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st

A DESCRIPTION OF a

NEW INSTRUMENT

FOR MEASURING THE

SPECIFIC GRAVITY OF BODIES.

"DEAR SIR,

CCORDING to my promife, I tranfmit to
A you an account of the Inftrument I have
conftrufted for the ealy and exa& finding the
Ipecific gravities of bodies. It appears to me to
be as perfe&, as the nature of 2 floating inftru-
ment of this kind will admit of; and, for that
reafon, I prefume it will not be impertinent to
mention previoufly what has been done in this
way.

It feems to follow from a paflage in Boyle’s
account of a new Effay Inftrument, * that the

* Lowthorp’s abridgment of the Philofophical T'ranfac-
tions, vol. I. p. 604. O Boyle’s Works in 4to. edit,
London, 1772, vol. IV. P. 204.

A2 Hydrometer,
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Hydrometer, or Areometer was firft invented by
that great philofopher. The eflay inftrument
here mentioned, was intented for the hydrofta-
tical proof of metals, and was adapted to ferve
chiefly for guineas. It confifted of a ball, fome-
what lefs than an hen’s egg, with a ftem of four
or five inches in length, foldered to the upper
part, and a bent wire or ftirrup beneath, to place
the coin upon. A flit piece of brafs, with a
lateral fcrew to hold the coin tight, though in
fa& conducing more to the eafe than accuracy of
the experiment, is mentioned by the author, as
being preferable to the ftirrup: and, to extend
the ufe of the inftrument, he propofes that the
ball be made large, and provided with 2 contri-
vance for occafionally changing the quantity of
ballaft applied beneath the ball.

Boyle’s inftrument was intended to berufed in
water, and confequently the graduations of its
ftem denoted certain invariable weights. But
when the hydrometer is to be ufed in various
fluids it diminifhes the accuracy of the refults,
if thofe {paces be taken for abfolute weights ; or,
at all events, it brings forward a rather intricate
confideration of the relation which the bulks of
the {paces, or parts of the ftem, have to the whole
immerfed pare. This appears to have been the
inducement that led M. G. Fahrenheit* to add

: * Reid and Gray’s Abridgment of the Phil. Tranf.
vol. VI, part I, p. 294.
a fmall
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4 fmall difh or fcale to the top of the upper
{tem, which, inftead of graduations, had only
a fingle mark that, in all cafes, was to be brought
to the furface of the fluid, by means of weights
added in the faid fcale.

Mr. Clarke, * who in the Year 1730 publifhed
an account of an hydrometer, does not appear
to have been apprifed of what had been done

before by Boyle and Fahrenheic. For he fpeaks-

of his own inftrument as a new invention, though
it does not differ from that of Boyle, except in
having a great number of ballaft weights to be
fcrewed occafionally to the lower ftem, infiead
of depending on the graduations of the upper
ftem; and he affirms, that the fpecific gravities
of fluids cannot be found without a great deal
of trouble, though it is certain that they may
be found with greater eafe, and much more
accuracy, by that of Fahrenheit, than by his own.
Clarke’s hydrometer, with weights adapted to
allow for the diminution of fpecific gravity,
which arifes from the thermometrical expanfion
of fiuids, is ufed by the officers of excife.

This hydrometer is inferior to Fahrenheit’s
in two refpefts. In the firft place, either a
bubble of air, or a portion of the fluid, will lie
hid in that part of the cavity of the ballaft
weight, which is not filled by the fcrew; and 1t

* Ibid. vol. VL. part I. p. 295-
is
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is of very different confequence, which of the
two is there, And fecondly, the weights ad-
ing on the inftrument, by their refiqual gravity,
will ‘not be conftant; or, in other words, an
additional weight will be accompanied by an
addition to the bulk of the immerfed part of the
inftrument : and, in the cafe where the fpecific
gravity of the liquid is not given, but required,
it will not be ealy to determine how much the
operation of the one is counteracted by that of
the ocher, However, though this laft confider-
ation evinces that the inftrument is not £t for
general ufe, yet it is accurate for the trial of
ardent {pirit, or any other particular liquid,
when the weights are adjufted by experiment to
the intended ufe, fat
Pofterior to thefe, ‘there have been feveral at-
tempts to improve the hydrometer, but as they
have been aimed chiefly to render it more per-
fect or convenient, with refpect to the fingle
ufe of proving fpirits, it is unnecefiary to defcribe
them at large, Among thefe it is however pro-
per to mention thofe of Dr. G. Fordyce, and
Mr. Quin. The firft is certainly the moft per-
fe@t inftrument we poflefs, its weights being
adjufted to the different fpecific. gravities of
{pirits, by experiments made at numerous varie-
ties of ftrength and temperature, The latter
having no additional weights, but depending
entirely on the graduations of its ftem, is much

more
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more ready in practice. . All its originality con-
fifts in its ftem being the fruftum of a cone,
whofe larger end is uppermoft, by which happy
contrivance the ftem is fhortened, and its gra-
duations are all kept nearly equal. ‘

I fhall now proceed to defcribe the inftrument
[ have caufed to be made for the general pur-
pofes of finding the {pecific gravities of bodies.
Its dimenfions are likewife added. *

AA reprefents a fmall fcale. It may be ta?cen
off at D. Diameter 12 inch, Weight 44 grains.

B a ftem of hardened fteel wire. Diameter
+3 inch. :

E a hollow copper globe.  Diameter 2.
inches. Weight with ftem 369 grains.

FF a ftirrup of wire fcrewed to the globe
at C. ; '

G a fmall fcale ferving likewife as a counter-
poife. Diameter 1 X inch, Weight with ftirrup
1634 grains,

The other dimenfions may be had from the
drawing which is L of the linear magnitude of
the inftrument itfelf, ' '

In the conftru@ion, it is affumed that the
upper {cale fhall conftantly carry 1000 grains
when the lower fcale is empty, and the inftru-

* See the figure to which thefe letters refer in plate II.
vol, II.

ment
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ment funk in diftilled water at the temperature
of 60° Fahrenheit, to the middle of the wire or
ftem. The length of the ftem is arbitrary, as
_is likewife the diftance of the lower fcale from
the furface of the globe. But the length of the
frem being fettled, the lower feale may be made
lighter, and, confequeiicly, the globe lefs, the
gréiter its diftance is taken from the furface of
the globe ; and the contrary. It is to be noted
that the diameter of each fcale muft not be lefs
than the fide of a cube of water weighing
1000 grains. O,

The diftances of the upper and lower fcales,
refpectively, from the neareft furface of the globe
beifig fettled, add ‘half the fide of a cube of
water weighing toco grains to the diftance of
the upper feale. ~ This increafed diftance, and
the faid diftance of the lower fcale, may be con-
Gidered as the two arms of a lever ; and, by the
property of that mechanical power, -

As the number exprefling the lower diftance

Is to the whole weight above; namely 1000
orains added to the weight of the upper fcale,

So is the number exprefling the upper diftance,

To the lower weight, when the inftrument
has no tendency to any one pofition.

This laft found weight muft be confiderably
increafed, in order that the inftruments may ac-
quire and preferve a perpendicular pofition.

Add together, into one fum, the weight of the
lower
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lower fcale thus found, the weight of the upper
fcale and its load, and the eftimate weight of
the ball and wires. Find the folid content of
an éqﬁal weight of water; and thence, by the
common rules of menfuration the diameter of

. an equal fphere. This will be the diameter,

from outfide to outfide, of the globe that will
float the whole. _ '

As this procefs, and every bther part of the
prefent letter, may be eafily deduced from the
well known laws of hydroftatics ; I forbear en-
larging on the demonftrative part, and fhall pro-
ceed to indicate the ufe of the inftrument in the
fame curfory manner. iy

To meafure the Jpecific gravities, and _ ther-
mometrical expanfions, of ¥Lups. If the extreme
length or heighth of the inftrument be moderate,
its weight, when loaded, will be about 3100

grains. It is, however, neceffary in praétice,
~ that its weight fhould be accurately found by
experiment.  This whole weight is equal to that

of a quantity of diftilled water, at the tempera-
ture of 60°, whofe bulk is equal to that part of

the inftrument which is below the middle of
/the ftem. If; therefore, the inftrument be im-

merfed to the middle of the ftem, inrany other
fAuid at the fame temperature (which may be
done by altering the load) the difference between
this laft load and 1000 grains, will be the differ-

: B ence

R R o s e i 5 bt~
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ence between equal bulks of water, and of the
other fluid, the weight of the mafs of water be-
ing known to be 3100 grains. If the faid dif-
ference be exce/s above 1000 grains it muft be
added, or if it be defes# fubtracted from 3100
grains: the fum or remainder will be a number,
whofe ratio to 3100 will exprefs the ratio of the
{pecific gravity of the affumed fluid to that of
water. And this ratio will be expreflfed with
confiderable accuracy; for the inftrument hav-
ing a cylindrical ftem of no more than %; of an
inch diameter, will be raifed or deprefled near
one inch by the.fubtrattion or addition of % of
. a grain, and will therefore indicate with eafe
fuch mutations of weight as do not fall fhort
of % of a grain, or .t th part of the whole.
Confequently, the fpecific gravities of all fluids,
in which this inftrument can be immerfed, will
be found to five places of figures.

It is evident, that this inftrument is a kind
of thermometer, perhaps better adapted than
the common one, for meafuring the expanfions
of fluids by heat. As the fluid, in the common
thermometer, rifes by the excefs of expanfion
of the fluid beyorid the expanfion of the glais
veflel, forour inftrument will fa/l by the excefs
of the fame expanfion, beyond the “proper ex-
panfion of the materials it is compofed of.

To meafure the Jpecific gravities of soLip
sopies, The folid bodies, to be tried by this

inftrument,
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inftrument, muft not exceed 10006 grains in
weight. Place the inftrument in diftilled water,
and load the upper fcale or difh, till the furface
of the water interfeéts the middle of the ftem.
If the weights required to effe this be exa&ly
1000 grains, the temperature of the water
anfwers to 60° of Fahrenheit’s {cale; if they be
more or lefs than 1000 grains, it follows, that
the water is colder or warmer. Having taken
a note of this weight, unload the fcale, and
place therein the body, whofe fpecific gravity
is required. Add more weight, till the furface
of the water again bifects the ftem. The dif-
ference between the added weight, and the
former load, is the weight of the body in air.
Place now the body in the lower fcale or dith
under water, and add weights in the upper
fcale, till the furface of the water once more
bifeéts the ftem. This laft added weight will
be the difference between 1oco grains, and the
weight of the body in water. To illuftrate this
by an example.

N. B. The fpecific gravity of lead and tin,
(and probably other metals) will vary in the
third figure, when the fame piece of metal is
melted and cooled a fecond time. This dif-
ference probably arifes from the arrangement
of the parts in cooling more or lefs fuddenly.

The
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The load was found by experiment 999 : 10 grains.

A pieceof caft lead required theadditional ) = 8
weight } e

Difference is abfolute weight in air 788 : 25

Additi({nal weight when the lead was} 280 3. 'og
in the lower fcale
Difference between the two additional 59 i p
weights or lofs by immerfion S
788.25 11384

Hence fpecific gravity _
j "69.24 1000

When the inftrument is once adjufted in dif-
tilled water, common water may be afterwards
ufed. For the ratio of the fpecific gravity of
the water made ufe of to that of diftilled water

being known (_—), and the ratio of the fpecific
gravity of the fohd to the water made ufe of
being alfo known (:-E) the ratio of the {pecific
gravity of the folid to that of dxf’cllled water
will be compounded of both (that is, —-)

There is reafon to conclude from the experi-
ments of various authors, that they have not
paid much attention either to the temperature
or fpecific gravity of the water they made ufe

of. They who are inclined to be contented .

with a lefs degree of precifion than is intended
in the conftruction here defcribed, may change
the ftem, which for that purpofe may be made

to take out, for a larger.
% i - One
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One of the greateft difficulties that attends
hydroftatical experiments, arifes from the attrac-
tion or repulfion that obtains at the furface of
the water. After trying many expedients to
obviate the irregularities arifing from this €aufe,
I find reafon to prefer the fimple one, of care-
fully wiping the whole inftrument, and efpecially
the ftem, with a clean cloth., The weights in
the dith muft not be efteemed accurate, while
there is either a cumulus, or a cavity, in the
water round the ftem.

I am, DEear SIR,
Your affectionate humble fervant,

WILLIAM NICHOLSON.

LoNDON, Fune 1, 1784.




