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XVIIL Report on the befi Method of proportioning the Excife
upon Spirituous Liguors, By Charles Blagden, M. D. Sec.
R.S.and F. A 8.

Read April 22, 1790.

P ART L
On the Experiments.

N confequence of an application from Government to Sir

Josern Banks, Bart. Prefident of the Royal Society, for
the beft means of alcertaining the juft proportion of duty to be
~ paid by any kind of fpirituous liquor that fhould come before
the Officers of Excife, I was reque{’ced by that Gentleman
to affift in planning the proper experiments for this purpofe,
and to draw up the Report upon them when they fhould be

finithed.

Though various indications of the ftrength of fpirituous li-
quors have been devifed, applicablein a grofs manner to general
ufe, it is well known that no method admits of real accuracy but
that of the fpecific gravity. The weights of an equal bulk of
water and pure {pirit differ from one another by at leaft a fixth
part of the weight of the former ; whence it is obvious, that,
when thofe two fluids are mixed together, the compound muft
‘have fome intermediate {pecific gravity, approaching nearer to
that of water or pure {pirit, as the former or the latter is the

Vor. LXXX, Unu more
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322 Dr. BLAGDEN’s Report

more predominant ingredient. Were it not for a certairt
effect attending the mixture of water and {pirits, which has
been called their mutual penetration, the fpecific gravity of
thefe compofitions, in a given degree of heat, would be fimply
in the arithmetical proportion of the quantity of each of the
fluids entering into them. But whenever different fubftances,
which have a ftrong tendency to unite together, are mixed, the
refulting compound is found to occupy lefs {pace than the fub-
ftances forming it held in their feparate ftate; wherefore the
fpecific gravity of fuch compounds is always greater than would
be given by a fimple caculation from the volume of their in-
gredients. Though it be a general fa&, that fuch a decreafe of
bulk takes place on the mixture of {ubftances which have a
chemical attra&ion for cach other, yet the quantity of this
diminution is different in them all, and, under our prefent
ignorance of the intimate compofition of bodies, can be deter-
mined by experimentonly. To afcertain, therefore, the quans
tity and law of the condenfation refulting from this mutual
penetration of water and fpirit, was the firlt obje&t to which
the following experiments were directed.

All bodies, in general, expand by heat; but the quantity of
this expanfion, as well as the law of its progreflion, are pro-
bably not the fame in any two fubftances. In water and fpirit
they/ are remarkably different, The whole expanfion of pure
{pirit from 30° to 100° of FAHRENHEIT's thermometer, is
not lefs than 'Ttrth of its whole bulk at 30°; whereas that of
water, in the fame interval, is only ++.th of its bulk. The
laws of their expanfion are ftill more different than the quanti-
ties. If the expanfion of quickfilver be, as ufual, taken for
the ftandard (our thermometers being conftru&ted with that
fluid), the expanfion of fpirit is, indeed, progreflively increaf-

4 ing



on Spirituous Liguors, 323
ing with refpect to that ftandard, but not much fo withii the
above-mentioned interval ; whilft water kept from freezing teo
30°, which may eafily be done, will abfolutely contract as it is
heated for ten or more degrees, that is, to 40° or 42° of the
thermometer, and will then begin to expand as its heat is
augmented, at firft flowly, and afterwards gradually more ra«
pidly, {o as to obferve upon the whole a very increafing pro=
greflion. Now, mixtures of thefe two fubftances will, as
may be fuppofed, approach to the lefs or the greater of thofe
progreffions, according as they are compounded of more fpirit
or more water, whilft their total expanfion will be greater,
according as more {pirit enters into their compofition 3 but the
exatt quantity of the expanfion, as well as law of the pro-
greflion, in all of them, can be determined only by trials.
Thefe were, therefore, the two other principal objects to be
afcertained by experiment.

The firft ftep towards a right performance of the experi=
ments was to procure the two {ubftances with which they were
to be made as pure as poffible. Diftilled water is in all cafes’
fo nearly alike, that no difficulty occurred with regard to its
but the fpecific gravity of pure fpirit, or alcohol, has been
given fo very differently by the authors who have treated of it,
that a particular fet of experiments appeared neceflary for de-.
termining to what degree of ftrength reified {pirits could
conveniently be brought. The perfon engaged to make thefe
experiments was Dr. DoLLruss, an ingenious Swifs gentle~
man then in London, who had diftinguithed himfelf by feve-
ral publications on chemical {ubjeéts. ' Dr. Dourruss, having
been furnithed by Government with {pirit for the purpofe,
re@ified it by repeated and flow diftillations till its fpecific
gravity became ftationary in this hahner of operating : he then

Uwu a2 added
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added dry cauftic alkali to it, let it ftand for a few days, poured
off the liquor, and diftilled it with a fmall addition of burnt
alum, placing the receiver in ice: By this method he ob-
tained a fpirit whofe fpecific gravity was ,8188 at 60° of heat.
Perceiving, however, that he could not conveniently get the
quantity of {pirit he wanted lighter than ,82527 at 60° he
fixed upon that ftrength as a ftandard, to which he found the
above-mentioned lighter {pirit could be reduced by adding to
it a 27 th part of water; and with this {pirit and diftilled
water he made a feries of experiments for determining the
{pecific gravity of different mixtures of thefe fluids in different
degrees of heat.

- The procefs followed by Dr. DorLrFuss is not here given as
the beft poflible for obtaining pure fpirit; nor was the refult of
it, 1n fact, the lighteft alcohol that has been procured. Some
Apirit has been tried fince that time, whofe fpecific gravity was
,813 at 60° ‘This was furnithed by Dr. GEorGe ForpyCE,
F. R. S. who fucceeded in bringing it to that firength chiefly
by adding the alkali very hot. Care muft be taken that none
of the cauftic alkali comes over in the diftillation. Some alco-
hol was alfo fent, for trial, by Mr. LEw1s, an eminent diftil-
ler in Holborn, whofe {pecific gravity, at the fame tempera-
ture, was ,814. |

- It was with {pirit rectified from malt-{pirits that Dr. DorL-
Fuss’s feries of experiments was made; but he tried feveral
comparative experiments with fuch as had been reified from
rum and brandy, and found no other difference than might
fairly be afcribed to unavoidable errors.

Upon examining the refults of Dr, DoLLruss’s experiments

it was perceived, that though the numbers agreed together

tolerably well upon the whole, vet in fome places there was
3 that
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that degree of irregularity in the firft differences as made it ad-
vifable to repeat feveral of the experiments; and Dr. DorLL=-
Fuss leaving England about that time, the bufinefs of this re-
petition was intrufted to Mr. Girrin, Clerk of the Royal So-
ciety. 'This gentleman had already taken a part in the bufinefs,
by affifting Dr. DoLLruss in the former experiments, parti-
cularly in the very nice part of weighing the mixtures; and
his great fkill, accuracy, and patience, in condu&in:g experi-
ments, as well as in computations, had on other occafions been
proved to many Members of the Society. One experiment
leading on to another, Mr. GiLPIN was at length induced to go
through the whole feries anew ; and as the dedu&ions in this’
Report will be taken chiefly from that laft fet of experiments,
it is proper here to defcribe minutely the method obferved by
Mr. Girpin in his operation. This naturally refolves itfelf
into two parts, the way of making the mixtures, and the way
of afcertaining their {pecific gravity.

‘1. The mixtures were made by weight, as the only accu-
rate method of fixing the proportions. In fluids of fuch very
unequal expanfions by heat as water and alcohol, if meafures
had been employed, increafing or decreafing in regular propor-
tions to each other, the proportions of the mafles would have
been fenfibly irregular; now the latter was the ob_]e&: in view,
namely, to determine the real quantity of {pirit in any given mix-
ture, abftra&ing the confideration of its temperature. Befides, if
the proportions had been taken by meafure, a different mix-
ture fhould have been made at every different degree of heat.
But the principal confideration was, that with a very nice ba-
lance, fuch as was employed on this accafion, quantities can be
determined to much greater exa@nefs by weight, than by any

practicable way of meafurement. The proportions were, there-
fore,
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fore, always taken by weight. A phial being-provided of fuch &
fize as that it thould be nearly full with the mixture, was made
perfeétly clean and dry, and being tzounterpmfed as much of the
pure {pirit as appeared neceflary was poured into it. The weight
of this {pirit was then afcertained, and the weight of diftilled
water, required to make a mixture of the intended proportions,
was calculated. ‘This quantity of water was then added, with
all the neceffary care, the laft portions being put in by means
of a well known inftrument, which is compofed of a fmall
dith terminating in a tube drawn to a fine point: the top of
the dith being covered with the thumb, the liquor in it is
prevented from running out through the tube by the prefiure
of the atmofphere, but inftantly begins to iffue by drops, or a
very {mall ftream, upon raifing the thumb. Water being thus
introduced into the phial, till it exaltly counterpoifed the
weight, which, having been previoufly computed, was put into
the oppofite fcale, the phial was thaken, and then well ftopped
with its glafs ftopple, over which leather was tied very tight,
to prevent evaporation. No mixture was ufed till it had re-
_mained in the phial at leat a month, for the full penetration
to have taken place; and it was always well thaken before it
was poured out to have its fpecific gravity tried.

2. There are two common methods of taking the fpecific
gravity of fluids ; one by finding the weight which a folid body
lofes by being immerfed in them; the other by filling a con-
venient veflel with them, and afcertaining the increafe of
weight it acquires. In both cafes a ftandard muft have been
previoufly taken, which is ufually diftilled water ; namely, in
the firft method by finding the weight loft by the folid body
in the water, and in the fecond method, the weight of the

veflel
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veflel filled with water. The latter was preferred for the
following reafons. |
When a ball of glafs, which is the propereft kind of folid
body, is weighed in any {pirituous or watery fluid, the adhe-
fion of the fluid occafions fome inaccuracy, and renders the
balance comparatively fluggith. To what degree this effec
proceeds 1s uncertain ; but ’froxn fome experiments made by
Mr. Girrin, with that view, it appears to be very fenfible.
Moreover, in this method a large furface muft be expofed to
the air during the operation of weighing, which, efpecially in
the higher temperatures, would give occafion to fuch an eva-
poration as to alter eflentially the ftrength of the mixture. It
feemed alfo, as if the temperature of the fluid under trial
could be determined more exaltly in the method of filling a
veffel, than in the other: for the fluid cannot well be ftirred
while the ball to be weighed remains immerfed in it; and as
fome time muft neceflarily be fpent in the weighing, the change
of heat which takes place during that period will be unequal
through the mafs, and may occafion a fenfible error. Itis
true, on the other hand, that, in the method of filling a veflel,
the temperature could not be afcertained with the utmoft pre-
cifion, becaufe the neck of the veflel employed, containing
about ten grains, was filled up to the mark with fpirit not
exaltly of the fame temperature, as will be explained pre-
fently ; but this error, it is fuppofed, would by no means equal
the other, and the utmoft quantity of it may be eftimated very
nearly. Finally, it was much eafier to bring the fluid to any
given temperature when it was in a veflel to be weighed, than
when it was to have a folid body weighed in it; becaufe in the
former cafe the quantity was fmaller, and the veflel contain-
ing
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ing it more manageable, being readily heated with the hand
or warm water, and cooled with cold water: and the véry cir-
cumftance, that fo much of the fluid was not required, proved
a material convenience. The particular difadvantage in the
method of weighing in a veflel, 1s the difficulty of filling it
with extreme accuracy ; but when the veflel 1s judicioufly and
neatly marked, the error of filling will, with due care, be
exceedingly minute, By feveral repetitions of the fame ex-
periments, Mr. GILPIN feemed to bring it within the .2 th
part of the whole weight.

The above-mentioned confiderations induced me, as well as
the gentlemen employed in the experiments, to give the pre-
ference to weighing the fluid itfelf; and that was accordingly
the method pradtifed both by Dr. DorLruss and Mr. GILPIN
in their operations.

" The veflel chofen as moft convenient for the purpofe was a
hollow glafs ball, terminating in a neck of a {mall bore. That
which Dr. DorLruss ufed held 5800 grains of diftilled water;
but, as our balance was fo extremely accurate, it was thought
expedient, upon Mr. GILPIN’s repetition of the experiments,
to ufe one of only 2965 grains capacity, as admitting the heat
‘of any fluid contained in it to be more nicely determined. The
ball of this veflel, which may be called the weighing-bottle,
meafured about 2,8 inches in diameter, and was {pherical, exéept
a flight flattening on the part oppofite to the neck, which ferved
as a bottom for it to ftand upon. Its neck was formed of a
portion of a barometer tube, ,25 of an inch in bore, and about
1 inch long; it-was perfeétly cylindrical, and on its outfide,
very near the middle of its length, afine circle or ring was cut

round it with a diamond, as the mark to which it was to be
filled
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filled with' the liquor. This mark was made by fixing the

bottle in a lathe, and turning it round with great care, in
conta& with the diamend.  The glafs of this bottle was not
very thick ; ‘it weighed 916 grains, and, with 1ts filver cap,”
936.

When the {pecific gravity of any liquor was to be taken by
means of this bottle, the liquor was firft brought nearly to the
required temperature, and then the bottle was filled with it up
to the beginning of the neck only, that there might be room for
fhaking it. A very fine and fenfible thermometer (to be more
particularly defcribed hereafter) was then pafled through the
neck of the bottle into the contained liquor, which fhewed
whether it was above or below the intended temperature. In
the former cafe the bottle was brought into colder air, or even
plunged for a moment in cold water; the thermometer in the
mean time being frequently put into the contained liquor, till
it was found to fink to the right pomnt. In like manner when
‘the liquor was too cold, the bottle was brought into warmer
air, immerfed in warm water, or more commonly held be-
tween the hands, till upon repeated trials with the thermome-
ter the juft temperature was found. It will be underftood, that
during the courfe of this heating or cooling, the bottle was
very frequently fhaken between each immerfion of the ther-
mometer ; and the top of the neck was kept covered, either
with the finger, ora filver cap made on purpofe, as conftantly
as poffible. Hot water was ufed to raife the temperature only
in heats of 80° and upwards, inferior heats being obtained by
applying the hands to the bottle ; when the hot water was em-
ployed, the ball of the bottle was plunged into it and again:
quickly lifted out, with the neceffary fhaking interpofed, as

Vor. LXXX. X x often.
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often as was neceffary for communicating the required heat to
the liquor; but care was taken to wipe the bottle dry after
each immerfion; before it was fhaken, left any adheting
moifture might by accident get into it. © The liquor having by
thefe means been brought to the defired température, the next
operation was to fill up the bottle exa@ly to the mark upon the
neck, which was done with fomie of the fame liquor, by means
of a glals funnel with a very {mall bore. Mr. GILPIN endea-
voured to get that portion of the liquor which was employed
for this purpofe, pretty nearly to the temperature of the liquor
contained in the bottle ; but as the whole quantity to be added
never exceeded ten grains, a difference of ten degrees in the
heat of that {mall quantity, which is more than it ever
amounted to, would have occafioned an error of only .. of a
degree in the temperature of the mafs. Enough of the liquor
was put-in, to fill the neck rather dbove the mark, and the
fuperfluous quantity was then abforbed to great nicety, by
bringing into conta& with it the fine point of a f{inall roll of
blotting paper. As the {urface of the liquor in the neck would
be always concave, the bottom or centre of this concavity was
the part made to coincide with the mark round the glafs: and
in viewing it care was taken, that the near and oppofite fides of
the mark fhould appear exaétly in the fame line, by which
means all parallax was avoided. A filver cap, which fitted
tight, was then put upon the neck, to prevent evaporation ;
and the whole apparatus was in that ftate laid in the fcale of
the balance, to be weighed with all the exaé&nefs poffible.

The {pirit employed by Mr. GiLeiN was furnithed to him
by Dr. Dorrruss, under whofe infpedion it had been re&ified
from rum fupplied by Government, Its {pecific gravity, at 6o

7 degrees
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degrees of heat, was ,82514. It was firft weighed pure, in
the above-mentioned bottle, atevery five degrees of heat, from
30 to 100 inclufively. ‘Then mixtures were formed of it and
diftillcd water, in every proportion from J;th of the water to
equal parts of water and fpirit; the quantity of water added
being fucceflively augmented, in the proportion of five grains to
one hundred of the {pirit; and thefe mixtures were alfo weighed
in the bottle, like the pure fpirit, at every 5 degrees of heat.
The numbers hence refulting are delivered in the following
table; where the firft column fthews the degrees of heat ; the
fecond gives the weight of the pure {pirit contained in the
bottle at thofe different degrees ; the third  gives the weight
of a mixture in the proportions of 100 parts by weight
of that {pirit to 5 of water, and fo on fucceffively till
the water and the fpirit are in equal parts, The bottle
itfelf, with its cap, having been previoufly counterpoifed,
thefe numbers are the weights of the liquor contained in
it, in grainé and hundredths of a grain. They are the mean
of three feveral experiments at leaft, as Mr. GiLrPIN always
filled and weighed the bottle over again that number of times,
if not oftener. The heat was taken at the even degree, as
thewn by the thermometer, without any allowance in the firft
inftance, becaufe the coincidence of the mercury with a divi-
fion can be perceived more accurately than any fraftion can be
eftimated ; and the errors of the thermometers, if any, it was
fuppofed would be lefs upon the grand divifions of 5 degrees,
than in any others. It muft be obferved, that Mr. GiLrin
ufed the fame mixture throughout all the different tempera-
tures, heating it up from 30° to 100°; hence {ome {mall error

X x 2 in
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in its ftrength muy have been occafioned, in the higher degrees,
by more {pirit evaporating thun water; but this, it is believed,
muft have been trifling, and greater inconvenience would pro-
bably have refulted from interpofing a frefh mixture,

TABLE
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T A B L E 1
Weights at the different degrees of temperature,

100 grains|100 grains| 100 grains|100 grains| 100 grains{100 grains|100 grains|100 grains|; 00 grains/ 00 graics
The pure lof {pirit tojof fpirit tojof fpirit to jof {pirit to Jof {pirit tojof {pirit to of fpirit to [of fpirit to |of fpirit to jof fpirit to
Heat.| fpirit. | § grains. | 10 grains | 15 grains |20 grains| 235 grains | 30 grains| 35 grains| 40 grains| 45 grains 50 grains
of water. | of water. |of water. |of water. Jof water.|of water, |of water. |of water. | of water.|of water.

Grains. |Grains. |Grains. |Grains. / Grains. |Grains. |Grains, Grains.  {Grains. |Grains. |Grains,
30 | 2487,32| 2519,98| 2548,50| 2573,80| 2590.65} 2617,241 2635,16 | 2653,54 | 2669,64 | 2684,63| 2698,41
35 | 2480,79| 2513,48| 2541,96 | 2567,34| 2590,15| 2610,80| 2629.77| 2647,30 2663,48 2678.43 | 2692 32
40 | 2474,18) 2500,98| 2535,52 | 2560,83| 2583,70} 20604,50| 2623,42| 2641,02| 2657,35 2672,37 | 2686,37
45 | 2467,52 2500,331 2528,90| 2554,24 | 2577,16| 2597,99| 2617,04| 2634,68| 2650,96| 2666,13| 2680,25
- 50 | 2460,77| 2493,48| 2522,10| 2547,61| 2570,64] 2591,50| 2610,59 | 2628,26| 2644,68 | 2659,95| 2674,04
55 | 2453,84| 2486,51| 2515,30 | 2540,88 | 2563,94| 2584,79| 2604,07| 2621,97| 2638,25 2653,55| 2667,72
60 | 2446,86| 2479,75| 2508,600| 2534,19 | 2557,23| 2578,22| 2597,50| 2615,26| 2631,82 | 2647,20| 2661,435
65 | 2440,04| 2472,97| 2501,87 | 2527,51| 2550,56| 2571,48| 2590,80 | 2608,72 | 2625,41 | 2640,80| 2655,09}
70 | 243337 | 2466,28| 2495,00| 2520,65| 2543,84| 2504,89| 2584,23| 2602,14| 2618,8y 2634,30| 2648,65
75 | 2426,47 | 2450,18| 2488,03| 2513,63| 2536,91| 2558,14| 2577,47| 2595,43] 2612,20{ 2627,78| 2642,17
80 | 2419,13 | 2451,95}| 2480,83| 2500,61| 2520,85| 2551,10| 2570,52 | 2588,61| 2605,32| 2621,03 | 2635,47
85 | 2412,02| 2444,80| 2473,68| 2499,59 | 2523,08| 2544,41| 2563,80| 2581,91| 2598,76| 2614,48| 2628,87 |
90 | 2404,92 | 2437,721 2460,64 | 2492,02| 2516,20| 2537,57} 2550,95 | 2575,20| 2592,17 | 2607 86| 2622,30
95 | 2397,75| 243,50 | 2459,51| 2435,51| 2509,15| 2530,51 | 2549,05 | 2568,18| 2585,12| 2601,12| 2615,70
100 | 2390,64| 2423,53] 2452,63| 2478,59| 2502,15| 2523,59 ) 2543,08 | 2561,28| 2578,37| 2594,45 2609, 11

1CO grains 100 grains| 10O grains{I00 grains|I00 grains| 100 grains|100 grains|I00 grains|100 grains{100 grains
of {pirit toof {pirit tojof {pirit tojof {pirit to lof {pirit to of {pirit toof {pirit tolof {pirit to |of {pirit to fof {pirit to
Heat. | 55 grains 60 grains | 6§ grains | 70 grains | 75 grains | 80 grains| 85 grains | o grains | g5 grains |100 grains
of water. |of water, |of water. jof warter. |of water.|of water. lof water, |of water.|of water. |of water,

Grains, |Grains. |Grains. |[Grains, |[Grains., |[Grains. |Grains. |[Grains. |Grains. |Grains.

30 | 271519 2723,00| 2733,84| 2744,19| 2753,67 2762,61| 2771,26| 2779,21| 2786,47] 2793,26
35 | 2705,08| 2710.96| 2727,78 | 2738,24| 2747,90| 2756,97| 2765,47 1 2773,53] 2780,75] 278759
40 | 2699,09| 2711,02| 2721,90| 2732,45| 2742,18| 2751,35| 2759,85| 2767,78| 2775,15] 2782,06
45 | 2092,97| 2704,82 2715,03| 2726,38 | 2736,21| 2745,47| 2754,13| 2762,03| 2769,55] 2770,40
50 | 2086,81 1 2698,631 2709,92| 2720,37 | 2730,27 | 2739.52| 2748,22| 2756,25| 2763,67 | 2770,62
55 | 2680,57 | 2692,44| 2703,67| 2714,27 | 2724,20| 2733,47} 2742,25| 2750,32| 2757,82 1 2704,72
60 | 2074,31| 2686,16| 2697,44 2708,18| 27:8,26| 2727,56 | 2736,26 | 2744,32 1 2751,87 | 2758,82
65 | 2667,97| 2680,00( 2691,22| 2701,99| 2712,00| 2721,47 | 2730,27 | 2738,35| 2745,93 2752,82 |
70 | 2661,67 | 2673,68 | 2685,021 2695,66 | 2705,87 | 2715,40| 2724,22] 2732,42 | 2740,00| 2746,88
75 | 2055,19| 2667,32| 2678,601 2689,34 | 2699,57 | 2709,08| 2717,05{ 2726,25| 2733.92| 2740,83
80 | 2048,47 | 2660,69| 2672,02| 2682,77 [ 2693,03| 2702,57 | 2711,501 2710,78 | 2727,49! 2734,49
85 | 2041,85| 2054,19| 2605,54| 2676,40| 2686,77 | 2666,33| 2705,37 2713,60 | 2521,47| 2728,60
90 | 2635,38( 2647,61| 2659,07| 2670,09| 2680,60| 260,22 2699,10| 2707,44 ! 275,22 2722,32
95 | 2628,33| 2041,10| 2652,56| 20663,04| 2674,20 2683,79| 2692,81| 2701,18 | 2708,91] 2716,04

100 | 2622,22 | 2634,38 | 2645,95| 2657,14| 2667,61| 2677,25] 2656,36| 2694.96! 2702,c0! 270g,75
In
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In order to deduce the {pecific gravities from the numbers in
the preceding table, it was neceflary to weigh diftilled water
in the fame veffel.  This Mr. Gireix did, in the fame manner
as before, at the different degrees of heat; and the refult of
his experiments is delivered in the following table, where the
firft column fhews the heat, and the fecond gives the weight
of the water, atthat temperature, contained in the bottle.

T A B L E

Weights and fpecific Gravities of diftilled Water.

1L

Weight of | Specific gra-

Heat. | the vity of the
water. water.

o |Grains.
30

35 | 2967,03| 1,0008%
40 | 296%,34| 1,00091
45 | 2967,29| 1,00084
50 | 266,97 | 1,c0066
55 | 2966,39| 1,00040
60 | 2965,39| 1,00000
65 | 2964,17 | ,99952
70 | 2962,72] ,99896
75 | 2961,03] ,99832
80 | 2959,13| 99762
85 | 2957,03] ,99085
90 | 2954,80| ,99602
95 | 2952,201 ,99507
| 100 | 2049,36| ,99404

There
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There would be twe methods of computing the fpecific gra-
vity, at the different temperatures, from thefe numbers; one,
by raking the weight of the water, at the particular tempera-
ture in queftion, for the ftandard; and the other by fixing on
one certain temperature of the water, for inftance 60°, to be the
ftandard, with its bulk at which that of the fpirit at all dif-
ferent degrees thall be compared. T have preferred the latter
method, though not the moft ufual, becaufe it thews, more
readily and fimply, the progrefiion obferved in the changes of
fpecific gravity, according to the heat and ftrength of the
mixture. This method, however, rendered it necetlary to
make an allowance for the contrattion and expanfion of the
bottle ufed for weighing the liquors, according to the deviation
of their temperature from 60°, either below or above. To
obtain this correétion, the expanfion of hollow glafs was taken
from General Rov’s experiments in the LXXVth volume of
the Philofophical T'ranfaétions, as ,0c0051% of an inch upon
a foot for every degree of heat, whence its effet, in enlarging
the capacity of a {phere, was computed, and the refulting cor-
reCtion added to the weight of the liquors in heats below 6c°,
and {ubtra&ed from it in heats above. On the fame account a
third columnis given, in the preceding table, to thew the fpe-
cific gravity of water at the different temperatures, its weight
at 60° being taken as the ﬁandard

Another correttion alfo became neceflary, on account of the
part of the ftem of the thermometer which was not immerfed
in the liquor. This inftrument, made by Ramspen, had its
ball ,22 of an inch in diameter, and its ftem 13 inches in
length. From the ball to the commencement of the fcale 3,6

inches of the ftem were bare, and then the fcale began, which
reached
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reached from 1§ to 110 degrees. The part of it particularly
made ufe of in thefe experiments, namely, from 30° £o. 100°,
meafured 6,82 inches. The fcale was made of i ivory, and car-
ried divifions to every fifth of a degree, the quarters of which
could be readily eftimated ; fo that the inftrument could be
read off to twentieths of degrees. When the thermometer
was immerfed in the weighing-bottle, the liquor reached up
nearly to what would have been o° upon its ftem ; hence, as
thé heat of the room in which the experiments were made
remainied about 60°, the correftion for the different heat of the
quickfilver in the ftem from that in the ball of the thermome-
ter was calculated according to Mr. CAVENDIsH’s table, given
in the LXVIIth volume of the Philofophical Tranfa&ions.
Thus the real heat of the fluid in the weighing-bottle being
found, an allowance was made to reduce it to the exact degree
indicated on the fcale of the thermormeter.

The precife {pecific gravity of the pure fpirit employed was
,825143 but to avoid an inconvenient frattion it is taken, in
conftru@ing the table of fpecific gravities, as ,825 only, a
proportionable deduction being made from all the other num-
bers. ‘Thus the following table gives the true Apecific gravity,
at the different degrees of heat, of a pure recified {pirit, whofe
fpecific gravity at 60° is ,825, together with the fpecific gra-
vities of different mixtures of it with water, at thofe different
temperatures, as far as equal parts by weight..

TABLE
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T A B L E Il
Real fpecific gravities at the different temperatures.

. 100 grains|1co grains 100 grains 100 graing| 100 grains|100 grainsj100 graing} 100 grains| roo grains|100 grains
The pure |of {pirit to of fpirit to of {pirit tolof fpirit to,of fpirit tolof fpirit tojof fpirittofof {pirit tofof {pirit tojof fpirit to}
fpirit. | 5 grains | 1o grains |15 grains | 20 grains| 25 grains | 3o grains | 35 grains | 40 grains | 45 grains | co grains
of water. jof water. |of water. [of water. |of water. |of water. [of water. [of water. [of water. |of water.

Heat.

30[,83899,850011,85967,86819|,87589| ,88284],88922/,89509 ,000531,90558,91023
351,836731,84776/,85737|,86592,87303|,88061,88700),89292| ,86839| .90342 0811
40,83445],84551|,85515|,86367|,87140],87843/,88481],89074|,89626|,90133|,90605
45,83215],84321/,85286/,86140],80913[,87617],88260|,88855/,89405/|,89916|,c0393
50[,82981{,84084],85051|,85910|,86688],87392(,88036|,88632(,89187|,89702{,90177|
55,82741(,83843],84815/,85677|,86455/,87159!,87809/,82406/,889631 ,89479|,89957
60},82500|,83609|,84583|,85445|,86223|,86931,87582|,88181|,88740],89259|,89741
651,32262|,83374/,84350[,85213|,85991(,86098|,87352(,87954| ,88518| ,89037|,89518
70 ,82032|,83142[,84111{,84975!,85758},86469!,87121|,87725/,88291|,88810,89294
751 581792(,82896],83869|,84731(,85517(,86234|,86886/,87491[,88058/,88585|,89c68
80| ,81543|,82049],83623(,84491(,85276(,85993| ,86648|,87258| ,87822,88352|,88839
85|,81291],82396],83371(,84243],85036,85757| ,86411},87021|,87590| ,88120|,88605
90| ;81044 ,82150[,83126,84001/,84797| ,85518|,86172|,86787|,873060| ,87889|,88376
95| ,80794(,81900|,82877(,83753|,84550 ,85272|,85928,86542| ,87114/,87654/(,88146
100{,80548|,81657(,82639,83513|,84308|,85031|,85688,86302/ ,86879,87421{,87915

100 grains|100 grain:{soo grains|: oo grains|roc grains|roo grains|roo grainsj1oo grains|roo grains|100 grains

£ lof fpirit tojof {pirit tofof {pirit tolof fpirit tojof fpirit tolof fpirit tdlof fpirit tofof fpirit to|of fpirit tojof fpirit to
T |55 grains |60 grains | 65 grains| 70 grains | 75 grains | 8o grains 85 grains | go grains | 95 grains {100 grains
of water. |of water. [of water. [of water. |of water. Jof water. |ot water. Jof water. |of water. |of water.

301,91454/,91853f,92219],92568/,92888),93191/,93483/,93751,93996| ;04225
35[,61242(,916441,92009| ,92362| ,92687| ,92995/ .93281),03553|,93796| 94027
401,91034/,91438),91805/,92161},924891,92799/,93086/,93353| 93602/ ,93835
45{,99822|,91222/,91599 ,91950],92281},92595/,92887,95153,93407/,93638
501590608/ ,910071,91388) ,91740/ ,92075| ,92388/,92681],92952/ ,93202( ,03436
55199399,90791,91170| ;91528 ,91863),02176,92472,92744/,92997|,93230
60} ,991731,90570,90954( ,91316| ,91656] ,g1971|,92264],92536,92791|,93025§
65],89952],90359|,907 38 ,91100|,91440 ,91769|,92055/,02328| ,92534| ,92816
70[,89733/,90136(.90522/,90880! ,91225,91547,91845/,92121| ,92377| ,2608
75(,89507/,89916] ,0298) ,90660| ,91005] ,01326/,91625[,91909| ,52164| ,02397
80/ ,892771,896901,90072,90435(,90780] ,91103 ,91404/,91683/,91943| ,92179
85|,890431,89460] ,89843| ,90209/,90558| ,g0882,91180|,91465) ,91729| ,91909
99| ,88817/,892301,89617|,89983| ,90342] ,0668|,90967|,91248| ,91511|,91751
95/,88588 ,89003),89390(,89763/,90119],90443[,90747,91029/,91290] ,91531
100|,88357',88769[,89158],89536|,89889| ,g0215] ,90522| ,90805]| ,91066| ,91310]

From
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From this table, when the {pecific gravity of any fpirituous
liquor is afcertained, it will be eafy to find the quantity of retified
fpirit, of the above-mentioned ftandard, contained inany given
quantity of it, either by weight or meafure. Ascommon arith-
metic is competent to furnith the rules for this purpofe, it
would be fuperfluous to give them here. All the obje&s of
inquiry relative to this bufinefs fhould, I think, be reduced to
Tables ; the firft of which might exhibit the {pecific gravities of
different mixtures, from one to 100 parts of water, increafing
by one, at every degree of heat from 40 to 80, being the utmoft
limits of temperature that can be wanted in common pracice.
This table need only be calculated to three places of figures,
which will always give the quantity: of fpirit true within a
Aiftieth part of the whole, and in the moft ufual degrees of heat
within a hundredth ; and to this number of figures the areo-
meter, or hydrometer, thewing the f{pecific gravities, could be
fuited. A further reafon for continuing only to three places of
figures is, that, accurate as Mr. GILPIN’s experiments have
been, fome irregularities are found in the two laft of the five
decimals to which his tables are calculated. The greateft of
thefe irregularities, I think, do not exceed the quantity cor-
refponding to a difference of one-fifth of a degree of heat, and
in general they are much lefs. A table might be conftrutted
to fhew what the numbers would probably have been, to the
five places of decimals, if there had been no kind of error in
the experiments.—Another table thould be of the volumes, ex-
hibiting what proportion the fpirit and water bore to each other
by meafure or bulk, in the different mixtures; whence might
be calculated a very ufeful table of Diminutions, to fhew
when a given weight, or volume, of a certain {pirit and wa-

Vor. LXXX. Yy ter
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ter are mixed together, how much their bulk would be dimi-
nithed; or, what is called by the diftillers the concentration.
From fuch a table the diftiller could learn, what quantity of
water he muft mix with {pirit of 4 given ftrength, in order to
reduce 1t to proof {pirit, or any other ftrength; and likewife
what quantity of proof {pirit, or {pirit of any other ftrength,
he may obtain, by adding water to ipirit of a given ftrength;
both circumftances very neceflary to be known in the trade,
and which fome of the fliding rulers now in ufe profefs to
point out.

It may appear odd, that no mention has been made tiil now
of proof [pirit, the ftandard to which moft of the regulations of
the excife have hitherto been referred. The reafons for not
‘adopting this ftandard are: firft, that the ftrength of {pirit to
be called proof is a mere arbitrary point, and by no means fo
exadtly determined as could be withed ; and, fecondly, that it
feemed moft convenient to take for the ftandard the higheft
ftrength of {pirit ufually found in commerce, and beyond
which it cannot be retified without a procets of fome ex-
pence, fo that all the other degrees of ftrength might be
reckoned one way, without the intervention of a raiddle point,
inducing the neceflity of denominating fome above and ochers
under.  If, however, Government fhould find it expedient to
preferve the reference to proof {pirit, from the tables given in
this Report others may be conftruéted, in which all the old
terms of over and under proof thould be retained, and have a
precife meaning, asfoon as the ftrength to be called proof fhall
be finally fettled. By the A& of 2 Geo. 11l itis ordered, that
the gallon ‘of brandy or (pirits of the {frength of one to fix
under proof, fhall be taken and reckoned ar 7 /b, 13 0%., which
is underflood by the trade to mean at :5° of heat, Hence,

6 taking
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taking the weight of a gallon of water at the fame heat to be
8 lb. 5,66 &c. oz *, the {pecific gravity of this diluted {pirit will
be found ,9335 at 60° 435 whence, by a computation founded
on the tables in this Report, the fpecific gravity of proof
{pirit will come out ,9:6. But the rulers of corretion be-
longing to Dicas’s and Quin’s hydrometers give the fpecific
gravity of proof {pirits about ,922 at 55°, equivalent to ,9z0 at
60°. The former, ,916, correfponds to a mixture of 100 parts
of fpirit with 62 by meafure, or 75 by weight, of water; and
the latter, ,920, to a mixture of 100 parts of {pirit and 66 by
meafure, or 8o by weight, of water. The difference is con-
fiderable; but the firft 1s undoubtedly moft conformable to the
exifting Acts of Parliament. If, therefore, it be'thought right
to preferve the term proof-fpirit in our Excife Laws, it may
be underftood to mean fpirit, whofe fpecific gravity is ,916,
and which 1s compofed of 100 parts of rectified {pirit at ,825,
and 62 parts of water by meafure, or 75 by weight ; the whole
at 60 degrees of heat.

I have chofen this point of ; the thermometer, 60°, in pre-
ference to §5°, becaufe it is much the moft {uitable for experi=
ments, being the temperature at which a room feels pleafant,
and in which any operation, however flow and tedious, can be
executed without the uneafy fenfation of cold: for this reafon
it has been adopted by many Englith philofophers. In the
table formerly recommended, from 40 to 8o degrees of the
thermometer, it will be the middle temperature.

# Probably 8 /b. 5,72 ox. is nearers

4 This fpecific gravity indicates a mixture of 107 grains of water with 100
of {pirit, and confequently is below Mr. GiLPIN’s prefent Tables, which go only
to equal parts:

Yy The
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The {pecific gravity of ,825 having been fixed upon as the
ftandard of reified {pirit in our tables, Mr. GirpiN was de-
fired to afcertain by experinent what proportion of water
would be neceffary, to reduce the lighteft alcohol in his poflef~
fion to that ftandard. This was fome alcohol, already men-
tioned, which Mr. LEWISs had furnifhed ; and its fpecific gra-
vity being ,"14196 at 62°, 3000 grains of it mixed with 135
grains of diftilled water formed a compound, whofe fpecific
gravity was ,825153; that is, in round numbers, 100 grains
of alcghol at ,814 with 4,5 grains of water, form our ftandard
of {pirit at ,825.

Perhaps fome perfons may obje to the preceding experi-
ments, on account of the fmall quantities mixed and weighed.
Undoubtedly experiments on a large fcale have fome advan-
tages ; but thefe in general depend more on the coarfenefs of
tools, and clumfinefs of operators, than on the nature of the
operations. If inftruments be exceedingly exa&, and the ex-
perimenter equal to the tafk of ufing them properly, I believe
the errors upon moderate quantities will be quite as {mall in
proportion as upon large; andin this particular inftance, where
the greateft fource of error lay in the determination of the
heat, the fmaller quantities had in that refpe&t an evident
advantage, it being much eafier to bring fix ounces of a liquor
to an uniform temperature than fo many gallons. One of our
moft eflential inftruments, namely, the balance, was fo much
fuperior in nicety to any thing that could be wanted in thefe
experiments, that error in weighing muft be thrown entirely
cut of the queftion. It was conftruted by Mr. RAMSDEN ;
and fome account, though very imperfe®, of its admirable

mechanifm, as well as of its extreme fenfibihty, even when
3 loaded
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Joaded with confiderable weights, has been given in the XXX111d
volume of the Yournal de Phyfique.

I muft not conclude this part of the Report without ob-
ferving, that as the experiments were made with pure {pirit
and water, if any extrancous fub(tances are contained in the
liquor to be tried, the fpecific gravity in the tables will not
give exactly the proportions of water and {pirit in it. 'The
fubftances likely to be found in fpirituous liquors, where no
fraud is {ufpe@ed, are, effential oils, fometimes empyreumatic,
mucilaginous or extra‘tive matter, and perhaps fome faccha-
rine matter. The effe& of thefe, in the courfe of trade,
feems to be hardly fuch as would be worth the cognizance of
the excife, nor could it eafily be reduced to any certain rules.
Eflential and empyreumatlc oils are nearly of the fame fpecific
gravity as fpirit, in general rather lighter, and therefore, not-
withftanding the mutual penetration, will probably make liitle
change in the fpecific gravity of any {pirituous liquor in which
they are diffolved: The other {ubftances are all heavier than
{pirit; the {pecific gravity of common gum being 1,4825
and of fugar 1,606, according to the tables of M. Brisson.
The effet of them therefore will be to make fpirituous liquors
appear lefs ftrong than they really are. An idea was once en~
tertained of endeavouring to. determine this matter with fome
precifion s and accordingly Dr, DoLrLruss evaporated 1000
grains of brandy, and the fame quantity of rum, to drynefs;
the former left a refiduum of 40 grains, the latter only of 8%
grains. The 4o grains of refiduum from the brandy, diffolved
“again in a mixture of 100 of fpirit with 5o of water, in~
creafed its fpecific gravity ,00041 ; hence the effeét of this
extrancous matter upon the fpecific gravity of the brandy con-
taining it would be to increafe the fifth decimal by 6 nearly,

equal
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equal to what would indicate, in the above-mentioned mixture,
about one-feventh of a grain of water more than the truth, to
100 of fpirit: a quantity much too minute for the, confideration
ot Government.

PART IL
- On Hydromeiers.

THE readielt way of afcertaining fpecific gravities, and une
doubtedly the moft convenient for public bufinefs, is by hy-
drometers; and, I conceive, thofe of the fimplet conftruca
tion to be beft upon the whole, efpecially if more accurate
means are kept at hand, to be reforted to in cafe of difputes.
An hydrometer of glafs would be the moft certain ; but whether
it be of that fubftance, or of metal, it thould confift of a ball,
or rather bulb, fo poifed as that a certain part thould be always
downmoft in the liquor, and having a ftem rifing from it on
the oppofite part, which would confequently keep upright in
ufing the inftrument.  On the fize of this ftem, the fenﬁEility
of the hydrometer chiefly depends. In the old areometers the
ftem was made fo large, that the volume of water difplaced
between its lealt and greateft immerfions was equal to the
whole difference of {pecific gravity between water and alcohol,
or perhaps more ; whence its fcale of divifions muft be very
{mall, and could not give the {pecific gravity with much accu-
racy. To remedy this defect, weights were introduced, by
means of whxch the {tem could be made fmaller, each weight
affording a new commencement of its fcale ; fo that the fize of
the divifions on a given length of ftem was doubled, tripled,

quadrupled,
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quadrupled, &c. according as one, two, three, or more weights
were employed, the diameter of the ftem being leflfened in the
fubduplicate proportion of the iucreafed length of the divi-
fions. Of late this principle feems to have been carried to ex-
cefs; the number of weights adapted to fome hydrometers
being fo great as to prove very inconvenient in praétice. A
mean between the two methods would certainly be beft, which
might be fuited to our tables in the following manner.

It is propofed to determine the fpecific gravity to three places
of decimals, water being taken as unity: the whole compafs
of numbers, therefore, from retified {pirit to water, at 6o
degrees of heat, would be the difference between 825 and
1,000, thatis, 175; call it 220 to include the lighteft {pirit
_and heavieft water, at all the common temperatures. Of thefe
divifions the ftem might give every twenty, and then ten
weigfxts would be {ufficient for the whole 220. By making
the ftem carry twenty divifions, an inconvenience much com-
plained of, that of fhifting the weights, would in great mea-
{ure be- avoided; becaufe a perfon converfant in fuch bufinefs
would feldom err to that extent in judging of the ftrength of
his {pirit previous to trial 5 and yet the ftem would not need to
be fo large, or the divifions fo fmall, as to preclude the defired
“accuracy. In conformity to this arrangement it would be pro=
per, that the weights adapted to the hydrometer fhould be
marked with the numbers of the fpecific gravity, zero on the top
of its ftem, without a weight, being fuppofed to mean 8oo,
and 20 at the bottom of the ftem to fignify 820, which number
the firft weight would cairy; the fucceflive weights would be
marked 840, 860, &c.; and the divifion on the ﬁcem cut by
the fluid under trial would be a number to be always added to
the number marked upon the weight, the fum of the two

thewing
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thewing the true fpecific gravity, The weights fhould un-
queftionably be made to apply on the top of the ftem, fo as
never to come into contact with the liquor; and in ufing the
‘hydrometer its ftem fhould always be prefled down lower
than the point at which it will ultimately reft, that by being
wetted it may occafion no refiftance to the fluid. The inftru-
ment itfelf fhould be of as regular a fhape, and with as few
inequalities and protuberances, as poflible, that all unneceffary
~ obftrution to its motions may be avoided.

As it is not probable but difputes will fometimes arife, I
think it would be advifable, that fome of the principal excife
offices thould be provided with a good pair of fcales, and a
weighing-bottle properly marked, the quantity of whofe con-
tents of diftilled water at 60° had been previoufly determined.
By filling this bottle up to the mark with the fpirit in quef-
tion, and dividing its increafe of weight by the given weight
of water required to fill it, the fpecific gravity of the {pirit
would, Ithink, be better afcertained, even under the manage-
ment of a common operator, than by the moft dexterous ufe of
the hydrometer. '

The fimpleft and moft equitable method of levying the duty
on fpirituous liquors would be, to confider re&ified {pirit as the
true and only excifable matter. On this principle, all fuch
liquors would pay exaétly according to the quantity of reti-
fied fpirit they contain; fo that when a catk, for inftance, of
any Ipirits was prefented to the revenue officer, his bufinefs
would be to determine from the quantity, fpecific gravity, and
temperature, of the liquor, how many gallons, or pounds, of
reCtified {pirit enter into its compofition ; each of which gal-
lons, or pounds, thould be charged a certain fum. The com-

plicated regulations attending the adaption of the duties to
different
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different degrees of firength would thus be avoided ; and it is
believed, that many frauds might be prevented, which artful
perfons have now an opportunity of pracifing, by altering the
ftrength of their {pirit in a variety of ways. From the tables
already recommended, it would be eafy to deduce this quantxtv
of refiified {pirit, eit her by weight or mmfure, in any given
quantity of a fpirituous liquor ; or other tables might be con-
firu&ed which thould fhew it at once by infpetion.

If, however, it be thought by Government moft expedient

not to make any cflential change in the prefent manner of col-
le&ing this article of the revenue, 1 would at leaft recommend,
that the {pecific gravity thould be fubftituted for the relation to
proof fpirit. Thus, inftead of ordering fo much duty per
gallon to be paid by fpirits one to fix under proof, it may be
enalted, that the fame fum fhall be paid by fpirit of ,9335
fpecific gravity, or, not to be too precife, by fpirit from ,930
to0 ,935, and fo on for any other degrees of ftreugth; a certain
temperature, fuppofe 60°, being always underftood to be meant
when fpecific gravity is mentioned in an A& of Parliament.
" The duties to be laid according to either of thefe methods
may readily be adjufted or equalized to thofe paid at prefent, as
far as the latter can be determined from the A& of 2 George
1II referred to above, or by any of the inftruments now in ufe.

It will give me very fincere pleafure if the preceding experi-
ment and remarks thould tend to advance the profperity of this
country, by introducing a more juft and advantageous mode of
colle&ion into fo material a branch of the revenue.

oY e
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