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INTRODUCTION

These International Alcokolometric Tables complete the International Recommen-
dation No 22 <« Alcoholometry > approved by the Fourth International Conference
of Legal Metrology (see page 9).

The purpose of this Recommendation and of these Tables is to harmonize at inter-
national level the basic data relating to the density and to the alcoholic strengths by
mass and by volume of mixtures of water and ethanol, used in all countries by the
Institutions and Administrations concerned (customs, finances, alcohol monopolies,
ete...).

Disagreements likely to impede international trad> will be avoided by using these
tables for the caleulation of alcoholic strengths.

The purpose of this introduction is to outline briefly the principles followed for the
establishment of these tables.

1 — MEASUREMENTS of the DENSITY of MIXTURES of WATER
and ETHANOL USED as a BASIS for ALCOHOLOMETRIC TABLES

It was decided to use the results of all initial measurements on which the national
tables used until now are based, in so far as they are sufficiently accurate and can be
acknowledged to be good, given the present state of the measuring technique.

These international alcoholometric Tables can be considered the synthesis of all
national alcoholometric tables used until now.

These measurements are as follows :

a) KAWASAKI — MINOWA — INAMATSU (National Research Laboratory of
Metrology — Tokyo)

— measurements of the relative density of mixtures of water and ethanol at the tem-
peratures of 15 °oC, 20 oC, 25 o(, 30 o(, International Practical Temperature Scale
of 1948, (these measurements have been translated into IPTS 68) ;

— determination by extrapolation of the density of pure and anhydrous ethanol at
25 °C_(from samples of almost anhydrous ethanol and by titration according to the
Karl FISCHER method);

— measurements of the relative density between — 20 °C and + 15 °C by means of
pycnometers ; determination of alcoholic strengths by mass as calculated from pre-
vious measurements.

b) JAULMES — BRUN — TEP (Laboratory of Analytical Chemistry and of Toxi-
cology of the Faculty of Pharmacy of Montpellier)

— measurements of the density of practically anhydrous ethanol at f = 20 oC (IPTS 48);

— measurements by means of pycnometers of the density of mixtures of water and
ethanol at 20 °C, and chemical analysis of these mixtures to determine the degree
of ethanol.

for more detailed information, see :
E. PLUNIAN - OIML bulletin n° 31 (March 1968)
H. WAGENBRETH - OIML bulletins n° 51 and 52 (June and September 1973).
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¢) OSBORNE—Mc¢ KELVY—BEARCE (National Bureau of Standards—Washington)

— measurements of the density of mixtures of water and ethanol at 15 °C and 25 °C.
(these mixtures having been obtained from almost anhydrous ethanol) ;

— measurements, between 10 ©C and 40 <C, of the density of mixtures of water and
ethanol whose alcoholic strength by mass has been determined from previous meas-
urements.

d) MENDELEEV

— wvarious measurements (reconsidered by GEORGIEVSKII)

¢) WAGENBRETH (Physikalisch - Technische Bundesanstalt — Braunschweig)

— measurements of density between — 20 °C and -+ 20 °C of mixtures of water and
ethanol by means of sinkers and pycnometers, the alcoholic strength by mass of
these mixtures being calculated from the density at 20 °C and from the tables of
PLEBANSKI and OGONOWSKA (concurring with the measurements of
OSBORNE — Mc KELVY and BEARCE). :

9 — DETERMINATION of the FORMULA GIVING the DENSITY
of a MIXTURE of WATER and ETHANOL
from the ALCOHOLIC STRENGTH by MASS
and from the TEMPERATURE

The chosen analytical form of the function is:

o =2 Xa pt (I — 20 oC)
i=1 k=1
o being the density of the mixture
p being the alcoholic strength by mass expressed in decimals (¥)
t being the temperature (IPTS 68)

The density of pure and anhydrous ethanol at 20 °C was obtained from the work

of JAULMES — BRUN — TEP, who have also calculated certain intermediate values
of the density at 20 oC of mixtures.

For { = 20 oC, an initial formula of approximation was calculated by using the least
squares method in the form :

0y = A1 + T Ax p!
k=2
The study of the standard deviation of the density ¢, .. as a function of the degree

n — 1 of the polynomial served to show that there was no point in exceeding the value
n = 12. The coefficients Ay, first calculated with sixteen figures, were later rounded
off to ten figures.

The values calculated from the polynomial differ from JAULMES’ values rounded
off to 0.01 kg/m? (for alcoholic strengths expressed in integral per cent) by :

0.02 kg/m3 at 5 points
0.01 kg/m3 at 38 points
and are equal to the JAULMES’ values for the other points.

(*) for example, if the alcoholic strength by mass is : 12 %, p = 0.12.
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For p = 0 (water saturated with air), the values used were those given by
WAGENBRETH and BLANKE which led to the formula :

[
Ow == J’ll + EB!{ <t - 20 OC)R
k=1

The general formula giving the density of a mixture was therefore written in the

form :
12
¢ = [11 -.1— P
k=2

A piol - XBic ({— 20 °Cy + & By pr (¢t — 20 o0yt
k=1

i=1 k=1

+

o

The coefficients Cj, x were calculated, by using the least squares method, for different
numerical vectors (n; m,, m., ..., ma) in order to determine the optimal number of
coefficients Cj, «, by studying the standard deviation of the basic values of the equation
for each vector (n; m,, ..., my).

The basic definitions, the analytical form of the formula, and the values of the
coefficients, are described in the international Recommendation no 22 « Alcoholometry
reproduced below.

3 — INTERNATIONAL ALCOHOLOMETRIC TABLES

The International Committee of Legal Metrology, in accordance with the sugges-
tion of the OIML Reporting Secretariat concerned (France), has decided that the Inter-
national Organisation of Legal Metrology would publish the 5 following fundamental
Alcoholometric Tables :

Table I: gives the density of a mixture as a function of the temperature (varying,
in °C, from — 20 °C to + 40 °C) and of the alcoholic strength by mass (varying,
by 1 %, between the minimum permissible value and 100 %, this minimum value
corresponding to the freezing of the mixture for the temperature considered).

Table I1: gives the density of a mixture as a function of the temperature (varying,
in °C, from — 20 oC to + 40 °C) and of the alcoholic strength by volume (varying,
by 1 %, between the minimum permissible value and 100 9}).

Table 111 : gives the density at 20 o(, (table IITa) and the alcoholic strength by volume
(table IiIb) as a function of the alcoholic strength by mass, varying, by 0.1 9,
between 0 and 100 9.

Table 1V : gives the density at 20 oC (table IVa) and the alcoholic strength by mass
(table IVb) as a function of the alcoholic strength by volume, varying, by 0.1 %,
between 0 and 100 9.

Table V : gives the alcoholic strength by mass (table Va) and the alcoholic strength
by volume (table Vb) as a function of the density at 20 °C, varying, by 0.1 kg/ms,
between 789.3 kg/m? and 998.2 kg/ms3.

4 — METHOD of CALCULATION of the TABLES

Due to the complexity of the calculations, alcoholometric tables are worked out
by computer.

Tables I and Illa are calculated directly from the general formula. Table IIIb is
calculated by the formula :

g = 920 o¢

€20 o¢ (100 %)
q being the alcoholic strength by volume, p the alcoholic strength by mass,
€50 o being itself calculated as a function of p from the general formula and
€40 o¢c (100 %) being the density at 20 oC of pure ethanol (= 789.24 kg/m3).

X p
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Table IVb is calculated by interpolation from table IIIb.

Tables II and IVa are obtained by calculating first by interpolation (from table I11b)
the values of the alcoholic strength by mass as a function of the alcoholic strength by
volume, then by using the general formula to calculate the values of the density from
the alcoholic strength by mass thus determined, and from the temperature.

Tables Va and Vb are obtained by interpolation from tables IIla and IIIb.

It is necessary to use a sufficient number of decimals (16) for the calculations required
to establish the tables. Moreover, for the tables calculated by interpolation, it is man-
datory, in the intermediate calculations, to use the non-rounded off values determined
from the general formula or from the formula connecting ¢ to p, and not the rounded
off values.

Furthermore, for the tables calculated by interpolation, it is necessary that the inter-
polation interval for the alcoholic strength by mass be sufficiently small (0.1 %, mass in
the case of a linear interpolation).

ANNEX 1
PRACTICAL ALCOHOLOMETRIC TABLES

The general formula or the fundamental alcoholometric tables allow the establish-
ment of numerous practical alcoholometric tables which can be used during various
measuring processes relating to mixtures of water and ethanol.

This annex gives a list of these practical tables and indicates methods which can be
used to establish them.

nole = in the case of tables which are a function of the temperature, the maximum
range is [— 20 °C, -+ 40 °C].
Table VI : gives the value of the alcoholic strength by mass of a mixture as a function
of its Celsius temperature f and of its density at this temperature.
This table is obtained by interpolation from table I.

Table VII: gives the alcoholic strength by volume of a mixture as a function of its
Celsius temperature { and of its density at the same temperature.

This table is obtained from table VI and the formula connecting the alcoholic
strength by volume to the alcoholic strength by mass (see § 4 of the introduction).

Tables VIIIa and VIIIb : give respectively the value of the alcoholic strength by mass
and of the alcoholic strength by volume of a mixture at the Celsius temperature ¢
from the reading of an alcohometer made of soda lime glass*, graduated either in
units of alcoholic strength by mass (9, mass), or in units of alcoholic strength by
volume (%, vol).

A density at 20 °C called ¢, ., corresponds to the value read from the aleoho-
meter, according to table IIla or IVa respectively.
The true density at the Celsius temperature { of the mixture is given by the

formula :
ot = Q’QOOC [1 — a (— 20 °C)]

a being the cubical coefficient of expansion of soda lime glass (25 - 10-¢ °C-).

From the value g thus calculated and from the temperature £, the value of the
alcoholic strength by mass or of the alcoholic strength by volume can be read res-
pectively from table VI or VIIL.

(*) Soda lime glass : also called « ordinary glass ».
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Tables IXa and IXb : give respectively the value of the alcoholic strength by mass
and of the alcoholic strength by volume of a mixture at the Celsius temperature ¢
from the reading of a hydrometer for alcohol in soda lime glass.

The formula of the preceding tables VIIIa and VIIIb, in which 0 900 ¢ 18 Teplaced

by the value read from the hydrometer, gives the density of the mixture at the Cel-
sius temperature .

The alcoholic strength by mass or the alcoholic strength by volume can be read
from tables VI or VII respectively.

Tables Xa and Xb : give respectively the value of the alcoholic strength by mass and of
the alcoholic strength by volume of a mixture at the Celsius temperature ¢ from the
measurement of the density of this mixture by means of an instrument made of
borosilicate glass.

The same method as that used for the preceding tables IXa and IXb is used,
assuming the cubical coefficient of expansion of borosilicate glass to be
10.0 - 10-5 oC~1,

Tables XIa and XIb : give in cubic decimetres the volume v at 20 °C of pure ethanol
contained in 100 dm® of a mixture of known alcoholic strength by mass or volume
at the Celsius temperature /, assuming that the volume of 100 dm® was measured
by a container in steel calibrated at 20 oC — — cubical coefficient of expansion
of steel : g = 36 . 10-6 o(-1,

Either of the two following formulae can be used :

Y
Y =100 g, (1009 [+ A (=20 °C)] x 100
q Ot
PS1000 oo 1+ B (t— 20 °C)] x 100
00 g, 1A )
in which

the alcoholic strengths by mass p and by volume ¢ are expressed respectively in
% mass or in 9, vol,

ot is given as a function of p by table I, and of q by table II,

040 0¢ 18 given as a function of ¢ by table IVa

0g00¢ (100 %) is the density of pure ethanol.

Tables XIIa and XIIb : give in cubic decimetres the volume » at 20 °C of pure ethanol
contained in 100 kg of a mixture of known alcoholic strength by mass or by volume
at the Celsius temperature f, (it is assumed that the weighing took place in air
whose density was 1.2 kg/m?, by means of weights characterized by the conventional

value of the result of their weighing in air — see international Recommendation
no 33).
Either of the two following formulae can be used :
L 1218000 1 100
0“1009200(: (100 %)[ 4 (/ - /Qt)] X
-2 10 1— 1.2 (1/8000 — 1 100
P=f00 g [1—12(18000 — 1e] x

(the symbols have the same meanings as in tables XIa and XIb).
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ANNEX 11

CORRECTION of SURFACE TENSION

The reading from an alcoholometer or hydrometer used for the measurement of the
strength of ethanol or of the density of a mixture of water and ethanol depends somewhat
on the surface tension of the liquid.

The instruments have to be adjusted in such a way as to give anaccurate reading
at the reference temperature of 20 °C and for a liquid whose surtace tension is y (20 °C),
this value having been taken from the table below.

In a case where the measurement is performed at a temperature which differs notably
from that of 20 °C, it is necessary to add the correction i to the reading of the instru-

ment :

with E

= &

- 4
0= gEdQ ['}’ e (20 OC)]

sensitivity of the instrument

diameter of the stem of the instrument
density of the liquid

acceleration due to gravity

surface tension — see table below.

Surface tension y of a mixture of water and ethanol in mN/m

as a function of the alcoholic strength by mass p and of the Celsius temperature .

p tin °C
% —920 | —10 0o 10 20 30 | 40
0 — — 75.6 74.1 72.6 71.1 69.6
10 — — 51.4 49.7 47.9 46.1 44.4
20 — 42.7 41.3 39.8 38.4 37.0 35.6
30 36.5 35.6 34.7 33.7 32.8 31.9 31.0
40 32.7 32.0 31.3 30.6 29.9 29.2 28.5
50 31.0 30.3 29.6 28.9 28.2 27.5 26.8
60 29.8 929.1 28.4 27.7 27.0 26.3 25.6
70 28.8 28.1 27.4 26.7 926.0 25.3 24.6
30 27.8 27.0 26.3 25.6 24.8 24.1 23.4
90 26.8 26.1 25.3 24.5 23.7 292.9 22.2
100 25.8 25.0 24.1 23.3 22.4 21.6 20.7
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ALCOHOLOMETRY

1. Purpose of the Recommendation.

The purpose of this Recommendation is :

1° to define the manner in which the proportion of ethyl alcohol (ethanol) in a
water/alcohol mixture is to be expressed and the measurements which are to
be made for its determination.

2° to adopt tables which will permit the proportion to be calculated from the
measurements made.

2. Alcoholic strengths.

The « alcoholic strength by volume » of a mixture of water and alcohol is the ratic
of the volume of alcohol, measured at 20 °C, contained in the mixture to the total
volume of the mixture, measured at the same temperature.

The « alcoholic strength by mass » of a mixture of water and alcohol is the
ratio of the mass of the alcohol contained in the mixture to the total mass of the-
mixture.

3. Expression of alcoholic strengths.

Alcoholic strengths are expressed in parts of alcohol per hundred parts of mixture.

Their symbols are :
« % vol » for the alcoholic strength by volume.
« % mass » for the alcoholic strength by mass.

4. Determination of alcoholic strength.

The operations to be performed in order to arrive at the proportion of alcohol
are :
a the reading of the alcoholometer or of the hydrometer, or the weighing of the
pycnometer, at the temperature of the mixture.

b the measurement of the temperature of the mixture.
The results are read off from the International Alcoholometric Tables.

5. Instruments.

Instruments which may be used for determining alcoholic strength are :

a) hydrometers, graduated at the reference temperature of 20 °C :
— either in units of density, called « hydrometers for alcohol »,
— or in units of alcoholic strength by volume, called volume alcoholometers,
— or in units of alcoholic strength by mass, called mass alcoholometers ;

b) pycnometers.
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6. International Alcoholometric Tables.
6.1. The International Alcoholometric Tables are based on calculations or the results
of measurements made by :
D.I. MENDELEEV,

N.S. OSBORNE, E.C. McKELVY and E.W. BEARCE
(National Bureau of Standards) — UNITED STATES OF AMERICA

T. PLEBANSKI and B. OGONOWSKA
(National Bureau of Quality and Measures) — POLAND

T. KAWASAKI, Z. MINOWA and T. INAMATSU
(National Research Laboratory of Metrology) — JAPAN

P. JAULMES, S. BRUN and Y. TEP
(Montpellier Faculty of Pharmacy) — FRANCE

H. WAGENBRETH
(Physikalisch - Technische Bundesanstalt) — FED. REP. GERMANY

L. NYKANEN
(International Union of Pure and Applied Chemistry)

6.2. The « International alcoholometric tables » can be calculated (*) by means of
the Formula of H. WAGENBRETH and W. BLANKE (Physikalisch-Technische Bundes-
anstalt - FED. REP. GERMANY) as follows.

(*) the Tables which will be published subsequently by OIML wul have 5 significant figures.
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FORMULA

for calculating the ALCOHOLOMETRIC TABLES
for mixtures of ethyl alcohol and water

The density « ¢ » expressed in kilograms per cubic metre (kg/m’), of a mixture
of ethyl alcohol and water at a temperature ¢, expressed in degrees Celsius, is given
by the Formula below as a function of :

— the alcoholic strength by mass p expressed as a decimal, (¥)
— the temperature ¢ expressed in degrees Celsius, (I.P.T.S. 68)
— the numerical coefficients below.

The formula is valid for temperatures lying between — 20 °C and + 40 °C.
12 6
0- A + X A+ X B u-wo
1 k k
k=2 k=1
n m;
F Y Y € o
i, k
i=1 k=1
n = 5
my = 11
m, = 10
m = 9
my = 4
ms = 2

(*) eg : for an alcoholic strength by mass of 12 % : p = 0.12.
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OO0 ST ON U ) D

NUMERICAL COEFFICIENTS
OF THE FORMULA

k Ak Bk

kg/m’
1 9,982 012 300 - 107 — 2,061 8513 -107" kg/(m*- °C)
2 —1,929769495 - 10 —5,2682542-107% kg/(m?- °C?)
3 3,891 238 958 - 107 3,6130013 10 kg/(m?: °C*)
4 —1,668103923-10° —3,8957702 -107 kg/(m?- °C*)
5 1,352 215 441 - 10° 7,169 3540 -10°° kg/(m3- °C%)
6  —8,829278 388 -10* —9,973 9231 -10 " kg/(m?- °C?)
7 3,062 874 042 - 10°
8  —6,138381234-10°
9 7,470 172 998 - 10°
10 —5,478 461354 - 10°
11 2,234 460 334 - 10°
12 —3,903 285426 - 10*
Cix Cux
kg/(m*-°C) kg/(m?-°C?)
1 1,693 443 461 530 087 - 10! — 1,193 013 005 057 010 - 102
2 — 1,046 914 743 455 169 - 10! 2,517 399 633 803 461 - 10!
3 7,196 353 469 546 523 - 10 — 2,170 575 700 536 993
4  — 7,047 478 054 272 792 - 107 1,353 034 988 843 029 - 10!
5 3,924 090 430 035 045 - 103 — 5,029 988 758 547 014 - 10
6  — 1,210 164 659 068 747 - 10* 1,096 355 666 577 570 - 107
7 2,248 646 550 400 788 - 10° — 1,422 753 946 421 155 - 10°
8  —-2,605562982188 164 - 10* 1,080 435 942 856 230 - 10?
9 1,852 373 922 069 467 - 10* — 4,414 153 236 817 392 - 10
10 —7,420 201 433 430 137 - 10° 7,442 971 530 188 783
11 1,285 617 841 998 974 - 10}
Cix C.x Cx
kg/(m?:°C) kg/(m? -°C% kg/(m? -°C%)
— 6,802 995 733 503 803 - 10°* 4,075 376 675 622 027 - 10" — 2,788 074 354 782 409 * 1078
1,876 837790 289 664 - 102 — 8,763 058 573 471 110 - 10" 1,345 612 883 493 354 - 10°®
— 2,002 561 813 734 156 - 10! 6,515 031 360 099 368 - 10°°
1,022 992 966 719 220 — 1,515 784 836 987 210 + 10°°
— 2,895 696 483 903 638
4,810 060 584 300 675

— 4,672 147 440 794 683
2,458 043 105 903 461
— 5,411 227 62143681210
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SYMBOLS AND UNITS

density
alcoholic strength by mass
alcoholic strength by volume

temperature
(IPTS 68)

©°

~ s

expressed in

— 14 —

kg/m3
%, Mass
% vol

oC




TABLE 1

e=2¢e(pt)

Masse volumique fonction de la température et du titre massique

pas :10C; 19 masse
température : de — 20 °C a + 40 °C
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TABLE 11

e=o0(q1)

Masse volumique fonction de la température et du titre volumique

pas :10C; 19 vol
température : de — 20°C a + 40 °C
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TABLE Illa

€a00c = C@sgc (P)

Masse volumique a 20 °C fonction du titre massique

pas : 0,1 9% masse
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TABLE IIIb

q=q(p)

Titre volumique fonction du titre massique

pas : 0,1 9%, masse
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TABLE IVa

O990c = C3g0¢ (1)

Masse volumique a 20 oC fonction du titre volumique

pas : 0,1 9% vol
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TABLE 1Vb

p=pI(q)

Titre massique fonction du titre volumique

pas : 0,1 9% vol

- 55 .




0s

6%
ey
iv
o
Sy
"
1% 4
ay
1y
oy

6t
g€
L€
9€
S€
v
€€
2¢
ie
29

62
8
L2
92
sl
vz
€2
22

02

61
8l
L1
91
el
A4
€l
21

o1

SN E N0~

Lesey

€EEe2y
O%sly
Ly0y
Y546¢€
2948€
|VAYE
0849¢
06¢s5¢
00¢5€E
0l¢ve

1e¢ce
2E2¢e
LA AR S
9540€
69462
2g¢ge
S6¢L2
6042
€292
8e¢Gs2

2892
L9¢€2
2g¢2e
86¢1¢
ylet2
0gs02
9461
29481
6L%L1
96491

€ET¢91
(<11
EAAR AN
S9¢€T
£8¢21
1021
61411
LE401
9646
QL8

£68L
2ieL
2eE¢9
154¢¢
0L¢Y
064t
0tse
oge2
1841
tLe0

640

8l¢Ey

vee2y
0ECTY
LESOY
SHé6t
€G¢8¢E
294.L€
1L49€
18ése
1649E
10¢4€

2lsee
y2eze
SECIE
EAA Y
09462
€L482
L8422
00¢.2
gltge
62462

LAAS T
65¢¢€e
vL422
o612
G0%12
12402
gE“61
$Gég1
|FAFA!
86491

60491
22451
RAR 2
L5¢¢1
ait2l
€6¢11
Tttt
62401
8¥v¢6
99¢8

G8¢L
v0¢L
€249
£r¢g
29¢%
28¢¢€
20¢¢
2242
Eve1
€940

g¢0

80¢ed

LAREA
|ARS4
8240
9E 6t
vHigeE
€G*LE
29¢9¢
2ltse
28yt
26*¢E

€0¢eE
slsee
L2*1¢e
6E°0E
25462
$9¢ge
8L4,2
26492
S0¢g2
g2+ge

SE¢HE
0g¢ee
s9¢2¢e
18412
L6*0e
€l¢0¢
62¢61
9v¢gl
29¢* L1
6L¢91

L6*s1
vl¢gl
1e441
69¢el
L9421
a8 1l
€0¢11
12¢ot
0%¢e
8548

iL*)
9649
Sl¢g
GEtg
vy
A 785
Y642
y1¢2
GE*T
eG4 0

L0

6642y

G042y
2ls1y
6140
L2t6t
GEBE
yyeLE
£949¢
£9¢gE
EL9E
£84EE

v642E
90¢2¢
gl 1¢g
0E*QE
€946l
95¢g2
69412
£8¢92
L6452
2lese

L2ty
Znted
L5¢2¢2
€L¢12
88402
s0¢02
12¢61
Lesgl
v6e L1
1L¢91

g8¢cl
90¢Gg1
€2¢91
Iveel
65421
Li*T1
S6401
E1601
2€6

0s*8

69¢L
8849
109
L2*S
FA RS 4
99¢¢
9842
90¢2
L1241
Ly¢0

3¢0

06ty

96¢1v
20+¢1¥
01404
gl46E
92¢8¢t
SECLE
YHe9E
vGeGE
Y94 vE
vitEE

9g+¢2e
L6t1E
60*1¢
12¢0¢
vE62
Ly*8e
19422
alL*92
68¢52
€0¢g2

8l¢%2
€E€tee
A ANT4
v912
08402
96¢61
€l¢61
62481
9veLl
£€9¢91

tGgtgl
Le*H1
Slevl
2etel
0g¢2t
89¢11
L8401
S0¢01
€246
A AR

1944
08¢9
66¢S
61¢g
8E¢Y
8G¢€
8L¢2
8641
6141
0440

S0
(b)d=d

0ge2y

98¢ 1Y
€640
00¢0%
80*6t
Li*gtE
G2éLE
SE*9E
GheGE
SGeetE
EEARSY

Li142€
88¢ 1€
00¢1¢
€T¢0€
92462
6E482
29¢% 12
99¢9¢<
ogese
G6¢ve

0T*ve
Geee
Oveee
96412
21402
886l
0461
12481
ge Ll
95491

2L¢st
68¢%1
L0¢%T
weel
IAARAL
09¢11
8L01
L6%6

ST¢6

YE*Q

€G¢L
2L%9
1645
11¢g
0E*Y
0G¢e
0L¢2
06¢T
11t
2€40

ye0

TAI H1dV.L

142y

Li*ly
Y840y
16¢6¢
6648t
g8t
91+t
92*9¢
9E*SE
EAAR 4
LG*EE

89°¢2E
6L 1E
2640¢€
404 0¢€
Litee
ge¢8e
LA ANRA
1549¢
2L*Ge
98¢ He

10¢v2
gl¢ee
2g¢ee
IR AR Y4
£9¢0¢e
6L¢61
96481
2181
62¢L1
99491

£9¢61
I AR At
g6l
EAGE N
w2l
26411
04401
68¢6
106
92¢8

SHeL
\AN ]
€8¢
€0%s
22¢%
A AN
2942
28¢1
€0°¢1
9240

£¢0

19¢2%

89¢1Y
SL40Y
2846t
06¢g€E
86¢LE
L0¢LE
L1¢9¢
LessE
LESHE
8HeEE

6G42¢
TLete
€84 0€
S6*62
80462
12¢g2
agé e
6%¢92
€942
81492

€6¢c2
g0¢€2
€2¢22
6g¢1e
§6¢02
Trt61
Lgegl
v0¢8l
AN
8E¢GT

G6¢g1
£L%1
0e*El
g0¢¢1
922t
LAAR !
29401
08%e
6648
81¢g

LEL
9G¢9
GlL4s
964y
vy
vEE
vGel
EVARI
©6%0
S1¢0

240

2s42y

8641y
G9¢0Y
€L6E
18¢g¢€
68¢LE
8649¢E
80¢9¢€
81¢gE
g2¢Ht
6E¢EE

05¢2¢
2941¢
vL*0E
L8¢62
66482
glege
9242
0v¢g2
864 gl
69¢%e

y8ége
66422
o122
1e¢1e
Ly402
£9¢61
61481
96¢L1
€11
0E*ST

LY*GT
L AR At
284¢l
00¢gT
L1421
9E Tl
76601
2L%6
1648
0l¢g

626
8¥¢9
L9¢s
98¢y
90¢y
924t
9he2
L9¢1
L840
80¢0

140

EVe2y

61y
95404
¥9¢6¢€
783 1
08¢ LE
684¢9¢
664¢5¢E
60¢g5¢
6leye
OEsEgE

Ive2e
£S41¢€
§940¢€
8L462
lesge
v0¢ge
glese
2€¢92
9vege
19692

9Li¢¢2
16¢2¢
g0¢2¢
22412
ge02
¥5%61
11481
L8¢L1
v0eLl
12491

6E¢GT
9G4y 1
LS
Toe2t
60421
L1211
9701
LA AR
£g¢g
10¢g

0cey
A S]
6545
BLé¢h
B6¢E
glsg
gE 2
6941
6440
0040

0¢0

0s

6y
ey
iy
9y
Sy
'y
€y
24
iy
0y

6€
8E
LE
9€
SE
e
[ X
2€
1€
(1

62
82
Le
T4
T4
ve
€2
22
12
02

61
8l
L1
St
st
1
€1
21

01

SN NMFT OO

o

- 56 -



001

66
86
16
96
S6

€6
26
16
06

68
88
18
98
S8
ve
€8
28
18
08

6L
8L
Le

SL
vi
€L
21
1L
0L

69
99
L9
99
S9
v9
£9
29
19
09

6%
89
LS
95
-1
S
€9
29
15
0g

€8466
2e*ee6
99¢96
91456
69%€6
L2426
L8406
0S468
91¢e8
48498

v5¢68
62498
66428
vL418
06408
82464
80¢8L
88491
[ 73471
EGeYL

9€‘EL
12422
L0414
Y6469
28489
11429
19¢99
16459
€E9¢99
SE*EY

82429
22419
91409
2lees
80¢8%S
G048
2049g
00¢gg
66°¢ES
66424

66415
00¢15
10¢0¢
€046
90¢8¢
60¢LY
€El49y
L1¢Gey
2244y
lesey

640

1966
90¢86
16496
10456
GS4€6
€1426
€L¢06
LE*6B
20488
1L%98

ivege
El448
98428
19¢18
8E 08
9T¢6L
96441
9.9
8G5¢GL
Tyevl

Geel
0ts2L
96404
€8¢69
14489
09¢.9
05499
0%¢G9
2E¢v9
$24€9

L1429
11419
90409
16¢6%
86¢L9
¥6495
26454
06¢4s
68¢ES
68¢25

68415
064095
1646
€6¢8Y
964 LY
6649%
€049¢
L0%gY
2ityy
8lsey

8¢0

05466
06¢L6
9€¢96
984496
Ivece
86¢16
65406
£€2¢68
68418
15498

8248
00¢48
Y1428
6v*18
92408
9046l
v8eLL
%9¢9.L
9yegL
6244l

ET¢eL
86°TL
68¢0L
2L469
09489
6949
6E*99
62469
12449
€1¢g9

L0429
10¢19
G665
16485
18415
¥8499
28¢8S
08¢%S
6L4ES
6L%2%

6L414
08409
846y
4848y
98¢.%
06¢9Y
€6¢GY
8644y
€04y
go¢cy

L40

YE466
YL*L6
12496
TL¢he
92€6
y8¢16
9%¢06
0l¢es8
91448
Y9498

Gl¢g8
LBEB
19428
LESTS
%1408
2648.L
2LeLL
2649,
vECGL
gleyL

2oses
L8 1L
€L40L
19469
6%*89
8E¢ LS
82499
61¢59
01¢%9
€0%€9

96¢19
06409
58465
18484
LL4LS
91498
2L4S8S
0L4%g
69¢ES
69¢2%

69¢15
0L40S
2L%6%
vLl*8Yy
Litly
0849y
48¢SY
ggshy
E64EY
66%2Yy

9¢0

841466
6G¢L6
S0¢96
L5496
21¢¢e
0Le16
2E06
96*88
£9¢.8
(€498

20468
vi4€8
6ved8
LTARS:]
10408
08¢8L
0942,
194921
€245
G0eHyL

06¢2L
9L¢1L
c940L
69469
g8E*89
IFANY
L1499
80459
66°€9
26429

a8¢19
08409
Y1468
048G
L9415
79495
19469
09¢4vg
6G¢ES
66425

65419
09¢0¢%
2946%
v9¢gy
L9¢LYy
0L¢9Y
vLeGY
6LéYY
y8eEY
06¢2y

G40

(b)d =d

20466
€v¢L6
06¢S6
AN
86¢26
9G¢16
81406
€8¢88
6%¢L8
81498

68¢v8
e9¢esg
9€+¢28
21°*1s8
6846L
89484
8v¢LL
62491
11¢s6L
v6¢EL

6L*2L
794 1L
19404
8E¢ 69
92¢89
91¢,9
90¢99
L6¢%9
68¢€9
18¢29

SL*19
69409
Y9665
09¢89
96415
£5¢9¢
16¢Ss
06¢4g
6%¢ES
[ AF4°

6v¢1s
05°0%
2646y
"Gé8y
LS4Ly
1949y
G9¢GY
69¢YYy
yL4EY
0geey

ve0

qAI HTdV.L

98¢86
82*L6
SL4S6
L2*Y6
£8¢26
[ ARE
G006
69488
9E*LB
S0¢98

9L4%8
6v¢EB
LTAE<"]
00¢18
LL*6L
96¢8L
9€¢LL
L1409,
66¢YL
€8¢t

19424
€5¢12
6E40L
L2469
s1489
GO0*L9
G6459
38¢%9
8L*EY
14429

#9¢19
89¢09
Y5465
6%489
CAANS]
£E9¢95
1S A1)
A AR 4
6ECES
6£¢25

6ECIS
04405
296
A AR-A4
LYsly
1549
S84 GqY
09¢yy
G9¢EY
L2y

€40

69¢86
21%L6
09¢g6
£ET1¢96
69¢26
62¢16
16468
96488
€24.8
26458

79448
LESES
1128
L8408
99464
hheglL
vZeLl
G049
88¢vL
Trs€L

9624
Toe1L
8240L
91469
v0¢89
76499
Y8469
SL*Y9
1L9%€9
09429

vG4 19
BY409
Eve69
6t ¢8S
9E LS
£E€4 9%
1gsss
R 1+
62¢€S
6242%

62415
1€408
2EL6Y
SE‘gYy
8ESLY
IS 214
EA AR 4
0644y
95¢EYy
19¢2%

240

£5486
L6496
Sv4G6
86°€6
QG426
ST¢16
LL*68
2yégy
ot¢.8
6L458

1G4y8
ve2ees
66418
GL408
€546l
[204:74
FASYNE
€6¢G6L
SLéyL
0G¢€L

Y92l
0E*TL
L1¢0L
y0*69
£E6¢L9
£8¢99
£24499
9449
9G4€9
69429

€919
LE*OY
EES6S
62489
ETAPR-
£2495
12454
61¢%g
6T¢ES
61425

6l*14g
12%0%
€2rey
AR 24
g2¢LYy
2e* 9y
9t gy
Tveyy
FA A%
2stey

00%001

8E+B6
i8¢9¢6
1Esge
Y8eEG6
Tve2s
10¢16
¥9468
6488
L6498
99468

gEsvg
1lse8
98¢1(g
£9408
OveeL
02¢g4
00esL
2845t
\AAL 73
8YeEL

€€y
6112
90602
£6489
28¢ L9
24499
29459
£EG6v9
CAAE ]
6E429

2E¢19
L2409
22465
glégg
Gglesg
2l+9g
11455
60 ¢vg
GUsESG
6l¢2g

0le1g
11405
Elsey
slegy
8léLy
2es9y
92 gy
Esyy
LESEY
€92y

0¢0

00t

66
86
16
96
S6
Y6
€6

11
06

68
a8
L8
98
S8
8
€8
4]
18
08

6L
8L
LL
9L
SL
i
€L
2L
1L
0L

69
89
L9

59
v9
€9
29
19
09

6S
8%
LS
95
1
k45
X
2g
1s
os

b

- 57 -







TABLE Va

p=Pp (920 oc)

Titre massique fonction de la masse volumique a 20 °C

pas : 0,1 kg/m3
masse volumique : de 789,3 kg/m3 a 998,2 kg/m?
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TABLE Vb

q = q (0590c)

Titre volumique fonction de la masse volumique a 20 °C

pas : 0,1 kg/ms3
masse volumique : 789,3 kg/m® a 998,2 kg/m?

- 65 -




008

66L
861
L6l
9641
6l
w6l
€64
261
164
061

681
H81
IR:7)
994
S8l
LA TR
€61
2Rl
18L
084
6LL
Wil
LiL
9l4
EYNA
YLl
€Ll
eLL
144
0LL
691
8991
L9L
994
6oL
991
€92
9L
192
081
661
8GL
LSL
9G6L
8621
val
€94
2sl
16
052

GG L6

8LeL6
00¢86
22486
vh¢86
59¢86
98486
L0¢66
82466
8Y¢66
89466

L8466

640

1S416

08¢L6
20486
v2¢86
9%486
L9¢86
6886
60466
0E¢66
05¢66
0L%66

68466

840

09426

28416
40486
92486
8Yv¢86
0L*g6
16¢86
11466
2E466
25466
2L%66

16466

29416

»8¢L6
L0*B6
62486
05¢86
2L486
€686
ET¢66
YES66
45466
Y1466

€6¢66

9%0

Y9¢L6

LB%L6
60¢86
€486
26486
Y1486
S6486
91466
9E66
95466
9L%66

56466

S0

\ueomm\U” b

99¢L6

68¢L6
11¢86
€EB6
G5¢86
9L¢86
L6486
81466
BE66
86466
8L¢66

L6466

He0

qA dT1dvVL

69¢L6

1646
€1¢86
GE¢B6
L5486
8L¢86
66486
02¢66
0ve66
09¢66
08¢66

66466

11416

E64L6
S1¢86
LEB6
65486
08*86
10¢66
22466
2ye66
29466
18466

€L426

96416
g1¢g6
09486
19¢g6
28486
€0¢66
%2466
Y466
19466
£8¢66

SLele

86¢L6
02486
29486
£9¢86
Y8486
S0¢66
92466
Gve66
95¢66
qH 66

008

66L
861
L6l
96l
S6l
v61
€64
261
161
064

681
88L
181
98L
S8L
Y8l
€8L
28l
8L
08L
6LL
8LL
Lil
9Ll
SLL
wll
€LL
eLL
TLL
0LL
69L
891
L9L
99L
S9L

£9L
291
194
09
6GL
8464
LSL
9GL
SSL
¥SL
€91
2si
1sL
0S8

30 025

- 66 -



0eg

694
EAL]
FR2%
9oy
QY8
Yo
[ 2]
29H
|8 23]
0ve

6€¢
8t8
LES
9€8
GEx
yew
EEw
2€n
18]
oes

viw
(8]
218
Tile
01w

608
808
108
908
soR
Y08
€08
208
108
008

$6428

624€8Q
€94¢€g
P2 %]
1E64g
§9¢48
86448
2essey
g9¢se
86458
1€49g

€£9¢98
96498
82¢.L8
09¢.8
26¢.8
€24g8
65488
98488
L1%68
A ALY]

8L68
60¢06
6E¢06
89¢06
86406
L2416
LS*T6
G816
y1¢26
2ys26

11426
66426
924¢t6
YG4E6
18¢c6
80446
vESH6
09¢%¢
L8¢%6
21466

gELSE
£94G6
88456
£€1¢96
LE*96
19496
58496
60¢L6
2E4 L6
SG¢ L6

6¢0

86428

cE¢esg
19¢€8
10¢48
SEsvg
89¢v8
20458
QE¢Ge
89469
10¢98
vE€498

19498
66498
1e¢.8
€94.8
G64.8
12488
85488
68488
02¢68
15468

1B¢68
21406
29406
11406
10416
0E¢16
65416
88416
L1426
GY¢26

€L426
10¢€6
62¢€6
9G4¢€6
€8¢E6
0Tl¢ve
LE*¥6
€9¢46
68¢v6
slése

0v656
99¢G6
16456
G1¢96
0%¢96
%9496
88496
11416
vELE
LG¢L6

8¢0

10¢¢c8

9€4e8
0L%€8
¥0¢%8
gE* 8
2L%%8
60458
8E€¢sg
2L4c8
G0¢98
LE98

0,498
20¢.8
YES LB
99¢.8
86¢.8
0g*e8
19¢88
2688
£€2468
v5¢68

¥8468
ST406
S%06
vL406
%0416
EE*T6
29¢16
16416
02¢26
8v¢26

9,426
%04€6
2Eee6
654€6
984€6
€1¢h6
6E¢H6
99446
26446
L1466

€466
89456
£6466
81496
Zv¢96
99496
06496
€146
LE* L6
09¢,6

L0

G0*€EB

6E*ER
€L4E8
LO¢v8
IS AR 4°1
GL¢v8
80¢s8
AR
GL¢S8
80¢98
Iv¢98

€L¢98
G0¢L8
geELB
0,418
10¢88
£€488
%9488
S6¢88
92468
LS*68

LB*e8
81¢06
89406
LL*06
L0416
9e¢ 16
S9¢16
v6¢16
£€2426
16426

6L426
1L04€6
YECES
29¢€6
68¢E6
91446
AARL
89¢v6
Y6496
02¢s6

SH¢G6
1L¢56
96456
02¢96
Y9496
69496
26496
31¢L6
6EL6
29416

9¢0

80¢€E8

£vtER
LL*EB
11¢v8
Shéhg
8L¢48
2rese
S¥ege
8L¢G8
11498
kadat:]

91498
60¢.L8
IvéLg
€L%18
Y0488
9E 8
L9488
86488
62468
09¢e8

06¢68
1206
16406
0R*06
01416
€416
89416
16416
ErARA
A4

28426
0T¢Ee
LESES
Y94E6
16¢€6
Al¢ve
Shéve
11496
L64HE
£2¢66

CAART:)
€L¢G6
86456
€2¢96
Lv*56
1L¢96
56496
8146
I%¢ L6
v9¢ L6

G¢0

\Uoomm\@” b

21¢e8

EAARR]
08¢ty
AR 2%
EAARA]
2Re¢HY
Glesw
gyeGe
18464
ris9p
LY*oR

08*9g
2isiw
AAAFR]
9L¢L8
g0¢gg
6E 88
02488
10¢68
2E468
€968

€668
H2s06
vG406
€906
[
AN R
11816
00428
[ EARA
159426
GRé¢Z6
AR N
0%s€E6
L9*EAR
YEES
12%%6
IRAR T
bLéH6
664%6
GZ¢G6

16456
9L¢G6
00496
G2¢96
[ ART
€L496
L6496
02¢ié6
LA AN Y
99¢L6

940

qA HT149VL

STeEs

[[ERE %]
48¢E8
gléve
164y
s8¢ v8
/1658
2946y
S84¢G8
gl+98
05499

£€8¢98
G1¢L8
Lyslg
6L4%18
11488
EAARE
4148y
SOvew
GE by
99461

96468
L2406
LG*06
9u* 06
91416
Svele
vivle
£€0¢26
1€426
65426

L8426
gl*ee
IR ARN )
0L*EE
L6CES
L2 AR L)
064 %6
9Ltve
20%96
BZt96

£6¢56
8L*G6
€096
L2%96
25496
9L*96
66¢96
£2tle
CAAFN
69¢L6

€40

61¢€n

€6t
L84E8
12¢%8
SGé¥8
88¢48
22448
55468
88¢G8
12498
76498

98498
814.L8
ageL8
2/e.8
visgs
R AREC
Ll*88
B0468
gE€468
69¢60

664681
0Fs06
65406
68%06
6T¢16
BHe16
LisTe
S0¢26
vEsZE
29426

0eeee
Bl¢E6
EAARN
EL¢C6
00¢vs
92496
£G¢96
61496
S0¢66
VE*G6

96466
lgese
G096
0E€¢g6
G496
HL496
20¢L6
G2eL6
gy L6
Tr¢16

240

224¢€8

9G¢¢8
0eeER
y2¢Hv8
89¢48
26448
G2¢s8
85468
te¢se
v2¢98
15498

68¢98
22418
vGéL8
SH¢.8
L1488
67488
0g¢ge
T1¢68
Zh468
2L%68

20¢06
EE*06
29406
26406
2216
16416
08¢16
80426
LE* 26
59¢26

£6426
12¢€6
AR N
SLEE6
20446
624 H6
GG¢¥6
18¢v6
L0¢Gh
£EE¢GH

BG4G6
£g¢Ge
80¢96
€466
L5496
08356
v0%L6
L2¢16
0G¢16
€L4)6

140

924gg

09¢€8
v64€9
82448
29698
S6¢H8
g24sg
29458
66458
12498
09¢9g

£6498
ETANA
L9¢L8
68¢.L8
02¢88
25488
€888
v1¢68
AL T
SLe68

G0¢06
9e¢06
99406
G606
\ZARY )
vae16
£€8¢le
11¢26
0%¢26
89¢26

96¢26
€cece
15¢€6
8L¢ESE
SO¢ve
2Es Y6
AR )
h8ehp
01¢Ge
Stége

19446
ELAS"T)
01¢96
SE496
65496
£H49s
904.6
0E¢ L6
€8646
GLel6

0s8

6%8
a8
Lvy8
9%8
Sv8

€98
2v8
148
['A4:]

6€8
8€8
LES
9€8
GE8
Y£8
£E8
2E8
1€8
[ 5+}

628
828
L28
928
%28
»Ze
€28
228
128
028

618
818
L18
918
sls
Y18
El8
218
184
01e

608
808
108
908
608
v08
€08
208
108
008

Do oa@

- 67 -



006

668
86w
168
968
G968
%68
€68
268
68
1)

688
888
188
98¢
SHE
788
£ge
28e
i18:1-]
088

6.8
8L8
LL8
9.8
QL8
v.l8
€18
2Le
18
oLe

698
89¢
L9¢®
998
598
98
€98
299
198
098

658
848
LS8
968
ae8
a8
€68
268
168
0Ge

19¢€9

Y0449
LYsy9
68449
2e¢s9
%1459
91499
85499
00¢.9
IveL9
€8419

%2489
59489
60469
9469
98¢69
12401
L9401
L0471,
CAAR Y]
98412

TAXAA
y9¢2L
€04€L
2HsEL
18¢€L
61¢y)
8G4v L
9644,
vEsg)L
2L48)

6049,
LY49)
$B¢OL
22411
6G¢LL
G6¢LL
2e¢8L
69¢8L
S0¢6L
1v¢6L

LL*6lL
€1408
6%¢08
s8¢08
02¢18
G618
06418
ETAR4:
09¢28
56428

6¢0

S9¢€9

80¢4%9
1S¢%9
Y6449
9€¢59
8L4S9
02499
29499
%0¢.9
AN Y]
18419

82489
69489
60469
05469
06469
1€¢0L
1L¢0L
1rete
0s¢1L
06¢1L

62421
89¢2L
L0¢€EL
9%4EL
GBeEL
€2¢9L
294y,
00¢GL
gE¢GL
9L¢GL

€169,
1549,
88¢9L
TAN WY
29¢LL
66¢LL
9E¢8L
2Le8l
60¢6L
Ghe6L

18¢6L
L1408
€9¢08
88408
v2+¢18
65418
v6418
62428
€9¢28
86¢28

8¢0

0L4€9

ET¢y9
5G¢H9
86¢%9
0%¢g9
£8¢59
62499
99¢99
80¢.9
6%¢19
16¢19

2€¢g9
€1489
€469
15469
v6%69
GESOL
GLé0L
yTe1L
YSeTL
v641L

€E*2L
2L%21
11¢esL
0G¢€L
68¢¢€L
L2¢%L
S9¢vL
v0¢gL
FAAL-TY
6L4%GL

L1499
%949,
26%9L
62¢LL
99¢.L
€0¢aL
6E*RQL
3Ll
21%6L
6v46L

G846l
02408
96408
26408
L2418
29+18
L6¢18
2gezn
L9428
10¢¢8

YL4ES

L1¢%9
09¢%9
20¢59
S%¢G9
L8¢GS
62499
12499
2119
¥6¢L9
S6419

9€¢89
LL*89
81469
85469
86469
6E¢0L
6L40L
gl¢1.
8G¢1L
86411

LE*2L
9L42L
Glegl
$SEL
26¢€EL
1E¢HL
69¢¥L
L0%SL
GHeGL
€864

12494
85¢9¢L
96¢9L
€EYLL
0L¢LL
90¢8L
€h¢8L
08¢8L
91461
266l

88461
42408
09408
S6408
tes 18
99¢18
10¢28
9€¢28
0L428
G0*€E8

9¢0

8L4€9

12¢%9
49449
90469
6%¢59
16459
EE¢99
G1¢99
91¢.9
85419
664L9

04489
18¢89
22469
29469
20¢0L
EH¢0L
£8¢0L
22414
29¢1L
20¢2.L

19¢2L
08¢2L
61¢€L
8G¢€L
S6¢€L
QE*HL
€L4¢%L
11¢6L
694GL
18454

$2¢91
2949,
66¢9L
9€¢LL
€L8LL
01¢8L
IAAS YA
£848.L
02¢e6L
96464

26%61L
82408
£9408
66¢08
YECTB
69418
Y0428
6E*28
Y1428
80¢€8

sS40

\ermm\@” b

28¢E9

G2¢%9
B9¢v9
11499
£G¢59
56459
LE*99
61499
02¢.19
29419
€0¢89

bH¢99
68489
92469
99¢69
10402
1940
L8¢0L
92414
9941,
G0¢24L

gheaL
y842L
€24€L
29¢€l
00¢%L
6ECYL
LLEYL
sl¢ss
€G¢GL
16¢SL

82491
99¢9,
€0¢LL
0velL
LL*LL
Y1¢8L
05¢8L
L8*8L
€2461L
66461

S6¢6L
1€¢08
L9408
20418
ge¢ 18
€L¢18
8028
€v428
L1428
21¢€E8

LAY

qA 9719VL

LBES

0E¢Y9
2L¢Y9
G199
L5459
6659
1%¢99
€8¢99
S2¢19
99¢19
L0%89

8v 89
68489
0E¢69
0L¢69
T1¢0L
16404
1640L
0getL
0L¢TL
604221

6%¢2L
88¢2L
L24EL
G9¢EL
w0¢yL
A AR Y]
18¢%L
61¢SL
LS*6L
v6¢GL

2849
6949,
L0¢LL
LA AN VA
18¢LL
Li¢8s
$G¢8L
16¢8L
L2611
€9¢6L

66461
GE* 08
0L%08
90¢18
tyels
9L¢18
11428
94429
18¢2¢%
GT¢EB

€40

16¢€9

YELH9
LL*%S
61¢59
19459
Y0499
Sv¢99
L8499
62°¢19
0L¢L9
11¢89

25489
£6489
YE*69
Y1469
ST1¢0L
QG404
S6¢0L
vESLL
YL* 1L
€142

£EG2L
26421
lgees
69¢€L
B0¢vyL
Sheyl
Y8y L
£€2¢GL
094G,
86464

SE€4GL
€149,
DARENE
IR 2NN
vReLL
12¢8L
85¢8L
Y6l
0ge6L
L9s6L

20408
|E€08
vLf08
60°¢18
Sy 18
0gele
c1¢28
0G¢2s
»gele
6T¢€EB

2%0

S64€9

8E*$9
18¢%9
€2¢69
99¢69
80¢99
05¢99
16499
€E¢LS
Y1419
61489

96489
L6499
8E¢69
8L¢69
6T¢0L
6540
66¢0L
gECTL
8L¢TL
Lis2L

L6421
96¢2L
YECEL
€L¢€L
2leyl
0G¢%L
CEAR YA
92¢G6L
Y9¢GL
20894

6€¢G/
LL*SL
LARPYS
1611
88¢LL
ETAR-73
19¢82
868L
yES6L
0l*6L

30408
%08
LL*O8
€1418
8ve18
€818
gl+28
£G¢28
g8¢28
22ser

1¢0

00¢v9

Ev¢yv9
S8¢%9
82¢G9
0L4G9
21499
%5499
96499
LE* LS
8L%L9
02¢89

9489
Tuse9
2vé69
28469
€2¢0L
£9¢0L
£0¢1L
A AR PA
2u¢ 1L
1e¢2L

09¢2,
66421
gtegs
LLtEL
9lév,
Yoehy
2e¢yL
0gegy
89491
909,

| AY]
{ye¢9y
gieLs
GGl
264l
TAR: VA
S9¢g.
Tusel
gEeeL
LI VA

0t¢o8
SYé08
108
g1¢18
2s¢ls8
L8418
22428
Las28
losey
CTAR %}

0¢Q

006

668
868
L68
968
S68
V68
£68
268
Tle68
068

688
888
L88
998
G88
ka:L]
£8Y
288
188
088

6.8
8L8
LLl8
9.8
S.8
vL8
£€L8
218
1.8
0.8

698
898

99¢
598

€98
298
198
098

658
8498
LG8
959
68
%58
[%=1:]
258
168
0G8

Do 025

- 68 -



056

6v6
896
Lv6
9%6
§9%6
96
€96
296
1%6
06

6€6
gEé
LE6
9E6
St6
YE6
€E6
2€6
1€6
0€6

626
826
126
926
s26
926
€26
226
126
026

616
s16
Li6
916
sle
y16
€16
216
19 1)
016

606
806
106
906
So06
Y06
€06
206
106
006

gl¢ge

£848¢
EAAR -1
60409
TLe09
CARRS
2641y
16424
60¢EY
LIsEY
y2éhy

08¢HYy
9E Gy
16464
SY¢9y
6649
€6 LYy
S0¢8Yy
8548y
0T¢6y
19464

2re0g
€94095
[0 §
€9¢1¢g
£lé2g
29¢2¢5
|9 4 3]
654€S
L0¢%g
SGéve

€045s
0G5¢5s
L64SS
Y9499
16435
LEtLS
€EB¢LS
62485
vLl48S
a2tes

S9¢6S
01¢09
#5409
66409
€v419
L8*19
€29
vi429
8l¢E9
19¢e9

640

g2ége

68¢8¢E
€G¢6E
ST409
LL40Y
gETY
L6¢ 1Y
LG¢2¢
SleEy
2LeEY
624y

98¢ vy
Iyegy
964Gy
165694
Y04 LYy
8GéLY
1l¢gYy
€9¢8%
Sléed
99¢6Yy

L140S
89¢0S
gle1g
89415
gle2g
19¢2s
gleEs
¥94€G
21¢%g
09¢9s

80465
§5¢GS
20495
69495
G6¢9%
2vels
88¢.S
€E*BS
6L48%
Y2469

69465
41409
65409
£E0419
Lye19
16¢19
S€¢29
61429
224€9
S9¢€9

leset

964¢8¢
6S¢6€
1240V
€840
vyely
€02y
2942y
124t
BLéEY
GESHY

164+Y
Lyégy
20¢9%y
9S¢ 9t
0Ty
€941
9leay
g9¢aYy
02¢6%
TL%6Y

22409
€L40S
€2¢16
€L41S
€2429
2L*2s
02¢€s
69¢€S
LT4HS
G9¢Hg

21¢¢s
09¢6s
L0499
£€5495
00415
CAAFA"
2615
8€¢8S
£8¢8S
62465

YL%6G
61409
£€9¢09
80419
25419
96419
6€429
€8¢29
92¢€9
0L4€9

8E48E

20¢6€
S9¢6¢€
82404
68404
0G4 1Yy
60424
89¢24
924€Yy
WBeEY
IS AR A

L6tyy
264Gy
LO*9Y
19¢9¢
STl
89¢.LY
12¢8Yy
€L¢GY
ETAN
LL*6Y

82¢0S
8L40G
821G
8L¢1S
IXARAS
L1426
GaES
YLES
22¢%s
0Le¢YS

LT46G
49¢Gg
11496
85495
S0¢LS
16418
L6%1S
29488
88¢8S
€EE*6S

8L46SG
€2409
89409
21419
96419
00429
YH¢29
L8429
1€¢€9
YL4€9

9¢0

YhégE

80¢6E
2L6E
YECOY
G6¢0Y
9661y
ERREA4
YLty
2ESEY
o6cEY
CAAR A4

4Gy
AG¢GY
ET¢94
L9¢GYy
1241y
YL¢LY
SZény
6L48%
0g*6y
28Y6Y

€E€¢0G
£8¢0G
€EETS
€8¢ 19
2gezs
1g¢2s
0E¢ESG
6L¢€S
L2*%S
kERAA"

22465
69¢GS
91499
£9499
60¢.LS
§GelS
10¢8%
IR AR
26486
8E€%6S

£8465
12409
2L%09
91419
19419
%0429
849429
26429
GE‘E9
8LES

G0
\Uocmmxvn @

1s¢8E

qls6E
8L%6¢
09409
10¢1y
29¢1%
12¢24%
oReZy
HESED
GeH*EY
2Ge¢hy

g0*gYy
£9¢GYy
q1¢9%
21¢9%
EI AN
6L LY
2eeny
bRéQY
9€ 6y
LBeeYy

BEC0G
RE$0S
RE¢ 16
AR TS
LE$2S
CEARAS)
GEES
€R¢ES
T€¢%¢
6L%%G

FRASL
bL4GS
12496
19495
LKW
09446
50485
264485
Tle%8S
2H465

186G
2E409
L1409
12¢19
69¢19
60429
£€5¢29
96¢29
6E¢ES
2R*ES

v¢0

JA dTdV.L

LG%8¢g

12¢6¢
48 6¢E
A4
LO¢TY
89¢ 1+
L2ey
9y ey
LAAR A4
10¢%%
gG¢vy

€l1eqy
69¢GY
€24¢69
8LC9Y
1E€Es LYy
y8eLYy
LE*GY
688y
IS A%-34
2646

€%¢09
£6%04
€9e1G
€64 15
PAARAS
162G
IR AR A
88¢ES
gES G
vgevs

1€449
61495
G299
2L*9G
|1¢.S
§9¢LS
0T¢RG
9G5S
20469
LY*69

26¢6S
9¢€+09
18¢09
S2¢19
69¢19
€1¢29
15429
00*t9
LA AR
LR*EY

€40

€94¢g¢

L2%6E
064¢6€
2640y
ET¢TY
YLl
£€e2y
26429
0geeh
LO¢HYy
€944y

6T¢gY
YL4GY
6249
£8¢9Y
LEs LYy
06¢LYy
2hégy
v64¢8Y
EAALY
L6t6Y

BHE0G
86409
LA AN
HE6* TS
IR ARAY
96424
GheES
£64€S
IR AR
684%G

9E2 GG
EReGq
CE*9G
L2149
£2648
69¢.LG
G189
l9¢gs
90¢6G
16465

96465
I%¢09
GR¢09
nge19
71419
w129
19429
G0¢€9
BY¢E9
16¢€9

240

o0Légt

YESEE
L6t 6E
8G¢ 0%
61¢14
08¢ 1Y
6Eé2Yy
L6422y
qGeEY
4SS A4
69¢hY

Geegy
0gégYy
YECGY
8849
AAFA]
S6 LY
Lhegy
6648y
1st6Yy
20409

£6¢0G
€08 19
£6%169
£€0425
26429
10¢¢9
0s¢es
864EG
9heHg
FH8HG

{veGs
886G
GE¢9G
18495
8245
YL*LS
02¢85
59¢89
11466
95465

10¢09
G909
06409
yE1o
BLYTY
22429
99¢29
60¢€9
26¢€9
G6¢€9

1¢0

9L¢8E

0vege
€040y
G9¢0%
9241y
CLARS
Svéey
€04ED
194ty
Blevy
YLléhb

oEsgy
SHégYy
0végy
Y6¢94
IRANR/
00¢BY
€948y
S0s6y
95464
L0%0S

849609
88U
85616
g0¢2g
Latds
90¢€s
HaeES
E0¢9g
lgévg
LR A

CLART
£646G
AE$QG
959G
2re g
gL¢LG
HZéyg
0L%gg
Gleeg
09¢6G

60409
05¢09
Y6409
6L 19
€Y 19
92429
0L¢29
€l¢eg
L9¢€9
00¢%g

00

066

6%6
846
Ly6
9v6
Gv6
b6
£96
2496
%6
0%6

6E6
8E6
LEG
9€6
SE6
YE6
€E6H
2€6
€6
0€E6

626
826
126
926
Gl2é6
%26
€26
226
126
026

616
a16
L16
916
G166
y16
€16
216
116
016

606
806
Lo6
906
G506
%06
€06
206
106
006

Do omm

- 69 -



a66
L66
966
566
%66
£66
266
166
066

686
886
186
986
G86
86
€86
286
186
086

6L6
8L6
LL6
9L6
QL6
blé
€L6
L6
116
0L6

696
HOA
196
996
G96
96
£96
296
196
096

656
H46
L46
966
S66
%S6
€66
266
166
056

0240
98¢0
4G4 1
€2e2
€642
S9¢¢
8E¢Y
21¢g

L84S
¥9¢9
evé)
1248
20¢6
b846
89401
€9¢11
6€¢21
L2sel

FARR At
90451
86451
68491
2841
QLégl
89461
19¢02
»G5e12
9vé2e

8E¢EZ
:FAR T4
gres2
90492
£6492
8L¢12
29492
LA T4
ETAR %
40¢1¢g

284 1e
8G42E
EECEE
30¢vE
8LYE
8v¢GE
gl49¢
98¢9¢
254 L€
glege

9240
€640
19¢1
ogez
004€
2L4€
Shey
6145

G645
1L¢9
0G¢L
62¢8
0l¢e
€6%6
9L¢01
29¢11
gre2l
9€¢el

-TA A
61461
L0491
66491
16¢L1
¥8481
Litel
0L¢02
€9¢12
66¢22

Lyee2
LE*H2
IRALT-
Gl¢92
10¢.2
984.2
0L¢g2
25462
€ELOE
2is1e

68¢ 1€
G9¢2¢
0%¢EE
[ AL 1
S8 HE
F128-13
4249¢€
26¢9¢€
664 LE
G2¢8E

860

£€40
0041
8941
LEs?
804¢
6L4€
2544
L2¢¢

20¢g
6L¢G
164}
LE*S
8l¢k
10401
68401
0L¢Tl
16421
Svéel

vEsHl
g2egl
91491
80¢.1
10¢RT
v6¢81
18¢%61
08402
2Le12
g9¢2¢e

9G¢¢ed
CA A 2
gege
€292
01422
S6¢Le
gL49¢c
09462
I940¢€
02¢1¢e

L641E
€L¢2E
LyseE
02¢vt
264 4E
294Gt
1€49¢€
66¢9€
99¢E
TE¢RE

9%¢0
£1¢1
28¢1
16¢2
22¢¢
v6tE
L9
eveg

L14¢9
S6¢9
€L4L
€5¢8
GECE
sT¢01
20411
18411
%121
€9¢€1

26441
€heg]
YE*9l
92411
61481
21461
s0¢02
86¢02
16412
gReee

vie€2
49442
€646
19492
L2412
21é¢g8e
s6¢82
LL*62
LG¢0€
SEC1E

2142¢
88¢2¢€
29¢EE
SE¢HE
90¢GgE
9L4¢GE
SHé9¢E
21¢4€
6LYLE
LAAR1S

G40

(%) b=5b

€640
02*1
88¢1
AR
62¢¢€
TG4
YLty
6v¢S

G2*9
204,
Te¢L
19¢8
£réh
92¢01
01Tl
G6¢11
(SRR Rt
2L4¢€1

15¢%1
26441
£He91
ge¢ LT
g2yl
22¢61
qT¢0¢
|0¢12
00¢2e
26422

£8¢€e
€160
29¢5¢
6%¢92
Gg*Le
02¢8e
£0¢62
sged
G9¢0¢t
€9 1E

[(FAF4
G6¢2¢
69¢EE
A AR
£1¢6E
£8¢G¢E
25¢9¢
6T1¢LE
GB*LE
16¢8¢E

¥¢0

qA HT1dVL

0940
Lesl
G611
G9¢¢2
9€*E
80¢%
28¢%
LG*S

€E*9
0T¢L
68¢L
69¢8
166
YESOT
61¢11
G021
26421
18¢€T

0L¢%1
19461
£6¢91
GheLl
8E*RI
Te€¢6T
%2402
L1e12
60%¢d
To¢ed

264¢¢2
28442
11442
85¢9¢2
LA AN
gZe8l
Tl¢e6l
£6462
€L40¢E
15¢1¢

gatae
E0%EE
LL*EE
3 AR4)
02¢G€E
06¢GE
/G 9€
CIAFRS
26t LE
JASRE:1

00¢0
9940
el
2042
2142
EH¢E
91¢%
68¢Yy
v9¢g

049
CARYE
Letl
8L¢8
6646
Evs01
L2l
£1421
10¢€t
68¢¢€1

6L¢%1
02461
29491
vGeLl
Ly*gl
0véel
£ee0e
924 1¢
61422
0teed

10442
162
61452
19492
£€6¢)2
LE*8L
02¢62
10¢0¢€
18¢0€
6% 1€

A
01¢ge
YREEE
9t ¥eE
L2¢G¢E
L6t GE
G9¢9¢
28 LE
664 LE
£9¢9¢€

20

L0%0
€L40
041
602
6L¢2
0S¢
€24y
L6
2Ltq

B8v¢9
924,
G0¢g
98¢8
89¢6
16401
GEeTl
2221
0T+¢l
g6¢cl

B88¢v1
61461
12491
€941
96¢R1
6v¢61
€902
g€t
g2¢22
6lége

0T¢%we
60¢ce
8862
G149
19¢.2
Svegl
82462
60¢0€
88¢0€
994 1€

€vé2e
glece
T6¢cE
£9¢HE
yEGE
v0¢9¢€
2L49¢
6E¢LE
G0¢geE
0L¢8€

T¢0

€140
0840
IAAR!
912
98se
8G9t
0ty
hoeg
6L%G

9649
hEé
€l¢g
Y648
9L¢6
09¢01
LAAR 8!
1e¢21
glsgl
LUsyT

Lo¢HT
88¢GT
[ R A
€L¢11
99481
65¢61
26402
svéle
Lese2
62¢¢2

61642
6lege
L6462
v8492
0Ler2
vGe82
ge¢6e
LT¢OE
96¢0€
YL1E

0G¢2¢
AR NS
66¢EE
TL3HE
[ S A1
11¢9¢€
6L¢9€
CRZNES
2iege
9L48€E

0¢0

866
L66
966
Q66
466
€66
266
166
066

686
886
186
986
586
86
€86
286
186
086

6L6
8L6
LL6
9L6
Si6
%L6
€L6
2L6
116
0L6

696
896
L96
996
G596
%96
€96
296
196
096

656
866
L1456
9466
566
Y66
€96
256
166
056

D0 023

- 70 -



TABLE 1: o=p(pt) (seepages 16 to 27 of the French text)

Density as a function of the temperature and of the alcoholic strength by mass

interval : 10oC; 19 mass
temperature : from — 20 °C to + 40 oC

TABLE 1II: o =90(q 1) (seepages 30 to 41 of the French text)

Density as a function of the temperature and of the alcoholic strength by volume

interval :10C; 19 vol
temperature : from — 20 °C to + 40 o(C

TABLE Ila: g, . = 0,.. (p) (see pages 44 and 45 of the French text)

Density at 20 ¢C as a function of the alcoholic strength by mass

interval : 0.1 9% mass

TABLE IIlb : ¢ = ¢ (p) (seepages 48 and 49 of the French text)

Alcoholic strength by volume as a function of the alcoholic strength by mass

interval : 0.1 9% mass

TABLE 1IVa: ¢, .. =0, oc (@) (see pages 52 and 53 of the French text)
Density at 20 °C as a function of the alcoholic strength by volume

interval : 0.1 9 vol

TABLE IVb: p=p(q) (see pages 56 and 57 of the French text)

Alcoholic strength by mass as a function of the alcoholic strength by volume
interval : 0.1 9 vol

TABLE Va: p=p (0,0.c) (see pages 60 to 64 of the French text)

Alcoholic strength by mass as a function of the density at 20 oC

interval : 0.1 kg/m?
density : from 789.3 kg/m? to 998.2 kg/m?

TABLE Vb : q=q(g,.) (see pages66 to 70 of the French text)

Alcoholic strength by volume as a function of the density at 20 oC

interval : 0.1 kg/ms3
density : from 789.3 kg/m3 to 998.2 kg/m3





