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TABLE for converting Degrees of Centigrade Themnometer to 
. DISTILLATION OF ALCOHOL. 

Uegrees of Pahrenheit. 

TABLE for converting Degrees of the Fahrenheit memometer  to 
Degrees of Centigrade. 

Hydrometer, Alcoholometer, Areometer. 
The areometer is an instrument whose construction 

depends on the philosophical principle that any body 
floating in a liquid displaces a volume of that liquid 
equal in weight to its own, from which it appears, on 
applying this principle to the instrument in question, 
it will sink deeper in a liquid of little specific gravity, 
and not so deep in a denser liquid or one of greater 
specific gravity. - 

There are two inst.ruments al3ke in conformation, but 
differing only in the character of the liquids to which 
they are applicable, and bearing special names, indics~ 
tive of the special liquids for the testing of which 
they are intended : one used for liquids heavier than 
pure water, as concentrated acids, saline solutions, 
syrups, must, either natural or artificial, &c., called 
acidimeter saccizarorneter, &c. ; the other, .*hich is em- 
ployed for ascertaining the density of liquids lighter 
than wa.ter, as wines, spirits, alcohols, ethers; &c., is 
called aZcoholometer, &c. A single areometer, with a . 
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stem long enough, might answer for d l  cases; but the 
inconvenxence iuseparable from too long a stem, more 
than counterbalances its advantages. The areometers 
in general use, consist of a graduated glass tube, with 
an elongated bulb, containing a weight a t  the inferior 
extremity ; they are, however, sometimes made of metal. 

I t  must be observed that the degrees given by the 
areometer are only-true when the liquid under examina- 
tion is a t  the same temperature as the instrument when 
it was graduated. 

One other point to he observed, is that the trce level 
which is to be considered, is the ideal extension of the 
surface of the liquid under esamination, and not the 
point marked on the stem by the summit of the curve 
caused by the capillarity of the stem of the instrunlent. 

The areometer of Baurn6 is generall.7- the only one 
used for liquids heavier than water. We shall speak 
of it  more fully under the subject of syrups, and may 
dispense with any further notice of it  here. 

The densimeter is designed to replace the areometer of 
B a u d ;  i t  is the only one sanctioned by the adminstra- 
tion of the assize for use in sugnr refineries and distil- 
leries. This instrument, placed In n liquid, indicates its 
density; that is to say, its weight In kilogrammes for a 
litre of the liquid. 

For example : for a liquid, the density of which mill 
be double that of water, the weight of the litre being 
two kilogrammes, one kilogramme of this liquid would 
only occupy the volume of half a litre; consequently, 
the indication by the densimeter would be 2. 

The difference between the indications by the densi- 
meter in saccharine liquids and syrups, will be propor- 

. tional to the quantity per cent. in sugar or saccharine 
matter contained in the syrup, and as many kilogrammes 
of sugar should be counted in the hundred kilogrammes 
of syrup as there are degrees above 100. 

There are a number of alcoholometers ; those of Baum6, 
of Cartier, and of Gay Lussac, are the principal. The 
last is the simplest, in some respects, and will be more 
particularly described. 
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Centeaimsl Alcoholometer of Gay Lnsssc. 

Gay Lussac, in 1824, invented an instrument resem- 
bling the ordinary areometer in form, to which he gave 
the name centesimaZ alcoholom eter. When this instru- 
ment is plunged into a spirituous liquid, a t  the tempera- 
ture of fifteen degrees, it  a t  once indicates the strength; 
that is, the real volume of pure alcohol which i t  contains. 
His scale is divided into 100 parts or degrees, of which 
each represents a hundredth of anhydrous alcohol. The 
mark zero (0°) corresponds to pure water, and that for 
100° to absolute alcohol. The instrument is graduated 
at a temperature of 15O in spirits supposed to be of the 
same temperature ; if, for example, the alcoholometer of 
Gay Lussac sinks to the division 50°, i t  indicates that 
the strength of the spirit is fifty hundredths; in other 
words, that it consists of equal volumes of pure alcohol 
and water. In a liquor in which it floats at 90°, it  will 
indicate a strength of ninety hundredths. The degrees 
of the alcoholometer indicating, as they do, the hun- 
dredths of alcohol, are called centesimaZ degrees. 

Thus, according to the principles on which the cente- 
simal alcoholometer is graduated, the strength of a spiri- 
tuous liquid is the numberbf hundredths (in volume) 
of pure alcohol which this liquid contains a t  15O Centi- 
grade; from which it follows, that the real quantity of 
alcohol contained in ;t liquor, can always be ascertained 
readily and immediately, by multiplying the number 
which expresses the volume of the liquid by the number 
indicating its strength ; which is seen by the greater or 
less immersion of the instrument in the liquor. Let us 
suppose, for example, a cask of 345 litrea of brandy, the 
strength of which is 58 centesimal degrees, at the tem- 
perature of ljO Centigrade, that is to say, 58 per cent. 
of pure alcohol. 

The following result : 345 58 - 
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will indicate that the cask contains 200.10 litres of pure 
alcohol. 

If the fipirituous liquor should not be at the tempera- 
ture of 15O Centigrade, it should be brought to this - degree by heating it with the hand, or cooling it by 
placing the test glass in cold water; but it will be always 
more convenient in practice, to use the annexed table 
for ascertaining the actual strength of liquors at  any given 
temperature. 

Explanation of the Use of the Table Indicating the Actual Strength 
of Spirituous Liquors at any Given Temperature. 

The centesimal alcoholometer, on which is based the 
collection of taxes, was graduated, as we have said, at 
the temperature of 15" Centigrade (12" Reaumer, 59" 
Fahrenheit). If the exueriment be conducted at  a 
higher temperature, the density of the liquid being di- 
minished by expansion, the alcoholometer will sink 
deeper, and will indicate a greater degree of streng!h 
than at  the legal temperature of 15". The oppos~te 
will happen if the experi.ment be tried a t  a lower de- 
gree ; it- is, therefore, important, in the event that we 
cannot select or regulate the temperature. that we should 
be able to ascertlain the true &oholic'degree of spiri- 
tuous liquors to serve as a basis, either for the collec- 
tion of duties, or to govern commercial transactions. 

The following table supplies the means. It consists of 
two parts. The first indicates what are called degrees of 
mZd; that is, those which are below 15", and the second 
the degrees of hazt, or those which are kbove 15" up to 
the temperature 30° of the Centigrade thermometer. 
The first column indicates the degree marked on the 
centesimal alcoholometer when plunged in to a spirituous 
liquor, the following columns indicate its true degree 
for the temperature at the head of each column. Thus 
when the alcoholometer sinks to 4g0, and the thermome- 
ter plunged into the same liquid indicates a temperature 
of So, we see that the  true degree is 51.6. The same 
degree, if we make the experiment at st temperature of 
24O with the same thermometer, would be only 45.6. 
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The areometer of Cartier being still used in some cities 
in the south and middle of France, we have thought it 

- best to exhibit its relation to the centesimal dcoholome- 
ter, in connection with the tables indicating the true 
alcoholic strength of liquids. 
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CL4s it may be interesting to some, the translator has 
taken the liberty of adding the following tables from 
Fomnes' Chemistry, which institute acomparmon between 
the  specific gravity of different liquids both heavier and 
lighter than water, and a third which indicates the true 
alcoholic streng+ of a spirituous liquor as indicated by 
its specific gravity.] 
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Conzparison of  the Degrees of Baumd's Hydrometer with the real - 
- Speci$c Gravities. 

1, For liquids heavier than water. - 
Degree 

- 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Specific 
gravity - 
1.000 
1.007 
1.013 
1.020 
1.027 
1.034 
1.041 
1.045 
1.056 
1.063 
1.070 
1.078 
1.085 
1.094 
1.101 
1.109 

' Degree 

- 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Specific Degree 
zravity. -- 
1.118 32 
1.126 33 
1.134 34 
1.143 35 
1.152 36 
1.160 37 
1.169 38 
1.178 39 
1.188 40 
1.197 1.206 42 41 

1.216 43 
1.225 44 
1.235 '45 
1.245 46 
1.256 47 

Specific 
gravity I I Degrees 'Speciflc 

lgravit y 
Degrees Specific ! I gravity. 

2. Banml's Hydrometer for liquids lighter than water. 

Degrees Speciflc Degrees 
/gravity. 1 1 Specific I I ~egrees l  Specidr 

gravity. gravity. I Degrees Specific 
gravity. -- 

43 0.816 
44 0.811 
45 0.807 
46 0.802 
47 0.798 
48 0.794 
49 0.789 

Degrees Specific 
gravity. I I  

I I I ., I . . 

These two t-able3 are on the authority of M. Francaenr ; they are taken from 
the HandwcYrterbuch der Chenaie of Liebig and Poggendorf. Baumgs hydro- 
meter is very commonly nsed on the Continent, especially for liquids heavier 
than water. For lighter liqnids the hydrometer of Cartier is often employed 
in France. Cartier's degrees differ bat little from those of Baum6. 

In the United Kingdom, Twaddell's hydrometer is a good deal nsed for dense 
liquids. This instrument is so graduated that +e real sp. gr. can be deduced' 
by an extremely simple method from the degree of the hydrometer, namely, 
by moltiplying the latter by 5 and adding 1000; the sum is the sp. gr., 
water being 1000. Thus 10" Twaddell indicates a sp. gr. of 1050, or 1.05 ; 
90° Twaddell, 1450, or 1.45.-Ebwnes' Chemistry. 

-% 

t 
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TABLE of  t7ze proportion by  weight of absolute o r  real AZcohoZ i n  100 
parts  o f  spir i t s  of'dzyerent .specific gravities. (Fownes.) 

Sp. gr. at 60 - (1.595 C.) 
'ercent 
of real 
rlcohol - 
0.5 
1 
2 
3 
4 
5 
6 

7 7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

3p. gr. at 60° Percent 
(15O.5 C.) of real 1 alcohol 

ip. gr. at 6U0 Percent 
(15O.5 C.) of real 1 'alcohol 

ilcoholometric Scale of M. Strope. 

3p. gr. at 60 
(15O.5 C.) 

-- 
0.8533 
0.8508 
0.8483 
0.8459 
0.8434 
0.8408 
0.8382 
0.8357 
0.8331 
0.8305 
0.8279 
0.8254 
0.8238 
0.8199 
0.8172 
0.8145 
0.8118 
0.8089 
0.8061 
0.8031 
0.8001 
0.7969 
0.7938 

'ercent. 
of real 
~lcohol. - 
78 
79 
80 
81 
82 
83 
S 4  
85 
86 
87 
88 
S9 
90 
91 
92' 
93 
94 
95 
96 
97 
98 
9 9 
100 

M. Strope, an optician at Orleans, has invented a 
very convenient and portable little instrument, which 
is intended for correcting the apparent degrees indicated 
by the alcoholometer when the temperature is above or 
below 15 degrees Centigrade. This instrument, which 
M. Strop6 has called the aZcoho7om.etric sca7e, fully re- 
places the table which was formerly used to indicate the 
alcoholic strength of liquids. The nlcoholometric scale 
consists of a wooden rod, with s sliding scale, on which 
the degrees of spirituosity are placed on the two sides 
right and left, and the degrees of temperature are marked 
on the sliding scale. When it  is desired to ascertain the 
strength of any spirits, i t  is only necessary to slide the 
scale so as to bring the degree indicating the tempera- 

ture opposite the alcoholic degree, as obtained by the 
hydrometer, and a t  once read off the true strength of 
the liquor, 

Let us suppose a brandy the apparent strength of 
which by the alcoholometer is 48 degrees, a t  a tempera- 
ture of five degre-es above zero : what is its real strength ? 
The sliding scale is moved so that the fifth degree shall 
correspond with the 4 8 th division of the fixed scale, and 
on seeking out the 15th degree, as fixed by the law, we 
shall see that the real strength of the brandy is 513 de- 
grees. If, on the contrary, the temperature be a t  20 
degrees, i t  will be necessary to lower the scale until the 
20th degree corresponds to the 48th division, and on 
again seeking the 15th degree, the scale indicates the - 
real strength to be 46 degrees, 

Experimental Stills. 

Areometers only indicate accurately the alcoholic 
strength of liquids submitted to them, when these 
liquids contain alcohol and water only; because, in all 
other cases, the substances dissolved in fermented or 
other liquors affect their density. 

The best method of ascertaining the proportion of 
alcohol contained in a wine, or other spirituous liquor, is 
to distil a portion of it, note the volume of weak alcohol 
obtained, find its degree by the alcoholometer, and then 
calculate the quantity of absolute alcohol which it rep- 
resents. Descrozilles invented a small still for this 
assay, which Gay Lussac, and, more recently, M. Duval, 
hare improved. 

&say Still of Qay Lwac.  
This apparatus, Fig. 8, P1. VI., consists of a small 

copper still A, with a cap B, having on one side, a t  its 
upper part, an opening C which communicates with the 
tube D, which is bent into a spiral, and fixed in the - 
copper refrigerator E. \ 

To this still are added two graduated proof glasses. 
The larger B' has 300 divisions, which represent 150 
millilitres. The second G is also divided in to millilitres, 
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and has 180 divisions, of which 100 represent 50 mil- 
lili tres, 

When this still is to be used, the wine is first poured 
into the larger proof glass up to the division 300. This 
is introduced into the still, the refrigerator attached, and 
the still set in an iron cylinder perforated at  the top, 
which fills the place of a furnace; the whole is heated 
by a, spirit lamp J. 

The small proof glass is placed under the refrigerator 
to collect the alcoholic product. During the distillation 
care must'be taken to keep the water in the refrigerator 
cold, and continually to spriukle the cloth which sur- 
rounds the tube of the cap. The distillation is arrested 
when precisely one-third of the wine used has been col- 
lected in the proof glass; thnt is to say, when the liquid 
has risen to division 100. -The alcoholic richness of this 
product is then ascertained by the centesimal alcoholo- 
meter of Gay Lussac, and, on dividing the number which 
represents it, by three, we find the alcoholic strength of 
the wine employed. Let us suppose, for example, that, 
by the process just described, we hare obtained 100 
parts of alcohol a t  24.5 of the centesimal alcoholometer 
a t  the temperature of 15O, we shall conclude that the 
alcoholic richness of the wine is- 

That is to say, thnt it contains 8.166 parts of absolute 
or perfectly pure alcohol. - 

Since this method of examination immediatelv deter- 
mines the quantity of absolute alcohol contained in h 
given s ~ m p l e  of wine, it  will be easy to ascertain, what 
will be the contents of a spirit of any strength whatever. 

Asasg Still of X. J. 'Galleron. 
This'new alcoholometer has been adopted by the ad- 

ministration of the assize and of the octroi, at Paris, for 
determining t h e  tax on liquors. 

This apparatus, constructed after the manner- of a 
still, is intended to measure the alcoholic strength of 
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spirituous liquors, whatever be their nature or the quan- 
tity of foreign substances they may contain in solution. 
I t  should be used when the alcoholometer of Gay Lussac 
is in default; that is to say, when examining the stan- 
dard of wines, saccharine liquors, beer, cider; varnish, 
&c. ; in a word, all liquors, into the composition of which 
salts, sugar, gums, and coloring substances enter, and 
which modify or falsify the indications of the ordinary 
alcoholometer. 

The use of the still consists in separating from the 
liquid all the foreign substances it may contain, by iso- 
lating a mixture of water and alcohol, susceptible of 
being tested by the nlcoholometer. 

The accuracy, simplicity, and small volume of this 
instrument render it exceedingly convenient for prac- - 

tical use. a 

This apparatus, which consists of the following pieces, 
is packed in n small box. See Fig. 9, P1. VI. 

1. A spirit lamp. A. 
2. A glass globe B, which answers to the boiler of the 

still. 
3. Coil contained in the refrigerator C, which is sup- 

ported by three copper rods. 
The coil is connected with the boiler by means of an 

India-rubber tube D, terminated by the stopper E, 
which fits.the neck of the globe .B. 

4. Proof jar E, on which are marked three divisions. 
One, a, for measuring the wine intended for distillation ; 
the two others, marked 3 and 9, are for measuring the 
liquid collected under the coil. 

5. An areometer G, the divisions of which corres- . 

pond to those of the alcoholometer of Gay Lussac. 
6. A small thermometer H. 
7. A small glass tube J, which is used as a pipette. 
The instrument is used as follows : viz. The globe B is 

placed over the lamp A, the liquid under examination 
is measured in the proof glass E: by the assistance of - 
the pipette J, the surface is adjusted accurately to the 
mark a. 
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The  contents of the proof glass are poured into the 
globe, the stopper E firmly fixed in its place; and the 
refrigerator C filled with cold water, to put the appara- 
tus in operation. It only remains to place the proof - under the worm and light the lamp. 

The wine soon begins to boil, the vapor enters the coil 
where it condenses and flows into the proof glass. 

The first portion of the liquid collected is highly con- 
centrated alcohol, that following is less concentrated, 
and the proportion of alcohol gradually diminishes, 
until at last only pure water flows from the coil. The 
operation may then be suspended and the lamp extin- 
guished. But how is it to be known that all of the 
alcohol has been distilled and that there is no more in 
the globe? The means are easy enough. Where an 
ordinary wine is tested it is certain beforehand that its 
alcohol does not exceed 13 or 15 per cent. ; if, then, one- 
third of the liquid poured into the globe, that is, 33 
per cent. of its contents, be drawn off, we may be 
assured that not only all of the alcohol, but an equal 
volume of water, has been distilled off and collected in 
the proof glass; if the liquid in question is highly 
spirituous as Madeira wine for exanlple, or a sweet 
liquor which may contain 20 or 25 per cent. of alcohol, 
it is evident that if only one-third of its volume is 
drawn off there will be great danger of not obtaining all 
the alcohol which it contains, and of leaving a portion 
of it still in the globe. It is therefore necessary to ex- 
tend the distillatlon so as to draw off one-half instead of 
one-third. 

I n  conclusion, common wines (vins ordkaires), beer, 
cider, and all liquors the alcoholic strength of which 
does nGt exceed 12 or 15 per cent. should be distilled to 
one-third. Heady wines, like those of Cette, Madeira, 
etc., sweet liquors, and in fine, all liquors in which the 
alcohol varies from 15 to 25 per cent. should be distilled 
to one-half. I t  is hardly necessary to say that all 
liquors, the strength of which is not known approximar 

1 
tively, should be distilled to one-half, in order thereby 
to avoid all chance of error. 
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I t  sometimes happens in distilling a liquor in which 
the alcoholic fermentation was incomplete, that so great 
a quantity of foam rises in the globe -23 that a portion 
of the liquor contained in i t  passed over unchanged with 
the distillate. This inconvenience is avoided, or pre- 
vented by pouring two or three drops of oil into the 
globe a t  the beginning of the operation. 

When we have collected in the proof glass enough of 
the liquor to be assured that we have all the alcohol 
contained in the wine, the lamp is extinguished and 
water is poured into the proof glass until i t  is filled ex- 
actly to the level of the mark a. In order to perform 
this operation with ease and precision, we make use of 
the pipette 4 which lets the water fall drop by drop. 
The mixture is well shake11 and the alcoholometer and - 
thermometer are simultttneously plunged into i t  (the 
groove in the side of the proof glass is intended to re- 
ceive the thermometer mi thout its interfering with the 
motion of the alcoholometer). 

I t  is well to moisten the stem of the alcoholometer 
slightly in order that i t  may float freely in the liquid. 
T h ~ s  may be accomplished with the greatest ease by 
passing the stem between the lips. 

The indications of the two instruments are noted and 
the real strength of the  liquid is sought for in the table 
accompanying the instrument. 

I n  the absence of this table, that which we have 
given on page 256 and following (explained on page' 
254) will answer the purpose. The result is exactly 
the same. 

ExampZe.-The alcoholometer indicates 10 degrees and 
the thermometer 29 degrees. We find by the table that 
the liquor only weighs '7.5. 
And another example.-The alcoholome ter marks 18 

degrees and the thermometer 11 degrees. We find by the 
degrees designated that the liquor weighs 19 degrees. 

The alcoholometer which accompanies the Salleron . 
still is only graduated for 25 or 30 degrees ; it might he 
supposed that it could be used only for measuring such 
liquors as do not exceed an alcoholic. richness of 25 
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or 30 per cent., but this is an error. If the precaution 
is taken to dilute the spirit under examination with a 
known proportion of water, the most highly spirituous 
liquors ma.y be operated on. In fact, if we measure the - liquor in the proof glass to the mark B or 9, and then 
fill to the mark a with pure water, the strength of the 
liquor will have been diminished one-half or two-thirds, 
The indications of the dcoholometer mu1t.iplied by two 
or three will then give the actual strength. 

C H A P T E R  XI.. .. 

REDUCTION OF SPIRITUOUS LIQUORS. IMPROVING. IN- 
CREASING THE STRENGTH OR RAISING THE PROOF. 

Reduction. 
THE weakening of a spirituous liquor by mixing it 

with water or another spirit of less strength is called in 
the trade reduction or wntiring. 

We indicate in a table of reduction which is appended, 
the number of litres and decilitres of mater that it  is 
necessary to add to a hectolitre of spirit or brandy of 
any known degree to dilute it, that is, to transform it 
into another spirituous liquor, also of a known degree, 
but weaker. 

Throughout this table me suppose that the two liquids 
(water and alcohol) have the temperature of 1 5 O .  If 
the spirit is not at this temperature, the strength should 
be estimated a t  this degree by means of the table of 
true alcoholic strength given above. As the rate of ex- 
pansion for water between O0 and 30° is much less than 
that of alcohol, it will not materially affect the result if 
no account is taken of its temperature. 

The first column of the table consists of the number 
which indicates the degree of the spirit to be' reduced. 
The second column commencing a t  3S0, and always in- 
creasing as we descend, by un~ty, indicates the degree 
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to which the spirit is to be reduced from the'degree as 
shown in the first column. 

The third column indicates the number of litres of 
water that must be added to the hectolitre of spirit or 
brandy whose degree is indicated in the first column, to 
reduce it to the degree as given in the second column. 

When it is desired, for example, to reduce 100 litres 
of spirit at 90° to make a spirit at 4g0, we seek in the 
column headed degree to be reduced for the number 90, 

. 

look down the next column for the number 49, and we 
find opposite to it in the third column the number 88 
litres and 6 decilitres, which indicates the quantity of 
mater to be added ; that is to say, with 100 litres of 
spirit at 90°, we ought to produce 188.6 litres of spirit 
at 4g0, if the contraction which takes place in the mix- . 
ture did not cause a loss of about 4 per cent. 

It is now easy to find the volume of water which it 
is necessary to add to any given quantity of spirit of a 
known strength to reduce it to an inferior degree, i t  being 
suEcient to search in the table for the quantity of water 
necessary to dilute 100 litres of this spirit, and multiply 
the number indicating this volume by that of the spirit 
and divide the product by 100. 

22cantple.-It is required to convert a pipe of spirits 
at 85O, the quantity being 632 litres, into brandy a t  
46O. The table indicates that it requires 89.1 litres of 
water to reduce 100 litres of spirit at 85O to spirit a t  
46O. Multiply 632 by 89.1, and we obtain the product, ' 

563.112, which being divided by 100 gives 563.1 litres 
for the quantity of water to be added to the amount of 
spirits given. 

Secmzd .&ampZe.-It is required to reduce 40 litres of 
brandy at 5S0 to brandy at  4g0. The table indicates 
for 100 litres of spirit, 19 litres of water; multiply 40 
by 19 gives 760, which divided by 100 gives 7.6 litres 
as the quantity of water to be added to the brandy. . 

When it is proposed to obtain from a spirit of known . 
strength, n certain measure of another spirit of inferior 
degree, the quantity of spirit necessary to be employed 
is found by rnzcltipzying ithe givelt meashicre by t7~e number 

18 


