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11, 4 Defeription of an Engine to vaife Water by the
Flelp of Quickfilver, invented by the late Mr.
Jofhua Haskins, and improv'd by J. T. Defagu-
liers, LL. D.R. S S.

¢ R. Huskins finding that all Hydraulic Engines,
working with Pumps, lofe a great deal of
Water, (always giving le(s than the Number of Strokes
ought to give accerding to the Contents of che Bar-
rels:) and that when the Piftons are new leather'd to
prevent that Lofs, the Friction is much increas’d. and
the Engines are fubject to Jerks, which in great Works
do often diforder an Engine for a great while, by
breaking fome of the Parts; contrivid a new way of
raifing Water without any Friction of Solids; making
ufe of Quickfilver inltead of Leather, to keep the
Air or Water from {lipping by the fides of the Pi-
ftons in the Barrels where they work ; hoping there-
by to prevent all the abovefaid Inconveniences, and
alfo to have Water Engines lefs liable to be out
of Order than any yet made.

The firft Experiment he made with an Engine chat
he fet up at my Houfe about two Years ago, which
I repeated before the Royal Society ina Model; and
tho’, by the ill Contrivance of the Parts, it did not
raifc near the Quantity of Warer that the Invention
is capable of ; yer I fhall defcribe the Machine hers,
becaufe it will ferve for the better Underftanding of
our prefent Engine.
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dddd reprefents a Lignum Vite Plug or Pifton (which
Mr. Haskins call’d a Piunger) about 6 Foot long made
heavy enough with Lead atr top to fink into Mercu-
7y, which is beforehand pourd into the Barrel D 1
D 2 up to mm. The Chain Ex1 E 2, joyn'd to the
Pifton and the Power that moves it, being let down
till the Pifton comes to D 2, the Mercury rifes to the
fame Height in the Barrel, and in the Recciver R,
(which it fills) namely to ##, as appears in the Fi--
gure. Then drawing up the Pifton till its Bottom
is come to #m, the Mercury coming out of the Re-
ceiver down to oo makes a Fuacuum, and the Weight
of the Atmofphere caufes the Water to rife up thro’
the Sucking Pipe A1 A 2, and Valve V into the
Receiver where the Mercury was before.  Upon let-
ting down the Pifton again, the Mercury rifes into
the Receiver, and drives up the Water thro’ the Elbow
B, the forcing Valve », and fo up the forcing Pipe
a2 .4 §: Bur when once the forcing Pipe (which here
was 46 Foot high) is full, before any Mercury can en-
ter into the Recciver, and force any Water out at the
top of the Fipe « 1, the Merenry between the Piflon
and Barrel muft rife up to ¢ ¢ near 3+ Feet above the
Bottom of the Recciver, and as it continues to rife
up to pp, the Water is thrown out with a Velocity
proportionable to the Height that the Mercury is rais'd
above the t4th part of the Height of the Water.
Now tho’ the Friction of Solids is here avoided, it
is plain that the Mercury muft move frommm o g4
without raifing any Water, and that it can only force
in going from g4 to pp, and only fuck in falling
from o0 to mm: And unlefs the Piflon is ftopp'd a
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little while when at loweft, the Water wen't have
time to run ocuts So likewile the Pifton muft be
flopp’'d when at higheft, that the Recciver may have
time to fill.

Mr. Haskins likewife propofed another Way, . repre-
fented in Fig.2; where the {ame Letters reprefent the
fame Parts, only here the Barrel is moveable by the
two Chainos Et E2, and inficad of a folid Pifton,
the hollow Cylinder C 1 ¢¢ is fixd, and the Mercury
moving up and down in the lower Part of it, fucks
and forces the Water thro’ the Elbow. The Figure
reprefents the Engine fucking., by means of the #er-
cury hanging from oo to mm. In order to force, be-
fore any Water can be driven out, the Merenry ,in the
inner Cylinder mu®t defcend from oo to mm, and rife
up to pp between that Cylinder and the Barrels fo
that here al{o a great deal of time is loft; befides
the great Quantity of Mercury us’d, which is very ex-
penfive ; becaufe as much Mercuryis movd every Stroke
as the Water rais’d.

Thefe Difficulties very much puzzled Mr. Haskins,
and quite difcourag’d fome other Perfons that had
got the Secrec of the Invention, and were fetting up
againft him. But when I had confiderd the Marter a
little, tho’ I had not time to contrive a Machine for
it, 1 told him, That a little Mercury might be made
to raife a great Quantity of Water, and there fhould
not be fuch a lofs of time as in his Engines; but
that I would have him find it out before I affifted
him farther. In a little time he found out the Con-
trivance reprefented in F7z. 45 and afterwards chat of
Fig. 35 which laft was what I had thought of - And
both thefe were allo found out by the late Mr, William
Ureem, who was an excellent Mechanick.

B 2 Fic.
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Here the Barrel is mov'd as in Fig. 2, but the Plug
ddd. taking up a grear deal of Space, there is Oc-
cafion for no more Mercury than what will make a
concave Cylinder or Shell up to pp between the Bar-
rel D1 D2, and the hanging Cylinder C1 C2 ¢y,
when the Stroke is made for forcing; and a concave
Cylinder between the Plug and C1 C2 ¢¢, when the
Su&ion is made. 1 gave Mr. Huskins the Proportions
for an Engine this way, of which he made a Draught,
and thew’d it to the Right Honourable the Lord Chan-
cellour about fix Months ago.  This [ mention here,
that no body may endeavour to get a Patent for this
Invention, to the Prejudice of Mr. Haskins’s Affignees ;
who, fince his Death, have defir'd me to affift them in
perfecting the Engine.

Frg: IV.

Here the Barrel with a third Cylinder dddd in-
ftead of the Plug of Fiz. 3, is lifted up and down
every Stroke, and the Water pafles thro' 4444, the Mer-
¢nry making a Shell fometimes between the middle and
inner Cylinder, as in the Suction; and fomectimes be-
tween the Barrel and the middle Cylinder, as in the
forcing Srroke.

Mr. Ha kins had contrivid fach a Machine as is re-
prelented by this 4th Figure, and befpoke the feveral
Parts before he dy’d; and therefore when I was de-
fid by his Affignees to dire@ the fetting up the Ma-
chine, 1 was oblig’d to make ule of the Pieces alrea-
dy made, in order to fave the Expence of a new
Engine: And now the whole put together with fome

Al
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Alterations, make the Engine reprefented by Fig. 5
as it is fet up at my Houle in Weftminfter, and by
the Force of one Man, raifes a Hogfhead of Water
in litcle more than a Minute and a half to the Heighe
of 27 Feet. All the Faule of the Machine of Fir. 5
is, that the Pendulum Handle Ffis too long, and the
Bottom of the middle Cylinder C ought to be juft
in the middle of the Height to which the Water is
to be rais’d, fuppofing three Copper Cylinders to be
as they are here: If likewife the Barrel D1 D2
work’d under the forcing Pipe, the Lift would be
eafier. Therefore I defcribe the Machine with the
{mall Alteration reprefented in Fig. 6.

The {ucking and forcing Pipe and Valves are mark’d
with the fame Letters as in the other Figures; and
the Chains E 1 E2 muft be f{upposd to hang from
fuch Pullies, and to be movd by fuch a Pendulum as
is in Fig. 5o The Barrel D 1 D2 (call'd otherwife
the outer Cylinder, and reprefented by the fame Let-
ters in Fiz. 7,) has within it another Cylinder (call'd
the inner Cylinder or Plug, as dddd Fig. 7,) between
which two Cylinders a certain Quantity of Mercury
is. pourd in, and the hanging Cylinder C coming
down into the Mercary, a Stroke. of 13 Inches may
be made by the Motion of the Barrel, which, in go-
ing down fucks by making a Pacuwm in C, and in
going up forces the Water out of the top of the
forcing Pipe, performing the Office of a common Pi-
fton; only that inftead of Leather to make it tight
to the Cylinder C, there is always a thin Shell of
Quickfilver either between the middi¢ Cylinder G and
the inner one, (d4ddd Fig. 7.) as happens when the
Sufion is made, or between the middle and outer
Cylinder, as happens in lifting up the Barrel to
Force: 1In the Suion, the Mercury is higher in tie
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inncr Shell chan in the outer Shell, by an Height e-
nal to a liztle more than -2 Part of the Hcigh: of
che Barrel above the Water to be rais’d: And in
torcing, it is higher in the outer Shell than in the inner
by a hitle more than & of the Height of the Pillar of
Water to be forc’d. Aad therefore if the Water is
not requircd to be rais’d above 64 Feet, the barrel
fhould move fo as to make the Middle of its Stroke
at the Height of 30 Feet, or at the middle of the
way from the Water to be rais’d, to the Delivery at
top.

The 7th Figure drawn by a larger Scale, reprefents
the three Cylinders, which are here made of Copper
in their juft Proportions: And for the fake of thoic
that would confider this matter fully, I have here gi-
ven their Lengths, Diameters within and withour, and
Thicknefs.

Outer Cylinder  Middle or hang- Inner Cylinder or
or Barrel, D1 D2, ing Cylinder, in plug clofed =t top
which the Stroke Ey a Cap, and mo-
ismade Cx Czcc. ving up and down
with the Barrel to
which it is joyn’d

at bottom. dddd.

Inches Inches Inches
Length ——3 O ———2.0,0 . 31,2
o b6 ——— 655 603
Thicknels  ===——— 0,10 et 0,08 —_— 0,13
ithont” 694 651 6,29

Here BB reprefents parc of the Elbow of Fig. 5.
or of the forcing Pipe of Fig. 6. But as the Spaces
between the Cylinders are fo {mall, as not to be vi-
fible even in a large Draught made by a Scale; I
have here given three more Draughts of the three

Cy-
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Cylinders, where the Height is agrecable to the Scale
of the 7th Figure, but the Diameters of the middle
and inner Cylinders arc made lels than they are in
the Engine, to make the Space between (‘where the
Mercury rifes and falls) vifible; and the Cylinders
themfelves are reprefented by fingle Lines.

The Quantity of Mereury us’d in this Engine is
36 + Pounds, which being pour’d in between the outer
and inner Cylinder, rifes up to the Height of 15. Inches.

When the Barrcl is pull'd up (as in Fiz. 9,) fo as to
have the middle Cylinder within an Inch of the Bot-
tom of the Barrel 5 the Mercury on both fides the mide
dle Cylinder will rife up to the Height of 23,1
Inches, that is about two Inches below the Cup Di,
to the Line ¢4.

When the Barrel is going down to fill the fucking
Pipe and middle Cylinder C, the Mercwry in the inner
Shell will be 25 Inches high, and only 3 inthe outce
Shell, Fig. 9, where the fhaded part reprefents the ¢.

At the Enid qf the fucking Stroke the Mercary is
up to the top of the inner Cylinder, and {carce an
Inch in the outer Shell. Fig. 8.

in raifing the Pifton from forcing to Sucking, the
" firt 1 inch drives the M:ercury out of the inner
~ Shell, and raifes it in the outer Shell 13,28 Inches.

The Depth of an Inch of Warter in the middle Cy-
linder above the inner onc or Plugis equal to a Space
in the outer Shell of 13,28 Inches, and % of an inch
is equal to the {ame Height in the inner shell.

Therefore when the Mercury is equally high in
both Shells, a Motion of .+ of an Inch of the Bar-
rel will charge for Suctionr That is, upon letting
down the Barrcl only 4 of an Iach, the Preflure
of the Atmofphere in the outer Shell will raife che

Mercury in the inner one 13,28 Inches, at the fame
time
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time, that it pufiies up the Water from the Well 13
Foo:r and a half high into the fucking Pipe. And
when all the Pipes are full, if the Mercury be equal-
ly high in both Shells, upon raifing the Barrel one
Inch, the Mercury will rife 13,28 Inches in the outer
Shells which I call charging for forcing; becaufe in
continuing to raife the Barrel, the forcing Valve im-
mediately rifes, and the Water comes out at top
‘during the reft of the Stroke, which is i2 Tnches,
‘and delivers 1,6 Gallon of Water, Wine Meafure.

Fig. 10, reprefents the forcing Stroke half way up;
with the y 17 Iaches in the outer Shell 4 Inches in
the inner, and the whole fpace at bottom under the
‘middle Cylinder 7 Inches.

From this it appears, that in the whole Stroke of
13 Inches in Length, there is only + of an Inch loft
to charge for Suction, and in the next ftroke, which
is likewife of 13 Inches there is only one Inch loft
to charge for forcing; fo that in a Motion of 26
Inches, there is but 1 + Inch, or about =% part inef-
fectual. But this is owing to the too large fpace of
the outer fhell, which contains 4 times more than the
inner one, becaufe the Cyliaders were only hammer’d,
and not turn'ds for if the outer {pace had been no
bigger than the inner, then & of an Inch of the ftroke
would have charg’d for forcing; fo that only * an
Inch in 26, or % part of the whole {iroke would have
been ineffectual 5 and in that Cafe, ¢ of the Quanti-
ty of Mercury, or a little morc than 12 Pounds, would
have been fufficient.

There may flill lefs Mercury be usd, if the mid-
dle Cylinder be made of Plate Iron turn’d on the
-outfide, and bor’d within, the outer Cylinder bord,
and the inner one turn'd; fo that if the Work be

well perform’d, eight or ten Pounds of Mercury will
be
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be fufficient in this Engine, tho' the Bore of the
middle Cylinder, or Diameter of the Pillar of Wa-
ter which is rais’d, be of 6,35 Inches. If the Bore
of the faid Cylinder was but 3 Inches. lefs than 3
Founds of Mercury would f{uffice, and lefs than fix
if there were two Barrels, in order to keep a conftant
ftream thro’ a Pipe of almoft the fame Diameter.
This will very much leflen the Expence of Mercu-
ry, which would otherwife be an Ohjection againit
this Engine ; and by making the inner and outer Cylinder
of hard Weod, as Box, or Lignsm Vite, the Coft of
the Engine may flill be reduc’d. Bur if the Engine
be very large, Calt Iron bor’d will be proper for
the ourer Cylinder, and Caft Iron turn’d on the out-
fide for the inncr Cylinder or Plug, and hammer’d

Iron bor'd and rturn’d for the middle Cylinder.
There is an Objection, which feems at firft to take
off the intended Advantage of this Engine, which is
this, viz. That inftead of the Frition of the Leather
of a Pifton, when we lift up our Barrel to force, the
Refiftancs, that the Mercury finds to rife in the outer
Shell, is at leaft as great as the Friction that we avoid.
Now that Refiftance is never greater than the Weighe
of a concave Cylinder of Mercury, whofe Heighe is
the greateft to which the Mercury rifes in the faid
Shell, and the Bafe is the Area of the Shell it fclf,
This Weight in our Engine is equal to 57,5 Pounds,
and therefore one would think ic greater than the Re-
fitance made by the Friion of a Pifton. But if it
be confider’d, that in the Delcent of the Barrel for
fucking, the Mercury fhifcs immediately into the inner
Shell, rifing to the fame Height, and ftill keeping the
fame Bafe; the aforefaid Weight of 57,5 Pounds
helps down the Barrel, and facilitates the overcoming
of the Force of the Atmofphere, confequently the
C Weight
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Weight of the Mercury being balanc'd, is no Hindrance,
whether you work with a fingle or a double Barrei.

There remains only then the Hindrance by lois of
time in the Beginning of any Stroke: bur I have
{hew’d thatr to be but < part of the ftroke. I have
found that the beft Engines now in ufe generally
lofe near + of the Water that they ought to give,
according to their Number of Strokes. And Mr.
Fenry Beighton, an ingenious Member of this Socic-
ty, having a -great many times meafurd the Watcr
tiat is rais’d by Engines in Mines, found that fome
Engines loft 4, and none ever loft lefs than &+ of
what they cught to give according to the Number
of the Strokes in their Pumps, whatever auxiliary
Fowers they were mov'd with.

There is indeed another Objection, but fcarce worth
notice; which is, that {ome Particles of Mercury will
mix with the Water that is rais’d, and make it un.
whoicfome; but no body that confiders Specifick
Gravity, will imagine any f{uch thing. However, to
fatisfic thofe that might {till apprehend i, it is to be
obferv’d, that none of the Water that is rais’d comes
near the Mercury: For in the Cylinder C, and part
of the Elbow B, (Fig.5.) there is always above the
Mercury a certain Quantity of Water that rifes and
falls with the Barrel, and never goes into the forcing
Pipe. The fame happens alfo in the Machine of
Fig. 6. for the Water having once run into the Cy-
linder C, ail that is rais’d afterwards, comes thro’ the
forcing Valve without coming down to the Mer-
cury.

Provided Care be taken to make the Barrel with
its Plug tight, I dont fee that this Machine will
want KRepair in a long time, except fome of the aux-
iliary Powers be out of order, which do not relate to

this
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this Invention. The Numbers given will ferve to
examine the Truth of what I have afferted concern-
ing the Motion of the Mercury: And from them
one may make Tables to ferve to proportion thefe
Engines for raifing any Quantity of Water to any
Height, according to the Power one has to apply.

Hi. Part of a Letter from Mr. Peter Derante,
Chirurgeon in Waterford, to Mr. John Douglas,
Chirurgeon, F.R, 8 concerning the coming off of
the Scapula and Head of the Os Humeri, upon
a Mortification.

N the 5th of November, v713, One Fobn Fletcher,

" on board the Neptune of Leverpool, had the Mis-
fortune to break the Radins and Ulna (of his left Arm)
and their Ends burlt thro’ the Skin. He was immedi-
ately drefs’d by the Surgeon of the Ship with the com-
mon Aftringents and Bandage; about five or fix Days
afterwards 1 was fent for to go down to Paffuze to {ze
this Man. When I camethere, 1 found his Surgeon along
with him, who told me, That the Man would do very
~well, becaufe he was in no pain at all; however, I
defird him to take off the Dreffings, and let me look
on't. Which being done, I found it was black and
infenfible from his Fingers to his Shoulder, and there-
fore advisd the Exrtirpation of it immediately, buc
his Surgeon oppos’d it; however, | ({carified it in fe-
veral Places, and very deep, and then apply’d a warm
Drefling. Next Day the Ship put to Sea, and the poor
2 Creature



70
el

L. My
Lla

ac

[~

Lo

20/1/0{0/77;;%. ' fmy

ar

Al



Inner 5 lnder

Wi il
J:e/zytﬁ ........................ 2 7.2
Deameter wethon ..o. 6. 03

ﬂzbénﬁ .................... 0.1z

74

Distance betwen Outer sInner Gylinder 0.224

//a’/u

W/KZJ Cylunder. Ozz,t 2 [ylz;m’er

2 6
5 .35 Depth of v
0.08 Deamete
Zéfy{ﬁg
Stroke in g
s 1=

ARG A




Voilofo  dran/- N 570,
- Late I

vth g//éz 6277 s Inches
ameter 10.4

ngtte of Fendulum gﬁaf
be iy Cylender 13 Inches

= o
il AN
&




o
Y

4

¥
Lot







¥

X, Sriches

aliota - Lrans A ‘;f 2.
. ; - Mate F!
..E"HE#F .t'./-l th.l'h?'f-?". ':E‘-fi-':"-'-.-t'm'ti {‘}'f:"u‘.i'nrﬂff. I?Hi! Jﬂ;'féﬂuffr ¢

Length ... R -?"!.J;m N L&
Diameter wethen ..o, 6. 07 &34 Dpth of the Cup 5 Inchas
ﬁtﬂ.&ﬂﬁ&, QT T AP N Ut a.08 Drameter 104
; - Len r?’z;ff Fenduilum I,/.;:f.:f:
v fo e .l!i'I If. E:J-.-‘.' ..-!'ll i ._f‘? . = _5;1
Peitan ,cﬁa'f.mm Quler kinner YeLnRder 3234 2 I f-l’a}*'f-‘ﬂr ‘{'ﬂrﬂ Bk
E B B B

d afe

[TEETr= ]

LERaTE RS R URENET ¥t S]]

..,l":I:'"

2 TR TR T TP T B S Es, EETENT S

T ——————

|

|
H
-E
F
}
1

-

I.._,_Al




