; neither thould
I venture that Cenfure, but for two Rea-
fons.  One is, I find by Experience, that
what they have written, 1s underftood
by very few Warkmcn, and therefore I
have endeavoured, with all Induftry, to
make the Matter as plain as I could for
fuch. For which Reafon, I hope the
more learned Reader will excufe my ufing
many Words, when fewer would have
ferved his turn; and that I have conde-
{cended to low thmgs (and to him need-
lefs) as teaching the Golden-Rule, &e.
The other Reafon is, that what thofe
three have written, relates only or chiefly
to the Watch-Part. To which I have

added
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added {everal other Things of my own:
particularly the Calculation of the Clock-
Part, &¢. which I myfelf have reduced
to Rules. And to name no more, the
Hiftorical Part hath not been {fo much as
attempted before, that I know of.

Thefe Reafons will, 1 hope, excufe
me with the moft cenforious Reader, not
only for prefuming to write after fo accu-
rate a Piece as Mr Qugbtred’s 1s; but
alfo the Novelty of thf: Subjedt, will T
hope procure for me a candid Interpreta-
tion of the Faults that I may have unwit-
tingly committed.

To the prﬁ:cedm-‘r Account of what
others have written (which thews what
help I have had from printed Books) I
{hall fubjoin my Acknowledgments and
Thanks to the principal of my Friends,
who have given me their Affiftance in
compiling 10me Parts of this Book.
In the Chapter of the Terms of Art,
I owe much to the Affiftance of M
Langley Bradlkey a judicious. Workman
in  Fenchu f.é—jff eet, who drew me up
a Scheme of the Clock-Maker’s Lan-
guage. In the Hiftory of the mo-
dern Inventions, I have had (among
fome others) the Affiftance of the Inge-
nious Dr Hook and Mr Tompion : The

former
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former being the Author of fome, and
well acquainted with others, of the Me-
chanical Inventions of that fertile Reign
of King Charles I1. and the latter aGually
concerned in all, or moft of the late In-
ventions in Clock-Work, by means of
his famed Skill in that and other Me-
chanical Operations.

There are fome other Contrivances of
this laft Age (befides thofe I have men-
tioned) which T'have pafled over in filence ;
becaufe either they are only Branches or
Improvements of the Inventions I have
taken Notice of, (fuch as feveral ways
of Repeating-Work, &e.) or elfe, they
only collaterally relate to Watch-Work,
as the Inventions of Cutting-Engtnes,
(which was Dr Hook’s) Fufy-Engines, and
and others, which were never thought
of ’till towards the End of King Charles
the II's Reign. To treat of all thefe,
would fwell my Book far beyond it’s in-
tended Bounds; which I have already
fomewhat exceeded. 1 fhall therefore
commit this Tafk to fome better Pen,
hoping that no Perfon will take it amifs,
that I have not mentioned his Inventions
which I have been beholden to him for
the Relation of.

For
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For the Reafons laft mentioned, I have
al{o left out of my Book, a Chapter of the
Art of making and ufing many forts of
Sodders, the way of colouring Metals, &e.
ufeful in the Pra&ice of Clock-Work.
This I had prepared for the fake of Mer-
curial Gentlemen, but omitted printing it
and fome other things, out of Charity to
poor Apprentices and other Workmen,
whofe Purfes I am unwilling my Volume
{fhould too much exceed.

If I have at any time invaded the
Workman’s Province, it was not becaufe
I pretended to teach him his Trade ; but
either for Gentlemen’s Sakes, or when
the Matter led me neceflarily to it.

I have nothing more to add, but that
I would have this little Treatile looked
upon only as an Effay, which I hope
will prompt fome more able Undertaker
to perform the Tafk better, efpecially in
the Hiftorical Part. For fince Watch-
Work oweth fo much to our Age, and
Country, ’tis pity that it {hould not be re~
membered : efpecially when we cannot
but lament the great Defect of Hiftory,
about the Beginning and Improvements
of this ingenious and ufeful Art,

T L
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CLOCK-MAKER.
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Cakli® Bow'l

Of the Terms of Art, or Names by which
the Parts of an Automaton are called.

T is neceffary that I fhould fhew the
I meaning of the Terms which Clock-
makers ufe, that Gentlemen, and
others, unikilful in the Art, may know
how to exprefs themfelves properly, in
{fpeaking ; and alfo underftand what I
fhall fay in the following Book.
I thall not trouble the Reader with
a recital of every Name that doth occur,
but only fuch as I fhall have occafion to
ufe in the following Difcourfe, and fome
few others that offer themfelves, upon
a tranfient view of a Piece of Work.

B I begin



s Explication of the Cuar. 1.

I begin with the more general Terms:
as, the Frame ; which 1s that which con-
tains the Wheels, and the reft of the
Woatk, The Pilars and  Plates, are
what it chiefly confifts of.

Next for the Main-Spring, and it’s
appurtenances. That which the Spring
lies in, is the Spring-box : that which
the Spring laps about, in the middle of
the Spring-box, is the Spring-Arbor ; to
which the Spring is hooked at one end.
At the top of the Spring-Arbor, is the
Endlefs-Screw, and it's Wheel: but in
Spring-Clocks it is a Rafchet-wheel with
it's Click (that ftops it).

That which the Main-Spring draweth,
and about which the Chain or String 1s
wrapped, and which is commonly taper,
is the Fufy. In larger work, going with
weights, where it is cylindrical, it is called
the Barrel : The {mall Teeth at the Bot-
tom of the Fufy, or Barrel, that ftop it
in winding up, is the Ratchet. 'That
which ftops it when wound up, and is
for that end driven up by the String, is
the Gardegut.

The parts of a Wheel are, the Hoop,
or Rim: the Teeth : the Crofs: and the
Collet, or piece of Brafs, foddered on the

Arbor,
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Arbor, or Spindle, on which the Wheel

is riveted.

A Pinion is that little Wheel, which
plays in the Teeth of the Wheel. It’s
Teeth (which are commonly 4, 3, 6, 8,
¢F¢.) are called Leves, not Teeth.

The ends of the Spmdle are called
Piwvots : the holes in which they run Pi-
wot-holes.

The guttered Wheel, with Iron fpikes
at the bottom, in which the line of or-
dinary Houfe-Clocks doth run, is called
the Pully.

I need not {peak of the Dial-Plate,
the Hand, Screws, Wedges, Stops, &c.

Thus much for general Names, which
are common to all parts of a Movement.

The moft ufual Movements are W atches
and Clocks. Watches ftritly taken, are all
fuch Movements as fhew the parts of
Time : and Clocks are {uch as publifh it,
by ftriking on a Bell, &c. But com-
monly the name of #atches 1s appropria-
ted to fuch as are carried in the Pocket ;
and that of Clock to the larger Move-
ments, whether they ftrike the Hour or
no. As for Watches which ftrike the
Hour, they are called Pocket-Clocks.

The parts of a Movement, which I fhall
confider, are the #atch, and Clock-parts.

B 2 The
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The Watch-part of a Movement is that
which ferveth to the meafuring the Hours.
In which the firft thing I fhall confider 1s
the Ballance : whofe parts are, the Rim,
which is the circular part of it : the Ferge,
1s it’s Spindle : to which belong the two
Pallets, or Leves, which play in the teeth
of the Crown-Wheel: in Pocket Watches,
that ftrong Stud in which the lower Pivot
of the Verge plays, and in the middle of
which one Pivot of the Ballance-wheel
plays, is called the Pottance vulgarly, I
fuppofe for Potence (it being ftrong) or
Portance, as Dr Hook calls it in his He-
liofcop. p. 10. 'The bottom of this is cal-
led the Foot ; the middle part (in which
the Pivot of the Ballance-wheel turns)
1s called the Nofe; the upper-part, the
Shoulder of the Portance. The piece
which covers the Ballance, and in which
the upper Pivot of the Ballance plays, is
the Cock. 'The fmall Spring in the new
Pocket-Watches underneath the Ballance,
1s the Regulator, or Pendulum-Spring.

"The parts of a Pendulum are, the Verge,
Pallets and Cocks, as before. The Ball
in long Pendulums, the Bob in fhort
ones, is the Weight at the bottom. The
Rod, or Wire, 1s plain. The terms pe-

culiar to the Royal Swing, are the Pads,
which
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which are the Pallets in others, and are
fixed on the Arbor. The Fork is alfo
fixed to the Arbor, and about 6 inches
below, catcheth hold on the Rod, at a
flat piece of Brafs, called the Flast, in
which the lower end of the Sprumg is
faftened.

The names of the Wheels next follow.
The Crown-Wheel in {mall pieces, and
Swing-Wheel in Royal Pendulums, 1s that
Wheel which drives the Ballance, or
Pendulum.

The Contrate Wheel, is that Wheel in
Pocket-Watches, and others, which ids
next to the Crown-Wheel, whofe Teeth
and Hoop lie contrary to thofe of other
Wheels: whence it hath i’'s Name,

The Great-Wheel, or Firfi-Wheel, is
that which the Fufy, &c. immediately
driveth. Next it, are the Second-Wheel,
Third-Wheel, &c.

Next followeth the ¥Work between the
Frame and Dial-Plate. And firft, is the
Pinion of Report; which is that Pinion,
which is commonly fixed on the Arbor
of the great Wheel, and in old Watches
ufed to have commonly but four Leaves ;
which driveth the Dial-Wbecl, and this
carrieth about the Hand.

B 3 The
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The laft part which I fhall fpeak of is
the Clock, which is that part which fer-
veth to ftrike the hours : In which I fhall

Firft {peak of the Great, or Firfl-Wheel;

which is that which the Weight or
Spring firft drives. In 16 or 30 Hour
Clocks, this is commonly the Pzn-Wheel ;
in 8 Day pieces, the Second-Wheel is com-
monly the Pin-Wheel. This Wheel thus
with Pins is called the Striking-Wheel,
or Pin-Wheel.

Next to this Striking-Wheel, followr—:th_
the Detent-Wheel, or Hoop-Wheel, it hav-
ing a Hoop almoft round it, in which is
a vacancy, at which the Clock locks.

The next is the Third, or Fourth-Wheel
(according as it is dlﬁant from the Firft-
Wheel) called alfo the Warning-Wheel.

And laftly 1s the Flying Pinion, with
a Fly or Fan to gather Air, and fo bridle
the rapidity of the Clock’s motion.

Befides thefe, there are the Piuion of Re-
port, of which before, which driveth
round the Locking-Wheel, called alfo the
Count-Wheel, with 11 Notches in it com-
monly, unequally diftant from one ano-
ther, to make the Clock ftrike the hours
of .58 g

Thus much for the Wheels of the
Clock part. |

Befides
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Befides which, there are the Rafh, or
Ratch 3 which 1s that fort of Wheel of
twelve large Fangs, that runneth con-
centrical to the Dial-Wheel, and ferveth
to lift up the Detents every Hour, and
make the Clock ftrike.

The Detents are thofe Stops, which
by being lifted up, or let fall down, do
lock and unlock the Clock in ftriking.

The Hammers {trike the Bell: The
Hammer-tails are what the Striking-pins
draw back the Hammers by.

Latches are what lift up, and unlock
the Work.

Catches are what hold by hooking, or
catching hold of.

The Lifting pieces do lift up, and un-
lock the Detents, in the Clock part.

The Train 1s the number of Beats or
Vibrations, which the Watch maketh in
an Hour, or any other certain time.

There are befides thefe, divers other
Terms which the Clockmakers ufe in
various Sorts of Pieces, as the Snaz/, or
Step-Wheel in Repeating-Clocks, the Rack,
the Safegards, the {everal Lewers, Lifters,
and Detents : but it would be tedious,
:lsmd it is needlefs to mention the particu-
ars.

B 4 For
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For the better underftanding thefe
Terms of Art, and the parts of a Clock,
I have in Fzg. 1. reprefented them to the
eye. In which, two diftiné&t parts may
be obferved, the Watch, and the Clock-
part.

The Wheels, &¢. on the right hand,
1s the Watch-part. They on the left, the
Clock-part,

A, A, A. A, The upper Plate of the
Frame : which you may imagine to be

tranfparent (as of Glafs) to admit of a
Profpett of the Wheel-work underneath
ite
B. B. B. The lower Plate of the Fraume.
C.C.C.C The Prllars.
D.D. The Spring-Boxes of the Watch
and Clock part.
E. E. The Great-wheel of each part.
F.F. The Fufy of each part, abnut
which the Chain, or String is wrapped.
g-g g g g g g The Ratchet of

each part.

a. a. a. The Hoop, or Rim of the Se-
cond-wheel.

b. b. The Crofs thereof.

c. The Pinon.

H. The Contrate-wheel.

I. The Crown-awheel,

d.d. The
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d. d. The upper and lower Pevet
thereof. -

K. A piece of Brafs, in which the
Pevet-bole 1s, in which the Pever d.
playeth.

L. The Pin-wheel, with the Striking-
Price. e . e. 606

M. The Detent-avheel.

N. The Warning-wheel, or fourth
wheel.

O. The Detent.

P. The Lifting-prece.

Q. Q. The Fan, and Flying-Pinion.

R. The Bell,

S. The Hammer.

T. The Hammertails.

V. V. The Chain, or String of the
Woatch and Clock.

x. The Verge or Spindle of the Bal-
lance, or Pendulum.

y. y.y. The Rod of the Pendulum.

z. The Fork.

2. The Flatt.

3. The Great Ball.

4. The Corrector, or Regulator ; being
a contrivance of my own, of very great
ufe to bring the Pendulum to it’s nice
Vibrations.

5.5 L he Pollets.
EHAE
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CHAP. "1
The Art of Calculation.

T L L LY LT YRR w e Y
A EL Uil

General preliminary Rules and Direftions
Jfor Calculation.

§. 1. OR the more clear under-

ftanding this Chapter it muft
be obferved, that thofe Automara {whofe
Calculatien 1 chiefly intend) do by little
Interftices, or Strokes, meafure out longer
portions of Time. Thus the ftrokes of
the Ballance of a Watch, do meafure
out Minutes, Hours, Days, &e.

Now to {fcatter thofe ftrokes amongft
Wheels and Pinions, and to proportionate
them, fo as to meafure Time regularly,
is the defign of Calculation. For the
clearer difcovery of which, it will be
neceflary to proceed leifurely, and gra-
dually.

§. 2. And in the firft place, you are to
know, that any Wheel being divided by
it’s Pinion *, fhews how many 7urns that

. Pinion
* Quphtred of Autom,
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Pinion hath to one turn of that Wheel.
Thus aWheel of 60 teeth driving a Pinion
of 6, will turn round the Pinion 10 times
in going round once. 6)6o(10.

From the Fufy to the Ballance the
Wheels drive the Pinions; and confe-
quently the Pinions run fafter, or go
more turns, than the Wheels they run
in. But it is contrary, from the great
Wheel to the Dial-Wheel. Thus, in the
laft example, the Wheel drives round
the Pinion 10 times: but if the Pinion
drave the Wheel, it muft turn 10 times
to drive the Wheel round once.

§. 3. Before I proceed further, I muft
thew how to write down the Wheels and
Pinions. Which may be done either as
Vulgar Fractions, or in the way of Divi-
fion in Vulgar Arithmetick. For Ex.
A Wheel of 60 moving a Pinion of g,
may be fet down thus, %°: or rather
thus §) 60 : where the upper moft figur
6o, or Numerator is the wheel, the lower-
moft or Denominator, is the Pinion : or,
in the latter example, the firft figure is
the Pinion, the next without the hook,
1s the Wheel.

The number of Turns, which the
Pinion hath in one turn of the Wheel,
18 fet without a hook on the right hand:

as
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Y2 General Rules  Cuap. I1;
as 5)6c(12; 7. e. a Pinion 5 playing in
a wheel of 6o, moveth round 12 times
in one turn of the Wheel.
A whole Movement may
4)36(¢ bet “‘ated dthie, s 285 A 4.2’
5)5-_5:(1 * 17 Notches in the Crown-
5 )43(3 Wheel. Or rather (becaufe it
5)49( will be eafieft to mean Capaci-
17  ties) as you fee here in the
Margin: where the uppermoft number
above the line, is the Pinion of Report 4,
the Dial-Wheel 36, and g turns of the
Pin of Report. The fecond number
(under the line) is 5 the Pinion, 55 is the
Great-Wheel, and 11 turns of the Pinion
it driveth. 'The third numbers, are the
Second-Wheel, &c. The fourth the
Contrate-Wheel, &¢c. And the fingle
number 17 under all, is the number of
the Crown-Wheel.

§. 4. By the §. 2. before, knowing the
number of turns, which any Pinion hath
in one turn of the Wheel it worketh in,
vou may alfo find out how many turns
a Wheel or a Pinion hath, at a greater,
diftance ; as the Contrate-Wheel, Crown-
Wheel, or, &¢. For it is but multiplying
together the Quotients*, and the number

produced

* By the Quotients, I commonly mean the number of
Tarns ; which number is fet on the right hand, without
the
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produced is the number of Turns. An
Example will make what I fay plain:
let us chufe thefe 3 numbers

here fet down; the firft of g)sg5(rr
which hath 11 turns, the next 5)45(g
g, and the laft 8. If you mul- 5)40(8
tiply 11 and g 1t produceth 9o,

for g times 11 1s g9, that 1s n one Turn
of the Wheel 55, there are g9 Turns of
the fecond Pmion g, or the Wheel 40,
which runs concentrical, or on the fame
Arbor with the fecond Pinion 5. For as
- there are 11 Turns of the firft Pinion g,
in one Turn of the Great-Wheel 55, or
(which is the fame) of the Second
Wheel 45, which is on the fame Spindle
with that Pinion 5; fo there are g times
11 Turns in the fecond Pinion 5, or
Wheel 40 in one Turn of the Great-
Wheel 5. If you multiply gg by the
laft Quotient & (that is, 8 times 99 is
792) it fthews the number of Turns,
which the third and laft Pinion g hath.
So that this third and laft Pinion turns
792 times in one Turn of the firft Wheel
55.  Another Example will make it fhill

morc

the hook, as is fhewn in the laft Paragraph: Which-F
Rote her.e now once for all,
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more plain. The example is
8)8c(10 in the Margin. The Turns
6)s4(9 are 1o, g, and 8. Thefe mul-
5¥40(8  tiplied as before, run thus;
——— 7. 10 times g Is 9o, that i,
15 the Pinion 6 (which is the
Pinion of the third Wheel 40
and runs in the fecond Wheel g4) turns
go times in one Turn of the firlt Wheel
8o. This laft produét go heing multi-
plied by 8, produces 7z20; that is, the
Pinion 5 (which is the Pin of the Crown-
Wheel 15) turns 720 times in one Turn
of the firft Wheel, of 8o teeth.

§. 5. We may now proceed to that,
which is the very Groundwork of all;
which is, not only to find out the T'urns,
but the Beats alfo of the Ballance in thofe
Turns of the Wheels. By the laft para-=
graph, having found out the number of
Turns, which the Crown-Wheel hath
in one Turn of the Wheel you feek for,
you muft then multiply thofe Turns of
the Crown-Wheel by it's number of
Notches, and this will give you half the
number of Beats, in that one Turn of the
Wheel. Half the number, I fay, for
the reafons in the following 6 §. For the
Explication of what hath been faid, we
will take the example in the laft §: the

Crown-
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Crown-Wheel there, has (as hath been
{aid) 720 Turns to one Turn of the firft
Wheel : This number multiplied by 15
(the Notches in the Crown-Wheel), pro-
duceth 10800, which are half the num-
ber of ftrokes of the Ballance, in one
Turn of the ficft Wheel 80. The like
may be done for any of the other Wheels;
as the Wheel 54, or 40: but I fhall not
infift upon thefe, having faid enough.

I fhall give but one Example more,
which will fully, and very plainly illu-
ftrate the whole matter. The
example 1s 1n the Margin, and  4)32(9
t13 of .the old .16  hour =
Watches, wherein the Pinion  5)s5(11
of Report is 4, the Dial-  5)45(9
Wheel 32, the Great-Wheel  5)40(8
1s 55, the Pinion of the fe- :
cond Wheel is 5, &c. the 17
number of Notches in the
Crown-Wheel are 17 : the quotients, or
number of turns in each, are 8, 11, g,
8. All which being multiplied as before,
make 6336: this number multiplied by
17, produceth 107712 ; which laft fum
1s half the number of Beats in one Turn
of the Dial-Wheel. The half number
of Beats in one T'urn of the Great-Wheel,
you will find to be 13464 : For 8 times

4
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17 1s 136, which is the half number of
Beats in one Turn of the Contrate-
Wheel 40: and ¢ times 136, 15 1224,
the half Beats in one Turn of the {fecond
Wheel : and 11 times 1224, 1s 13464,
the half Beats in one Turn of the great
Whiel “c¢e. " And* 8" timics " this lalt,* s
107712 before hamed. If you multiply
this by the two Pallets, that i1s, double it,
it is 215424, which is the number of
Beats in one Turn of the Dial-Wheel, or
12 hours. If you would know how
many Beats this \ﬁateh hath in an hour,
‘tis but dividing the beats in 12 hours,
into 12 parts, and it gives 17952, which
is called the Train of the Watch, or Beats
in an hour. If you divide this into 60
parts, it gives 299 and a little more, for
the Beats in a minute. And {fo you may
go on to feconds and thirds if you pleafe.

Thus I have delivered my thoughts
as plainly as I can, that I may be well
underftood ; this being the very founda-
tion of all the artificial part of Clock-
work. And therefore let the young
Practitioner exercife himfelf thoroughly
in it, in more than one example.

If 1 have offended the more learned,
quick-fighted Reader, by ufing many
woids ; my defire to inftruct the moft

ignorant

‘»
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ignorant Artift, muft plead my ex-
cufe.

§. 6. The Ballance or Swing hath two
ftrokes to every tooth of the Crown-
Wheel *. For each of the two Pallets
hath it’s blow againit each tooth of the
Crown-Wheel : wherefore a Pendulum
that {wings Seconds, hath it’s Crown-
Wheel only 30 teeth.

Ll 0 Sl AR |

The way to calculate or contrive the Num-
bers of a piece of Watch-Work.

¥ AVING in the laft Se¢tion led on

the Reader to a general know-

ledge of Calculation ; I may now venture

him further into the more obfcure and

ufeful parts of that Art: which I fhall

explain with all poffible plainnefs, tho’
lefs brevity than I could wifh.

§. 1. Two Wheels and Pinions of dif-
ferent numbers may perform the fame
motion. As, a Wheel of g6 drives a
Pinion of 4, all one as a Wheel of 43
drives a Pinion of 5; or as a Wheel of go

C , drives

* Sir . Moer’s Math, Comp. p. 116,
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drives a Pinion of 10. The turns of

each are 9. Therefore
§. 2. In contriving a piece of work,
you may make ufe of one Wheel and
one Pinion, or many Wheels and many
Pinions, provided that the many Wheels
and many Pinions have the fame propor-
tion, that the one Wheel and one Pinion
have. An example or two of which
will make the matter plain. Suppofe in-
ftead of a Wheel of 1440 Teeth (too
large a Number for one Wheel) and a
Pinion of 28 Leaves, you had rather
make ufe of 3 Wheels and 3 Pinions :
you may make ufe of 3 Wheels of 36,
8, and 5, and 3 Pinions of 4, 7 and 1;
wlnch being multiplied togethcr, conti-
nually make the two Sums, v7z. 36 times
8 1s 288, and s times that is 1440. And
LY/ a.nd 1 fo multiplied, makes 28, the
very Sums of the one Wheel, and one
Pinion. |
Or you may by §. 1 make ufe of dif-
ferent Numbers, which will perform the
fame Motion, although they reach not
the fame Numbers, As in the Wheel
1440 and Pinion 28, there are g1 £
Turns. Now any Number of Wheels
and Pinions that will affe& the fame
Number 51 # Turns, will perform the
fame
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fame Motion, as that one Wheel and
one Pinion. Future examples will make
all plain.

§. 3. In placing the Wheels and Pini-
ons it matters not in what order they
are fet ; nor indeed which Pinion runs
in which Wheel. Only for beauty and
convenience, they place them orderly
according to their different Sizes and
Numbers.

§. 4. If in breaking your Train into
parcels (of which by and by) any of
your Quotients fhould not pleafe you;
or if you would alter any other two
Numbers, which are to be multiplyed
together, you may vary them by this
Rule: * Divide your two Numbers by
any two other Numbers which will mea-
{ure them ; and then multiply the Quo-
tients by the alternate Divifors, the pro-
duét of thefe two laft Numbers found,
fhall be equal to the Produ¢t of the two
Numbers firft given. Thus if you
would vary 36 times 8, divide thefe by
any two Numbers, that will evenly mea-
fure them, as 36 by 4, and 8 by 1. The
fourth part of 36 is 9, and 8 divided by
1 gives 8. Multiply 9 by 1, the Pro-

C 2 - dutt

. * Oughtred, Autom. §. z3.
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duct 1s 9; and 8 multiplyed by 4 produ-
ceth 32. So that for 36 times
8 you fhall have found 32 times
9. The operation is 1n the
Margin, that you may fee, and
- apprehend it the better, Thefe
32% 9 Numbers are equal, wz. 36

times 8 is equal to 32 times g;
both producing 288. If you divide 36
by 6, and 8 by 2, and multiply as before
1s fald you will have for 36 times 8,
24 times 12, equal to 288 alfo.

If this Rule feem to the unikilful Rea-
der hard to be underftood, let him not
be difcouraged, becaufe he may do with-
out it, altho’ it may be of good ufe to
him that would be a more compleat Ar-
tift.

5. Becaufe in the following Para-
graphs, I fhall have frequent occafion to
ufe the Rule of Three, or Rule of Pro-
portion, it will be neceffary to thew the
unikilful Reader how to work this noble
Rule.

If you find 3 or 4 Numbers thus fet,
with four {pots after the fecond of them,
'tis the Rule of Proportion: as in this
Exarmagle, 12:81:¢ gl6ite) As'2 1518014
?:8501s 3t0 6

(%]

- o0 QO

9
O X
4

The
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The way to work this Rule, vzz. by
the 3 firft Numbers to find a fourth, is,
to multiply the fecond Number and the
third together, and divide their Product
by the firft.. Thus 4 times 3 is-r2,
which 12 divided by 2, gives 6 ; which
is the Number {ought for, and ftands in
the fourth place.

You will find the great ufe of this Rule
hereafter ; only take care to bear it in
mind all along. But if there fhould be
occafion for any farther Inftructions in
this Rule of Three, 1 refer the Reader to
the Arithmeticians.

§. 6. To proceed. If in feeking for
your Pinion of Report, or by any other
Means, you happen to have a Wheel and
Pinion fall out with crofs Numbers, too
big to be cut in Wheels, and yet not to
be altered by the former Rules, you may
find out two Numbers of the fame, or
a near Prﬂportmn, by this following
Rule *#, viz. As either of the 2 Num-
bers given, 1s to the other :: So is 360
to a fourth : divide that fourth Number
as alfo 360 by any aliquot Parts, as 4. 5.
0. 8.:9: 15. (each of which
Numbers doth cxa&ly meafure 360) or
by any one of thofe Numbers that

C 3 bringeth
* 1d, ibid. Se&. 24.
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bringeth a Quotient neareft to an Integer
(or whole Number). Thus if you had
thefe two Numbers, 147 the Wheel,
and 170 the Pinion, which are too great
to be cut in {mall Wheels, and yet can’t
be reduced into lefs, becaufe they have
no other common Meafure, but Unity :
fay therefore according to the laft Para-
graph* As 17015 t0 147 ; Or a5 147 1
to 170 :: So is 360 to a fourth Number
fought. In Numbers thus, 170. 147 :
GO L Ont TAg. 17018 I gibe. 4.16;
Divide the fourth Number, and 360 by
one of the foregoing Numbers; as 311
and 360 by 6, it gives 52 and 6o. In
Numbers tis thus :

I o o
6) gﬁéggz Divide by 8 ’tis thus, 8);’6553?
If you divide 360 and 416 by 8, it will

fall ont exadtly to be 45 and 52.8)7 6%55
Wherefore for the two Numbers 147
and 170 you may take 52 and 60; or
39 and 45; or 45 and 52, or &.

§. 7. 1 fhall add but one Rule more
beforc I come to the Pra@ice of what
hath been laid down; which Rule will
be of perpetual ufe, and confifts of thefe
five particulars.

1. To

¥ See Sett. 4.



Selt. 2. Watch-Work. 273

1. To find what Number of Turns the
Fufy will bave, thus* : As the Beats of
the Ballance in one turn of the great
Wheel or Fufy (fuppofe 26928) to the
Beats of the Ballance in one Hour ({up-
pofe 20196) : : So is the Continuance of
the Watch’s -goin ¢ in Hours (fuppofe 16)
to the Number of the Turns of the Fufy
12. In Numbers it will ftand thus,
26928. 20196 :: 16. 12. By §. 4. you
may remember, that you are to multiply
20196 by 16, the Produét is 323136,
Divide this by 26928, and there will
arife 12 in the Quotient, which muft be
placed in the fourth place, and is the
Number of Turns, which the Fufy hath.

2. By the Beats and Turns of z‘bf Fufy,
to find how may Hours the Watch will go :
Thus,

As the Beats of the Ballance in one
Hour, are to the Beats in one Turn of
the Fufy :: So is the Number of the
Turns of the Fufy, to the Continuance
of the Watch’s going. In Numbers
thus,

20196, 26928 :: 16

3. To find the firokes of a‘/'aa Ballance in
in one Turn of the Fufy : fay, As the Num-
ber of Turns of the F ufy, to the Con-

g tinuance

 * Oughtred, Se&. 18. Sir . Moor, ibid. p. 109.
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tinuance of the Watch’s going in Hours
. : So are the Beats 1n one Hour, to the
Beats of one Turn of the Fufy. In
Numbers it is thus,

12. 16.::.20190:.26928.

4. To find the Beats of the Ballance in
an Hour : f{ay thus, As the Hours of the
Watch’s going, to the Number of Turns
of the Fufy :: So are the Beats in one
Turn of the Fufy, to the Beats in an
Hour, In Numbers thus,

16. 12 :: 26928, 20196.

5. To find what Quotient is to be laid
upon the Pinion of Report : fay thus, As
the Beats in one Turn of the great
Wheel, to the Beats in an Hour :: So
are the Hours of the Face of the Clock
(v2z. 12 or 24) to the Quotient of the
Hour-Wheel or Dial-Wheel, divided by
the Pinion of Report, 7. e. the number
of Turns, which the Pinion of Report .
hath in one turn of the Dial-Wheel.
In Numbers thus:

26028..,20196 :: 12,V9.

Or rather (to avoid trouble) fay thus,
As the Hours of the Watch’s going, are
to the Numbers of the Turns of the
Fufy : : So are the Hours of the Face,
to the Quotient of the Pinion of Report,
In Numbers thus, 16. 12 :: 12. 9. If

the
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the Hours of the Face be 24, the Quo-
tient. will, he, 18,; ¢ thus, 16,12 1225
18.

N. B. This Rule may be made ferve
to lay the Pinion of Report on any other
Wheel thus, As the Beats in one Turn
of any Wheel to the Beats in an Hour : :
So are the Hours of the Face, or Dial-
Plate of the Watch, to the Quotient of
the Dial-Wheel divided by the Pinion of
Report, fixed on the Spindle of the afore-
faid Wheel.

§. 8. Having given a full Account of
all things neceflary to the underftanding
the Art of Calculatuon, I {hall now re-
duce what hath been faid into Practice,
by thewing how to proceed, in calcu-
lating a Piece of Watch-Work.

The firft thing you are to do, is to
pitch upon your Train, or Beats of the
Ballance 1n an Hour : as, whether a {wift
Train, about 20000 Beats (which is the
ufual Train of one of the old common 30
Hour Pocket-Watches) or a flower Train
of about 16000 (the Train of the new
Pendulum Pocket-Watches) ; or any
other Train.

Having thus pitched upon your Train,
you muft next refolve upon the Number
- of Turns you intend your Fufy fhall

have,
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have, and alfo 'upon the Number of
Hours, you would have your Piece to
go: As fuppofe 12 Turns; and to go
30 Hours, or 192 Hours (which is 8
Days) or &e.

Thefe things being all foon determi-
ned ; you next proceed to find out the
Beats of the Ballance, or Pendulum, in
one Turn of the Fufy, by the laft §. 6.
part 3. w22, As the Turns of the Fuly,
to the Hours of the Watch’s going : : So
is the Train, to the Number of Beats in
one Turn of the Fufy. In Numbers
thus, 12. 16 :: 20000. 26666. Which
laft Number are the Beats in one Turn
of the Fufy, or great Wheel; and (by
Sect. I. §. 5. of this Chap.) are equal to
the Quotients of all the Wheels unto the
Ballance multiplied together. This Num-
ber therefore 1s to be broken into a con-
venient parcel of Quotients: which you
are to do after this Manner. Firft, half
your Number of Beats, v7z. 26666, for
the Reafons in Se&t. I. §. 6. of this
Chap. the half whereof is 13373. Next
you are to pitch upon the Number of
your Crown-Wheel, as fuppofe 17. Di-
vide 13333 by 17, the Quotient will be
=84 (or to {peak in the Language of one
that underftands not Arithmetick, divide

13335
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13333 into. 17 parts, and 784 will be
one of them). 'This 784 is the Number
left for the Quotients (or Turns) of the
reft of the Wheels and Pinions : which
being too big for one or two Quotients,
may be beft broken into three. Chufe
therefore 3 Numbers, which when mul-
tiplied all together continually will come
neareft 784. As fuppofe you take 10,
9, and Q. Now 10 tlmes 1S QO ; and
g times go 1s 810, which is {omewhat
too much. You may therefore try again
other Numbers, as {uppofe 11, 9, and
8 Thele muitlplicd as the laft, produce
792, which is as near as can be, and
convenient Quotients alfo.

Thus you have contrived your Piece,
from the great Wheel to the Ballance.
But the Numbers not falling out exactly
according as you at firft propofed, you
muft correct your Work thus. Firft, to
find out the true Number of Beats, in
one Turn of the Fufy, you muft multi-
ply 792 aforefaid, (which is the true Pro-
duct of all the Quotients you pitched up-
on) by 17, the Notches of the Crown-
Wheel ; the Produ& of this is 13464,
which 1s half the Number of true Beats
in one Turn of the Fufy, by Sect. L. §. 3.
of this Chap. Then to find the true

Number



T

i e

..___,.,_..

= are
=

28 Calculation of  Cuap. II.

Number of Beats in an Hour, fay by §.
6. part 4. of this Section. As the Hours
of the Watch’s going, viz. 16 to the
12 Turns of the Fufy :: So 15 13464
the half Beats in one Turn of the Fufy,
to 10098 the half Beats in an Hour : the
Numbers will ftand thus, 16. 12 ::
13464. 10098.

Then to know what Quotient is to be
laid upon the Pinion of Report, fay by
§. 6. part 5. of this Section. As the
Hours of the Watch’s going, wviz. 16
to.:the Turns of «the Fufy, vz, 12 ::
So are the Hours of the Dial-Plate, v:z.
12, to the Quotient of the Pinion of Re-
port fixed on the great Wheel. In
Numbers thus, 16. 12 :: 12. 9.

Having thus found out all
4)36(9  your Quotients, ’tis eafy to de-
termine what Numbers your

5)55(11  Wheels fhall have : for chufe
¢)45(9  what Numbers your Pinions
5)40(8  fhall have, and multiply the
Pinions by their Quotients,
17  and that produceth the Num-
ber 3 for your Wheels, as you

fee in the Margm Thus 4 is the Num-
ber of your Pinion of Report, and g it’s
Quotient ; therefore 4 times ¢, which
makes 36, is the Number for the Dial-
Wheel.
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Wheel. So the next Pinion being s,
and it’s Quotient 11, this multiplied pro-
duces 55 for the great Wheel. And the
like of the reft of the following Num-
bers.

Thus, as plain as words can exprefs it,
I have fhewed how to calculate the
Number of a 16 hour Watch.

§. 8. This Watch may be made to go

a longer time, by leffening the Train,
and altering the Pinion of Report *.  Sup-
pofe you could canvenientiy flacken the
Train to 16000, the half of which is
8ooco. Then fay (by §. 6. part 2. of
this Sect.) As the halfed Train, or Beats
in an Hour, «7z. 8ooo, to the half
Beats in one Turn of the Fufy, wviz.
13404 :: So are the turns of the Fufy,
vrz. 12, to the Hours of the Watch’s
going : in Numbers thus, 8ooo. 13464
:: 12. 20. So that this Watch will go
20 Hours.

Then for the Pinion of Report, fay,
by the fame §. part 5, As (20 the con-
tinuance) to 12 (the Turns of the Fufy)
s2:8o ates£2 :(the Hours of 'the Face)
to 7, the Quotient of the Pinion of Re-
port. In Numbers thus, 20. 12: j2.
i

* Qughtred, Set. 28.
The
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The Work is the fame as
4)28(77  before, as to the Numbers ;
- only the Dial-Wheel is but
g)s5(rr 28, becaufe it's Quotient is
5)45(g  altered to 7 ; as appears in the
5)40(8  Margin, by the Scheme of the
e Work.
17 §. 9. I{hall give the Reader
one Example more, for the
fake of fhewing him the ufe of fome of
_ the foregoing Rules, not yet taken No-
*.- tice of in the former Operations. Sup-
pofe you would give Numbers to a Watch
of about 10000 Beats in an Hour, to
have 12 Turns of the Fufy, to go 170
Hours, and 17 Notches in the Crown-

e T e T T

T~

} ‘Wheel.

| This Work 1s the fame as in the laft
i Example, §. 7. In fhort therefore, thus,
|

i As the Turns 12 : are to the Continuance
170 :: Sois the Train 10000, to 141666,

i which are the Beats in one Turn of the
Fufy. The Numbers will ftand thus,
! 12. 170 :: 10000. 141666. Half this

laft is 70833. Divide this half into 17
Parts, and 4167 will be for the Quotients.
And becaufe this Number is too big for
3 Quotients, therefore chufe 4 : as fup-
pole 10, 8, 6, and 63 (2.¢. 6 and™
fifths). Thefe multiplied together as

before,
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before, and with 17, maketh 71808,

which are half the true Beats in one
Turn of the Fufy. By this you are to
find out your true Train firft, faying in
the former Example, as 170 to 12 : So
21808, to 5069 ; which laft is the half
of the true Train of your Watch. Then
for the Pinion of Report, fay, as 170 to
$2.: :°Sod123to, £42& ~Which (Fraétion
arifeth thus : If you multiply 12 by 12,
it makes 144 ; and divide 144 by 170,
you cannot ; but fetting the 144 (the Di-
vidend) over 170, (the Divifor) and there
arifeth this FraGion $#%, which 15 a
Wheel and Pinion; the lower 1s the
Pinion of Report, and the upper is the
Dial-Wheel, according to Sect. 1. §. 3.
of this Chapter. Or (which perhaps
will be more plain to the unlearned
Reader) you may leave thofe two Num-
bers, in their divifional pofture thus,
170) 144, which does exprefs the Pinion
and Wheel #, in the way I have hitherto
made ufe of.

But to proceed. Thefe Numbers be-
ing too big to be cut in {mall Wheels,
may be varied, as you {ee a like Exam-
ple in §. 6. of this Section, wvzz. fay,

As

®Scll.1. § 3.
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As 144 1s to 170 :: So is
24)20( 3505 g60to 426 Or Al ryo
to 144 :: So is 360 to 303.
6)6o(10 In Numbers thus, 144.
6)48(8 | 170 1.2 300.:42 50408 170,
5)40(8 144 :: 360. 305. Divide
5)33(6% 360, and either of thefe
- two fourth and laft Num-
il Saisbbis by 4, 0l £16,048; 68s,
(as 1s directed in the Rule
laft cited.) If you divide by 8, you will
have for your Numbers 144 £5 or 22,
If you divide by 15 (which will not
bring it fo near an Integer) you will have
2% or 22: which laft are the Numbers
fet down in the Margin; where the
Numbers of the whole Movement are
fet down.

§. 10. Having faid enough, I think,
concerning the Calculation of ordinary
Watches, to thew the Hour of the Day:
I fhall next proceed to fuch as fhew
Minutes and Seconds. The Procefs
whereof is thus; firft, having refolved
upon your Beats in an Hour, you are
next to find how many Beats there will
be in a Minute, by dividing your defign-
ed Train into 60 Parts. And according-
ly you are to find out {uch proper Num-
bers for your Crown-Wheel, and Quo-

tients,
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tients, as that the Minute-Wheel fhall
go round once in an Hour, and the Se-
conds-Wheel once in a Minute.

An Example will make all plain. Let
us chufe a Pendulum of 7 inches length *,
which by the following Pendulum Ta-
ble vibrates 142 Strokes in a Minute, and
6520 1n an Hour 4. Thefe Sums being
halved are 71, and 4260. Now' the
firft Work to be done is to break this
half Number of Minutes 71 into good
Proportions ; which will fall as near as
may be into one Quotient, and the
Crown-Wheel. Firft, for the Crown-=
Wheel ; let it have 15 Notches. Divide
Zl aforefaid by this 1, the Quotient will

e nearly 5. And fo this firlt Work is
done ; for a Crown-Wheel of 15, and a
Wheel and Pinion, whofe
Quotient is § (as in the Mar-  8)40(5
gin) will go round ina Mi- ~ ~
nute, to carry a Hand to thew 15
Seconds, if you pleafe.

Next for a Hand to go 8)64(8
round in an Hour to fthew 8)60(7x
Minutes. Now becaufe thére 8)40(s
are 60 Minutes in an Hour, ———

f’ tis but breaking 60 into two 3
- 'good Quotients (which may be ro and
. D 6; or

®Ch V. § 4 + Se&. 1. §. 6,
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6, or 8 and 7 %, or &¢.) and the Work
1s done.
Thus your Number 4260 is broken,
as near as can be, into proper Numbers.
But becaufe it does not fall out exactly
into the above-mentioned Numbers, you
muft correct (as you were directed before)
and find out the true Number of Beats
in an Hour, by multiplying 15 by 3,
which makes 7 55 and this by 60 makes
4500: which 1s the half of the true
Train. Then to find out the Beats in
one Turn of the Fufy, operate as before,
v7%. As the Number of Turns (16) *, to
the Continuance 192 :: So is 4500 to
54000, which are half the Beats in one
Turn of the Fufy. In Numbers thus,
16. 192 :: 4500. 54000. This 54000,
muft be divided by 4500, which are the
true Numbers already pitched upon, or
Beats in an Hour. The Quotient of this
Divifion is 12, which being
0)108(12 not too big for one fingle
8) 64(8  Quotient, needs not be di-
8) 6o(7+ vided into more. TheWork
8) 40(5 - will ftand, as you fee in the
e Margin.
15 As to the Hour-Hand,
the great Wheel (which per-
forms
= §ahe Par. 3. §- 7.
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forms only one Revolution in 12 Turns
of the Minute-Wheel) will thew the
Hour. Or rather you may order it to
be done by the Minute-Wheel, as fhall
be thewed hereafter.

§. 11. I fhall add but one Example
more, and fo conclude this Section ; and
that 1s, to calculate the Numbers of a
Piece whofe Pendulum {wings Seconds,
to thew the Hour, Minutes, and Seconds,
and to go 8 Days; which is the ufual
performance of thofe Movements called
Royal Pendulums at this Day. Firft, caft
up the Number of Seconds in 12 Hours
(which are the Beats in one Turn of the
~great Wheel). Thefe are 12 times 60
Minutes, and 60 times that, gives 43200,
which are the Seconds in 12 Hours.
Half this Number (for the Reafons be-
“fore) is 21600 *. The Swing-Wheel
muft needs be 30 to {fwing 6o Seconds
in one of it’s Revolutions. Divide 21600
by it, and 720 is the Quotient, or Num-
ber left to be broken into Quotients. Of
- thefe Quotients, the firft muft needs be
12 for the great Wheel, which moves
round once in 12 Hours. Divide 720
by 12, the Quotient is 6o; which may
be conveniently broken into two Quo-

D 2 tients,

* Sir ]. Moor, ib. p: 116,
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tients, as 10 and 6, or 5 and 12, or 8
_ and 7 %, which laft is moft
8)96(12 convenient. And if you take
8)64(8  all the Pinions 8, the Work
8)6o(7+ will ftand as in the Margin.
e According to this computa-
30 tion, the great Wheel will go
about once in 12 Hours, to
thew the Hour, if you pleafe : the Se-
cond-Wheel once in an Hour, to thew
the Minutes ; and the Swing-Wheel once
in a Minute, to fhew the Seconds.

Thus I have endeavoured with all
poflible plainnefs, to unravel this moft
myfterious, as well as ufeful part of
Watch-Work. In which, if I have of-
fended the more learned Reader, by un-
artificial T'erms, or multitude of Words,
1 defire the fault may be laid upon my
earneft Intent to condefcend to the mean-
eft Capacity,

SAENCHT. I
To calculate the Striking-Part of a Clock.

AVING in the preceding Section
I E fhew’d, as clearly as I could, the

way of calculating Numbers for the
Watch-Part, 1 fhall in this do the fame
for
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for the Clock, or Striking-Part. Which
having never been treated before, I fhall
reduce to as plain Rules and Method as I
can.

1. Altho’ this Part confifts of many
Wheels and Pinions, yet refpet needs
to be had only to the Count-Wheel, Strik-
tng-Wheel, and Detent-Wheel, which move
round in this Proportion ; the Count-Wheel
moveth round commonly once in 12, or
24 Hours. The Detent-Wheel moves
round every ftroke the Clock firiketh,
fometimes but once in two {trokes. From
whence it follows,

1. That as many Pins as are in the
Pin-Wheel, fo many Turns hath the
Detent-Wheel, in one Turn of the Pin-
Wheel. Or (which is the fame) the Pins
of the Pin-Wheel are the Quotient of
that Wheel, divided by the Pinion of the
Detent-Wheel. But if the Detent-Wheel
moveth but once round in two f{trokes of
the Clock, then the faid Quotient is but
half the Number of Pins.

2. As many Turns of the Pin-Wheel
as are required to perform the Strokes of
12 Hours (which are 78), {o many Turns
muit the Pinion of Report have, to turn
round the Count-Wheel once. Or, thus:
divide 78 by the Number of Striking-

P Pins,
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Pins, and the Quotient thereof fhall be
the Quotient for the Pinion of Report,
and the Count-Wheel. All this 1s, 1n
cafe the Pinion of Report be fixed to the
Arbor of the Pin-Wheel, as 1s very com-
monly done.

All this I take to be very plain: or

if 1t be not, the Example
3)48(6 in the Margin will clear
- : all difficulties. Here the
6)78(13 pins Locking-Wheel is 43, the
6)6o(10 Pinion of Report 1s 3, the
6)48(8 Pin-Wheel 1s %8, the

Striking-Pins are 13. And
fo of the reft. I need only to remark
here, that 78 being divided by the 13
Pins, gives 6; which is the Quotient of
the Pinion of Report: as was before
hinted.

As for the Warning-Wheel and Flying-
Pinion, 1t matters little what Numbers
they have, their ufe being only to bridle
the rapidity of the Motion of the other
Wheels.

Befides the laft obfervation, there are
other ways to find out the Pinion of Re-
port, which will fall under the next
Section.

§. 2. Thefe following Rules will be of
great ufe in this Part of Calculation, viz.

Rule
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Rule 1. To find how many Strokes the
Clock firiketh in one Turn of the Fufy or
Barrel.

As the Number of Turns of the great
Wheel, or Fuly;

. To the Days of the Clock’s conti-
nuance :

: : So is the Number of Strokes in 24
Hours, vz, 156,

. To the Strokes in one Turn of the
Fuly, or great Wheel.
~ Rule 2. To find how many Days tha
Clock will go.

As the Number of Strokes in 24 Hours,
which are 146,

. To the Strokes in one Turn of the
Fuf or great Wheel,

: So are the Turns of the Fufy, or
great Wheel,

. To the Days of the Clock’s continu-
ance, or going.

Rule 7. To ﬁﬂd the Number of Turns of
the Fzsf or Barrel.

As the Strokes in one Turn of the
Fufy,

. To the Strokes of 24 Hours, vz,
10,

5. : So 1s the Clock’s continuance, -

. To the Number of Turns of the
Fufy, or great Wheel.

D 4 Thefe
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_Thefe two laft Rules are of no great
ute (as the firft is) but may ferve to cor-
re@ your Work, if need be, when in
breaking your Strokes into Quotients (Df
which prefently) you cannot come near
the true Number, but a good many
Strokes are left remaining. In this Cafe,
by Rule 2. you may find whether the
Continuance of your Clock be to your
mind. And by this Rule 3, you may
enlarge or diminifh the Number of
Turns for this Purpofe. The Praxis
hereof will follow by and by.

The two following Rules are to find
fit Numbers for the Pinion of Report,
and the Locking-Wheel, befides what 1s
faid before §. 1. Inference 2.

Rule 4. To fix the Pinion of Report on
the Spindle of the great Wheel.

As the Number of Strokes in the
Clock’s Continuance, or in all it’s Turns
of the Fufy,

. To the Turns of the Fufy,

:: So are the Strokes in 12 Hours
which are 78,

. To the Quotient of the Pinion of
Report, fixed upon the Arbor of the
oreat Wheel,

But;
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But if you would fix it to any other
Wheel, you may do it thus, as is befnrf:
hinted, viz. *

Rule 5. Firft find out the Number of
Strokes in one Turn of the Wheel you
intend to fix your Pinton of Report upon ;
(which I thall thew you how to do in
the following §.) divide 78 by this Num-
ber, and the Number arifing in the
Quotient, is the Quotient of the Pinion
of Report.

Or thus. Take the Number of Strokes
in one Turn of the Wheel, for the Num-
ber of the Pinion of Report, and 78
for the Count (or Locking) Wheel, and
vary them to lefler Numbers, by Sect.
2..%. £. ef:this Chapter.

The foregoing Rules, are of greateft
ufe, in Clocks of a larger Continuance ;
altho’ where they can be applyed, they
will indifferently ferve all. But the Rule
following (which will ferve larger Clocks
too) I add chiefly for the ufe of lefler
Pieces, whofe Continuance i1s accounted
by Hours.

Rule 6. This Rule is to find the Strokes
in the Clock’s Continuance, v:z. As 12,
35 to 78 :: So are the Hours of the

Clock’s

i o P
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Clock’s continnance, to the Number of
Strokes in that time.

This Rule (I faid) may be made ufe
of for the largeft Clock; but then you
muft be at the trouble of reducing the
Days into Hours. Whereas the fhorteit
way 1s to multiply the Strokes In one
Turn of the great Wheel, by the Num-
ber of Turns of the Fufy. Thus in an
8 Day Piece, the Strokes in one Turn are
78. 'Thefe multiplied by 16, (the Turns)
produce 1248 ; which are the Strokes in
the Clock’s continuance. If you work
by the foregoing Rule, the Hours of 8
Baygare 192, SThef avl 120 76 27 ra 2,
1248.

§. 3. In this Paragraph, I fhall thew
the ufe of the preceding Rules, and by
Example make all plain that might feem
obfcure in them.

I begin with {mall Pieces: of which
but briefly. And firft, having pitched
upon the Number of Turns, and the
continuance of your Clock, you muft
find, by the laft Rule, how many Strokes
are in it’s continuance. Then (if you
make the great Wheel the Pin-thel}
divide thefe Strokes by the Number o
Turns, and you have the Number of
Striking-Pins, Or divide by the Nu;n-

er
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ber of Pins, and you have the Number.
of Turns.

Thus a Clock of 30 Hours, with 135
Turns of the great Wheel, hath 1935
'Strokes. For by the laft Rule, 12. 78

: 30. 195. Divide 195 by 15, 1t gives

3 for the Striking-Pins.
Or af you chufe 13 for 15)195(13.
yvour Number of Pins, and 13)195(15
divide 195 by 1t, it gives
15, for the Number of Turns, as you
{ee 1in the Margin.

As for the Pinion of Report, and the
reft of the Wheels, enough is faid n

G
: But fuppofe you would calculate the
Numbers of a Clock of much longer
continuance, which would neceffitate
you to make your Pin-Wheel further
diftant from the great Wheel, you are to
procced thus: Having refolved upon
your Turns, you muft find out the Num-
ber of Strokes in one Turn of the great
Wheel, or Fuly, by §. 2. Rule 1. Thus
in an § Day Piece, of 16 Turns, 16. 8
2% 156. 78. So in a Piece of 32 Days;
and 16 Turns, 16. 92 :: 156. 312. (See
the operation of thefe Numbers in the
Rule referred unto.) Thefe Strokes fo

found out, are the Number which is to
be
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i' be broken into a convenient parcel of
Quotients, thus ;

d Firft refolve upon your Number of
Striking-Pins : divide the lat named
Number by it: the Quotient arifing hence,
1s to be one, or more Quotients, for the
! Nheels and Pinions. As in the laft Ex-
E:,:, amples, divide 78 (the Number of

i Strokes in one Turn of the Fufy) by 8
i (the ufual Number of Pins in an § Day

Piece) and the Quotient is 9 £; which
| 1s a Quotient little enough. So in the
i Month Piece : if you take your Pins 8,
divide 312 (the Number of Strokes in
one Turn of the Fufy) by 1t, the Quo-
tient is 39. Which being too big for
one, muft be broken into two Quotients,
for Wheels and Pinions,
10)65(6% or as near as can be:
8)48(6 which may be 7 and g,
6)48(8 pins or 6 and 6 ;. 'The lat-
ter Js exactly 39, and
may therefore ftand: as you fee in the
Margin.

The Quotients being thus determined,
and accnrdmﬂ'l}r the Wheels and Pinions,
as you fee; the next Work is to find a
Quotient for the Pinion of Report, to
carry round the Count (or Locking)
Wheel once in 12 Hours, or as you

pleafe,
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pleafe. If you fix your Pinion of Report
on the great Wheel-Arbor, you muft
operate by Rule 4. of the laft Paragraph.
As in the lat Example of the Month
Piece : by Rule 6. before the Strokes in
the continuance of the Clock’s going are
4992 Then by Rule 4. fay, 4992. 16

: 78 £25% s or thus, for a Pinion and
Wheel 4992 (1248. The firft of which
two Numbers is the Pinion, the next is
the Wheel. Which being too large,
may be varied to %° or 36(g; or to %t
@t 24(6, by Se&t. 2. §. 6. before.

Thefe Nombers being not the ufual
Numbers of a Month Piece, but only
made ufe of by me, as better Hluftrating
the foregoing Rules; I fhall therefore,
for the fuller Explication of what has
been faid, briefly touch upon the Calcu-
lation of the more ufeful Numbers. They
commonly increafe the Number of Strik-
ing-Pins, and fo make the fecond Wheel
the Striking-Wheel. Suppofe you take
24 Pins; divide 312 (the Number of
Strokes in one Turn of the Fuly) by 1t,
and the Quotient is 13. Which is little
enough for one Quo-
tient and may there- S§}104(13
fore frand as you fee: 6) 72(12.24 pins
is done inthe Margin:

where.
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where the Quotient of the firft Wheel is
13. In the fecond Wheel of 72 Teeth,

are the 24 Pins, altho’ it’s Quotient is

but 12, becaufe the Hoop-Wheel 1s dou-

ble, and goes round but once in two

Strokes of the Pin-Wheel.
The Pinion of Report here, is the

fame with the laft, if fixed upon the

Arbor of the great Wheel. But if you
fix it on the Arbor of the fecond, or Pin-
Wheel, it’s Quotient then is found by §.
3. Infer. 2, ‘'or by §. 2 Rule ¢. before:
viz. divide 78 by 24, and the Number
arifing in the Quotient, is the Quotient

of the Pinion of Report,
12)39(3% which is 3 £. The Pinion

of- Report then being 12.
the Count-Wheel will be 39, as in the

Margin.

To perfet the Reader in this Part of

-Calculation, I will finifh this Section with

the Calculation of a Year Piece of Clock-
Work. The Procefs whereof is the
fame with the laft, and therefore I may

‘be more brief with this, except where I

have not touched upon the foregoing
Rules.

We will chufe a Piece to go 395 Days
with 16 Turns, and 26 Striking-Pins.
By §. 2. Rule 1. there are 3851 Strokes

| 381
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in one Turn of the great Wheel. For
16. 395 :: 156. 3851 *. This laft Num-
ber divided by the 26 Pins, leaves 148
in the Quotient, to be broken into two
~or more Quotients, for Wheels and Pini-
ons. Thefe Quotients may be 12 and
12 ; which multiplied

makes 144, which is 10)120(12

as near as can well be  8) g6{12

to 148, without Frac- 78 | 26 pins
tions, The Work thus

far contrived, will {tand as you fee in the
Margin,

Before you go any further, you may
corre¢t your Work, and fee how near
your Numbers come to what you pro-
pofed at firft, becaufe they did not fall
out exadt, and firft, for the true continu-
ance of your Clock : If you multiply 12,
12, and 26 (1. e. the Quotients and the
Striking-Pins) you have the true Number
of Strokes, in one Turn of the great Wheel:
Which, in this Example, make 3744
For 12 times 12 is 144; and 26 times
that, 1s 3744. (This Dire¢tion I would
have noted, and remembred, as a Rule
ufeful at any time to difcover the Nature
of any Piece of Clock-Work.) Havmg
thus the true Number of Strokes defired,

by
® Se@. 2. § &
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by §. 2. Rule 2. you may find the true
continuance to be only 384 Days. For
156. 3744 +: 16. 384. If this continu-
ance doth not pleafe you, you may come
nearer to your firft propofed Number of
295 Days, by a fmall increafe of the
Number of Turns, according to §. 2.
Rule 3. 2. by making ki Turns al-
moft 16 s Porg9ad. 1567 705,162
almott.
Thus much may ferve for the exercife
of the young Praltitioner : but he may, if
he pleafes, by the help

10)120(12 of Fraltions, come up
6) 74(12% exactly to his Quotient

78 | 26 pins 148, by taking 12

and 12 L for his two

Quotients : in which Cafe, the Work
will be as it ftands in the Margin.

Laftly, For the Pinion of Report, if
you fix it upon the great Wheel, it will
require an exceflive Number : if you fix

it upon the Pin-Wheel (which
13)39(3 is ufual) then by §. 2. Rule 5.

the Quotient is 3; and the
Pinion of Report being 13, the Count-
Wheel will be 39 as }ou fee in the
Margin.

But for the better exeraﬁng the Rea-
der, let us fix it upon the Spindle of the

fecond
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fecond Wheel 96. It's Quotient is 12;
which multiplied by 26 (the Pins) pro-
duceth 312 ; which are the Strokes in
one Turn of that Second-Wheel. Then
by §. 2. Rule 5. divide 78 by 312. 7. e.
fet them as a Wheel and Pinion thus,
312(78, and vary them to lefler Num-
bers: by Sect. 2. §.°2.) v22. 16(9, ot'to
24(6 or the like, and the Work is” done.

I think it needlefs to fay any thing of
Pocket-Clocks, whofe Calculation is the
very fame, with what goes before.

That the unlearned Reader may not
think any thing going before difficult,
I need only to advife him, to look over
the working of the Rule of Proportion;
in Sect. 2. §. 4. For I think all will be
plain, if that be well underftood.

BB C T V.
Of Quarters and Chimés.
HIS being a Part of Clock-Work;

) which was never before treated of,
the Reader will expect I thould fay fome-
thing about it: but becaufe there is little,
but what is purely mechanical in it, 1
fhall fay the lefs, and leave the Reader

to his own Invention.
E 8. 1.
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§. 1. The RQuarters are generally a
ditin& Part from the Clock-Part, which
ftriketh the Hour.

The Striking-Wheel may be the Firft,
Second, or &c. Wheel, according to
your Clock’s continuance. Unto which
Wheel you may fix the Pinion of Re-

ort.

¢ The Locking-Wheel muft be divided
(as other Locking-Wheels) into 4, 8, or
more unequal Parts, {o as to firike the
Quarter, and lock at the firft Notch ;
the half Hour, and lock at the {econd
Notch, &¢. And in doing this you may
make it to chime the Quarters, or ftrike
them upon two Bells, or more.

'T'is ufual for the Pin-Wheel, or the
Locking-Wheel, to unlock the Hour-
Part in thefe Clocks; which is eafily
done by fome Jogg or Latch, at the end
of the laft Quarter, to lift up the De-
tents of the Hour-Part.

If you would have your Clock ftrike
the Hour, at the half Hour, as well as
whole Hour, you muft make the Lock-
ing-Wheel of the Hour-Part double : . e.
it muft have two Notches of a fort to
firike 15 2.2, 4.-C¢c. twice a Piece,

§. 2. As for Chbzmes, I need fay nothing
of the Lifting-Pieces and Detents, to lock

and
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and unlock ; nor of the Wheels to bridle
the Motion of the Barrel, that being
purely mechanical. Only you are to
obferve, that the Barrel muft be as long
in turning round, as the Meafure or
Length of the Tune, or as you are in
finging the Tune it is to play. As for
the Chime-Barrel, it may be made up of
certain Bars, that run athwart it, with
a convenient Number of Holes punched
in them, to put the Pins in and out that
are to draw each Hammer. By this
Means you may change the Tune, with=-
out changing the Barrel. This was the
way of the Royal-Exchange old Clock in
London, and of others., In this Cafe,
either the Bars muft beat the Diftance of
the quicker Time, as a Quaver, &c;
which could not well be admitted of ; or
elfe at a wider Diftance, as {uppofe of a
Semibrief: And in this Cafe, the Pins,
or Nuts which draw up the Hammers,
are fome only of them to ftand upright
in their Holes, and others to bend off
more or lefs, as {uppofe a quarter, half,
or £ of that Diftance between each Bar,
according as the Notes are a quarter,
half, or & of a Semibrief, or the Diftance
between each Bar. Concerning ths Rea-

fon of which, more by and by.
E 2 But
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But the moft ufual way is, to have the
Pins that draw the Hammers, fixed on
the Barrel. For the placing of which
Pins, you may make ufe of the mufical
Notes, or pmceed by the way of Changes
on Bells, wrec. 1,2, 0.0 G T hie fnls
being far the better way, I fhall fpeak of
that chiefly, efpecially becaufe the latter
will fall in to be explained with it.

And firft, you are to obferve what is
the Compafs of your Tune, or how many
Notes or Bells there are from the higheft
to the loweft : and accordingly you mufk
divide your Barrel from end to end.
Thus in the Examples following, each of
thofe Tunes are 8 Notes in Compalfs;
and accordingly the Barrel 1s divided into
8 Parts. Thefe Divifions are ftruck
round the DBarrel, oppofite to which are
the Hammer-Tails. |

I fpeak here, as if there was only one
Hammer to each Bell, that the Reader
may more clearly apprehend what I am
explaining. But when two Notes of the
fame Sound come together in a Tune,
there muft be two Hammers to that Bell,
to {trike it. So that if in all the Tunes
you intend to chime, of 8§ Notes Com-
pafs, there fhould happen to be fuch
double Notes on every Bell, inftead of 8,

}-’OLL
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you muft have 16 Hammers: and ac-
'cnrdingl}r you muft divide your Barrel,
‘and ftrike 16 ftrokes round it oppofite to
each Hammer-Tail. Thus much for
dividing your Barrel from end to end.
In the next place, you are to divide
it (round about) into as many Divifions,
s there are mufical Bars, Semibriefs,
Minums, &¢. in your Tune. Thus the
10oth Pfalm-Tune hath 20 Semibriefs ;
the Song-Tune following, hath 24 Barrs
of triple Time: and accordingly their
Barrels are divided. Each Divifion there-
fore of the 10cth Pfalm Barrel is a Semi-
brief, and of the Song-Tune ’tis three
Crotchets. And therefore the interme-
diate Spaces ferve for the fhorter Notes :
as one third of a Divifion, is a Crotchet,
in the Song-Tune. One half a Divifion,
is a Minum ; and one quarter, a Crotchet,
in the Pfalm-Tune. Thus the firft Note
in the 1ooth Pfalm, is a Semibrief, and
accordingly on the Barrel, ’tis a whole
Divifion from 5 to 5. The fecond is a
Minum, and therefore 6 is but a half a
Divifion from 5; and fo of the reft.
And fo alfo for the Song-Tune, which
is thorter Time : the two firft Notes be-
ing Quavers, are diftant from one another,
and’ from the third Pin, but half a third
Bika Part



B4 Making of Cuar. IL

Part of one of the Divifions. But the
two next Pins (of the Bell 3, 3) being
Crotchets, are diftant fo many third Parts
of a Divifion. And the next Pin (of the
Bell 1) being a Minum, is diftant from
the following Pin (4) two thirds of a Di-
vifion,

From what hath been faid, you may
conceive the {furface of a Chime-Barrel
to be reprefented in thefe Tables, as
{tretcheth out at length: or (to fpeak
plainer) that if you wrap either of thefe
Tables round a Barrel, the Dots in the
'Table, will fhew the Places of the Pins
to be fet on the Barrel.

~You may obferve in the Tables, that
from the end of each Table to the be-
ginning, is the diftance of two, or near
two Divifions: which is for a Paufe, be-
tween the end of the Tune, and it’s be-
ginning to chime again.

I need not fay, that the Dots running
about the Tables, are the Places of the
Pins that are to draw the Hammers,
and fo play the Tune.

A Table
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- If you would have your Chimes com-

pleat indeed, you ought to have a fet of
Bells, to the Gamut-INNotes; {o as that
each Bell having the true found of So/,
La, M, Fa, you may play any Tune,
with it’s Flats and Sharps. Nay, you
may by thefe Means, play both the Bafs
and Treble, with one Barrel.

If any thing going before appears
Gibberifh, I can’t help i, unlefs I {hould
here teach the Skill of Mufick too.

As to fettmg a Tune upon the Chime-
Barrel from the Number of Bells, vz,
1, 2, 3, 4, I fhall here give you a Speci-

men thereof.

The Tune called, Such Command oer iy
Fate, in Numbers.

775 3 3> 1, 4, 5 61 45 4, 2
45 3 2, 3 4 6, 3, 5,7, 7, 7.]
53 63 8: 8} 4, 4—: 4—5 3, 5.} 4.
SRR R B TR REL R
33 1,3 5 554, 2, 4, 6

4y 35 235 35 535 5 7> .75 7>

Note, In thefe Numbers, a Comma [,]
ﬁgmﬁes the Note before it, to be a Crot-
chet. A pricked Comma, or Semicolon
[;] denoteth a pricked Crotchet. And a
' | Period

ol
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Period [.] is a Minum. Where no Punc-
tation is, thofe Notes are Quavers.

I fhall only add further, that by fet-
ting the Names of your Bells at the Head
of any Tune (as 1s done in the Tables be-
fore) you may eafily transfer that Tune,
to your Chime-Barrel, without any great
Skill in Mufick. But obferve, that each
line in the Mufick is three Notes diftant ;
7. e. there 1s a Note between each Line,
as well as upon it: as is manifeft by in-

{pecting the Tables.

< e SRCORE BT A
To calculate any of the Celeflial Motions.

H E Motions I here chiefly intend,
are the Day of the Month and
Year, the Moon’s Age, the Tldes the
Motions of the Planets ; and if you plcaﬂ:,
of their Secondaries or Moons, and of
the Platonick Year, or flow Motion of
the Fixcd Stars, &Gg.
. For the effeCting thefe Motions
n "vVatch Work, you may make them
to depend upon the Work already in the
‘Movement ; or elfe meafure them by the
Beats of a Ballance or Pendulum.

If
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If the latter way, you muft however
contrive a Piece (as before in Watch-
Work) to go a certain Time, with a cer-
tain Time, with a certain Number of
Turns.

But then to fpecify or determine the
Motron intended, you muft proceed one
of thefe two ways: etther,

1. Find how many Beats are in the
Revolution. Divide thefe Beats by the
Beats 1n one Turn of the Wheel, or
Pinion, which you intend fhall drive the
intended Revolution : and the Quotient
{hall be the Number to perform the fame.
Which, if too big for one, may be bro-
ken into more Quotients. Thus, if you
would reprefent the Synodical Revolution
of the Moon, (which is 29 Days, 12 2
Hours) with a Pendulum that {wings Se-
conds, the Movement to go 8 Days, with
16 Turns of the Fufy, and the great
Wheel to drive the Revolution. Divide
2551500  (the Beats in 29 Days 12 &
Hours) by 43200 (the Beats in one Turn
of the great Wheel) and you will have
59 In the Quotient: which being too
" big for one, may be put into two Quo-
tients. Or,

2. You may proceed as is directed be-

fore, in the Section of calculating Watch-
Work,
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Work, vzz. Chufe your Train, Turns
of the Fufy, Continuance, &c. * And
then inftead of finding a Quotient for
the Pinion of Report, find a Number
(which is all one as a Pinion of Report)
to fpecificate your Revolution, by this
following Rule.

Rule. As the Beats in one Turn of the
oreat Wheel, or any other Wheel which
you would have to drive the Revolution-
Work : i1s to the Train :: So are the
Hours of the Revolution you would per-
form : to the Quotient of that Revolution.

Thus to perform the Period of Saurn
(which according to fome, is 29 Years
183 Days) with a 16 hour Watch, of
26928 Beats in one Turn of the Fufy,
and 20196, the Train: the Quotient of
the Revolution will be 193824. For as
26928, To 20196 :: So 258432 (the
Hours in 29 Years and 183 Davs) To
193824. Note here, that the great
Wheel Arbor-Work i1s to drive the Re-
volution-Work,

But if you would have the Revolution
to be driven by the Dial-Wheel, and the
Work already in the Movement (which
in great Revolutions, is for the moft Part
as nice as the laft way, and in which I

intend

* Chap, I, Sefl.'3, '§. 7.
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intend to treat of the particular Motions)
in this Cafe, I fay, you muit firft know
the Pays of the Revolution. And be-
caufe the Dial-Wheel commonly goeth
round twice in a Day, therefore double
the Number of the Days in the Revolu-
tion, and you have the Number of Turns
of the Dial-Wheel in that time. This
Number of Turns is what you are to
break into a convenient Number of Quo-
tients, for the Wheels and Pinions; as
{thall be fhewed in the following Exam-
les.

. §. 2. A Motion to fthew the Day of
the Month.

The Days in the largeft Month are
31%*. 'Thefe doubled are 62, which are
the Turns of the Dial-Wheel, which
may be broken into thefe two Quotients
15+ and 4; which multiplied together
make 62. ‘Therefore chufing your

Wheels and Pinions, as hath
4)62(15% Dbeen directed in the former
5)20(4 Sections, your Work is done.

The Wheels and Pinions
may be, as you fee done in the Margin.
Or if a larger Pinion than one of 5 be
neceflary, by Reafon it is concentrick to

a Whesel

® Oughtred, §. 32,
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a Wheel, you may take 10 4)62(15%
for the Pinion, and 40 for 10)40(4
the Wheel, as in the Margin,

The Work will lie thus in the Move-
ment, v7z. Fix your Pinion 10, concen-
trical to the Dial-Wheel (or to turn round
with 1t upon the fame Spindle). This
Pinion 10 drives the Wheel 40 : which
Wheel has the Pinion 4 in it’s center,
which carrieth about a Ring of 62 Teeth,
divided on the upper fide 1ato 31 Days,

Or, you may, without the trouble of
many Wheels, effe¢t this Motion, wrz.
By a Ring divided into 30 or 31 Days,
and as many Fangs or Teeth, like a
Crown-Wheel Teeth, which are caught
and pufhed forward once in 24 IHours by
a Pin in a Wheel, that goeth round i
that time. This is the ufual way in the
Royal Pendulums, and many other
Watches ; and therefore being common,
I fhall fay no more of it.

§. 3. A Motion to fhew the Age of the
Moon *,

The Moon finifheth her Courfe, {o as
to overtake the Sun in 29 Days, and a
little above an half. This 29 { Days
(not regarding the fmall excefs) makes
5 twelve Hours, or Turns of the Dial-

Wheel,

« Id. ibid. §. 33,
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Wheel, which is to be broken into con-
venient Quo-
10)509(5.0 4)59(144  tients: which
4)4c(10  10)g0(4  may be 59
and 10, asin
the firft Example; or 14 £ and 4, as in
the fecond Example in the Margin. So
that if you fix a Pinion of 10 concentri-
cal with your Dial-Wheel, to drive a
Wheel of 40 (according to the laft Ex-
ample) which Wheel 40 drives a Pinion
4, it will carry about a Ring or Wheel
of 59 Tecth, once in 29 £ Days. Which
Ring may be divided into 29 i Parts;
or carry an Index to point to a Circle fo
divided.

§. 4. A Motion to fhew the Day of the
Year, the Sun's Place in the Eclptick,
Sun’s Rifing or Setting, or any other an-
nual Motion of 365 Days *.

+ 'The double of 765 is 730, the Turns
of the Dial-Wheel in a Year: which

may be broken
4)7a(18, .~ 4)79(185  intothefe Ouos
4)40(10 4)32(8 tients,” vz, 18
5)20(4 4)20(5 + and 10, and

4, according to
the firft Example; or 18 ; 8, and &,
according to the fecond. So thata Pinior;_

0

* Id, ibid.
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of 5 is to lead a Wheel of 20; which
again by a Pinion of 4, leadeth a Wheel
of 40 ; which 3dly by a Pinion of 4,
carrieth about a Wheel or Ring of 73,
divided into the 12 Months, and their
Days ; or into the 12 Signs, and their
Degrees; or into the Sun’s Rifing and
Setting, &c. For the f{fetting on of
which laft, you have a Table in Mr
Oughtred’s Opufcula *, or it may be done
from any well calculated Almanack.

§. 5. To fhew the Tides at any Port.

ThIS is done without any other trouble,
than the Moon’s Ring (before mentioned
§. 7.) to move round by a fixed Circle,
divided into twice 12 Hours, and num-
bered the contrary way to the Age of th
Moon.

To {et this to go right, you muft find
out at what Point of the Compals the
Moon makes full Sea, at the Place you
would have your Watch ferve, to convest
that Point into Hours, allowing for every
point North or South loft, 45 Minutes
of an Hour. Thus at London-Bridge 'tis
vulearly thought to be high Tide, the
Moon at North Eaft and South Welt,
which are 4 Points from the North and
South. Or you may do thus: by Tide-

'Tables,
* Agtom. §. 3;. Id. ibid, § 37.
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‘Tables, learn how many Hours from
the Moon’s Southing, ’tis High-Water.
Or thus; find at what Hour it is High-
Water, at the Full, or Change of the
Moon : as at London-Bridge, the full
Tide is commonly reckoned to be 3
Hours from the Moon’s Southing ; or
t 3 o'Clock at the Full and Change.
The Day of Conjunction, or New-Moon,
with a little Stud to point, being fet to
the Hour fo found, will afterwards point
to the Hour of full Tide.

This is the ufual way; but it being
always in Motion, as the Tides are not,
a better way may be found out, wzz. by
caufing a Wheel or Ring to be moved
forward, only twice a Day, and to keep
Time (as near as can be) with Mr Flam-
fleed’s moft correct Tables. But this I
fhall commit to the Reader’s contrivance,
it being ealy ; and more of Curiofity than
Ufe in it.

§. 6. Do calculate Numbers, to fhew the
Motion of the Planets, the flow Motion of
the fixed Stars, &c.

Having faid enough before that may
be applied here, and given Numbers in
Chap. X. which may be fufficient to
exercife and inftru¢t the Reader in this
Matter ; I {hall not therefore trouble him

OF
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or fwell my Book with fo many Words,
as would be required to treat of thefe
Motions diftin¢tly and compleatly.

Only thus much in general. Know-
ing the Years of any of thefe Revolations,
you may break this Number into Quo-
tients ; 1f you will make the Revolution
to depend upon the Year’s Motion;
which is already in the Movement, and
defcribed §. 4. before. Or if you would
have it depend upon the Dial-Wheel, or
upon the Beats of a Pendulum, enough
1s faid before to diret in this Matter.

In all thefe flow Motions, you may
fomewhat thorten your Labour, by end-
lefs Screws to {erve for Pinions, which
are but as a Pinion of one Tooth.

Sir Jonas Moeor’s account of his large
Sphere going by Clock-Work, will illu-

ftrate this Paragraph *. 1In this Sphere,
1s 2 Motion of 17100 Years, for the Sun’s
- Apogeeum, performed by 6 Wheels, thus,
as Sir Jomas relates it ; < For the great
““ Wheel fixed is 96, a Spindle-Wheel
““ of 12 Bars turns round 1t 8 times in
*“ 24 Hours, that is, in 3 Hours; after
¢ thefe, [hme are 4 Wheels, 20, 73,
“ 24, and 75 wmunht by endlefs Screws
¢ that are in Value but one; therefore

b ¥ 1.110,

#® Mat, Comp p. 117.
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““ 3, 10, 73, 24, and 75, multiplied toge-
“ ther continually, produceth 7884000
“ Hours *, which divided by 24 gives
“ 3285000 Days, equal to goo Years.
“ Now on the laft Wheel 75 is a Pinion
““ of 6, turning a great Wheel, that car-
““ rieth the Apogeum Number 114 : and
“ and 114 divided by 6, gives 19 the
“ Quotient : and goo times 19 is 17100
¢t Xears,

Thus I have, with all the perfpicuity
I could, led my Reader through the
whole Art of Calculation, {o much of 1t
at leaft, that I hope he will be mafter of
it all ; not only of thofe Motions, which
I have particularly treated about, but of
any other not mentioned : Such as the
Revolution of the Dragon’s Head and
Tail, whereby the Eclipfes of the Sun
and Moon are found, the Revolution of
the feveral Orbs, according to the Prole-
maick Syltem, or of the celeftial Bodies
themfelves, according to better Syftems,
with many other fuch curious performan-
ces, which have made the Sphere of
Archimedes of old famous : and fince him,
that of William of Zeland 4, and another-
of Fanellus Turrianus of Cremona, men-

tioned by Cardan, and more lately thofe
elaborate

* V.oelt. 1. 8 44 5 + De Sub. il. L. 17.
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elaborate and curious Pieces of Mr #at-
Jfon, Mr Tompion, and another very lately
of Mr Rowley.

dodedodedodedobdedodododobdolobdolodd dodolodolodolebduldodobdob b
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To alter Clock-Work, or convert one Move-
ment into another.

H IS Chapter I defign for the ufe

| {uch, as would convert old Bal-
lance Clocks into Pendulums, or would
make any old Work ferve for the Tryal
of new Motions, or would apply it to any
other fuch like ufe.

. To do this, you may draw a
Scheme of your old Work: And fo you
will fee what Quotients you have, and
what you will want. To do all which,
there are f{ufficient Inftruétions in the
preceding Chapter. A few Inftances
will make all plain,

~ §. 2. Let us chufe, for Inftance, an
old Ballance Watch to be turned into a
Pendulum of 6 Inches. The old Work

.15, the great Wheel 56, the Pinion 7 ;
thf: next Wheel 54, the Pinion 6; the
2 Crown-
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Crown-Wheel 19, &c. The Scheme of
this Work is in the Margin.
4)48(12 The Quotients and Crown-
Wheel, and two Pallets mul-
7)56(8  tiplied together continually;
6)54(9  produce 2736, which are the
S—— Strokes of the Ballance, in one
19 Turn of the great Wheel, by
Se&t L 8.4, 5. of the laft
Chapter. And by the Quotient of the
Dial-Wheel (which is 12) it appears,
that the great Wheel goeth round once
in an Hour. Or you may find the Beats
in an Hour, by §. 5, laft cited. Having
thus found the Beats in an Hour, of the
old Work, you muit next find the Beats
in an Hour of a 6 Inches Pendulum ;
which you may do by the Table in
Chap. V. §. 4. following ; according to
which the Number is, g9204. Divide
this by 2736, and you have the Quotient,
which is to be added
2736)9204(3% to the Scheme of the
old Work. This Quo-
tient is 3 and near % as you fee in the
Margin. But to avoid the trouble of
Fraltions, let us take it g I.

The
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The Work thus altered, will ftand as

you fee in the Margin, wzz. .

a Pinion 6, and a Contrate-  4)48(12
Wheel 21, muft be added.
According to this way, the  7)56)8

old Work will ftand as be-  6)54(9
fore, only the Crown-Wheel  6)21(3 %
muit be nverted. —_
! But becaufe the 19
Crown-Wheel is too big
tor the Contrate-Wheel (which is un-
feemly) therefore it will be beft to make
both the Contrate and Crown-Wheels
new ; and increafe the Number of the
Contrate-Wheel, but diminith that of
the Crown-Wheel. To do which, pitch
upon fome convenient Number for the
Crown-Wheel. Multiply all the Quo-
tients, and this new Crown-Wheel
Number, as before; and divide 9204
by it. As fuppofe you pitch upon 11
for the Crown-Wheel : If you multiply
8,19, and’ vr, " the Produét 'is' 792 *;
which multiplied by the 2 Pallets, makes
1584, which are the Beats in one Turn
of the great Wheel, or in an Hour.
Divide 9204 by it, and you have near

6 for the Quotient of the Contrate-
ey ClorWeek

* V. 5e&, 1..4. 6,
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Wheel. The Work thus ordered, will
ftand as in the Margin.

1c6(8 If you would corret your
Z)s E Work, to find the true Num-
6)5‘2 g ber of Beats in an Hour, &c.

36( you muft proceed, as is fhewn
Sect. 2. §. 7, and latter end
of §. 8. of the laft Chapter.

§. 4. But {uppofe you have a mind
to change the former old Watch, into
a 30 Hour-Piece, and to retain the
old Ballance Wheel (which may be of-
ten done) : In this Cafe, you muft add a
Contrate-Wheel, and alter the Pinion of
Report. For the Contrate-Wheel, chufe
fuch a Quotient as will beft fuit with the
reft: of your Work ; and then multiply
all your Quotients, Crown-Wheel, and
2 Pallets together, and fo find the Num-
ber of Turns in the great Wheel, as be-
fore. Then fay, by Sect. 2. §. 7. Part
v. before, as the Beats in one Turn of
the great Wheel, to the Beats in an Hour
:: So are the Hours of the Dial, to the
Quotient of the Pinion of Report.

Thus in the old Work before ; to the
old Quotients 8, and 9, you may add
another of 8, for the Contrate-Wheel.
Thofe multiplied, as was now directed,
make 21888, for the Beats in one Turn

of

5 B |
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of the great Wheel. And then for the
Quotient of the Pinion of Re-

port, fay in Numbers thus, 6)30(
2r888a 68 o2 ° r2fEl* The 56(§
Quotient for the Pinion of 6) 54(9
Report is fomewhat more than ~ 6)4.8(8
5, which overplus may be e
neglected, as you fee by the 19
Scheme of the whole Work

in the Margin.

If you defire to know what Number
of Turns the Fufy muft have in this
Work ; fay by the laft quoted Section,
Part 1, in Numbers thus, 21888.9368
:: 30.13 almoft, So that near 13 Turns
will do.

If you would corre¢t your Work, to
know the exaét Beats, &c. you are re-
ferred to Direttions in the End of the
laft Paragraph.

But fuppofe in altering an old Watch,
you would have it fhew Minutes, as
well as Hours ; you may do it thus : Di-
vide the Beats in one Turn of the great
Wheel, by the Beats in an Hour; the
Quotient will thew in how many Hours
the great Wheel goeth round once. If
the Beats in the great Wheel exceed the
Train, you muft chufe your Mjnute-
Wheel firft, and multiply it by the Quo-

g tient
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tient found ; this will give the Pinion of
Report. But if the Train exceeds the
Beats of the great Wheel, you mutft chufe
the Pinion of Report and multiply the
Quotient by it: the Product is the Minute-
Wheel.

But it often falls out, that the Train
and Beats of the great Wheel will not
exaltly meafure one another : if {o, the
beft way 1s to half the two Numbers as
far as they will equally admit of halfing ;
or divide them by fome common Divifor,
and fo having brought them to as {mall
Numbers as you can, you may fuppole
them to be a Wheel and Pinion, and re-
duce them to lefler Numbers, by Chap.
II. Se&. 2. §. 6. Thus fuppofe you
would make the old Movement laft men-
tioned, a Minute-Watch ; you may re-
duce the Numbers of the great Whee]
21888, and the Train 9368, to a Pinion
and Wheel 28) 12. by the Direttions
laft cited. Which Pinion 28 being fet
upon the Spindle of the great Wheel,
will drive a Wheel 12 round once in an
Hour, to fhew Minutes. If (as in the
Movements in Chap. X.) you make this
Wheel 12. drive another of 48; con-
centrical to which, 1s a Pinion 12, driving

a2 Wheel 36 (which Wheel is concen-

trical
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trical with the Minute-Wheel) this will
carry a Hand round in 12 Hours. But
in this Cafe, you muft place the Pinion
28 on the Spindle of the great Wheel
{0 as to {lide round ftiffly, when you turn
tne Minute-Hand to rectify the Watch.

§. 5. I fhall add but one thing more,
to what hath been faid in this Chapter,
and that is to change the ftriking Part of
this old Movement, into a 30 Hour-
b Piece. |

A Scheme of the old
Work 1s in the Margin.  4)39(g %

And to alter it, the ’
beft way is, to double 7)56(8 pins
the Number of ftriking  6)54(9
Pins, making the 8, 6)48(3
fixteen Pins, and the
Hoop of the Detent-Wheel double, that
the Pin-Wheel may ftrike two Strokes,
in 1t's going round once.

The greateft inconvenience here, will
be to bridle the rapidity of the Strokes;
which a Quotient of 2 alone added to the
old Work, would be futlicient for: But
this being an inconvenient Number, it
will be neceflary to be content with the
old Numbers, or make more Wheels
and Pinions new, than may be thought
worth the while.

If
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If you will find what Number of
Turns the Fufy will require ; you muft
find how many Strokes are in 30 Hours,
by “Sect: 7..8.°2! R. 0" before, ' Thele
are 195 ; which divided by the 16 Pins,
gives fomewhat more than 12 Turns of
the Fufy.

Laftly, for the Pinion of Report, you

muft purfue the Di-
5)24(37 reCtions 1n the laft
: quoted place, R. 3.
7)56(8.16 pins The Work thus al-
6)54(9 - tered, will ftand as in
6)48(8 the Margin.

sfsjesferderdofodidedofoleduodifoioieduioldoioiioioolbolrioidedob i d b

M AP 1Y

To fize the Wheels and Pinions, or propor-
ton them to each other, both Arithme-
tcally and NMechanically.

§. 1. OR the exatt and eafy mov-
ing of the Wheels and Pinions

together, it is neceflary that they thould
ﬁt each other, by having their Teeth
and Leaves of the fame widenefs, or
near of the fame widenefs. For many
do make the Leaves of the Pinion nar-
rower
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rower than the Teeth of it's Wheel, by
reafon of their running deep in each
other ; which 1s as if the Diameters of
the Wheel and Pinion were lefs. But
this I leave to thofe whofe Pra&ice and
Obfervations are greater than mine In
thefe Matters.

§. 2. To make the Teeth of a Wheel
and Pinion alike, the way Arithmetically
1s thus : Firft you muft find the Circum-
ference of your Wheel and Pinion;
which you may beft do by the Rule of
Three ({o often made ufe of before),
The Rule is thus, As 7 isto 22 :: So is
the Diameter to the Circumference. Or
more exactly thus, as 1 isto 3,1416 ::
So Diam. to Circum.

Suppofe you have a Wheel of 2 Inches
Diameter, and 6o Teeth, and would fit
to it a Pinion of 6 Leaves, Firft 7.22
120260 90 i T e Kincumfdrénee ~of 1 the
Wheel, is then 6 Inches, and 3 Tenths
of an Inch Then fay, As the Teeth
of the Wheel to the Circumference of
it : : So are the Leaves of the Pinion, to
the Circumference thereof *. In Num-
bers thus, 60.6,3 :: 6.63. The Pinion
then is 63 hundredth Parts of an Inch
round.

Now
* Sir J. Moor, Mat. Com. R. 3.
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Now to find the Diameter, ’tis but the
reverfe of the former Rule, vz, As 22.
to 7 : : So the Circumference to the Dia-
meter. In Numbers thus, for the fore-
going Pinion, 22.7 :: 63.2. The Dia-
meter then of the Pinion muft be two
Tenths of an Inch, to fit the aforefaid
Wheel of two Inches Diameter.

§. 3. But becaufe this way may be
difiicult to Perfons unacquainted with
Decimal Arithmetick, which i1s very ne-
ceffary here ; therefore I fhall fet down
a way to do it Mechanically. Having
drawn a Circle, divide it into as many
Parts as you intend Leaves in the Pinion
you would fize, From two of thefe
Points 1n the Circle, draw two or more
Lines to the Center: to which apply
two of the Teeth of your Wheel, guiding
them up and down ’till they touch at
the fame width on thefe Radii or Lines.
Mark where this Agreement is, and a
{mall Circle drawn there, will reprefent
the Circumference of the Pinion fought
after. '

CiEA B
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QO ROOPODPQOEQQBRROIRIQEOOOD
ClH &PV,
Of Pendulums.

S0 MONG all known Mo-

tions, none meafureth Time
{o regularly, as that of a Pendulum. But
yet Watches governed hereby are not fo
perfect, but that they are {ubject to the
Variations of Weather, Foulnefls, &&.
And the fhorter and leffer the Pendulum
is, fo much the more {ubjeét fuch
Watches are to thefe Annoyances.

As to the Caufe and Degree of thefe
Variations, the following Experiments
will in fome Meafure difcover, which I
made upon my own Clock, that goes all
the Year, with  as great exaltnefs, as I
believe any of the prefent Clocks are ca-
pable of. The Clock vibrates Seconds,
the Ball of the ufual Weight (about 5 /4.)
with fuch a Regwlating Bob underneath
as is defcribed §. following, and is repre-
{fented in Fig. 1. Numb. 4.

This Clock having for fome Years
kept time as well as could be expeéted,
I hung upon it’s Weight an Addition of

6 Pound
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6 Pound in Auguft and September 1706,
and in Fuly and Auguft 1707, and after-
wards ‘In Ocfober and November 1712,
This Increafe of the Weight, although
it made the Vibrations larger (as I found
by an Index I have for that purpofe), yet
were they the quicker, and made the
Clock gain about 13 Seconds every Day ;
even in thele warmer Months when all
Pendulum Clocks are apt to go too flow,

as much as in Winter they go too faft.
And from hence we may manifeitly
perceive what the Caufe 1s of thofe Va-
riations, which the Weather, Foulnefs,
&e. produce in the going of Clocks;
and that is the Power of the Weight or
Spring, that drives the Work, 1s increafed
or diminifhed thereby. Thus warm
Weather (by attenuvating the Oyl, &%¢.)
and Cleannefs, give the Weight or Spring
their full Power, or Force, But cold
‘Winter Weather thickens the Oyl in the
Pivot-Holes, and alfo makes the Metal
rigid, and indeed contralts it, as I find
by Experiments on warmed and frozen
Iron. And Foulnefs in the Oyl makes
it ftiff and tenacious, like Bird-Lime,
All which, as it clogs the Work, fo as
fometimes to ftop the Clock’s Motion ;
{o it diminifheth the Force of the Weight
or
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or Spring, and in effect 1s equivalent to
the taking off fo much weight, or
{trength.

This is the principal Caufe of the Al-
terations in Pendulum-Clocks. Befides
which there are fome lefler Caufes; as
the Rarity and Denfity of the Air, which
hath fome influence upon the Pendu-
lum moving in it; as appears from my
Experiments made on Pendulums in
the Air-Pump, in Philsfophical Tranf-
attions, Number 294. Alfo as moft
long Pendulums have commonly flender
Rods, which may be obferved to bend
a little at the end of each Vibration; fo
the cold or warmth of the Weather, by
making the Rod more rigid, or more
flexible, makes fome little alteration in
the Vibrations.

To remedy this laft Inconvenience, I
know a Watch-Maker that makes his
Pendulum-Rods thin, but broad at Bot-
tom next the Ball, and fo tapers them
up ’till they end in the Spring at Top.
This he cryed up to me as a wonderful
Difcovery, and kept it as a great Noffrum
and Arcanum for {fome time.

But for a general remedy to all Incon-
veniences, one way is, to make the Pen-
dulom long, the Bob heavy, and to

vibrate
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vibrate but a little way from it’s fettlement.
Which i1s now the moft ufual way in
England. The other is the Contrivance
of the Ingenious Mr Chriflzan Huygens,
which is, to make the upper Part of the
Rod, play between two Cheek Parts of a
Cycloid.  Sir fonas Moor fays *, that
after fome time, and charge of Experi-
ments, he believes this latter to be the
better way. And Mr Huygens calls it
admirable.

If any defire to know how to make
thofe Cycloidal Cheeks fit to all Pendu-
lams, I refer him to the aforefaid Mr
Huygens's Book -, becaufe I can’t thew
how to do it, without the trouble of
Figures ; and this way is much ceafed,
fince the Crown-Wheel Methed (to
which it is chiefly proper) is fwallowed
up by the Royal Pendulums.

§. 2. Another thing to be remarked
in Pendulums is, that the greater their
Vibrations are, the flower they are. For
if two ifochrone Pendulums do move,
one the quadrant of a Circle, the other
not above 3 or 4 Degrees, this latter fhail
move fomewhat quicker than the former,

Which is one Reafon, why fmall Crown-
W heel

* Mat. Comp. Rule 3.
1D Horol, Ofcll. p: 19, 11, 12
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Wheel Pendulums go fafter in cold
Weather, or when foul, than at other
times.

§. 3. For the Calculation of all Pen-
dulums, ’tis neceffary to fix upon fome
one, to be as a ftandard to the reft. I
pitch upon a Pendulum to vibrate Se-
conds each ftroke.

Mr Huygens lays down the length of
a Pendulum to {wing Seconds to be 3
t'eet, 5 Inches, and 2 Tenths of an Inch
(according to Sir °F. Moor's Reduction of
it to Englyfh Meafure) *.

«« The Honourable Lord Brouncter,
“ (faith Sir ‘fonas ) and Mr Rook, found
“ the length to be 39.25 Inches, which
“ a little exceeds the other : and may be,
« was juftened by Mr Huygens's Rule
“ ‘for the Center of Ofcillation.”* For
“ Moutorn’s Pendulum, that fhall vibrate
““ 192 times in a Minute, it will be found
“ Likewife 8.1 Inches agrecing to 39,2
Inches Englifb. Therefore for certain
““ 39,2 Inches may be called the Unrver-
““ fal Meafure, and relied on, to be the
“ near length of a Pendulum that fhall
“ {wing Seconds each Vibration.”

But forafmuch as the different Size of
the Ball, will make fome Difference in

G the
* [hid. } Ihid.

™

Ll

L
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the length of this ftandard Pendulum,
therefore to make this Pendulum an Un:-
verfal Meafure, to fit all Places and Ages,
you muft meafure from the Point of
Sufpenfion, to the Center of Ofcillation.
Which Center is found by this Rule *,
As the length of the String from the
Point of Sufpenfion to the Center of a
round Ball : is to the Semi-diameter of
that Ball : : So is that Semi-diameter to a
4th Number. Add two sths of that 4th
Number, to the former length, and you
have the Center of Ofcillation; and
thereby the true length of this Standard
Pendulum.

If it be defired to fit a Ball of a T'rian-
gular, Quadrangular, or any other form
to this Pendulum, the Center of Ofcilla-
tion in any of thefe Bodies may be found
in the laft cited Book of Mr Huygens.

X it be afked, what is the meaning of
the Center of Ofcillation ? The moft in-
telligible Anfwer I can give an unfkilful
Reader 1s, that it is that Point of the
Ball, at which, if you imagine it divided
into two Parts, by a Circle, whofe Cen-
ter is in the Point of Sufpenfion, the

lower Part of the Ball fhall be of the
fame Weight with the upper.

§- 4.
* Huygenius, uby fupra, p. 141, Sir J. Moor, ibid.
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4. Having thus fixed a Standard, 1
fhall next thew how from thence to find
the Vibrations, or Lengths, of all other
Pendulums. Which is done by this Rule,
The Squares of the Vibrations, bear the
Jame Proportion to each other, as their
lengths do *. And fo contrarywife.
Wherefore by the Number of Vibrations
to find the length of the Pendulum that
will vibrate them fay, As the Square of
thofe Vibrations, is to the Square of 6o
(the Vibrations of the Standard in a
Minute) :: So 1s the length of the
Standard (v72. 39,2): to the length of
the Pendulum fought. |

If by the length, you will find the
Vibrations, ’tis the reverfe of the laft
Rule, v2z. As the Iength propofed : to
the Standard (39.2) :: So is the Square
of 6o (the Vibrations of the Standard) :
to the Square of the Vibrations fought.

Suppofe, for Example, youwould know
of what length a Pendulum is of, that
vibrates 153 ftrokes in a Minute. The
Square of 153 (7. e 153 times 153) IS
23409. Say 23409.3600::392.6. A
Pendulum then” that vibrates 1 53 in 3
Minute, is about 6 Inghes long.

G 2 On
* Huygens, Moor, ibid.
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On the other Hand, if you would

know how many ftrokes a Pendulum of
6 Inches hath in a Minute ; fay, 6.79,2
:: 3600.23520. The fquare Root where-
of is 153, and fomewhat more.
. Note, becaufe 141120 is always the
Produ& of the two middle Terms mul-
tiplied together, therefore you need only
to divide this Number by the Square of
the Vibrations, it gives the length {fought :
by the length, it gives the Square of the
Vibrations.

If you operate by the Logarithms, you
will much contrat your Labour. For
if you feek the length, ’tis but fubftrac-
ting the Logarithm of the Square of the
Vibrations, out of the Logarithm of
141120, which is 5.1495886, and the
remainder is the Logarithm of the length
fought.

If you feek the Vibrations, it is but
{fubftracting out of the aforefaid Loga-
rithm 5.1495886, the Logarithm of the
length given, and half the refidue is the
Logarithm of the Vibrations required.
The following Examples will illuftrate
each particular.

To
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To find the Length.

Logarithms.
141120 5.194.5886

153 fquared 18 23409 or
(which is the fame thing:‘% 1693828

and moft ready) it’'s Lo-
garithm doubled i1s
Length is more than 6

0.7802058
To find the Vibrations,

Logarithms,
141120 = - - (3 1495886
6.Inches long——— 0.778 15:2
Square of the Vibrations 4 3714374

Square Root, or Number

of Vibrationsis 153,and ¢ 2.1857187

fomewhat more.

According to the foregoing Direétions,
I have calculated the following Table to
Pendulums of various Lengths, and have
therein thewed the Vibrations in a Minute
and an Hour, from 1 to 100 Inches.

(& 3 ..rf Tdﬁf’t’
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A Table of Swings in a Minute, and in an
Hour, to Pendulums of [feveral lengtbhs.

| Pend. | Vibrat. | Vibrat. ||Pend. | Vibrat, | Vibrat,
length] ina | inan |[|length| ina in an
in | Minute. | Hour. in | Minute.| Hour.
Inches Inches
1 | 3757 [22542{| 30 | 686 | 4116
2 {2656 |15936 —
3 |2169 |13014(|39.2 | 600 | 3600
4 | 1878 |11268 —
5 | 1680 |10080|| 40 | 59.4 | 3564
6 |153.3 | 9204|| 50 | 53,1 | 3186
7 | 142,0| 8520|| 60 | 48,5 | 2910
8 11328 7968|| 70 | 44,9 | 2694
9 12521 753211 80 420 | 2520
103188 | 7128|| g0 | 396 | 23276
20 | 84,0 | 5040|l100 | 375 | 2250

The ufe of this Table 1s manifeft, and
needs no explication. As to the Decimals
in the Column of Minute-Swings, I have
added them for the fake of calculating the
Column of Hour-Swings ; which would
have been judged falfe without them,
and. would not have been exactly true
without them.

§. 5. I have but one thing more to
add to this Chapter of Pendulums, and
that is, To correct their Motion. .

The
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The ufual way is, to fcrew up, or let
down the Ball. In doing of which, a
fmall alteration will make a confiderable
variation of Time: as you will find by
Calculation, according to the laft Para-
graph. To prevent the Inconvenience of
{crewing the Ball too high, or low, Mr
Smith * hath contrived a Table for divid-
ing the Nut of a Pendulum Screw, fo as
to alter your Clock but a Second in a Day.
But by reafon no Screw and Nut can be
fo made, as to be moft exactly ftrait and
true ; therefore it may happen, that in-
ftead of altering your Watch to your
mind, you may do quite contrary; as in-
ftead of letting the Ball down, you may
raife it higher, by the falfe running of
the Nut upon the Screw.

Confidering this irremediable Inconve-
nience, I am of opinion, that Mr Hiy-
gens's way 1s much better . His way 1s,
to have a fmall Weight or Bob, to {lide
up and down the Pendulum Rod, above
the Ball (which is immoveable). Butl
would rather advife, that the Ball be
made to {crew up and down, to bring
the Pendulum pretty near it's guage : and
that this little Bob fhould ferve only for
more nice Corrections ; as the alteration

G 4 of

* Horol. Difquif. 4 De Centro Ofcil. Prop. 23,
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of a Second, or &¢. which it will do
better than the great Ball. For a whole
turn of this little Bob, will not affect the
Motion of the Pendulum fo much as a
fmall alteration of the great Ball.

The DireCtions Mr Huygens gives
about this little Corre&or, 1s, that it
thould be equal to the wmght of the
‘Wire, or Rod of the Pendulum, or about
a soth Part of the weight of the great
Ball, which he appoints to be three
Pounds.

If the Reader hath a mind to {ee what
Alterations the {liding the Bob up and
down will make in the Motion of the
Pendulum, he may find a Table ingeni-
oufly calculated in_the great Man’s laft
cited Book. In which Table it may be
obferved, that a {mall alteration of the
Corrector towards the lower end of the
Pendulum, doth make as great an altera-
tinn of Time, as a greater raifing or fall-
lng of 1t, doth make higher. Thus the
little Bob raifed 7 Divifions of the Rod,
from the Center of Ofcillation, will aItEI
the Watch 15 Seconds ; raifed 12 "twill
alter it 30 Seconds. But whereas if it be
raifed to 1543 Parts of the Rod, it will
make the Watch go fafter 3 Minutes.
15 Seconds, the Watch fhall be but 3

By
Minutes
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Minutes 30 Seconds fafter, if the Bob be
raifed to 192.6. So that here you have
but 15 Seconds variation, by raifing the
Bob above 38 Parts ; whereas lower, you
had the {ame Variation, when raifed not
above 7 or 8 Parts.

But I have found it to be a very com-
modious way, to put a {fmall Bob of
about 10 Ounces underneath the great
Ball of 3 or 4/5. to be fcrewed higher
or lower, as occafion 1s.

The ufe of this little Ball, or Correéor,
1s this ; when you have brought the great
Ball near it’s true length, fo that the
Pendulum will keep time pretty well,
the little Ball will bring it to a much
oreater exactnefs, by reafon many of
it's Turns will no more influence the
Motion of the Pendulum, than the {mall-
eft alteration of the great Ball: So that
if your Clock fhould in a Week, or a
longer time, err but a few Seconds, you
may by fcrewing up or letting down
this Bob, or little Ball, Fig. 1. No. 4.
corre&t even that Minute error, and {o
bring your Clock to keep Time well all
the Year, abating for the Alterations
from Weather, &'c. which I {pake of.

If the Reader fhould have a curiofity
to know what Alterations the {crewing

up,
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up, or letting down, the great Ball will
caufe in 24 Hours of the Clock’s going ;
this Table I calculated on purpofe to thew
him. Which will need but little Expli-

cation.

Pendul. | Variation
Length. |of Vibrat.
In. Ten. |Min. Sec.
J8a 0122 " 13
38 ¥l20° 38
3B EINE g2
30 1z 116 48
38 4|14 55
28« 5FIQ: 2
g8 A-DLLT 0
38..:719 10
38 8|7 ©225
38 9|5 1z 32
oL B RS
i NS L RS
g L2los, U0
39 50
39 § 40
39" 515 K29
39 6|7 819
39" Y955 7
39 8|10 57
29 - -9la2 | 42
l40 o014 29

Suppofing your Pen-
dulum that vibrates Se-
conds to be 39 Inches
and 2 Tenths, if you
thould fhorten it to 39
Inches, it would go 3
Minutes 42 Seconds fa-
{ter than before: But
if you fhould lengthen
it to 39 Inches 3 Tenths,
it would go 1 Minute
50 Seconds {lower.

And fo for the reft of
the Table.

If then the great
Ball {lides on a flat
Piece of Brafs divided
into Inches and Tenths,
it will be eafy to dif-
cern what Alterations
will be caufed by the
raifing or falling of it.

C H AT,
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G A Pl L VE

The Antiquity and general Hiffory of
Watch or Clock-Work.

§. 1. § T is probable that in all Ages,

fome Inftruments or other have
been ufed for the meafuring of Time.
But the earlieft we read of, is the Dial/
of Abaz. Concerning which, little of
certainty can be faid. The Hebrew
Word Mayalosth * doth properly fignify
Degrees, Steps, or Stairs, by which we
afcend to any Place. And fo this Word
Mayaloth is rendered Ezek. x1. 26. And
accordingly the LXXII tranflate the
Mayaloth of Abaz, by the Words Babuss
and Avalaluds, 7. e. Steps, or .Afcents.
The like doth the Syriack, Arabick, and
other Verfions.

Some pretend to give a Defcription of
this Dial of Abaz : but it being meer
~ guefling, and little to my Purpofe, I fhall

not trouble the Reader with the various

Opinions about it.
Among’"

* 2z Kings xx. 11. Ifaiah xxxviii, 8.
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Among the Greeks and Romans, there
were two ways chiefly ufed to meafure
their Hours. One was by Clepfydre, or
Hour-Glaffes, The other by the Solaria,
or Sun-Dials. The Kaeluldpe, fay Suidas *
and Phavorinus, was "Ogyavos disponoynov i
0 s Gpos wevpsilen s 1. e, An Afironomical In-
Sfrument, by whbich the Hours were meafu-
red. Alo, that it was a Veffel, baving a
little Hole in the bottom, which awas. fet in
the Courts of TJudicature, full of Water ;
by which the Lawyers pleaded. This was,
fays Phavorinus -, to prevent babbling,
that {fuch as {peak, ought to be brief in
their Speeches.

As to the Invention Df thofe Water-
Watches (which were, no doubt, of
more common ufe, than only in the
Law-Courts) the Invention, I fay, of
them, is attributed, by Cenforinus ||, to
P. Cornelius Nafica, the Cenfor. Scipio
Nafica, P.fz'ﬂy calls him, and faith, Pri-
mus aqud divifit Horas cequeé ?mﬂmm ac
dierum. Idgue Horologium fub tecto dicavit
anno Urbis 595, 1. e. Scipio Nafica was
the firft that by Water meafured the Hours
of the Night as awell as the Day. And
rbar Clock he dedicated within Doors in the

Year

* Lexic. in verbo &ear.  + In verbo xaedud'ey.
|| De die Nat. c. z3.
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Year U. C. 595. which time fell in about

the time of Fudas Maccabeus, about 150
Years before our bleffed Saviour’s Days.

The other way of meafuring the
Hours with Swn-Dials, {eems, from Pliny
and Cenforinus, to have been an earlier
Invention than the laft. Plny fays *,
that Anaximenes Milefius, the Scholar of
“ Anaximander, invented Dialling, and
«“ was the firft that {hewed a Sun-Dial
““ at Lacedemon.” Vitruvius - calls him
Milefius Anaximander. 'This Anaximan-
der, or Anaximenes, was contemporary
with Pythagoras, f{ays Leaértius; and
flourifhed about the time of the Prophet
Danzel.

But enough of thefe ancient Time-
Engines, which are not very much to
my Purpofe, being not Pieces of Watch-
Work. |

§. 2. I fhall in the next Place take
Notice of a few Horological Machines,
that I have met with; which, whether
Picces of Clock-Work, or not, I leave
to the Reader’s Jugdment.

The firft 1s that of Dionyfius, which
Plutarch || commends for a very magnifi-
cent and illuftrious Piece. But this

might

*Nae. Hik 1. 2. ¢ 496 + De Archit L. 6. c. 48.
i In the Life of Dion.
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might be only a well delineated Sun=
Dial.

Another Piece, is that of Sapor King
of Perfia ¥, Whether that Sapor, who
was contemporary with Conflantine the
Great, 1 know not. Cardan {aith, it
was made of Glafs; that the King could
fit in the middle of it, and fee it’s Stars
rife and fet. But not finding whether
this Sphere was moved by Clock-Work,
or whether 1t had any regular Motion,
I fhall fay no more concerning it.

The lat Machine I fhall mention 1n
this Paragraph, 1s one I find defcribed
by Vitruvius 4. Which to me feems to
be a Piece of Watch-Work, moved by
an equal influx of Water.

If the Reader will confult the French
Edition of Vitruwvius, he will find there
a fair Cut of it.

Among divers Feats which this Ma-
chine performed (as founding Trumpets,
throwing Stones, &c.) one ufe of it was,
to thew the Hours (which were unequal
in that Age) through every Month of
of the Year. The Words of Vitruwius
are, Aqualiter influens aqua fublevat [ca-
phum inverfum (quod ab artificibus ﬂj?’las

1ve

* Eufeb. Vit. Conft. 1. 3. De Subtil. 1. 17.
4+ De Architedt. 1. 9. c. g.
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Sfrve tympanum dicitur) in quo collocata re-
gula, <verfatilia tympana denticulis equali-
bus funt perfecta. Qui denticuli alius alium
impellentes, wverfationes modicas faciunt, ac
motiones. Item alie regule, aliaque tym-
pana ad eundem modum dentata, que una
motione coacta, verfando faciunt effecius,
varietate/que motionun : in quibus moventer
Jigilla, vertuntur metee, calculi aut tona
projiciuntur, buccine canunt, &c. In bis
etiam, aut in columna, aut paraflatica
horee defcribuntur 5 quas figillum egrediens
ab imo virgule, fignificat, in diem totum :
quarum brevitates aut crefcentias, cuncorum
adjeclus aut exemptus, in fingulis diebus &
menfibus, perficere cogit.

The Inventer of this famous Machine,
Vitruvius {ays, was one Ctefibius, a Bar-
ber’s Son of Alexandria *. Which Ctefi-
bius flourithed under Prolomy Euergetes,
fays, Atheneus, 1. 4. And if fo, he
lived about 140 Years before our Saviour’s
Days ; and might be contemporary with
Archimedes.

§. 3. Thus having given a {mall ac-
count of the ancient Ways of meafuring
Time, it is titme to come clofer to our

Bufinefs, and fay fomething more parti-
cularly of Watch and Clock-Work.
Which

* Vide Philand. nat. in Vitruy.



g6 The Antiguity  Cuapr. VI.
Which is thought to be a much younger
Invention, than the forementioned Pieces ;
and to have had 1t's beginning in Germa-
ny, within lefs than thefe 200 Years. It
is very probable, that our Ballance-Clocks
or Watches, and {ome other Automata,
might have their Beginning there; or
that Watch and Clock-Work (which
had long been buried in Oblivion) might
be revived there. But that Watch and
Clock-Work was the Invention of that
Age purely, I utterly deny; having (be-
fides what goes before) two Inftances to
the contrary, of much earlier Date.

§. 4. The firft Example is the Sphere
of Archimedes; who lived about 200
Years before our Saviour’s Days. There
is no Mention of this Sphere in Archs-
medes his extant Works : but we have an
account of it in others. Cicero {peaks
of it more than once. In his 2d Book
De Natura Deorum, are thefe Words ;
“ Archimedem arbitrantur plus valuiffe in
“ rmitandis Sphere converfionibus, quam
‘“ Naturain in efficiendss, &c.” 1. e. Thofe
Joolifb Philofopbers imagine, that Archi-
medes was able to do more in imitating the
Motions of the Sphere, than Nature in effec-
ting of them. And in his Tufculan *
Queftions,

* Jib. | i ES- Edit- Elzﬂvirq
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Queftions, the Collocutor, proving the
Soul to be of a Divine Nature, argues
from this Contrivance of Archimedes, and
fays, Nam cum Archimedes Lunce, Solis
quinque errantium motus in [pheram illf-
gavit, effecit, &c. The Senfe is, that
Archimedes contrived a Sphere, which
fhewed the Motion of the Moon, Sun,
and five Planets.

But the moft accurate Defcription is
that of Claudian *, in thefe Words.

Fupiter in parvo cum cerneret athera vitro,
Rifit, & ad fuperos talia difta dedit :
Huccine mortalis progrefla potentia curce ¢
Fam meus in_fragili luditur orbe labor.
Fura polt, rerumque fidem, legefque Deorum
Ecce Syracufius tranflulit arte fenex.
Inclufus variis famulatur [piritus aftris,
Et vivum certis motibus urget opus.
Percurrit propriummentitus fignifer annum.
Et fimulata novo Cynthia menfe redit.
Famaq; fuumvolvens audax induftria mundum
Gaudet, & bumana fidera mente regit.
Quid falfo infontem tonitru Salmonea miror?
Aimule Nature parva reperta mans.

* Fplgr n SPhEI‘. Archimed.

H In
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In Engli[h thus :

When Jove ¢/py’d in Glafs bis Heavens made,
He [mil'd, and to the other Gods thus [aid :
*Tis firange that buman Art fo far proceeds,

To ape in brittle Orbs my greatefp Deeds.

The beavenly Motions, Nature's conftant Courfe,
Lo ! bhere old Archimede to Art transfers.

TH inclofed Spirit bere each Star doth drive
And to the living Work [ure Motions give.

The Sun in counterfeit bis Year do run,

And Cynthia too ber monthly Circle turn.

Since now bold man bath WWorlds of’s own defery’d
He joys, and B’ Stars by human Art can guide.
Why [bould we [0 admire proud Salmons ¢heats,
When one poor hand Nature's chief Work repmrj 2

}'rum this Defcription it appeareth,
that in this Sphere, the Sun, Moon, and
other heavenly Bodies, had their proper
Motion : and that this Motion was eftec-
ted by fome enclofed Spzrsz.  What this
encly ﬁ*d Spirit was, I cannot tell, but fup-
pofe it to be Weights or Springs, with
Wheels or Pullies, or fome fuch means
of Clock-Work : Which being hidden
from vulgar Eyes, might be taken for
fome Angel, Spirit, or Divine Power ;
unlefs by Spirit here, you underftand

{fome



Cuapr. VI.  Of Clock-Work. 99

fome aérial fubtilized Liquor, or Va-
pours. But how this, or indeed an
thing but Clock-Work, could give fucK
true and regular Motions, I am not able
to guefs.

§. 5. The pext Inftance I have met
with of ancient Clock-Work, is that fa-
mous one in Creero *, which, among
other irrefragable Arguments is brought
in to prove, * That there is fome intel-
¢ ligent, divine, and wife Being, that
‘“ inhabiteth, ruleth in, and is as an
“ Archite¢t of fo great a Work, as the
« World is,” as the Stoick exprefleth
himfelf. His Words (fo far as they re-
late to my prefent Purpofe) are thefe:
“ Cum Jolarium wel defcriptum, aut ex
““ aqua contemplere, intelligere declarar:
“ boras arte, non cafu, &c.” And a little
after, Quod fi in Scythiam, aut in Britan-
niam, [pheram aliquis tulerit hanc, quam
nuper familiaris nofler effecit Pofidonius, cu-
Jus_fingule converfiones idem efficiant in_file,
& in luna, & in quinque flellis errantibus
quod efficitar in celo fingulis diebus, & noc-
tibus 5 quis in illa barbarie dubitet, quin ea
Jphzra fit perfecta ratione? The fum of
the Author’s meaning is, ¢ That there
«« were Sun-Dials defcribed, or drawn

5 [with
* De Nat. Deor, Lib. 11. §. 34.
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[with Lines, after the manner as our
Sun-Dials are:] ¢ and {fome made with
“ Water (which were the Clpfydre,
« or Hour-Glafies, before-mentioned).
“ 'That Pojidonius had lately contrived a
“ Sphere, whofe Motions were the fame
“ in the Sun, Moon, and five Planets, as
‘““ were performed in the Heavens each
““ Day and Night.”

The Age wherein this Sphere was 1n-
vented, was Cicero’'s Time, which was
about 8o Years before our Saviour’s
Birth.

And that it was a Piece of Clock-
Work, is not (I think) to be doubted, if
it be confidered, that it kept time with
thofe Celeftial Bodies, imitating both
their annual and diurnal Motions; as
from the Defcription we may gather it
did.

It may be queftioned, whether thofe
Machines were common or not: I believe
they were Rarities then, as well as Mr
Watfor's and others are accounted now.
But methinks it is hard to imagine, that
{o ufeful an Invention fhould not be re-
duced into common ufe ; it being natu-
ral, and eafy to apply it to the meafuring
of Hours (though unequal) efpecially in
two fuch Ages, as thofe of Archimedes

and
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and Tu/ly were, in which the liberal Arts
{o greatly flourithed. '

§. 6. After the Times lat mentioned,
Barbari{fm came on, and Arts and Sciences
became negleted, fo that little worth
remark 1s to be found ’till towards the
XVIth Century ; and then Clock-Work
was revived, or wholly invented anew in
Germany, as is generally thought, becaufe
the ancient Pieces are German Work.
But who was the Inventor, or in what
time, I cannot difcover. Same think
Sever.» Boéthius invented it long before
about the Year 510 *.

But if it was not {o early as Boéthrus,
it might perhaps be in Regiomantanus's
Time, towards the latter end of the
XIVth Century. However it is very
manifeft, it was before Cardan’s Time,
becaufe he fpeaketh of it, as a thing
common then. And he lived about 170
Years fince. And at this very Day there
is a ftately Clock in His Majefty’s Palace
at Hampton-Court, whofe Infcription thews
it to have been been made in King Henry
VIII's Time by one N. O. in the Year
1540 ; which for it’s Anti?ity and good
Contrivance I have given the Calliper of

IV 2 in

® Molyneaux, Scioth. Telefcop. Ep. Dedic.
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in Fig. 4, and fhall fay more of in
Chap. X.

Another Piece alfo I remember I faw
fome Years ago, which was a Watch be-
longing to the fame King Henry VIII,
which went a Week. Probably it might
be made by the fame V. O.

§. 7. As to thofe curious Contrivances
in Clock-Work, which perform ftrange
furprizing Feats, I fhall fay little. Dr
Heylin tells us of a famous Clock and
Dial in the Cathedral Church of ZLun-
den 1n Denmark. ¢ In the Dial (faith
¢ he) are to be feen diftinctly the Year,
« Month, Week-day, and Hour of every
“ Day throughout the Year ; with the
““ Feafts, both moveable and fixed ; to-
« gether with the Motion of the Sun
* and Moon, and their paffage thro’ each
< Degree of the Zodiack. Then for the
 Clock, it is fo framed by artificial En-
‘“ gines, that whenfoever it is to ftrike,
“ two Horfemen encounter one ano-
“ ther, giving as many blows apiece, as
“ the Bell founds Hours: And on the
‘“ opening of a Door, there appeareth a
“ Theatre, the Virgin Mary on a Throne,
¢ with Chrift in her Arms, and the three
“ Kings or Mag: (with their feveral
¢ 'Trains) marching in order, doing hum-

% bilg
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““ ble reverence, and prefenting feverally
o th{:ir Gifts, two Trumpeters found-
“ ing all the while, tc: adorn the Pomp
“ of that Proceflion.”

To this I might add many more fuch |
curious Performances ; but I rather chufe
to refer the Reader to Schorfus -, where
he may find a great variety to pleafe him.

degeoiodeledoiofolododadololofodde dofol dofodofododeodrfogod deodedededod

T AR - YRELE:

Of the Invention of Pendulum-Clocks.

T EFORE ever Pendulums
were applied to Watch-Work,

their Motion was made ufe of for the
more accurate meafuring of Time in Ob-
fervations, particularly fuch as were
Aftronomical. The famous Tycho Brake
is fuppofed to have made ufe of them ;
but Sturmuus {aith, Ricciolus pr 11U
pendula adbibuit ad tempora me*?.yzf? andd.
Eumgque fecuti (etiamfi conatuum ejus ignari)
Langrenus, Vendelinus, Merfennus, Kir-
H 4 cherus,

* Heylin’s Cofmog. L. ii. + Magia Univeri.
S Pmleg & Magia Thaumaturg.
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cherus, & alii quamplurimi. Automatis
Horologiis applicavit Hugenius. 1. e. Ric-
ctoli firft made ufe of Pendulums to meafure
Time : Whom Langrene, Wendeline, Mer-
[fenne, Kircher, and many others, followed,
although they were ignorant of his Practice.
But Huygens applied them to Clscks. Sturm.
Colleg. Curiof. P. 1. Tent. 14.

And notwithftanding divers have pre-
tended to the Invention, yet Mr Chriftian
Huygens of Zulichem affirms he was the
firft that applied Pendulums to Clock-
Work, and gives very cogent Reafons
for 1it.

This excellent Invention, he {ays *, he
put firft in Pratice in the Year 1657
and in the following Year 1658, he
printed a Delineation and Defcription of
1t.

Amongft them that have claimed the
honour of this Invention, the great Gali-
Jeo hath the moft to be faid on his fide.
Dr Fobn Ffoachim Becher (who printed a
Book when he was in England, intituled,
De Nova Temporis dimetiends ratione The=
oria, &c. which he dedicated to the Eng-
b Royal Society, Anno 1680.) he, I fay,
tell us, ¢ That the Count Magalotti (the
““ Grand Duke of Tufcany’s Refident at

¢ the
* Hor. Ofcil. p. 3. Edit, Paris.
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the Emperor’'s Court) told him the
whole Hiftory of thefe Pendalum-
Clocks, and denied Mt Zulichem to be
the Author of them.” Alfo’ ¢ That
one Lreffler (Clock-Maker to the Fa-
ther of the then Grand Duke of Tufra-
ny) related to him the like Hiftory:
And faid moreover, that he had made
the firft Pendulum-Clock at Florence,
by the command of the Grand Duke,
and by the Directions of his Mathe-
matician Galileus a Galileo 5 a pattern
of which was brought into Holland.”

And further he faith, *¢ that one Cafpar
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Doms, a Fieming, and Mathematician
to fobn Philip a Schonborn (the late
Elector of Mentz) told him, that he
had feen at Prague, in the time of
Rudslpbus the Emperor, a Pendelum-
Clock, made by the famous Fuffus
Borgen, Mechanick and Clock-Maker
to the Emperor: which Clock the
Great Tycho Brabe ufed in his Aftro-

nomical Obfervations.”

Thus far Becher. To which I may

add, what is faid by the Acadariie del
Cimento *, viz, ¢ It was thought good to
«“ apply the Pendulum to the Movement

_:c Df

* Exper. made in the Acad. del Cimento tranflated

by Mr Waller, p. 12.
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« of the Clock: a thing which Galilzs

“ firft invented, and his Son Fiucenzio
“ Galtler put in Praftice in the Year
*(36040."

As to thefe Matters thus related by
hearfay by Becher, and fo expreflly af-
firmed by the Academy, I have little to
reply, but that Mr Huygens (whom I
take to have been a Man of as great In-
tegrity, as Learning and Ingenuity) does
expreflly fay *, he was the Inventor, and
that if Galileeo ever thought of any {uch
thing, he never brought it to any Perfec-
tion. It is certain, that this Invention
never flourithed ’till Mr Huygens fet it
abroad.

§. 2. After Mr Huygens had thus in-
vented thefe Pendulum-Watches, and
caufed feveral to be made in Holland,
Mr Fromantil, a Dutch Clock-Maker,
came over into England, and made the
firft that ever were made here ; which
was about the Year 1662. One of the
firft Pieces that was made in England, is
now in the pofiefiion of the Royal Society,
given to that Honourable Body by the
late eminent Sezb, Lord Bifhop of Sali/-
bury : which is made exactly according
to Mr Huygens's Method.

¥ 3
* Huygens, ibid.
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§. 3. For feveral Years this way of
Mr Huygens was the only Method, wrz.
Crown-Wheel Pendulums, to play be-
tween two cycloidal Cheeks, &¢c. But
afterwards Mr William Clement, a London
Clock-Maker, contrived them (as Mr
Smith {aith *) to go with lefs Weight, an
heavier Ball (if you pleafe) and to vi-
brate but a fmall Compafs. Which s
now the univerfal Method of the Royal
Pendulums, But Dr It denies Mr
Clement to have invented this; and fays,
that it was his Invention, and that he
caufed a Piece of this Nature to be made,
which he fthewed before the Royal Soczety,
{oon after the Fire of London.

§. 4. The ufe of thefe Pendulum-
Clocks Mr Huygens fetteth forth in feve-
ral Inftances. Particularly ; he giveth
two Examples of their great ufe at Sea,
in difcovering the difference of Meridians,
more exactly than any other way : which
he deduceth from the Obfervations of an
Englifb, and French Ship.

On Land, they were found very fer-
viceable, among other ufes, particularly
to thefe two., 1. To mealure the Time
more exactly, and equally than the Sun,
2. To be (as S Chriftopber Wren firft

propofed)
* Horolog. Difquif. p. 3.
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ropofed) a perpetnal and univerfal
ﬂdcafure or Standard, to which all
Lengths may be reduced and by which
they may be judged 0f in all Ages,
and Countries. For (as our Royal Society,
Mr Huygens, and Mountonus have propo-
fed, affer Sir Chriftopher Wren) this Ho-
rary Foot, or Tripedal Length, which
vibrateth Seconds, will fit all Ages and
Places.  But then refpeét muft be had to
the Center of Ofcillation, which you
have an Account of in Mr Huygens's

- aforefaid Book de Horologio Oftillatorio,

as hath before been f{aid.

§. 5. There 1s one Contrivance more
of Pendulums, fill behind, v1Z. the
Cireular Pendulum ; which 1s mentioned
by Mr Huygens as his own, but 1s claimed
by the late ' mofk ingenious Dr Hook as
really his. This Pendulum doth not vi-
brate backward and forward, as thofe
we have been {peaking of do’; but al-
ways round ; the String being {ufpended
above, as the tripedal Length, and the
Ball fixed below, as fuppofe at the end
of the fly of a common Jack.

The Motion of this circular Pendulum
is as regular, and much the fame with
thofe mentioned before: and was thus
far made very ufeful in Aftronomical

Obfervations,
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Obfervations, by the faid Dr Hook, v:z.
To give warning at any Moment of it’s
Circumgyration, either when it had turned
but a Quarter, Half, or any lefler, or
greater Part of it’s Circle. So that here
you had Notice not only of a Second,
but of the moft minute Part of a Second
of Time. You may find a Defcription
of this Pendulum, and other Matters be-
longing to it, in Dr Hook's Leltiones Cut-
leriance : Animad. 1n Heveliz Mach. Celeff.
p. 6o.

LleleleletelsTe e bebekelelebrlokelaletelotoie el ekt te oy
C.H:A-R, sVill,

Of the Invention -of thofe Pocket-Watches,
commonly called Pendulum-Watches.

(e P H E Reafon they are called
Pendulum-Watches, 1s from
the regularity of their Strokes, and Mo-
tion, which were pretended to be not in-
ferior to thofe of a real Pendulum.
This Exactnefs is effected by the govern-
ment of a {mall fpiral Spring running
round the upper part. of the Verge of the
Ballance : which Spring I call the Regu-
lator.
3. 2.
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§. 2. The firlt Inventor hereof, was

that ingenious and learned Member of
our Royal Sﬂﬁft’{?, the late Dr Hook : who
contrived various ways of Regulation.
One way was with a Load-5tonu: an-
other was with a tender ftrait Spring,
one end whereof played backward and
forward with the Ballance. So that the
Ballance was to the Spring as the Bob of
a Pendulum, and the little Spring, as
the Rod thereof. And f{everal other
Contrivances he had befides of this Na-
ture, as he aflured me, and is manifeft
from divers Evidences.

§. 3. But the Invention which beft
an{wered expectation, was at firft, with
two Ballances : of which I have feen two
forts, although there were {everal others.
One way was without fpiral Springs, the
other with. They both agreed in this,
that the outward Rims of both the Bal-
lances had a like number of Teeth ;
which running in each other, caufed
each Ballance to vibrate alike.

- But as to the former of thefe, which
had no fpiral Spring ; the Verges of it's
Ballance had each but one Pallet apiece,
about the middle of the Verge. The
Crown-Wheel lay (contrary to others)
reverfed, in the middle of the Watch,

in
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in the Place, and after the manner of
the Contrate-Wheel. The Teeth of
this Crown-Wheel, were cut after the
manner oi Cmntrate-Wheﬂl Teeth, viz.
lying upwards, but very wide apart, fo
as that the Pallets (which were about one
Tenth of an Inch long, and narrow)
might play in and out between ecach
Tooth. The Verges of the two Ballan-
ces, were fet one on one fide, the other
on the other fide of the Crown-Wheel,
fo that the Pallets might play freely in
it's Teeth. And when the Crown-
Wheel in moving round, had delivered
itfelf of one Pallet, the other Pallet on
the oppofite fide, was drawn on to make
1t’s Beats, by means of the Motion which
the other Ballance had given it’s Ballance
(the two Ballances moving one another,
as hath been faid in the beginning of
this Paragraph). And fo the fame back
again.

It may here be noted, that for the
more clear underftanding o the Jafh Cio-
trivance, 1 have defcribed the two Bal-
lances, as having Teeth on the edges of
their Rims, running in one another.
But the Contrivance was really thus;
there was a {mall Wheel under each Bal-
lance, proportioned to the width of the

Crown-
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Crown-Wheel. But the Ballances were
much larger. And fo the Teeth of thefe
two little forefaid Wheels or Ballances,
running in one another, moved the lar-
ger Ballances above them, all one, as if
thefe two great Ballances had been tooth-
ed and played in each other.

§. 4. The other way, with two Bal-
lances alfo, moving each other (as was
faid in the beginning of the laft Section)
had a f{piral Spring to each Ballance, for
it’'s Regulator. In this Invention, only
one Ballance had the Pallets, as the com-
mon Ballances have: And the Crown-
Wheel operated upon it, according to the
ufual way. But then when this Ballance
vibrateth, it giveth the fame Motion
backward and forward to the other Bal-
lance, as hath been faid.

The firft of thefe two ways was never
profecuted {o far, as perhaps it deferved.
And the Eacellanw of the latter 1s, that
no Jirk, or the moft confufed qhahe can
in the leaft alter 1t's Vibrations. Which
it will do in the beft Pendulum-Watch
with one Ballance now commonly ufed.
For if you lav one of thefe Watches upon
a Table, and by the Pendent jirk it back-
ward 'nd forward, you will put it into
the greateft hurry; whereas the laft

mentioned



Cuapr. VIII.  Pocket-Watches. 113

mentioned Watch, with two Ballances,
will be nothing affeted with it. But
notwithitanding this Inconvenience, yet
the Watch with one Ballance and one
Spring (which was alfo Dr Hook’s Inven-
tion) prevailed and grew common, being
now the univerfal Mode: but of the
‘other very few were ever made. The
Reafon hereof, I judge was the great
trouble and vaft nicenefs required ih it,
and perhaps a little foulnefs in the Bal-
lance-Teeth may retard the Motion of
the Ballances. But the other i1s eafier
made, and performeth well enough, and
and in a Pocket 1s f{carce {ubject to the
aforefaid diforder, which is caufed rather
by a Turn, than a Shake.

§. 5. The time of thefe Inventions
was about the Year 1658, as appears
(among other Evidence) from this In-
{cription, upon one of the aforefaid dou-
ble Ballance Watches prefented to King
Charles 11. viz. Robert Hook inven. 1658.
T. Tompion fecit 1675,

This Watch was wonderfully approved

of by the King; and fo the Invention
~ grew into Reputation, and was much
talked of at home and abroad. Particu-
larly it's Fame flew into France, from
whence the Dauphin fent for two;

I which
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which that eminent Artift Mr Tompion
made for him.

§. 6. Dr Hook had long before this,
caufed feveral Pieces of this Nature to
be made, although they did not take ’till
after 16%75. However he had before
fo far proceeded herein, as to have a Pa-
tent (drawn, though not fealed) for thefe
and {ome other Contrivances, about
Watches, in the Year 166o. But the
Reafon why that Patent did no further
proceed, was fome difagreement about
fome Articles in 1t, with fome Noble
Perfons, who were concerned for the
procuring it. The fame ingenious Doc-
tor had alfo a Grant for a Patent for this
laft way of Spring-Watches in the Year
1675 : but he omitted the taking it out,
as thinking it not worth the while.
| 7. After thefe Inventions of Dr
Hook, and (no doubt) after the publication
of Mr Huygens's Book de Horolog. Ofeil.
at Paris 1673 (for there is not a Word
of this, though of feveral other Contri-
vances), after this, I fay, Mr Huygens's
Watch with a {piral Spring came abroad
and made a great noife in England, as if
the Longitude could be now found. One

of thefe the Lord Brouncker {ent for out
of
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of France, (where Mr Huygens had a Pa-
tent for them) which I have feen.

This Watch of Mr Huygens's agreed
with Dr Hook’s, in the Application of
the Spring to the Ballance: only Mr
Huygens's had a longer fpiral Spring, and
the Pulfes or Beats were much {lower.
That wherein it differs, i1s 1. The Verge
hath a Pinion inftead of Pallets; and a
Contrate-Wheel runs therein, and drives
it round, more than one Turn. 2. The
Pallets are on the Arbor of this Contrate-
Wheel. 3. Then followeth the Crown-
Wheel, &¢c. 4. The Ballance, inftead
of turning fcarce quite round (as Dr
Hook's) doth Turn feveral rounds every
Vibration.

§. 8. As to the great Abilities of Mr
Huygens, no Man can doubt that is ac-
quainted with his Performances. But I
have fome Reafon to doubt, whether
his Fancy was not firft fet on Work by
fome Intelligence he might have of Dr
Hook’s Invention from Mr Oldenburg, or
others his Correfpondents here in Eng-
land, although Mr Oldenburgh vindicates
- himfelf againft that charge in Philofophical
Tranfattions, No. 118 and 129. But of
this Controver{y {fee more in Mr Waller's
Life of Dr Hook, p. 4.

L 2 But
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But whether or no that ingenious Per-
fon doth owe any thing herein to our in-
genious Dr Hook, it is however a very
pretty and :ngenious Contrivance, but
{fubje& to fome Defets: vrz. When it
{tandeth ftill, it will not vibrate, ’till it
1s fet on vibrating : which though it be
no defect in a Pendulum-Clock, may be
one in a Pocket-Watch, which is expo-
fed to continual Joggs. Alfo, it doth
fomewhat vary in it’s Vibrations, making
fometimes longer, fometimes fhorter
‘Turns, and fo fome flower, fome quicker
Vibrations.

I have feen fome other Contrivances
of this Sort, which I mention not, be-
caufe they are of a younger Standing.
But thefe two (of Dr Hosk and Mr
Huygens) 1 have taken Notice of, be-
caufe they were the firft that ever ap-
peared in the World.

ofesfofefesfrieodefesfosteite doofedood oo oo s e oo oo s ool e e e e e e

G- AP 1X,
The Invention of Repeating-Clocks.

§. 14 H E Clocks I now fhall {peak
of, are fuch as by pulling of

a String, &, do ftrike the Hour, Quar-
ter,
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ter, or Minute, at any time of the Day
and Night.

§. 2. Thefe Clocks are a late Inven-
tion of one. Mr Barlow, of no longer
ftanding than the latter end of King
Charles I1. about the Year 1676.

This mgenious Contrivance ({carce {o
much as thought of before) foon took
Air, and being talked of among the Lon-
don Artifts, fet their Heads to Work,
who prefently contrived feveral ways to
effe&t fuch a Performance. And hence
arofe the different ways of Repeating-
Work, which fo early might be obferved
to be about the Town, every Man almoft
practifing according to his own Invention.

3. This Invention was practifed
chiefly, if not only, in larger Movements,
‘till King Fames II's Reign: At which
Time it was transferred into Pocket-
Clocks. But there being fome little Con-
teft concerning the Author hereof, I fhall
relate the bare Matter of Fadt, leaving
the Reader to his own Judgment.

About the latter end of King Fames
I’s Reign, Mr Barlsw (the ingenious In-
ventor before mentioned) contrived to
put his Invention into Pocket-Watches ;
and endeavoured (with the Lord Chief-

Juttice Allebone, and fome others) to get
¥4 a Patent
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a Patent for it. And in order to it, he
fet Mr Tompion, the famous Artift, to
Work upon it : who accordingly made a
Piece according to his Directions.

Mr Quare (an ingenious Watchmaker
in London) had {ome Years before been
thinking of the like Invention : But not
bringing it to Perfection, he laid by the
thoughts of it, ’till the Talk of Mr Bar-.
low’s Patent revived his former Thoughts;
which he then brought to Effect. This
being known among the Watch-makers,
they all prefled him to endeavour to hin-
der Mr Barlw’s Patent. And accord-
ingly Applications were made at Court,
and 2 Watch of each Invention, produced
before the King and Council. The King
upon tryal of each of them, was pleafed
to give the Preference to Mr Quare’s ; of
which Notice was given foon after, In
the Gazette.

The Difference between thefe two In-
ventions was, Mr Barlow’s was made to
repeat by pufhing in two Pieces on each
{ide the Watch-Box : One of which re-
peated the Hour, the other the Quarter.
Mr Quare's was made to repeat, by a
Pin that ftuck out near the Pendant;
which being thruft in (as now ’tis done
by thrufting in the Pendant) did repe:ai;;

bot
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both the Hour, and Quarter, with the
fame Thruft,

It would (I think) be very frivolous,
to {peak of the various Contrivances, and
Methods of Repeating-Work, and the
Inventors of them ; and therefore I thall
fay ‘nothing of them.

Geifefefololioioldolofoioleinifolelod fofololofoledeodofolodolododofo b

L - o el €
Numbers for feveral Sorts of Movements.

LTHOUGH 1 have before

given fuch plain DireCtions, as
may, I hope, accomplifh a2 young Prac-
titioner in the Art of Calculation; vet it
may be very convenient to fet down
{fome Numbers fit for feveral Movements ;
partly to be as Examples to exercife the
young Reader: And partly, to ferve fuch,
who want Leifure or Underftanding to
attain to the Art of Calculation.

. I. But firft it may be requifite, to
thew the ufual way of Watch-makers
writing down their Numbers, becaufe it is
fomewhat different from that more arti-
ficial Way, which I direted to in Chap.
II. and which I have all along made ufe

of in this Book.
k4 Their
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Their Way reprefenteth the Wheel
and Pinion, on the fame Spindle ; not as
they play in one another. Thus the
Numbers of an old Houfe-Watch, of
12 Hours, they write down thus :

My way. The Watch-makers way.
4)48 48

7Y56 Bieetlis

6)s54 R

B} it

According to my way, the Pinion of
Report [4] drives the Dial-Wheel [48] :
The Pinion [7] plays in the great Wheel
[56], @¢c. But according to the other
way, the Dial-Wheel {tands alone ; the
great Wheel hath the Pinion of Report
on the fame Arbor: the Wheel [54]
hath the Pinion [7] and the Crown-
Wheel [19] the Pinion [6] on the fame
Spindles.

This latter way (although very incon-
venient in Calculation) reprefenteth a
Piece of Work handfomely enough, and
fomewhat naturally.

§. 2. Numbers of an eight Day-Piece,
with 16 Turns of the Barrel, the Pen-
dulum vibrates Seconds, and fhews Mi-
nutes, Seconds, &,

The
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The Watch Part. | The Clock Part.
8)9b 8)78
8)60--48)48--6)72 | 6)48 8 pins.
7150 0)48

30 6)43

In the Watch Part, the Wheel 60 is
the Minute-Wheel, which i1s {et in the
middle of the Clock, that it’s Spindle
may go through the middle of the Dial-
Plate to carry the Minute-Hand.

Alfo on this Spindle is a Wheel 48,
which driveth another Wheel of 48,
which laft hath a Pinion 6, which dri-
veth round the Wheel 72 in 12 Hours.
Note here two Things: 1. That the two
Wheels 48, are of no other ufe, but to
{et the Pinion 6 at a2 convenient Diftance
from the Minute-Wheel, to drive the
Wheel 72, which is concentrical with
the Minute-Wheel. For a Pinion 6
driving 2 Wheel 72, would be {ufficient,
if the Minute-Hand and Hour-I{and had
two different Centers. 2. Thefe Num-
bers, 60——28)48—0)72, {et thus, ought
(according to the laft Section) be thus
read, wiz. The Wheel 60, hath another
Wheel 48 on the fame Spindle ; which

Wheel
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Wheel 48 divideth (playeth in, or turns
round) another Wheel 48; which hath
a Pinion 6 concentrical with it: Which
Pinion driveth or divideth a Wheel of
72. For a Line parting two Numbers
(as 60—438) denoteth thofe two Num-
bers to be concentrical, or to be placed
upon the fame Spindle. And when two
Numbers have a Hook between them
(as 48)48) it fignifies one to run in the
other, as hath before been hinted.

In the Striking-part, there are 8 Pins
on the Second-Wheel 48. The Count-
Wheel may be fixed unto the great
Wheel, which goeth round once in ;2
Hours.

§. 3. A Piece of 32 Days, with 16
or 12 Turns both Parts: the Watch
ftheweth Hours, Minutes, and Seconds;
and the Pendulum vibrateth Seconds.

The Watch Part.

With 16 Turns. With 12 Turns.
16)96 1 12)96
9)72 9)72
8)60--48)48--6)72| 8)60-48)48-6)72
7)56 7)356

30 30

Or
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Or thus with 16 Turns.

The Striking Part,

With 16 Turns. With 12 Turns.
10)130 8)128
24 pins 26 pins
8)96 3 B 8) 104 {8)24
6)72 Double hoop. [8)96 Double hoop.,,
6)6o 8)8o

The Pinion of Report is fixed on the
the end of the Arbor of the Pin-Wheel.
This Pinion in the firft 1s 12, the Count-
Wheel 39; thus, 12)39. Or it may be
8)26. In the latter (with 12 Turns) it
may be 6)18, or 8)24.

§. 4. A Two Month-Piece, of 64 Days;
with 16 Turns; Pendulum vibrateth Se-
conds, and fheweth Minutes, Seconds,
&e,

Watch
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Watch Part. Clock Part.
9)9o 10)80
8)~6 10)65
8)60--48)48--6)72 ) { 12 pins
7)56 2351 —8)s2
30 5)60 Double hoop,

5)50

Here the third Wheel is the Pin-
Wheel, which alfo carrieth the Pinion
of Report 8, driving the Count-Wheel

B4

Or thus,
. Watch Part. Clock Part,
8)80 6)144
8)76 26 pins
8)60--48)48--6)72 0I%3 {—-—— 8)24
7) 56 6)72 Double hoop.
30 6)60

§. 5. A Piece of 13 Weeks, with
Pendulum, Turns, and Motions, as
before.

The
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12§

The Watch Part.

8)gb Or thus
8)88
8)60--48)48--6)72
7)56

30

672
6)66
6)48--48)48--6)72
0)45

30

The Clock Part.

8)72 Or thus.
8)64—37)30
8)48—12 pins
6)48 Double hoop.

5)40

5)145 e
—130 Ppins

blgo {-—24)63

6)72

6)6o

§. 6. A Sevenr Month-Piece, with Tutns,
Pendulum, and Motions, as before.

The Watch.
8)6o
8)56
8)48
6)45--48)48--6)72
4o
30

The Clock.

8)96

8)88~—27)12
8)64—10 pins
6)4.8 Double hoop.
6)48

§- 7. 4
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7. A Year-Piece, of 384 Days, with
Turns, Pendulum, and Motions, as
before.

The Watch. The Clock.
12)108
Q)72 10)120
8)64 8)96—36)9
8)60--48)48--6)72 8 26 Pins
7)56 ié)’;z Double hoop.
30 I 6)DG

If you had rather have the Pinion of
Repmt on the Spindle of the Pin-Wheel
it muft be 13)39

§. 8. A Plece of 30 Hours, Pendulum
about 6 Inches.

The Watch. The Clock.
12)48 8)48
6)78 6)78 13 pins
6)60 6)60
6)42 6)48

15

5 0. A
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9. A Piece of 8 Days, with 16
Turns, Pendulum about 6 Inches, to thew
Minutes, Seconds, {Fc.

The Watch. The Clock may be

3)96 the fame with
8)604—48)48—06)72  the 8§ Day-Piece
8)60 before, 8. 2.
8)40 The Seconds-Wheel.

3

§. 10. A Month-Piece of 32 Days,

with Pendulum, Turns, and Motions,
as the laft,

The Watch. The Clock may
8)64. have the fame
8)48 Numbers, as

6)48—48)48—6)72 the Clock §. 3.
6)45
6)30 Seconds-Wheel.

15

~ §. 11. A Year-Piece of 384 Days with
Pendulum, Turns, &c. as the laft.

The
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The Watch-part.

10)go Or thus, with a Wheel
8)64 lefs, not to thew Mi-
7)56 nutes and Seconds.
6)48—48)43—06)72  8)gb
6)45 6)7 2—36)9
6)30 Seconds-Wheel.  6)66
15 6)60
6)54
9

in the latter of thefe two Numbers,
the Pinion of Report is 36, on the Se-
cond-Wheel. The Dial-Wheel 1s q.

The Clock Part may have the fame
Numbers, as the Year-Piece, before
: §? 12. An eight Day-Piece, to thew
the Hour and Minute, Pendulum about
3 Inches long. -

6)96 |

8)64—6)72 The Clock may have
7149 the fame Numbers,
6)36 as the eight Day-
TR Piece before §. 2.

Aitomata
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Automata fhewing the Motion of the Cele-
Sftral Bodies:

| §. 1. Numbers for the Motion of the
Sun and Moon. See before in Chap. II.

Set. 5. §. 3, 4. ‘
§. 2. Numbers to thew the Revolution
of the Planet Saturn, which confifts of

10759 Days.

On the Dial-Wheel. [f you would make it

5)69 depend upon a Wheel

4)52 going round in a Year

4)438 1os 10)59

g thus, 6)30 or thus;
4)118

Note, The lowermoft Pinion in thefe,
and the following Numbers, is to be fixed
concentrical to the Wheel, which is to
drive the Motion, vzz. the Dial-Wheel,
Year-Wheel, or &e.

And it is further to be noted that the
Dial-Wheel is here fuppofed to move
round once in 12 Hours.

§. 7. Numbers for the Planet Fuprter,
whofe Revolution 1s 4332 £ Days.

K On
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On the Dial-Wheel.
4)48  Or thus, on the Year-Wheel.
4)40 6)71
4)306

. 4)32

- Note here, that the two laft Numbers
of Saturn, may be the two firft of “fup:-
ter alfo.

By the Permiffion of my ingenious
Friend Mr Flamfleed, 1 here infert a De-
feription of Mr Olaus Romer, the French
King’s Mathematician’s Inftrument, to
reprefent the Motion of Fupiter’s Satel-
lites; a Copy of which he fent to Mr
Flamfleed in 1679, and is from his own
Draught reprefented in Fig. 2.

Upon an Axis (which turns round
once in 7 Days) are four Wheels fixed :
one of 87 Teeth, a fecond of 63 ; the
third 42; and the laft 28 Teeth. On
another Axis run 4 other Wheels (or
Pinions you may call them) which are
driven by the aforefaid Wheels. The
firft 1s a Wheel, or Pinion, of 22 Leaves
driven by the Wheel 87, which carrieth
round the firft Satellite. The fecond is
32, driven by the Wheel 63 which car-
ricth round the fecond Satellite. The

third
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third hath 43 Leaves, driven by the
Wheel 42, Wthh carrieth the thlrd Sdt=.
tellite. And laftly, is the Pinion 67,

driven by the Wheel 28, which carrieth
round the fourth Satelhte

On the firft Axis i1s an Index, that
pointeth to a Circle divided into 168
Parts, which are the Hours in {feven
Days.

On the other Axis all the Pinions run
concentrically, by means of their bemg
hollow in the middle.

But the whole Contrivance will be beft
underftood by an Infpection of the Figure.
In which

A. B. Is the upper Plate of the Inftru-
ment.

C. D: The lower Plate. |

K. L. The Axis, or Spindle, on which
four Wheels are fixed, and turn round
with it, and with the Hand L. once mn
feven Days. E.F.G. H. are the Sockets,
or hollow Arbors of 4 Wheels running
concentrically.

The hollow Arbor H. carrieth round
the Firft Satellite p. and belongeth to the
Wheel or Pinion 22, before mcntmned
| The hollow Aibm (. carrieth round
the Second Satellite {. and belongeth to
the Wheel 32, which is driven by the

K 2 Wheel
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Wheel 63. And the like of the Arbors
F. and E.

Within all thefe hollow Arbors is ano-
ther fixed one included, on the top of
which is the Ball (I) reprefenting the
Planet fupiter : round which the Satel-
lites miove, reprefented by the little Balls
p-f. t. q. Or the Spindle with the Ball
(I) may be made to turn round once in
9 Hours, 56 Minutes, to thew the Mo-
tion of Fupiter on it’s own Axis.

This Satellite-Inflrument may be added
to a Clock, by caufing the great Wheel
or Dial-Wheel to drive round the Arbor
K. L. once in 7 Days. To do which
there are fufficient Directions given in the
preceding Book, and therefore needeth
not to be infifted on here.

This Inftrument may be of good ufe
to fuch as make Obfervations of the
Eclipfes of Fupiter's Satellites either by
Sea or Land; to give them Notice of the
Appulfes of every Satellite to fupiter's
Shadow. For which Purpofe it might
be convenient to place a Black or Blue
Plate of the width of Fupiter’s Diameter ;
behind which the Satellites paffing, will
ra-prefent the Immerfions and Emerfions
of each Satellite and the Times when

they happen.
¥ 4
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§. 4. Numbers for Mars, whofe Re-
volution is 687 Days nearly.

On the Dial-Wheel.

4)48 The two laft Numbers of Sa-

4)40 turn may be the two firft of
4)46 Mars alfo.

§. 5. Numbers for Venus whofe Revo-
lution is in 224 } Days,

On the Dial-Wheel.

4)32 Note, The laft Number of

4)32 j’?m’r may be the firft
4)28 of Venus.

§. 6. Numbers for Mercury, whofe
Revolution is near 88 Days.

On the Dial-Wheel.

4)64
4)44

§. 7. Numbers to reprefent the Mo-
tion of the Dragon’s-Head and Tail, (near
19 Years) to thew the Eg/ipfes of the Sun
and Moon.

K 3 On
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On the Dial-Wheel. On the Year-Wheel.,
4)76
4)48 Note, the two laft Numbers
4)40 of Saturn may be the two
4)44 firft of this on the Dial-
4)42 Wheel.

As to the placing thefe feveral Motions
on the Dial-Plate, I fhall leave it wholly
to the Workman’s Contrivance, Only
to aflift him a little therein, 1 fhall, for
the Rarity thereof, prefent the Reader
with a thort Account of the Hampton-
Court Clock before mentioned, made A. D.
1540; which thews the Time of the
Day, and the Motion of the Sun and
Moon through all the Degrees of the
Zodiack, together with the Matters de-
pending thereon, as the Day of the
Month, the Sun and Moon’s Place in the
Zodiack, Moon’s Southing, &'.

To fhew how compleatly (for that
Age) the Wheel-Work is laid under the
Moving-Part of the Dial-Plate, I have
given the Callibre thereof in Fig. 4.
which reprefents the {everal Wheels and
Pinions only, which lie under the Dial-
Plate, and drive the feveral Motions in
this Manner. In the Center of all, both

the
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the Dial-Plate and it's Wheel-Work is
placed on a fixed Arbor, which hath a
Pinion of & on the end of it, which
drives both the Solar and Lunar Motions,
by means of a large Wheel of 288 Teeth
turning round upon it once in 24 Hours;
which large Wheel is driven round by a
Pinion of 12 fixed on the Arbor of the
great Wheel within the Clock, which
turneth round once in an Hour. The
Wheel 288 thus turning round in 24
Hours, carries about with it the Wheel

7 and it’s Pinion of 7 Leaves, as alfo the
other pricked Wheel, and it’s Pinion, on
the other fide. The Pinion 7 of the
Wheel 37, drives another Wheel of 45
Teeth, which carries round the Moon’s
Ring or Circle. On the oppofite fide
the aforefaid Pinion 8 drives round the
pricked Wheel, whofe Pinion drives a
Wheel of 29 Teeth, whofe Pinion of 12
Leaves drives round the Wheel 1732, that
carries the Sun round, and the Zodiacal
Matters.

Thefe were the Numbers of the
Wheel-Work remaining in the Year 1711.
But the pricked Wheel and Pinion was
taken out formerly, I fuppofe by fome
ignorant Workman that was not able
otherwife to amend the Clock : but were

K 4 fupplied,
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fupplied, and the whole Movement
repaired lately by that fkilful Artift
Mr Langley Bradley in Fenchurch-fireet,
London.

Numbers for Pocket-Watches.

§. 1. A Watch to go 8 Days, with 12
Turns, to fhew Minutes and Seconds;
the Train 16000.

6)96

6)48—12)48-—12)36.

6)45 On the Wheel [42] is the Seconds
6)42 Hand placed, and on the Wheel
i [48] the Minute Hand.

§. 2. Another of the fame, without
Minutes and Seconds, to go with only 8
Turns.

Z0)ie
6)66
6)6o
5)50
5)45

9
§- 3. A Pocket Watch of 32 Hpurs,
with 8 Turns, to fhew Minutes and Se-

conds, Train as the laft.
12)48
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.
it |

12)48
6)48—12)48—12)36
6)4 5—Seconds Hand,

19

If this Crown-Wheel be too large, you
may ufe thefe Numbers, @iz,

12)48
6)48

-

6)45
6)48 Seconds Hand.

15

§. 4. The ufual Numbers of 30 Hours
Pendulum Watches, with 8 Turns, to
fhew the Hour and Minute.

12)48
6)54—12)48—12) 36
0)48
045

Bs

§. 5. The ufual Numbers of the old
30 Hours Pocket-Watches.

With



1198 Numbers for, &c. Cuapr. X,

With ¢ Wheels. With 4 Wheels.

10)30 6)32
)63 6)66
6)42 5)50
e 5)45
6)32 17

15

If any of the Numbers of the preced-
ing Wheels and Pinions fhould not pleafe
the Reader, he may eafily corret them
to his mind, by the Inftrutions in the
foregoing Part of the Book. The way
in fhort is this: Divide the Wheel by
the Pinion, and fo find the Number of
Turns according to Chap. II. Se&. 1.
§. 2. Multiply the Pinion you like better,
by this Number of Turns, and the Pro-
duct is the Wheel. Thus in the § Day
Pocket-Watch, §. 1. if you think the
great Wheel too large, you may make it
inftead of 6)96(16, thus, viz. 5)80(16:
7, e. chufing the Pinion only 5, and mul-
tiplying it by 16 (the Turns) the Wheel

will be 8o.

CHAP
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Of the Government of Chronometers, with

Tables for that and other ufes in Watch-
Work.

AVING led the Reader through

moft of the ufeful Matters relating
to Clock-Work, to compleat him the more
therein, I fhall prefent him with fome
Inftruments for the adjufting his Chromo-
meters, and {fome Tables that will be of
great ufe either in Calculation or Time=
Keeping.

Of the Equation of Natural Days.

In order to the adjufting of Chrono-
metrical Inftruments, it is neceflary to be
underftood, that the Days of the Year
are not all equal, but fome are longer,
{fome {horter ; {o that if a Clock was fo
nicely adjufted, as to agree exactly with
the Sun at the Year’s end, as well as it
did at the beginning, yet would it vary
at other Times. The reafon of which,
is partly the Eccentricity of the Earth’s
Orb, by which means it’s Motion therein
is unequal; and partly the Obliquity of
the Ecliptick, by which means it comes
to pafs; that all Parts of the Ecliptick and
Equator come not to the Meridian of any

Place
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Place at one and the {ame Time ; and
therefore, although we fhould fuppofe
the Earth to move equal Arches of the
Ecliptick in equal Times all the Year
round, yet would it come to the Meridian
with unequal Arcs of the Equator, by
whofe equal Revolutions the Equal Time
is meafured.

In meafuring therefore of Time by the
Sun; there are two forts thereof, the
Equal, wherein all Days are of the fame
Tength ; and the Apparent Time, which
1s that which is thewn by Sun-Dials, &.
The Variations of which two forts of
Time may be {een in the following
Tables for every Day of the Year nearly
enough, although the Tables are run
out a few Seconds at this prefent ; which
I began to correct, but found the Error
{o little, that I thought it not worth fo
great Labour to proceed much in it.

For thefe Tables (which I examined
by the Originals) the Reader, as well as
myfelf, is obliged to that great Aftrono-
mer Mr Flamfleed, who was the firft
Man that fully demonftrated and cleared
this Inequality of Natural Days, and
brought 1t to a certainty, although others,
even Ptolemy himfelf had a partial Notion

of it.
Thefe
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Thefe Tables need but little Explica-
tion. If you would keep your Watch
to the Middle or Equal Motion of the Sun,
it muft go fo many Minutes and Seconds
fafter or flower than the Sun-Dial, as the
Tables fhew by the Letters F.or S. But
if you would keep your Watch to go by
the Sun-Dial, you may conclude it goes
well, if it lofeth or gaineth every Day,
fo many Seconds as you will find in the
Table. Thus (for Example) Faz 1. in
in Leap-Year, the Watch ought to be 4
Minutes fafter than the Sun-Dial: on
Fan. 2. it ought to be 4 Minutes 28 Se-
conds, &¢c. If you would know on the
fame Days, whether your Watch goes
well, when kept to go by the Sun-Dial,
if {fet on Fan 1. it hath gained on Fan. 2.
as much as 4 Minutes want of 4 Minutes
28 Seconds, vzz. 28 Seconds, you may
conclude your Watch goes well.  Other-
wife you muft {crew up, or let down the
Ball or Correétor, ’till it lofeth or gaineth
according to the Equation Tables *.

* Mr Flamfleed’s Tables having run out a few Se-
conds in Dr Derbam’s time, and more fince : The Tables
in this Edition are computed for the prefent Time, to the
mean Noon of every Day, for the Meridian of Green-
aich Obfervatory, and are adapted to the New Style.
And the Letters F. or S. denote fafter or flower.

The Biflextile
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I - The Biflextile or Leap Year.
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The firft after Leap Year.
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The firft after Leap Year.
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Eguation of Time. Cuar. XL

'The fecond after Leap Year.
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The fecond after Leap Year.
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The third after Leap Year. .
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The Tables will ferve for many Years,
being made for Biffextile, and the 3 Years
following.  Therefore, knowing the
Year, you may find what Table you are
to ufe all that Year, whether Leap-Year,
or any after it. |

By Reafon of the Refractions, or fome
Error in the Sun=Dial, it may be conve-
nient to compare, or fet, your Watch at
fome certdin Hour of the Day. Noon
1s a good time for it, if you have a nice
Meridian-Line, or any way to fee when
the Sun is exactly South, becaufe the
time of the Day is not at all then varied by
the Refractions, in Dials that caft a Shade.

Having confidered the Equation of
Time, I fhall next fhew fome ways of
finding it. The way to do it by taking
the Altitudes of the Sun, and fixed Stars,
I fhall pafs by, although it be one of the
fureft Methods, becaufe it would be ne-
ceflary for me to launch out into Trigo«
nometry, &e. for it. But I fhall lay
down fome other methods that may be
fufficient for the Purpofe. And the firfk
thall be \

To find a Meridian-Line..

This will be of good ufe becaufe it
may happen that we may be at a Place,
where
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i The third é&ef Leap Year. e
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The Tables will ferve for many Years,
being made for Bijfextile, and the 3 Years
following.  Therefore, knowing the
Year, you may find what Table you are
to ufe all that Year, whether Leap-Year,
or any after it.
By Reafon of the RefraGions, or fome
Error in the Sun-Dial, it may be conve-
nient to compare, or fet, your Watch at
fome certain Hour of the Day. Noon
is a good time for 1t, if you: have a nice
Merzdzmz—Lme or any way to fe¢ when
the Sun is exaltly South, becaufe the
time of the Day is not‘ at all then varied by
the Refractions, in Dials that caft a Shade.
Havirig confidered the Equation of
Time, 1 {hall next fhew fome ways of
finding it. ‘The way to do it by taking
the Altitudes of the Sun, and fixed Stars,
I fhall pafs by, although it be one of the
{ureft Methods, becaufe 1t would be ne-
ceflary for me to launch out into Trigo-
nometry, &¢, for it. But I fhall lay
down fome other methods that may bf:
{ufficient for the Purpofe. And the firft
fhall be .

To find a Meridian-Line.

“This will be of good ufe becaufe it

may happen that we may be at a Place,
where
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where there is no Sun-Dial, or not one
to be relied upon; or indeed where we
have a good one, it may be very ufeful
to have a Meridian-Line. For the find-
irg of which there are divers ways, but
I fhall thew only two.

The firft 1s, draw one or more Circles
on fome plain, as on the bottom of a
Southern Window: (Or you may make
the Center on the Southern Edge of the
Window, and draw only half Circles.)
Hang up a Thread and Plumbet exaitly
over, or in the Center of the Circles.
By a Bead or two fliding up and down
the Thread, mark out exaltly the Points
of the Circles, touched by the Shade of
the Beads in fome of the Morning Hours
(the longer before Noon the better). In
the Afternoon when the fame Shade of
the Beads toucheth the Circles, mark
that Point, or Points alfo. A line drawn
through the Center, and in the middle,
between thefe two Points 1n the Circle,
is the Meridian-Line, or nearly fo.

If you can’t hang up a Plummet, a Pin
{et exactly upright will do the matter.

Another and better way, is by the
Pole-Star, when it is exaltly upon the
Meridian. Or if but near {o, the Error

will not be great. ¥
L 2 You
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You may find the time when the Pole-
Star comes to the Meridian, by fubftrac-
ting the Sun’s Right Afcenfion from the
Right Afcenfion of the Pole-Star, and
turning the Remainder into Hours, Mi-
nutes, and Seconds, allowing to every
Degree four Minutes of Time, whereby
you will have the Apparent Time, when
the Pole-Star comes on the Meridian
above the Pole. I {carce need to obferve,
that the time when 1t comes under the
Pole 1s 12 Hours diftant.

You may fhorten your labour by ufing
Tables of the Sun’s Right Afcenfion in
Time, which you may find in Sir ¥
Moor's Mathematical Compendium, and
other Books.

Note, 1f the Sun’s Right Afcenfion ex-
ceeds the Pole-Star’s Right Afcenfion,
you muft add 24 Hours to the Pole-
Star’s Right Afcenfion, and then fubftract.
The Right Afcenfion of the Pole-Star is
determined by Mr Flamfteed 33 Minutes

4 Seconds of Time in the Year 1690,

and the Increafe of it’s Right Afcenfion
1 Minute 16 Seconds of Time in 10
Years. Therefore this prefent Year 1714
it’s true Right Afcenfion is 36 Minutes
46-Seconds of Time.

[t
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If the unlearned Reader fhould think
this way difficult, he may fee when the
Pole-Star comes near the Meridian, by
hanging up a Line and Plummet, and ob-
ferving when the firft Star in the Greas-
Bear’s Tail, next her Rump, comes un-
der the Line on one fide of the Pole, or
when the Plumb-Line nearly approacheth
the Star in Caffispeza’s Knee on the other

fide of the Pole.

When the Pole- Star 1s found to be
on the Meridian, if you hang up two
Strings with Plummets, between the
Pole-Star and your Eye, this will be a
Meridian-Line, to {ee when the Sun
comes to the Meridian. Or you may do
it with a Crevice between two Boards, or
Plates of Metal, almoft touching one
another.

But much the beft way which I have
yet thought of, and which 1s exceedingly
nice, 18 swithithe Inftrument, Fig.
which is thus made. At each end of a
Board, or rather {mall flat Iron-Bar (A.B.)
fix two upright fights: one with a very
fmall hole (a. b.) to look through to the
Sun ; the other (c. d.) with a larger hole,
to look at the Pole-Star. Not far from
the Sights, on the fame Bar, fix two
Arms (C.D. C. D.) to bend oft, fo as

L2 to
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to be out of the way of the Sights, when
you look through them. On the top of
thefe Arms, place a fmall Rod of Iron
or Wood, to turn with a joint at D,
which Rod is to bear the Plumb-Lines
(E. F.) and to turn backward and for-
ward, fo as to bring the Plumb-Lines to
the Sights at any Time. Place this In-
{trament on a Pedeftal (G. H.) to turn
round on it ftiffly.

Your Inftrument being thus prepared,
plant it in fome convenient Place, where
you may fee the Pole-Star by Night, and
the Sun by Day. When the Pole-Star
1s on the Meridian, look through the
Sight with the bigger hole, and turn the
whole Inftrument about ’till you fee op-
pofite Plumb-Line interfe¢t the Pole-Star.
Take care at the fame time, that the
Plumb-Lines hang fo as to interfec the
Sights. Your Inftrument, thus placed,
ftandeth nicely on the Meridian, fo as
to fee when either Sun, Moon, or Stars
come thereon.

When you look by Night, tis neceflary
that a Candle fhould fhine on the Plumb-
Line, that you may fee it.

If you look at the Sun, you muft
guard your Eye againft the Sun—Beamﬁ

wit
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with a coloured Glafs, or one blackened
with the Smoak of a Candle.

I had almoft forgotten, to fay that it
matters not much what length the bot-
tom Piece A.B. is of (but the longer
the better) provided that the Plumb-Lines
are high enough to fee the Pole-Star, and
the Sun in the Summer Solftice, or any
time of the Year. If the bottom Piece
be 2 Feet long, the Plumb-Lines had need
to be near 4 Feet.

This Inftrument is very ferviceable to
feveral Purpofes: particularly 1. To fee
the Southing of the Sun, or Moon, which
you may do with great exactnefs.  You
may fee nicely when the very Edge of
the Sun or Moon toucheth the Meridian,
and whilft all their Body is pafiing it.

2. You may fee what Stars are, atany
time, -on the Meridian, ‘either "North-
ward or Southward, and fo find. the
Hour of the Night.  To do which when
any Star 1s on the Meridian, fubtract the
Right Afeenfion of the Sun from the
Right Afcenfion of the Star, the Remain-
der is the Hour of the Night, when
turned into Time.

3. You may with all exactnefs: con-
tinue your Meridian-Line ‘for many
Miles, 1f you pleafe, by looking through

L 4 either
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either Sight, and feeing what objeéts the
Plumb-Lines interfect.

4. If you would be ftill more nice, you
may apply a Telefcope to this Meridian In-
Jfirument, by placing, for the Eye-Glafs,
a Convex-Glafs, of a convenient Focus
at a due diftance between the Plumb-Line
and either Sight, {o as through the Sight
to {ee the Plumb-Line through the Con-
vex-Glafs (or Eye-Glafs). Andata con-
venient diftance from the Inftrument,
place another Convex-Glafs for the Ob-
je&-Glafs.

5. If 1T am not much miftaken this
Meridian-Inflrument may as well (and
being made teleicopulous) much better
ferve the defign of trying whether the
Meridian differeth or not; which fome
have experimented with more trouble and
expence than this Ini’rrument comes to.

6. This Inftrument 1s very eafily
brought to the Meridian. For whether
it ftands upright, afide, or any other way,
{till the Plumb-Lines may be brought
calily to their due place.

7. This Inftrument is pzepued with
l**tre coft or trouble; it may be carried
from place to place; or imitated svhere-

ever there is occafion to correct either
Sun-Dial or Watch.
- This
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This Inftrument may be found im-
proved in the Philofophical Tranfactions,
No. 291, together with a Cut thewing
when the Pole-Star comes to the Me-
ridian.

I would prefent the unikilful Reader
with a Table of the Appulles of the
Pole-Star to the Meridian; but it will
hold for fo little a time true, that it is
not worth the while,

The way to govern a Clock by the fixed Stars.

Monf. la Hire in his Tabule Afiron.
hath given us two Tables of the diffe-
rence between the Solar and Sidereal
Day. The latter and moft corret of

which is this following.

A Table
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A Table thewing how much the Solar
1s longer than the Sidereal Day.
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Explanation of the Table.

This Table fhews how much the
Sidereal goeth fafter than the Solar Day,
in any number of Nights for a Month.
So that obferving by your Watch the
nice Time when any fixed Star cometh

to
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to the Meridian, or any other point of
the Heavens : if after one Revolution of
that fame Star to the fame point, your
Watch goeth 3 Minutes 56 Seconds
flower than the Star ; or after two Nights
7 Minutes 51 Seconds; or 16 Nights,
1 Hour 2 Minutes 54 Seconds, &¢. then
doth your Watch keep time rightly with
the mean Motion of the Sun. If it va-
rieth from the Table, you muft alter the
length of your Pendulum to make it fo
keep Time.

For obferving the Time when the
Star cometh again to the {fame Point of
the Heavens, you may make ufe of your
Meridian Inftrument laft defcribed; or
if you would be more exa& and nice,
you may make ufe of a Telefcope, fuch
as is ufed for the Sights of Quadrants,
&'c. which confifts commonly of an Ob-
je&, and an Eye-Glafs, with Crofs-Hairs
in the common Focus of both Glafies.
Having obferved with this Telefcope the
Tranfit of any fixed Star crofs the Hairs,
leave the Telefcope in that Pofition ’till
as many Revolutions of the Star are patft,
as you are minded to take notice of.

2/
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Of the Time of the Day fhewn by Sun-Dial.

Forafmuch as by the Refractions the
Sun appears higher than really he is,
therefore all Sun-Dials, which fhew the
Hour by the Sun’s Height, go not exaltly

true. The quantity of which is thewn
in this Table.

A Table fewing the Variations made in the
true Hour of the Day, by the Refraétion
of the Sun in the Ecuator, and both the

- Solflices. L
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Remarks upon the Table.

The Refractions, although in the Ta-
ble they are the fame, yet do differ at
different Seafons of the Year, nay per-
haps, according to the different tempe-
rature of the Air {fometimes, in the {fame
Day. Thus Mr Flam/fleed found the Re-
frattions in February very difterent from
thofe in Apri/: and it is obferved, that
the Refraltions are commonly greater,
when the Mercury 1s higher in the Baro-
meter.

The Table therefore doth not thew
what the Refractions always are, but
only about the middle quantity of them
at every degree, of the 10 firft of the
Sun’s Altitude. And accordingly I have
calculated the Variations thereby made in
the Hour of the Day.

Thefe Variations of the Hour are great-
er or lefler, according as the Angle of
the Sun’s diurnal Motion is acuter with
the Horizon. The Reafon is plain ; be-
caufe as the Sun appears by Refraction
higher than really he is; fo that falfe
Height doth affet the Hours in Winter,
more than the Summer half Year.

There
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There is no Ray indeed of the Sun,
but what cometh refra&ed to a Sun-Dial,
and confequently, there is no Dial but
what goeth more or lefs falfe (except at
Noon in Dials that caft a Shade, where
the Refra&tion makes no Variation). But
the Refraltion decreafeth apace, as the
Sun gets higher, and caufeth a Variation
of not above half a Minute at 10 Degrees
of the Sun’s Altitude; except when the
Sun is in, or near the Southern Tropick.
Nearer than half a Minute, few com-
mon Sun-Dials thew the Time. And
therefore I have calculated my Table
to only 10 Degrees.

The Table needs but little Explication.
For hawng the Sun’s height, you have
againft it, in the next Column, the Refrac-
tion : and in the three next the alterations
‘of the Hour, at three times of the Year.
Taking therefore by a Quadrant the Sun’s
Altitude, and obferving at the fame time,
the Hour of the Day by a Sun-Dial ; by
the Table, you fee how many Minutes,
and Seconds, the Dial 1s teo faft, or too
flow. As at the Sun-Rifing a Sun-Dial
is too faft, or too flow, 4 Minutes 34
Seconds, about Funme 11, and 3 Minutes
32 Seconds about March 10, and Septem-

ber
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ber 12 ; and 4 Minutes 38 Seconds about
December 11.

A Table of the Parts of Time.

Since in Calculation there is frequent
occafion to make ufe of the Parts of
Time, I have added the following Table,
which at one view exhibits the Parts of
Time, without any troublefome Opera~
tions of Reduction.

Seconds
6o Minutes
3600 60 I‘Iﬂllfﬂ

86400 | 1440 | 24 |Days

604800 | 10080 168 7 | Weeks
2¢92000| 43200 | 720 | 30| 4 |Months

31556040 525949 | 8765|3655 52 | 12 |Year

This Table is eafily underftood. For
in the concurrence of the Squares is the
quantity of the Time fet over, or againft
each Square. As for Example; in a
Minute are 60 Seconds : in an Hour are
6o Mindtes, and 3600 Seconds: in a
Year are 31556940 Seconds, 525049
Minutes, &c. So that if we would readi-
ly fec what Number of Seconds are in a
Year (for Inftance) under Seconds, and

againft
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againft 2ear, 1= the Number fought.
And f{o of the reft.

But here it is to be noted that the
Seconds, Minutes, and Hours in a Year
are the true Numbers, according to the
beforecommended Mty Flamfteed's Deter-
mination of the Length of the Year, viz.
That the Year is 365 Days 5 Hours 49
Minutes and no Seconds. .

If you would know any Number,
where an odd Number is to be added, as
the Seconds in a Month and one Day,
add the Seconds in a Month, and the Se-
conds in a Day together, and the Sum i1s
the Number fought, which 1s 2678400.
And fo for the reft.
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