»)

@ﬂéﬁfﬁ%;rzsé%/&a

e W —



8 b O

PRINCIPLES

OF

MR. HARRISON’S TIME-KEEPER ,

WIS H

PLATES OF2EHE 'S'ANE

PUBLISHED BY ORDER OF

THE COMMISSIONERS OF LONGITUDE.

LON DO

PRINTED BY W. RicHARDSON aND S. CLARK ;
AND SOLD BY
JoHX Novmse, axp MEess. MoUNT AXp PAagE

M. DCC. LXVIL



R B B4 CF. V

vvill receive the impreffion from the plates perfe&,
and vvill not fhrink ac all in the drying,

It may not be improper to take notice here of 4
difference in the pofition of the pallets in the 8ch
and oth figures , vvhich mighe othervvife puzzle
the infpeGor , or, at leaft, induce him to think

there vvas fome error made in engraving the plates
from the original.

In figure 8th , the centre of the curve of the pal-
lets lies in the circumference of the dotted circle .
vvhofe radius is tvvo fifths of the radius of the circle
defcribed by the edge of the pallets ; but, in figure
oth , the centre of the pallets lies juft vvithout the
circumference of the little black circle reprefenting
the {pindle, vvhofe radius is one fourth of the radius
of the circle defcribed by the edge of the pallets. The
lacter figure fhevvs Mr. Harrifon’s former defign ,
vvhich he has fince altered , as is reprefented in the
8th figure.
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MR HARRISON'S TIMEKEEPER.

HE balance naturally vibrates largeft arcs, vvhen

in a horizontal pofition ; next greateft, vvhen the

hours XII and VI are uppermoft, and the vvatch

is in a vertical pofition ; leaft', vvhen the hours 1II and IX
are uppermotft.

Large arcs are naturally performed in lefs time than fmall
ones. This Mr. Harrifon inferred , becaufe the vvatch, before
any corretion vvas applied , vvent flovver in a vertical pofition

thanin the horizontal one, and the vibrations are vifibly larger
in the latter cafe, |



Notes taken at the difcovery of My. Harrifon’s Tfme—keeper. 3

The vvatch is adjufted to vibrate great and fmall arcs in equal
times , in the foi]nwing manner :

To go the fame vvhen Placed vertically vvith the hoy-s T,
MELIX, XIT upvvards fucceffively , by making the vveight
of the balance different in different parts, — To go the fame vvhen
Placed horizontal as vvhen vertical , by the joint effe@ of the
back of the pallets and the cycloid-pin.

The curve of theback of the palletsis anarch of 2 circle, vvhofe
centre lies in the line joining the edges of the pallets and the
centre of the fpindle, the difftance of the tvvo centres being
tvvo fifths, and the radius of the curve of the pallets three fifths
of the radius of the circle defcribed by the edge of the pallets.

The a&ion of the cycloid-pin , vvhen it touches the balance-
fpring , tends to quicken its vibrations; and the fpring , lea-
ving the pin for a longer time in the large vibrations than in
the fmall ones, is lefs accelerated by it in the former than in
the latter cafe; and » confequently , the aion of the pin
tends to reduce the time of the different vibrations nearer to

Fequ*a.]ity. The cycloid-pin vvas not applied to the vvatch till
after it came back from the voyage to Jamaica.

If the balance-fpring is too ftrong , it muft be made vveaker
by rubbing it avvay a little; but > if it be too vveak, it mut
be changed for a ftronger,
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The balance{pring is faftened at the outer end to a ftud,
vvhich takes off the plate vvith a (crevv , and is put on again
wyith the fame fcrevv, and fteady-pins , exaltly 1n the fame
pofition as before , vvithout undoing the faftening of the (pring
to the ftud at the end.

There is no adjuftment for mean time , as in common

vvatches ; there vvas once, but it did not anfvver.

As foon as the vvarch is put together Mr. Harrifon fays,
t vvill fhevv its rate of going in three hours accurately the fame
vvhich it vvill keep aftervvards; fo that he can foon deter-
mine it by comparifon vvith his pendﬁlum clock. -

The balance-{pring , vvhen at reft, touches the cycloid-
pin ; and ‘does not begin to leave it , till the balance has
vibrated an arch of forty five degrees beyond the point of reft,
wyhile the fpring is in the ftate of coiling itfelf up.

The thermometer kirb is compofed of tvvo thin plates of
brafs and fteel rivetted together in feveral places, vvhich, by
the greater expanfion of brafs than fteel by heat, and con-
tradion by cold , becomes convex on the brafs fide in_hot
vveather , and convex on the fteel fide in cold vveather ; vvhen-
ce, one end being fixed , the other end obtains 2 motion cor-
refponding vvith the changes of heat and cold , and the tvvo
pins at this end , betvveen vvhich the balance-{pring pafles,
and vvhich it touches alternately as the fpring bends and un-

bends itfelf, wvill fhorten or lengthen the {pring, as the chan-
ges
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ges of heat and cold. vvould othervvife require to be done by

the hand, in the manner ufed for regulating a common vvatch.

Mr. Harrifon requires cold vveather for adjufting the ther-
mometer kirb, and he places the vvatch near a fire , vvith a
common thermometer by 'it, to try if it keeps the {ame time
as in the cold air. If not, he alters or adjufts the thermome-

ter kirb till it goes the fame in thefe tvvo different degrees of
temperature of the air.

The thermometer kirb takes heat fooner than the balance-
fpring ; and he thence concludes that brafs takes heat {ooner
than fteel , and that the brafs rods of a"gridiron pendulum
{hould bz made thicker than the fteel ones. '

Whilft the heat is increafing, the vvatch wvill fome-times
go one tenth of a fecond flovver in three hours, than yvhen
the heat is come to a ftand.

The effe& of the thermometer is mcreafed by rubbmg the
fides thinner , and is leflened by thickening the edge by bur-
nifhing it

M. Harrifon adjufts the thermometer kirb firft , that is to
fay , before he adjufts the watch to go the fame in different
pofitions.

The vvatch may be put vvith figure XI1"turned each day

alternately different vvays, for fear one part of the box in vvhich
F. ! BF*
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it is kept may be hotter than the other.

The force or momentum of the balance , Mr. Harrifon fays,
is as the fquare of its diameter, allfo as the {quare of the ve-
locity , its vveight being given.

The momentum of the balance acquired by increafing the
velocity is better than that acquired by increafing the vveight;
as frittion is not thereby increafed , perhaps, if any thing , di-
mini{hed , and the refiftance of the air only is increafed , the
effe€t of vvhich is tolerably uniform , and of great fervice.

The diameter of the balance is 2, 2 inches, of the plate

3, 8 inches.
The balance fhould be a little larger , or 2% inches, accor-

ding to a memorandum taken by Mr. Bird.
The vvatch makes juft five beats in a fecond of time.

If the balance vibrated fafter , the refiftance of the air vvould
be too great. l

A pocket vvatch of this kind vvould do better vvith fix
beats in a fecond.

A certain fize is beft for the pallets , or rather a certain
proportion betvveen the diameter of the circle defcribed by the
edge of the pallets and the diameter of the balance-vvheel.
This vvas firft fuggefted to Mr. Harrifon from bell-ringing ;
for he could bring the bell better into a motion, by touching
it from time to time fomevvhere near the centre than near the cir-
cumference ; becaufe in the firft cafe his hand moved quick
enough to folloyv the bell.
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The grand principle of the vvatch is that of giving the grea-
teft motion poflible to the balance vvith a given force. This
is done by the fcaping and proper quantity of the arc
defcribed. |

This note vvas communicated by Mr. Mudge, as alfo the
follovving ; That the balance, by the force from the vvheels,
vvithout its {pring , tends to vibrate once in tvvo {econds.

There are four {prings in the vvatch ; firft, a main fpring ;
fecondly, a fpring in the infide of the fulee, to keep it going
vvhile it is vvinding up ; thirdly, a fpring , vvhich is vvound
up eight times every minute ; fourthly , the balance-fpring.
The three firft vvere made by Maberley.

The fufee has fix turns and a quarter.

The fly ferves to moderate the velocity vvith vvhich the
fpring neareft the balance vvould othervvife be vvound up.

The pivot-holes are all made in rubies , vvith diamonds
at the ends.

The pallets are diamonds,

One end of the vvatch in the late voyage to Barbadoes
vvas fet higher ; becaufe it vvas not equally adjufted in all
pofitions, Alfo it vvas altered and brought back to the fame
pofition , vvith refpe& to the horizon , as the fhip lay dovvn
on the one or the other tack, by the help of a moveable box,
vvith a divided arch.

Mr. William Harrifon reckons the greateft roll of a [hip
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fifteen degrees, and the greateft lie-dovvn, vvhen going upon
one tack , tvvelve degrees.
Hold the vvatch a little back , vvhen in a vertical pofition,

that the face may be a little up.

If the balance-fpring be not exaétly parallel to the plates ,
there wvill be a fmall difference in the going of the vvatch,
vvhen the face is up or dovvn.

Care is to be ufed in moving the vvatch, or in turning it
about , in order to vvind it up, not to give it any quick cir-
cular motion in the plane of the balance, asit might poflibly
fltop it. A pocket-vvatch, vvhich Mr. Harrifon has made of
this kind , once ftopped this vvay. Turn the vvatch ever upon
fome diameter of the dial-plate , as an axis, in order to bring
it into a convenient pofition , vvhen you vvant to vvind it up.

Oil muft be applied to the pallets and pivot-holes of the
vvatch , but very fparingly.

The vvatch vvill go three ye‘ars- vvithout requiring to be
cleaned.

At the time of the difcovery, in Auguft 1765 , M. Har-
rifon faid, that the vvatch then vvent a little flovver than it
had done, ovving to its vvanting to be cleaned, viz. tvvo or
three feconds per day. |

The vvatch fhould have a cap, and no outer cafe , the vvooden
box , in vvhich it {hould be kept , ferving that purpofe better.

NEVIL MASKELYNE,
ASTRONOMER ROYAL.
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M* HARRISON'S TIME-KEEPER.

N this Time-keeper there is the greateft Care taken to avoid
FriGtion as much ascan be , by the Wheels moving on {mall

Pivots , and in Ruby-holes, and high Numbers in the Wheels
and Pinions.

The Part vvhich meafures Time goes but the eighth Part
of 2 Minute vvithout vvinding up ; fo that Part is very fimple,
as this Winding-up is performed at the Wheel next to the
Balance-wheel ; by which Means, there is alvvays an equal
Force a&ing at that Wheel, and all the reft of the Wosk
has no more to do in meafuring Time, than the Perfon that
yvinds them up once a Day.

There isa Spring in the Infide of the Fulee, vvhich I vvill
call a fecondary Main-{pring. This Spring is alvvays kept ftret-
ched to a certain Tenfion by the Main-fpring , and during
 the Time of vvinding up the Time-keeper, at vvhich Time
the Main-fpring is not fuffered to aét, this fecondary Spring
fupplies its Place.

In common Watches in general the Wheels have about

One-third the Dominion over the Balance that the Balance-
C *
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(pring has s that is , if the Povver the Balance-{pring has
over the Balance be called Three, that from the Wheels is
One ; but in this my Time-keeper., the Wheels have only about
One-ceightieth Part of the Povver over the Balance that the
Balance-fpring has 5 and it muft be allovved , the lefs the
Wheels have to do vvith the Balance, the better. The Wheels
in a common Watch having this great Dominion over the
Balance , they can , vvhen the Wartch is vvound up , and
the Balance at reft, fer the Watch a-going but when my
Time-keeper’s Balance is at reft, and the Spring is vvound
up, the Force of the Wheels can no more fet it a-going , than
the Force of the Wheels of 2 common Regulator can, vvhen
the Weight is vvound up, fet the Pendulum a-vibrating ; nor
vvill the Force from the Wheels move the Balance, vvhen
at reft , to a greater Angle in Proportion to the Vibration
that it is to fetch, than the Force of the Wheels of a com-
mon Regulator can move the Pendulum from the Perpen-
dicular, vvhen it is at reft.

My Time-keeper’s Balance is more than three times the
Weight of a large fized common Watch-balance , and three
rimes its Diameter ; and a common Watch-balance goes through
about fix Inches of Space in a Second , but mine gocs through
about tvventy-four Inches in that Time : So that had my
Time-keeper only thefe Advantages over a common Watch 4
a good Performance might be expe@ed from it. But my Time-
keeper is not affefted by the different Degrees of Heat and
Cold , nor Agitation of the Ship ; and the Force from the
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Wheels is applied to the Balance in fuch a Manner, together
with the Shape of the Balance-fpring, and ( if I may be al-
lovved the Term ) an artificial Cycloid”, vvhich aéts at this
Spring ; fo that from thefe Contrivances, let the Balance vi-
brate more or lefs , all its Vibrations are performed in the
fame Time ; and therefore , if it go at all , it muft go zrue.
So that it is plain from this , that fuch a Time-keeper goes

intirely from Principle , and not from Chance.

The follovving is a Defcription of the Drawings from
which my fourth Time-keeper was made, and the

Drawings are alfo hereunto annexed.

Fic. 1.

AA is the Chain-barrel, and BB is a Seftion of it.

CC is the Spring-barrel, and DD is a Seltion of it.

EE is a Ratchet at the Spring-barrel , and FF is a Section
ofit. This Ratchet is fcrevved to the Spring-barrel by four
{mall Screvvs at aaaa. There is a Hole in the Pillar-plate of
the Diameter from the dotted Lines bb, and that Part of
the Spring-barrel cc is to move in this Hole vvithout any
Shake , in order to fet the Spring up. The Ratchet is alfo
fhevvn in Figure 13th , by the Circle 5, and it has
thirty Teeth, and ¢ is the Click that holds it,
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Diameter of the {pring Arbor........ about 1, 64 of : Inch.
Diameter of the Hole in the Centre of the Chain
Barrel gbowes: . MO S0 RUEC . AP 1, 0108
Diametre of the Mpperpivot {04 78 PR
Diameter of the lovver. ........ S 7
Diameter of the {pring Barrel vvithin.,.,.. 1, 4 Inch
| DU e

A A is the Brafs Edge , BB the Hole in the Middle of it, and
CC is a Settion of it. This Brafs Edge is fupported by fix
Pillars, and their Places are reprefented in Figures 13 and
14, by fix Circles aa24aa.

el f oA 4

AA reprefents the fecond Wheel alting in a Pinion at a.
BB reprefents the third Wheel , vvhich is concave , and
alts in a Pinion at 4. The fecond Wheel is defcribed
in Figure 14 by the Circle dd , and a&s in a Pinion
of 18 at e. The third Wheel is reprefented in Figure 14

- by the Circle ff, a&ing in a Pinion of 16 at g.

Note , The third Wheel is larger than is reprefented in
Figure 14 , ;and has 144 Teeth , and the fecond
Wheel has 120 Teeth.

' F1e. 4.
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T o i

A A reprefents the contrate Wheel, BB a Se&ion of it, vvith
a Seltion of the Spring-barrel 24. At ce is a Piece vvith
eight Pins in it , that difcharges the running Wheels every
eighth Part of a Minute. This Wheel is alfo reprefented
in Figure 14 by the Circle £%; it has 120 Teeth , and aéts
ina: Pinjon of 127 at .

Thicknefs of the Rim about 0, 048 of }inch.

The difcharger and vvheel for the feconds , muft be a little
nearer the dial plate than according to this dravving fo that
the tops of the pins of the difcharger may be even vvith the
plain of the pillar plate.

The croffes of the vvheel are alfo dravvn too broad at the ou-
ter end.

Diameter of the hole in the centre of the vvheel about 0, 23
of : inch.

Diameter of that part of the {pindle vvhich goes thro’ the fourth
vvheel arbor ( thicker end ) about o, 108 of ; inch.

Diameter of each pivot 0, 045.

Length of the fpring 10 inches, it’s vveight 3 3 grains.

Fi16.- 5.
A A is the firft Wheel , and zaas is a SeCtion of it. bbb is a

Se&ion of the Fufee., BB is the outer Diamergr *nf a Rat-
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chet vvhich is fixed to the Infide of the Fufee , and the
inner Circle CC is its inner Diameter, and it has 55 Teeth
in it. dddd is vwhat I call the perpetual Ratchet, of vvhich
ccce is a Seltion ; there is a Ratchet vvith 75 Teeth in
it on that Part marked ff, this is alfo fhevvn in Figure
13 by the Circle ee, and this perpetual Ratchet is to
carry the Barrel DD, vvhich Barrel contains the fecondary
Main.-{pring , and vwvill be in the Infide of the Fufee at
gz, and at that Part of the firft Wheel %% the inner End
of this Spring is to act, as that Part £s wvill be its Ar-
bor. The dotted Lines E reprefent the Grooves in the
Fufee. The dotted Lines /! reprefent the upper Plate.
The dotted Lines m 7 reprefent the Pillar Plate. The dot-
ted Lines nn reprefent the Cock , vvhich carries the lovver
End of the Arbor of the firft Wheel. This Cock is alfo
reprefented in Figure ﬁl; at dddd. The Ratchet ee in
Figure 13 has tvvo Clicks, vvhofe Centres are at ff, and
gg are the Springs vvhich a& at thefe Clicks. In Figure 14
bb reprefents the firft Wheel vvith 96 Teeth , ading in

a2 Pinion of 21 at ¢.
Frc, 6.

A is a Se@ion of the Frame, vvith the Balance-cock » the
Slide , and the Brafs Edge ; and 4 is the Centre of the
Joint-pin. B is a Se&ion, vvhere aa reprefents the Ba-
lance-cock , bb the third Wheel-cock.

¢ the Cock at the End of the contrate Wheel.
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d the Cock at the End of the fourth . Wheel.

e the fourth Wheel.

f the Follovver.

g the Balance-vvheel.

k the Potence.

¢ the Balance-vvheel Pinion.

k the Counter-potence, vvhich allo carries the other End of
the fourth Wheel.

m the Spring-barrel.

n the Hook in it, vvhere the out End of the Spring hangs.

o the Hook at the contrate Wheel , vvhere the inner End of
the Spring is hung.

r the fifth Wheel , vvith the Pin vvhere the Dittent is to ftop.

S the upper Plate, |

T the Pillar-plate.

Fi1e. 7

Is the Dittent , by vvhich is the Dilcharge for vvinding up
eight Times in a Minute. The Part 2 alts at the eight
Pins on the contrate Wheel-arbor. & is a Roller a&ing
againft a Piece of Bra's on the fifth Wheel-arbor. ¢ is a
Piece that ftops againft a Pin in the Rim of the fifth Wheel,
dd are Pieces of Brafs to make itin an Equilibrium in itfelf;
and E is the Spring vvhich alts upon it. The Centre of
this Dittent is at x in Figure 4.
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Fi1e¢ &

aa are the Pallets of ten times the Size that they are in the
Time-keeper. The dotted Lines from 24ths of the Cir-
cle , {hevv the Povver the Balance-vvheel has to impede
the Motion of the Balance by the Declivity on the Back
of the Pallets-, at any the fame time vvhenever it f{hall
have the greateft Povver to give it Motion,

FIG- Qs

r

Is to fhevv the ‘Proportion betvveen the Balance, the Balance-
vvheel , the Balance-vvheel Teeth , the Pallets, and atvvhat
Diftance the Wheel a&s from the Centre of the PRalance.
A A repreflents the Balance , BB the Balance-vvheel, az the
Pallets, and bbbbb b the Balance-vvheel Teeth.

| 0 - (o N

A is the Counter-potence , vvith the Follovver 2, and a fmall
Screvv at ¢, to ftop vvhen at its proper Place, and x is the
Centre of the fourth Wheel.

B is the Cock for the Minute-vvheel.

C is the Steel Bridge.

D is a Cock for the contrate Wheel.

E is a Cock at the firft Wheel.

F is a Cock at the contrate Wheel on the Pillar-plate.
Fie. 1x
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G T E

Is the Dittent , vvhich is to ftop the Balance before the Watch
be dovvn. It turns upon a Centre at zin Figure 14. A is the
Locking-{pring.

Diameter of the hole in the Socket, ( Its’ wvvider end )
about o , 19 of ; inch.

Diameter of the upper pivot 0, 22. Diameter of the lovver
pivot 0 , 09.

BirG I'n

A A reprefents the upper Plate, BB the Balance.

a a the Thermometer.

bb the Balance-{pring.

cc Slider to adjuft the Thermometer end-vvay.

d the Stud.

e the artificial Cycloid.

f a Piece to adjuft it-fo as to bear properly againft the Spring.

Eig: 13

aaaaaa the Feet of the Brafs Edge.

bb the Ratchet at the Spring-barrel.

¢ the Click.

dddd the Cock at the End of the firft Wheel,

E %
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¢e a Ratchet.
ff the Centres of the tvvo Clicks vvhich a& in it.

g g the tvvo Springs that a& at them.

hhhhhh the {ix Pillars of the Frame.

i1 the Steel Bridge,

kkk tvwo Wheels that carry the Seconds , one being on the
contrate. Wheel-arbor , the other moving on the Cannon-
pinion.

/! the Cannon-pinion,

mm the Minute-vvheel.

n the Hour-pinion.

o0 the Hour-vvheel.
BTG 14

@aaaaa the fix Pillars of the Brafs Edge.
bb the firft Wheel.

¢ the Centre-pinion.

dd the fecond Wheel.

e the fecond Pinion.

{f the third Wheel.

g the third Pinion.

hh the contrate Wheel, and the fourth Wheel.
¢ the Balance-vvheel Pinion.

% the fourth Pinion.

!l the fifth Wheel.

# the fifth Pinion.
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nn the Fly.
eo the Balance-vvheel.
p the Potence.
rrrrrr the fix Pillars of the Frame.
s the Stud.
¢+ the Centre of the Dittent, to ftop the Balance.
x the Centre of the difcharging Dittent.
#u the upper Plate.
2% the Pillar-plate.

F1eG. 15

Is vvhat vvas defigned for the Work on the upper Plate,
vvhich is novv done in the Manner as reprefented in Fi-
gure 12.

For tempering the Balance-fpindle , the Balance - {pring ,
and the Pinions.

Before their being immerfed in the Metal (as juft melted)
let them be oiled over.

The Heat for the Balance-fpindle 567 on Fahrenheit’s Scale,
the wvhich is given by one of Pevvter to 12 of Lead;
but for the Balance-fpring and the Pinions, let the Mixture
be One of Pevvter to 17 of Lead.

Each Turn of the firft Wheel ( or Fufee) is 4+ Hours ; fo
52 of its Turns is juft 24 Hours ; and 6% is 28% Hours ; and 6%

Turns equal to 30 Hours.
FINIS
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