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cppofed to cach other, South to South; the Filings
produced the fame Appcarance of Repuifion, as de-
feribed in the fifth Expersment; then the Bars being
brougiit fo near as to touch each other at the fame
Poles, the Repuifion was inftantly changed into At-
traltion.

HI. A Difcourfe cmcemiﬂg the Ulefulnefs of
Thermometers 72 Chemical Experzments :
and concerning  the Pnnczples on 'wbzc}f
the Thermometers now in Ufe have been
confiructed ; together with tb Dgfcrzptzm
and Ulfes of a Metalline Thermometer,
newly invented by Cromwell Mortimer
M. D. Sec.R. S. &c.

e s f VHEMISTRY being the moft ex-
Alterations. tenfive Branch of Experimental
Pniiofophy, hath furnifh’d Mankind with the greareft
Number of curious and ufeful Difcoverics; for not

only the Art of feparating Metals from their Ores, of
which Metals are form’d fuch Varicety of ufeful In-
frruments, but likewife Cookery, which is fo much
concern’d about the Food of Mankind during Healti,
and aifo Pharmacy, which furnifthes Medicines for
the refroring Health when loft, the Art of Dyeing,
and many other ufcful Manufattures, ail owe their
Improvements to this Science ; many of which have
been light on uncxpeéiedly by the Operator, while

4 he
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he had fomething elfc in View : but in many Cafcs
the Chemifts complain, that, having once acciden-
taily light on a curious Expcriment, upon cndca-
vouring to repeat it, they have never been able to
make their Procefs fucceed exa@ly, as it did the
firt time, notwithftanding that they made ufe of
the fame Materials, in the fame Quautity, and con-
ducted the Procefs thro’ exaétly the fame Operations,
Where then muft the Caufe of the Mifcarriage lie ?
Surcly in the Degree of Heat made ufc of in the
two Expcriments: For, in many common Opecra-
tions, how ufual is it for a Preparation to be {fpoiled
cither by too little, or, moft. commonly, by too
much Fire, too long or too fhort a time applied !
In order therefore to prevent thefe many Mifcar-
riages, I would advife the Chemift, in his Ope-
rations, to obfcrve his Clock with as much Exaé-
nels as the Aftronomer doth in his Obfervations
and in order to know to a Certainty the very De-
grees of Heat he cver made ufe of in any Procefs,
that fo hc may be able to repeat and continuc the
fame again in any Repetitions of the fame Experiment,
let him have his Laboratory furnifh’d with various
Sorts of Thermometers, proportion’d to the Degree
of Heat he intends to make ufe of. He will find
thefe Inftruments as ufeful to him in his Procefics,
as they have proved to the curious.Gardener in his
Stoves, who by them is taught to keep his Plants in
the fame Degrees of Heat, as are natural to them in
their refpective Climates s which hath been fet forth
in Tables, after a very ingenious manncr, by Mr.

S{ff 2 Sheldrake
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*Sheldrake of Norwich. And befides the cnabling
him to perform his Opcerations with morc Exatnefs,
thefe Inftruments would fave him a great dcal of
Fucl s for as Liquors, while boiling, arc not capa-
ble of receiving a greater Degree of Heat, all Fucl
which is ufcd more than to keep them in that State
is ufclefs; and the like happens in many other
Cafcs.

Thefc Inftruments would alfo be of great Service to
Maltfters, Brewers, Diftillers,and Vinegar-makers ; for,
by Thermometers placed in difterent Parts of the Heap
of wetted Malt, the proper Heat for its fprouting
might be determined, and then regulated : The fame
for the Heat of the Kiln when the Malt is fpread on
it. By Thermometers the Brewcer may afcertain the
Heat of the Water when he pours it upon the Malt,
the Heat of the Wort when he fets it to work, and
the Hcat while working : And in the like manner
the Diftiller and Vmcgar meker, in a Word, cvery
Artificer, who cmploys Hcat in his Buﬁncﬁ may
by thcfe Infruments be certain of every Dc"wc ne-
ceflary in each Part of his Woik.

Many Experiments fhew, that all known Bodics,
whether fluid or folid, increafe their Bulk or rarcfy
by an Addition of Hcat 5 and, on the contrary, con-
tralt or become more denfe by the Diminution of
Heat, which is the Prefence of Cold: And thefe
Alterations arc always more or lefs fenfible in pro-
portion to the natural Rarity or Denfity of the
Bodies. The

* Now Trufs-maker overagainft the End of Swfolk.firect neav
Charing-Crofs, London, 1748,
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The Air we live in, as it is thc moft rare
and light Fluid, {o are its Alterations the moft fen-
fible; and indced I know of no Expcriments which
detcrmine how far it is capable of being cxpanded
by Heat, or condenfed by Cold ; only we find that
it will make its Way thro’ any Fluid in which it lay
dormant, when its claftic Property is ronzed by the
Approach of fuch an Heat as will make the Fluid boil.
On the other hand, when comprefs’d by a Fluid fo
contratted by Cold, as to frecze, or become folid,
its Elafticity will only bcar a certain Degree of Com-
preflion, till the Force whercwith it endcavours to
reftore itfelf, exceeds the Force by which the Parts
of the Solid, that confines it, adhcre to each other,
and fo burfls its Prifon; as we often fee during hard
Frofts in Ice, and likewifc Glafs, and other hard Bo-
dics, whofe Parts cannot ftretch.

Next to Air is Aleokol, or the higheft re@ified
Spirit of Wine : This, Water, and all other Liquids,
arc capable of recciving no greater Degree of Heat
than what makes them boil, as was firtft demonftrated
by Monficur Amontons, 2 Member of the Roya/
Academy des Sciences at Paris; but that ingenious
Inventor of the Quickfilver Thermometer Mr. Fah-
renbesr hath difcoverd, that when the Barometer
marks a grecater Preflure of the Atmofphere, the
fame Liquor will reccive 8 or 9 Degrees more of
¢icat than when the Baromcter is at the loweft.
From hence the great Profeflor Boerbaave gives the
Hint, that, from nice Experimcents being made of
the different Degrees of Heat mark’d by a Thermo-
meter in boiling Water compared ‘with the differ-
ent Hcights of the Barometer, and Tables formed

upon
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upon them, a Thermometer applied to boiling Wa-
ter might, at Sca, where the Motion of the Ship
hinders Obfervations with the Barometer, ferve to
determine the Difference of the Gravity of the At-
mofphere.  Sce his Chemifiry, Tom. L p. 171,
Thele, and ail other Liguids, by a certain detee-
minatc Degree of Cold peculiar to cach fort, lofe their
Fioidity, and freeze, or become folid, but nor in the
{ame Crdcer as by Feat tucy boil s for by Cold Oil or
Water is fooner frozen than Spirit of Wine, tho’ Spirit
of Wince wiil boil fooncr than Gilor Water. All{olid
Bodics Likewife,asMinerals, Metals, and cven Stoucs,
will become fluid, or mclet, at a cerrain Degree of
Hecat peculiar to cach Species; and, when thoroughly
melted, it is probable they are capable of recciving
no higher Degrec of Heat; and, on the Abfence of
that Heat to a certain Degree, they all return to
their natural folid State.  Hcence we may reafonably
concludc, that Solidity is the natural State of all Bo-
dies; and that fome are only accidentally fluid, be-
caufe their Conftitution is fuch as to melt by thofe
Degrees of Hzat which our Atmofpherc is moft com-
monly fubje& to. All folid Bodics are obfcrved to
contra@ themfelves into fmaller Dimenfions by Cold,
and gradually to expand themfelves at the Approach
of Heat, till at laft, being by Heat forc’d to the greateft
Degrec of Expanfion, the Particles of which they are
compofcd lofing their Cohefion, they become fluid
but no Experiments have yet been made, which de-
termine whether Solids, expofed to Cold beyond
certain Degrees, will ceafe to contralt any more.
The leatned Dr. Mufchenbroek, Prof. of Atronomy
at Utrecht, and F. R, §. hath lately invented a very
ingenious
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ingenious Inflrument, which he calls a Prrometer
and which Dr. Defasuliers hath made fome Im-
provements to * 5 a full Defeription of which he
hath given in his Courfe of Experimental Philofo-
phy, Vol. 1. p. 421. ¢re. By this Inftrument the
Elongation of Rods of feveral Sorts of Mctals by the
Approach of a certain Numbcr of Flames of a Spi-
rit-Lamp, and likewife their as fudden Contraion,
on the extinguithing onc or more of thofe Flames,
is render’d fenfible to the Eye: Which fufliciently
cvidences the Matter of Falt, and puts it beyond all
Doubt. ‘

From the above-mention’d Property of Bodics
contracting and expanding in Cold and Hcat, have
all Thermometers been confiru@ted, that have ever
been made ufe of in order to obterve and compare
the different Degrees of Hear, cither in our Atmo-
fphere, or in other Bodics. The moft fimple and
moft {enfible of any is that aéreal Thermometer dc-
{Ccribed by the great Mr. Boyle, in his New Experi-
ments and Obfcrvations touching Cold, Lond. 1683.
420. p. 39. It confifts of a glafs Bubble, with a
very tflender Stem not bigeer than a Raven’s Quill.
The Bubble is left full of Air, and a few Drops of
Water being convey'd into the Stem in an ereét
Pofition, wiil there remain fufpended to a certain
Hecighe; but, by the leaft Addition of Heat, the Air
in the Bubble expanding will pufh the Water up

highcr

* This Infirument hath fince been greatly improved by that ingenious
Watch-maker Mr., Jobn Ellicot, F.R. §. See Phil. Tranf. N°, 443.
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higher ; or, by the Approach of Cold, the Air con-
tracting, the Water will fall lower in the Stem. This
Inftrument may be of Ufc in fmall Degrees of Heat,
and in Cold, till the Water begins to frecze, when
it becomes ufelefs.

The next in Order of Senfibility is that firlt in-
vented by Cornelius ‘Drebbelius of Alemar, and
improved by Boerhaave. (Sce his Chemiftry, Tom. 1.
p-152, & 153.) It confilts of an hollow glafs Lens
joincd to a Stem of a larger Size than in the pre-
ceding, and a Bafon into which the End of the
Stem is inverted.  The Air in the Lens muft be (o
much rarefied, that the Stem being inverted into a
tinged Liquor in the Bafon, the Liquor will rife up
fome way in the Stem; then, by the Application
of Heat to the Lens, the Liquor in the Stem will be
pufh’d down, and by Cold the Liquor will rife up.
This Inftrument will give Noticc of the f{malleft
Changes in the Air; but it cannot be immerfed
into any Liquid for chemical Experiments, unlefs
the Stem were made much longer, and bent down:
in Form of a Syphon: But cven then it would be
very unhandy, and, like the preceding, it would
necver ferve for any Degree below what would
freeze the Liquor made ufe of, nor for any above
what would force out the confin’d Air through the
Liquor in the Bafon. Bcfides, both thefe Inftru-
ments, being fubjett to the Preffure of the Atmo-
fphere, are not proper, without comparing the Ba-
rometer at the fame time, to determine the Degrees
of Heat at a great Diftance of Time between each
Experiment,

The
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The moft ufual Sort of Thermometers is that de-
fcribed in the Account of the Experiments by the /Zca-
demy of Cementos which being the common oncs,
made of Spirit of Winc ting'd, it is needicfs todefcribe.
The Bounds of the Degrees of Heat which thefe
will meafure, and which is commonly called the
Range of the Inftrument, are from the Degree
which frcezes Spitit of Wine, up to that which
makes it boil. The Spirit-Thermometers, commoniy
madc here in London, are {o graduared, that when
the Spirit is rarcfied to the Degree that the moft
fultry Sunfhine commonly known in our Climate
of s1°L N. Lat. can raifc it, there is placed the
Mark o. or Degree of no Cold. Some few are
mark’d 10 or 20 above this, if they are defign’d to
be ufed in hotter Climatess; but all are graduated
downwards from this: So that the 45°. is the Point
of temperate, and 65°. is the Point of freezing,
and 100° is placd juft above the Ball. DBut the
moft accurate Spirit-Thermometers are thole fately
made by the ingenious Mr. Reaumur, Member of
the Royal Academy of Sciences at Paris 5 he hath
taken a great deal of Pains, and ufed grear Exadnefs,
in fixing the certain Points of freezing of Water,
of temperate Air, and boiling Water. He dctcr-
mines the freczing Point, by lecaving his Thermo-
mcter a confiderable time in Water, into which is
put a good dcal of Ice, at a time when the Water
would not frecze of itfclf; and this he marks o. or
the Degree of no Heat; and his Scale is mark’d
with Numbers running downwards from o. mea-
furing the Degrees of Cold, and upwards meafuring
the Degrees of Hear: At 1of upwards he marks

Tret the
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the Point of Temperatc, which he dctermines by
placing his Inftrument in a fubterrancan Cavern,
which is ncither affe€ed by Froft nor Sunfhine, bue
is obferved to keep an cquable Temperaturc all the
Year rounds fach as deep Cellars and Wine Vaalrs
commonly do. In boiling Water he finds that his
Thermometer rifes to his goth Divifion,* or 8o De-
grees, which are formed by dividing the Spirit when
condenfed to the freczing Point, into 1000 cqual
Parts; fo that, with the Hear which makes Warter
boil, the Spirit is expanded only %%, more than
with the Cold which freezes Water.

Thefe Spirit-Thermometers arc of Ufe in Experi-
ments where fomewhat greater Cold than the freez-
ing of Watcr is required 5 but they can never be of
Ufe in any Degrees of Heat beyond the boiling of
the Spirit itfelf; becaufe it then becomes volatile,
or rifcs up in Steam, and not only expands no more,
but likewife the Quantity is diminithed by the Parti-
cles which fly up from the Surface of the Liquor,
and are {ufpended in the Top of the Tube.

Many have filled their Thermometers with various
Sorts of Oils+: Thefe indeed will meafure many
Degrees above the boiling of Water, till they boil
themfclvess and then they have the fame Defeét as the

Spirit

* But, with Submiffion to fo great a Man, I cannot apprehend
that his Thermometers, when the Spirits are raifed up to 8o do
mark any greater Degree of Heat than their own fpecific boiling
Heat, wbich, if they are Alobsl, or the moft retified Spirits, an-
fwer to 174. of Fabrenbeit’s Scale ; if of the Strength of common
Brandy to 190. + See Dr. Martin’s Effays Med. & Phila/,
p. 225,
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Spirit ones juft mention'd, which is the Liquor lofing
of its Bulk by Evaporation; and they congeal much
fooncr than Watcr, and fo are ufclefs in mealuring
any Dcgrecs of Cold.

The moft ufeful Inftruments, as they compre-
hend the largelt Range, are the Mercurial Thermo-
metcers, which were brought into Ufc by that in-
genious Artificer Fabrenheit, F. R. S.  (Scc Phil.
Tran/. N°. 381.): But, to do Jufticc to a moft wor-
thy Member of the Royal Society, namcly, Dr.
Halley, he firlt gave the Hint, and even propofled
the making Thermometers of %ﬁckﬁ{vcr long be-
forc Fahrenheit’s Time (Sce Phil. Tranf. N°. 107.
p. 652.). Howcver, Fahrenbeit deferves Thauks
from the World for having brought thefe Inftru-
ments into Ufe, becaufe they will mcafure the
greateft Degrees of Cold yet known; for no Cold
hitherto obferved hath been able to frecze or render
Mercury folid : And in mcafuring Heat, they go far be-
yond boiling Watcr, even beyond the melting of Tin
or Lead. Fakbrenbeit begins his Scale from o. thc
Point to which the Mereury hath been obferved to
tall by the greateft Cold in 2fland 5, and com
putes, that the Mercary then * occupics 11124 Parts.
‘This is his Point of no Heat.  Then reckoning up-
wards from this, he finds that when the Mercary
is-rareficd only 22 Parts or Degrees more, commorn
Water jut begins to freeze: In a temperate Air it
vill rifc to about 6o. The moft fultry Sunfhinc

.

<.

feldom raifes it to 003 the Hear of an animal Dody
t0 965 the boiling of Alcobol to 174 5 the boiling

of

# See Peerk, Cheme. Tomi To poyry.

Lttt 2
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of Water to 2123 and before the Mercury itfclf
boils, it will rifc to 6o0. )

I cannot here forbear giving an Abftract of a very
curious and furprifing Experiment of Fabrenbeit's,
concerning the artificial Produdtion of Cold, as it is
related by Boerbaave in his Chem;ifiry, Tom. 1. p. 164.
Fabrenbeit had a Mercurial Theemometer made with
{o long a Stem, that he could carry down the Scale
76 Parts or Dcgrees below o. With this Inftru-
ment he found, that Cold might be produced by
gradually pouring Spirit of Nitre upon powder’d
Ice, till the Mercury would fublide to 40° below o.
that is 72°* lower than the Cold which freczes coms
mon Watcr. Boerhaave, in his Chemiftry, Tom. 1.
p. 161. mentions a very pretty Way of determining
the freezing Point: He advifes to hang the Thermo-
mcter free in the open Air, not againt any Wall
or Building ; and ncar it you muft hang a Picce of
very fine Linen or Muflin juft dipp’d in clean Wa-
ter : When this begins to grow ftiff, you will find
the Meircury ftand at about the 33d Degrees and it
will alfo ftand at the famc Hecight when an hoar
Froft appears upon the Ground; which he looks
upon as a ccrtain Sign of the Beginning of freezing.

‘Having thus given an Account of the feveral Sorts
of Thermometers hitherto ufed, and whatDegreesor
Heat they are proper to meafure, we find nonce of
them capable of mecafuring the greater Degrees
of Hcat, which arc the moft commonly made ufc

of

* But what is this to the marvellous natural Cold of Siberia, 120°. be-
fow 0 ?  Sce the Preface to Gmelin's Flora Siberica,  Petrop. 1747. 430,
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of by the Chemifts in many of their Operations. Be-
fides, all the above Inftruments, being made of
Gla's, arc eafily broken by Accidcats, and as liable
to crack of themfclves, by being taken out of a
=at Heat, and too fuddmly cxpoki to Cold. I
thcrcfom conf‘dcx ’d  whether the above-mcenrtion’d
Property of Solids, and cfpecially of Mectals con-
traé’tm«r with Cold, and expanding with Heat, might
not be applicd to thc Conflr u&xon of an Inftrument
capable of meafuring all Degrees even of the greateft
Cold, as well as the greateft Heat, to the melting
Copper or Iron, wbmh require more Hear than any
other Mctals to melt them,  Altho’ the Alterations
in Metais are but finall, in refpect of thole in Spi-
rits, oreven Mercury, yetit being found, that Iron,
becomes 35 longer* when red-hot, than whean

of its natural Temperature; and Dr. Derbam, in
his Jaft Paper read before the Royal Society concern -
ing the Vibration of Pendiz/ﬂms, fays, that a Rod
39. 25 Inches long, becomes {7z Inch longer than irs

Ioco
natural Dimenfions in tempcrate Air, by being ex-
pofcd to Hcat cqu:u to that of an human Lod)

100

Inch longer tnan its natmal Stat(, by being bmtcd m
a ﬂammg Hcat; thae it became 1-0»5 {houcn than its
natural Lcncth by being quenched in cold Water
and flill & fhorter, by being put into a Mixture of
Salt and Snow. From which Experiments onc may
conciude, that from Fabrenbeit’s Cold of 40 below
o. to the greatcft Heat Iron can bear without melt-
ing, a Rnd of three Feet long will have about +Inch
Increafc s 5 which Increcafe ot Length will be R..nuc

c'mugh

* Vide Sturm. Céll,
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cnough to make all the intermediate Degrees obferv-
able upon an Inftrument.

Suppofein Fig. 1. Tap.Il. 4B a Rod of Iron at its
natural Length by the Heat of the Atmofphere, placed
upright upon one End ; upon the Pomt of that refts
a Bar C°D movecablc on an Axisat 45 and that, by
making a Fire about the End B of thc Rod, till it
is juft rcady to melr, the Rod will increafe in Length
A b, and confequently pufh the Bar into the Situa-
tion ¢4. Now it is obvious to any onc who under-
ftands ever fo little of Mechanics, that tho’ the Elon-
gation of the Rod A4 be even fcarce perceptible to
tac Eye, yet if upon the Bar CD the Diftance 2.4
from the Axis to the Place where the Rod B.A puthes
againft 1t be very {mall, and the other Part of the
Bar 2D very long, the Arch Dd may be increafed
at Plcafure, fo as to bear to be divided into any
Number of Divifions that fhall be found ncceflary :
For the Arch D4 will always be to the Arch Cein
the {fame Proportion as the Diftance Dais to aC;
and likewife the Chords of thefe Arches ‘D dand A4
will bein the fame Proportion; o, o, is the Siruation
of the Lever on the Level 5 and if it be found inconve-
nicnt to make the Arm 2D folong, as to make very
minutc Alterations in the Length of the Rod A48
cafily obfervable, this Inconveniency may be readily
removed by having a fecond Bar £/, turning on the
Axis g, whofe Arm g £ bearing up againft the Ex-
wremity D of the firdt Bar or Lever, wili rife with

it, or be prefs'd down by ir; and the other Arm g /¢
being lengthen'd at Pleafure, the Arch Ff will be
as lu% as you find convenicnt; or cven a third and

to,;rth Lever may be added.
When

Yy
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When Ifieft defigned to have an Inftrument con-
ftru&ted anfwering to the forcgoing Principles of
£4g. 1. 1 drew a Figure of i, wherein I propofed
the Lever A°D to have terminated in two Arches of
Circles made our of one Picce of Brafs 5 the fmaller
Arch formed on the Radius 24 to be loaded with
a Quantity of Mectal fufficient to overcome all the
Friction of the feveral Parts, fo as to prefs down

with a coafiderable Weighr, and always to reft upon
the Point A of the upright Rod A4 B ; at 4 the Axis,
on which thcy were to turn s and the larger Arch
form’d on the Radius 49D, was propofed to be a Sex-
tant, the outward Edge of which was to be toothed,
which Teeth were to play into the Tecth of a fmall
brafs Wheel carrying a fceel Index like the Minute-
hand of a Clock, which fmall Wheel with the Hand
was to makc onc Revolution nearly by the utmoft
Rifc and Fall of the Sextant at D; or, inftead of
Tecth, I propofed a Piece of a Watch-Chain to be
falten’d to the upper Limb of the Sextant, and fo to
be brought downwards, and p3ﬁm<T ncarly round
the fmali Wheel in one G: ‘oove, to be faften'd to it:
In another Groove in this {mall Wheel was another
Picce of Watch-Chain to be faflen’d, which, being
pafled contrarywifc round the faid Whecl was to
have a Weight hung to it that would be a Counter-
poilc to the Scxtants bur, upon confulting my two
ingenious Friends Mr, Gea Gm»{»a,/z and Mr. Foln
Ellicot two worthy Members of this Seciery, they
cach of them perfuaded me to lay alide that more
complexed Conftruction, and to have the Inirument
made in the pliin and fimple manncr in which Mr.

Fackfon
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Fackfon executed it for me in the Year 1736. as is
reprefented in Fzg. 2 and 3. Tas. 1L

The Defcription of the Inftrument.

Fig. 2. AB a round Rod of Stcel or Brafs a Quar-
ter of an Inch thick, and 3 Feet 1 Inch long:
When the Rod is of Brafs 3 Fect long, the Point
A muft be of Steel 1 Inch long, to prevent its
wcaring away, ot lofing its Point; which conical
Point is made to {crew on and off.

1 had the firft Rods made 11 Inch thick at B, and
of the famc Thicknefs 6 Inches up; but I found
Inconveniences from that Form, and that a Rod all
of a Size was better.

CD, cd, ate two iron Supporters, joined by a
flat crofs Bar at Bottom D4 two Inches long, in the
middlec of whichis aPoint £ Inch high under B, which
zoes into an Hole at the Bottom of the Rod B, and
{erves to keep the Rod in its Place at Bottom, as the
crofs Bar ** having an Hole in it, thro’{which the
Rod paflcs, does in the middle or about § up the
Supporters, and the Point A4 goes into a fmall Hole
in the under Sidc of the Lever; all which kcep the
upright Rod firm and fteady in its Place. The iron
Supporters are flat, or parallcl to the Front of the
Machinc from C to X and ¢ to &, where they are
twifted half-round, fo that the lower Parts XD,
x d ftand at right Angles with the upper Parts. This
Contrivance gives the freer Accefs to the Rod for the
Sand or Fluid into which the Machine is fet to
meafure the Heat of it, the Supporters ftanding 2
Inches afundcr at Dd; and that the Degrees of Heat

2 may
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may be compared uniformly in different Experi-
ments, the Bottom of the Rod muft aiways be im
merfed to the fame Height in the Matter to be cxa-
mined ; and thercfore 1 make a Mark, a {mail For-
row T quitc round the Rod, 14 Inch from the Do:-
tom B. For the deeper the Rod is immetfed into
any Matter, it will be lengthen’d tic more by the
fame Degree of Heat.

E F, the Lever, which turns upon an Axis G.
At Fis faftened a String, which, pafling twice round
the {mall Pulley H, has a \Vcwht I han inZ to the
other End of ir, of about half a Pound, being c'*f*"ﬂ'*r,
to keep the Stnng always fircte’d. At the otaur
End £ of the Lever is hung another Weight L,
which muft be hcavy enough not oniy to counter-
balance the longer Arm GF, but prcfs down upon tac
Point 4 with a Weight fufficient to keep its {"cady

MNO, is the ba\.k Part of the Piate, like the
Diai-Plate of a Clock made of Brafs.  Scc the Froat
of it at Fig. 3.

The Pullt.y H turns upon an Axis C in Fir.
which gocs thro’ the Piate, and on the cther Sxd\
or Front of the Dial-Platc carries a Hand or Index
AB in Iy. 3.

N.B. G being the Fulerum of the Lever, th
Diftance GA bc:mCy very finall, and the Dlpm.\.a.
G [ being very great, the fmallet Motion at
will producc a very great one at F, and thercforc
the Index will turn very { fenfibly upon the Platc.
The Proportions of the Rod and Lever arc dif-

crctionary; my Rods both of Steel and Brais arc 3

Feet long in onc folid Picce, but they havc cach a

Foint or Conc of Steel 1 Inch high, that fircws

Uuuu upon
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upon the Top at 4. The Lever has 4 Inches from

F to A, 1% Inch from A to G, and 12 Inches from

G to ['; the Diftance of G above ¢ is 1% Inch, the

brafs Palley Z7 is £ Inch Diamcters all the other

Parts of the Machine arc of Oak. The main Sup-

port or Pillar I"C,C\ is 1 Inch fquare, 2% Feet high,

and at Dottom is let thro” a Groove at & made in a

ereat heavy Block or Pedefal of Wood RS. In

this Groove the Piilar may be raifed higher or lower,
in order to adjuft the Height of the Pillar to the Si-
tuation, which the Bottom of the Rod 4B may rc-
quire in different Experiments; and it is to be fixed
in that Place by a Screw at 7, which goes thro’ the

Front of the Block, and prefles againft the Bottom

of the Pillar. '

Fig. 3. reprcfents the Dial-Plate, or Front of the
Plate mark’d MNO: In Fig. 2. it is a Plate of
Brafs, with ftrong Paper glued upon it, and may
be of what Size you pleafc ; mine is 11 Inches
over.

AB is the Hand or Index, which flips on very
fiiff upon the Axis C, that carries the Pulley A in
fi4g. 2. The outer Circle is to be left wide ecnough
to contain the chemical Charatters or Marks which
arc to be made upon it, the Arch DE contains the
Divifions of Fabrenbeit’s Mercarial Thermometer s
the Arc FG thole of Reaumur, ot the Spirit of
Wine Thermometer.

In ordet to adjuft this Inftrument for Ufe I place
the Bottom of the Rod B in Fijg. 2. immerfed up
to the Mark 4 in cold River or Rain-Watcr, in a
Veflel proper to be {ct over the Fire; and when it

has
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has boiled for a Quarter of an Hour, I turn the In-
dex AB in Fig. 3. till it ftands in the horizontai
Pofitien, as at B, being the Point of boiling-hot
A zvcr, and which anfivers to Divifion 212 on Fajh-
renheir’s Arch. I then take it out of the Water,
and dry i, by holding ita listle over the Firc: And
now great Carc muft be taken, that nothing alters
the Situation of the Index upon the Axiss cven a
Nut to {crew on upon the Axis at € may be the
beft to keep it fixed. If the Inftrument be left to
cool inthe Air, theIndex will fall below B, thewing
the Degrees of Cold, or lefs Heat than boiling Wa-
ter; and if put into meclting Tin, Lead, & c. it will
{hew the Degrees of Heat above boiling Water. A
bras Rod will ferve for an Inftrument to meafurc
the greatelt Degrees of Cold, and all the Degrees of
Hcat, to thc melting of Silver or Gold ; but if you
have a Mind to makc one to mcafure greater Dec-
grees of Heat, the Rod muft be of Stecl, or the finelt
Iron. A Rod of Brafs, according to Dr. Mufciex-
hroek’s Experiments, /. ¢. was found to lengthen
277, when one of Iron lengthen’d only 230 Parts.
An iron Rod, being regulated by boiling Water, as
above dire&ted, will mcafure not only the Heat of
melted Tin and Lead, but of Silver, Gold, and Cop-
per, and will even fhew the Degree wiien Iron itfe:if
begins to melt, which will be the greateft Degre«
of Elongation of thec Rod juft before the Bottom of
it rans; and I imagine, that an Inftrument may be
conftructed with Supporters, and a Rod made of
Tobacco-pipe Clay, which, being regulated by boil-
ing Mecrcury (for it muft never touch Water), may

Uuuu 2 be
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be adapted to meafure fiil greater Degrees of Heat,
till the Materials themfelves melt into GlaGs.

I fhould advife, that not o'aly the Scale of this
fort of Thermometer, but likewife of alf others, be
dctermined by Experiments, without regarding any
}:quadt)’ as to Meafure between the Dlv;fons and
that in every Individual that fhaill be madce; fOL 2
Diffcrence in the Length and Thicknefs of the
Rods in this fort will make a Difference in the Scale,
as much or more than the Inequality in the Cavity
of the Stem, or glafs Tube of other Thermometers,
which can never be juft, if applied to a Scale whofc
Divifions are made equal; unlefs the Cavity of the
Stem be petfeétly equal, which it is impoflible for
any Workman to undertake to do, and which is very
feldom, if ever, hit on by chance. Thercfore, in
thefe Inftruments, lct the Point B in Fig. 3. or the
horizontal Pofition of the Index, be the Situation of
tie Index when the Rod has ftood a Quarter of an
Hour in boiling Water 5 there mark o boiling on the
outer Circle; on Fahrenheit’s Arch mark 212. then
fet your Machine up to the Mark - into mclting
Tin, which isthe Metal that meits eaficft. When the
Rod is arrived to its greateft Elongation in that Mc-
tal, infcribe the Cha la&cr y on the outer Circic
do the like with Lead, and fet the Charater 4 at it.
At the boiling of Mercury put the Mark &, and on
Fabrenkeir's Arch mark 6oo. the utmoft Extent his
Mercurial Inftruments can meafure: Then proceed
to the miclting of Silver, and fet the Nwau\ Cs at
the mclring of Gold place thc Mark ® ;5 at the meit-
ing of Coppcr place the Mark @; at the mching of
Iron place the Mark &, the moft difhicult to mcit of
all Mctals.

As



[ 691 ]

As the Divifions pointed out by the Index will be
different with Rods of diffcrent Metals or Subftances,
you may make different Circles upon the Plate for
the Range of the different Rods, and .mark them s
the Iron Rod, the Brafs Rod, the Clay Rod; and
fet the feveral Marks above fpecified upon cach Cir-
cle apart ; or you may, to avoid Confufion, have a
different Infteument for cach kind of Rod.

Being obliged to take down my Athaner and
Wind-Furnace, upon removing twice to diffcrent
Houfcs; and not having rebuilt them where I now
live, 1 havc not had Opportun tics yct of fixing the
Scalc of my own Inftrument, which was onec Rea-
fon why I did not publifh an Account of my Inven-
tion fooncr; for Ihope hercafter to be able to com-
parc the Dcgrees of Heat neceflary for the melting
of cach Metal, and to determinc the Qucftion whe.
ther Mctals in thc higheft Degree of Fufion arc fuf-
ceptible of greater Degrecs of Heat Dy increafing the
Firc, as Watcr mo1ou"hly boiling can never ibe
madc hotter 3 nor did I intend to have publith’d
any Dcfcription of this Inftrument till I had com-
pleted Tables of the Degrees of Cold and Heat, from
Fabrenheit’s Experiment of Cold produced by Art
40 Degrees below o to the Heat of mclting Iron.

According to Fabrenheit’s Scale, the Heat of the
{trongeft Sunfhine is at about 8o. Spirit of Wine
boils at 176. Water at 212. the Lixivium of Salt
of Tartarat 240. Spirit of Nitrc at 242. Qil of Vitriol
at 546. Quickfilver at Goo *.

As

* See Auguftin. Grifchow Thermumetria comparata accurativs, €& Har.
monica. Berolini 1740, 420. p. 10,
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As all chemical Digeftions, where an cquable
Heat is to be continued for fome time together, will
come in bcetween hot Sunthine and the boiling of
Quickfilver, a Thermofcope of that Range will be
fufficient for common Ulfcs; and therefore one fit-
ted with a brafs Rod will an{wer thefc Purpofcs.

In large Turpaces for running down Ores, or
melting great Quantitics of Mcral rogether, it is not
poflible to place fuch an Infirumcents but then in
Lcad and Tin there may be fmall Outlets contrived,
into which fomc of the melted Mctal may be permit-
ted to flow, and remain in Contaét with the fame Body
of Mctal within, whcre the Inftrument may be placed ;
and for placing a Thermof¢ope 1n Iron, Copper, or
Glafs Furnaces, there may be a Place contrived, which
thall not open into the Furnace, but have the Thicknefs
of a Stone or Brick Icft between, upon which the In-
ftrument may be plac’d; and tho’ in fuch a Situation
it will not meafurc the aftual Heat within the Fur-
nace, it will always give the relative or comparative
Hcat in the like Circumftances at diffcrent Timcs,
and fo thew us how to regulate the Heat within.

Altho’ a Chemift fhall have onc of thefe Inftru-
ments to meafure the Hcat, he fhall have ufed in
any Experiment, and have noted down the feveral
Dcgrees made ufe of, and the Time cach lafted, he
Atill labours under another Difficulty, which is the
not being able to command any required Heat, and
that it fhall laft a certain required Time, unlefs it
be below that of boiling Water, which may be pro-
cured and continucd by various Contrivances of
Lamps, cither of Spirits, or of Oil; but how to con-
tinuc a Fire for 12 or 24 Hours together, without At-
tendance, which fhall continually keep Quickfilver

boiiinz,
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boiling, Lcad in Fufion, or may be let down fo
low as notto cxceed the Heat ot Sunthine, and then
be raifed again, and that without letting out the
Fire, or moving the Veflels, may {fcem almoft impracti-
cabic; but by an Improvement ot the Furnace the
aatient Chemifts call'd  theiv Athanor, 1 hope to
tucceed in it, which may be the Subje& of another
Papcr.

The Rev. Stephen Hales D.D. that moft worthy
Member of the Royal Society, to whom the World
is greatly indebted for many accurate Experiments,
and ufctul Difcoverics, upon hearing the Minutces of
my Paper deliverd in to the Royal Society, on May
8. 1735. rcad upon the Thurfiday following, defired
me to lend him the Original for {fome Days, telling
mc he had fome Thoughts of making a Thermo-
fcope with a Rod of Lead. After a few Days he re-
turncd me my Paper, with the following obliging
Letter, and kind Remarks.

SIR,
HAVE rcad over your Thermometrical Tract with
Satisfaltion, and belicve it will be of good Ufe.
The Wanr of :1fccrtamumT the Degrecs of Heat and
Cold is a great and important ‘I)cfm’cm"am in Ex-
perimental Phnlofophy .
What Lintended to do was only this, v/z. to get a
leaden Wite, of fuch a Sizc and btluloth as to hear its
own VVuﬂht to have it as lon(y as the longeft
Gun-barrel I coL11d procurc, and to have it fuftain a
Lever as you have donc; then to pour boiling Wa-
ter into the Barrel, for a long time, till the Lever
rifes
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rifes no more; the Water to have Vent at the Dot-
tom, yct {o as to have the Gun-barrel always full
of Watcr; the Breech-Pin to be out, and the leaden
Rod to reft on a Picce of Wood fet upright, ac-
cording to the Couric of its Fibres, not fidcways.

To give at the fame time to a Mcercurial Thermo-
mcter the Hear of boiling Watcr.

Then to take the freezing Point of the Leaden
and Mecrcurial Thermomceters; and afterwards to
graduate all the intermediate Degrees, from the
Mercurial Thermomerer upon the Leaden Thermo
meter, as they occur.

Thus a Standard Thermometer may be made to
graduatc others by s but I will not now fct about:
it, fince you have undecrtaken the Subject.

‘His Remarks on the forcgoing Paper.

Page. 673. Thermometers muft be of cxcellent
Ufc in Garden-Stoves; but foreign Plants muft not
be kept in an cqual Degree of Heat in Stoves, to
that of their native Country; v7z. becaufe they can-
not bear as great a Heat in a confined clofec Air,
as in.an open free Air. - I have been told of Coffee-
Trees being killed here in England by this Miftake :
Such Plants muft doubtlefs be kept warm*, but not
fo warm as in their native Country.

P.

»

* I thould think it beft to leflen the Heat in Stoves towards the Night,
and fo to keep the Plants expofed to lefs Degrees of Heat a-nights than
a-days, nay to vary the Heat daily, or to endeavour by Art to procure
different Degrees of Heat, agreeable to the natural Viciffitudes .of the
Climate the Plants come from, having Regard both to the Seafons of
the Year, and the State of flowering or Frudification of the Plants; fo
that the beft Way of ranging Plants in Green-houfes or Stoves is accord-
ing to the Climates they come from; for which Mr. Sheldrake’s Tables
above-mentioncd, p. 074, muft be of excellent Ufe., C. M.
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P.676. [ All folid Bodics are obferved to contrall
with Cold.] 1 have found that Wood docs not conrraét
or dilate lengthways with 1cat or Cold. I am told
that Mr. George Grabam [is about making] this
Experiment, as I am al{o, ia order to regulate Pezn-
ditlums.

P. 682. I fcar that Boerbaave’s wet Linen, which
is {o thin, may begin to frceze before all the AMer-
cry or bpmt of Wine in the Ball of the Thermo-
mcter has the fame Degree of Cold: Tho’ hanging
there long before and atrm freczing will bring it
pretty near.

P. 6%83. A4 Rod of Trton 3 Feer long will have
about % Inch Increafe] or —izth Part.

~v-

V. A4 Continvation of a Paper concerning
Electricity, 4y William Watfon F. R. S.

printed in thefe Tranf N. 477, Article 1.
ending p. 501.

Read Feb. 6. S Water is a Non-cle@ric, and of
1745 confequence a Conductor of Electri-
city, I had Reafon to believe that Ice was endowed
with the fame Propertics.  Upon making the Expe-
riment, I found my ConjeCtures not without Foun-
dation ; for, upon clectritying a Picce of Ice, where-
cver the Ice was touched by a Non cledtric, it
flathed and fnapped. A Picce of Ice alfo held in
the Hand of an cle@rified Man, as in the before-
mentioned Procefles, fired warm  Spirit, chemical
vegetable Oils, Lampnor and Gut 1powdu prepared
as before.  But here great Care muft be taken, that,

Xxxx by



B.1L.

484. TA

‘==]'Z:.S'~R’ " | ”'f“f‘ﬂl!lﬂé.u|‘
r
Li)

i

LPhdos. Trans. N?




LNy

J. .wn(k Jméw.

C. Mortemer onvenbe debone .




Plbdos. Trans, N384, TAB.IL

& Nertvamay soppwi de i | .-"-“1'_-.-1'--"--15&4.




