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Foreword

The International Organization of Legal Metrology (OIML) is a worldwide, intergovernmental
organization whose primary aim is to harmonize the regulations and metrological controls applied by
the national metrological services, or related organizations, of its Member States. The main categories of
OIML publications are:

e International Recommendations (OIML R), which are model regulations that establish the
metrological characteristics, required of certain measuring instruments and which specify methods and
equipment for checking their conformity. OIML Member States shall implement these
Recommendations to the greatest possible extent;

¢ International Documents (OIML D), which are informative in nature and which are intended to
harmonize and improve work in the field of legal metrology;

¢ International Guides (OIML G), which are also informative in nature and which are intended to give
guidelines for the application of certain requirements to legal metrology;

e International Basic Publications (OIML B), which define the operating rules of the various OIML
structures and systems.

OIML Draft Recommendations, Documents and Guides are developed by Technical Committees or
Subcommittees which comprise representatives from the Member States. Certain international and
regional institutions also participate on a consultation basis. Cooperative agreements have been
established between the OIML and certain institutions, such as ISO and the IEC, with the objective of
avoiding contradictory requirements. Consequently, manufacturers and users of measuring
instruments, test laboratories, etc. May simultaneously apply OIML publications and those of other
institutions.

International Recommendations, Documents, Guides and Basic Publications are published in English I
and translated into French (F) and are subject to periodic revision.

Additionally, the OIML publishes or participates in the publication of Vocabularies (OIML V) and
periodically commissions legal metrology experts to write Expert Reports (OIML E). Expert Reports are
intended to provide information and advice, and are written solely from the viewpoint of their author,
without the involvement of a Technical Committee or Subcommittee, nor that of the CIML. Thus, they do
not necessarily represent the views of the OIML.

This publication - reference OIML R 142, edition 202__ I - was developed by the OIML Technical
Subcommittee TC 17/S2 Saccharimetry. The 2nd edition of the OIML R 142 (2008) « Refractometers —
Part 1: Metrological and technical requirements» was approved for final publication by the
International Committee of Legal Metrology at its........ccoerveuenene.

OIML Publications may be downloaded from the OIML web site in the form of PDF files. Additional
information on OIML Publications may be obtained from the Organization’s headquarters:

Bureau International de Métrologie Légale
11, rue Turgot - 75009 Paris - France
Telephone: 33 (0)1 48 78 12 82

Fax: 33 (0)1 428217 27

E-mail: biml@oiml.org

Internet: www.oiml.org

iv © OIML #### - All rights reserved
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Introduction

The existing part numbering of R 142 is not consistent with current OIML practice. All
Recommendations are now published with separate parts for the metrological and technical
requirements (designated R xxx-1), test procedures (designated R xxx-2), and test report format
(designated R xxx-3).

This OIML Recommendation consists of three separate parts:

Part 1: Metrological and technical requirements

Part 2: Metrological control and performance tests

Part 3: Report format for type evaluation
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Refractometers — Part 1: Metrological and technical
requirements

1 Scope

1.1 This recommendation specifies the metrological and technical requirements for refractometers,
which have either just been manufactured, are in service, or which have just been repaired.

It is intended to provide standardized requirements and testing procedures to evaluate the metrological
and technical characteristics of refractometers in a uniform and traceable way.

1.2 This Recommendation used in the determination of the relative refractive index of liquids, solids
and their dispersion, in as well as quantities that are functionally related to the refractive index, for
example, the mass fraction of solutions. Refractometers are used in all industries to measure a wide
range of samples, from pharmaceuticals, chemicals, petroleum products, flavors and fragrances to
beverages and food. For example, refractometer is applied in laboratories and medical centers to
diagnose and measure blood lipids, blood sugar, urea levels, fluid concentration, blood protein and
urine concentration

1.3 The technology and design of most common refractometers is given in Annex A and also the
specifications and metrological characteristics of them are given in in Table B.1 (Annex B).

Refractometers functioning on the basis of interference and goniometric methods for the measurement
of the composition of liquid media based on the difference in refractive indices between a controlled
solution and a standard one, as well as specialized refractometers, are not covered by the scope of this
Recommendation.

Note: The statement of the present Recommendation do not effect OIML R 124 “refractometers for the
measurement of the sugar content of grape must”.

2 Normative references
OIML V 1:2013, International Vocabulary of Terms in Legal Metrology (VIML)

SO/IEC Guide 99; OIML V 2-200: 2012, International Vocabulary of Metrology - Basic and General
Concepts and Associated Terms (VIM)

OIML D 11:2013, General requirements for electronic measuring instruments

OIML D 31:2019, General requirements for software controlled measuring instruments

3 Terms and definitions

Many of the definitions used in this Recommendation conform to the International vocabulary of
metrology -Basic and general concepts and associated terms (OIML V 2:2012), the Vocabulary of Legal
Metrology (OIML V 1:2013) and General requirements for measuring instruments - Environmental
conditions (OIML D 11:2013). For the purposes of this Recommendation, the following terms and
definitions apply.



3.1

Refractometer

Instrument for measuring the refractive index. If the refractometer is provided with another scale or an
additional scale calibrated in the units of the fraction of soluble dry substances in aqueous solutions,
which are recognized by the international organizations, e.g. the International Sucrose Mass Fraction

Scale, %mass (Brix), then the refractometer shall be accompanied by a conversion table for the
refractive index values.

3.1.1 Automatic refractometer (type I refractometers)

Instrument in which the test sample is supplied to the device automatically, the indication being
displayed or printed.

Type I refractometers shall be equipped with:
e an automatic temperature correction device;

e a primary indicating device ("primary" means a device that can be seen by all interested parties
simultaneously);

« a zero-setting device or a device for calibration (adjustment) at another scale point;
« a zero-checking device;

e an automatic cleaning device.

3.1.2 Manual refractometers with automated indication (type II refractometers)

Instrument in which the test sample is supplied to the device manually, the indication being displayed
or printed

Type Il refractometers shall be equipped with:

e an automatic temperature correction device;

e a primary indicating device;

» zero-setting and zero-checking devices.

3.1.3 Manual refractometers (type Il refractometers)

Instrument in which the test sample is supplied to the device manually, the indications are visible
through an eye-piece and cannot be seen by all interested parties simultaneously. The result is obtained
by seeking the graduation line that coincides with the line which separates the clear zone from the dark
zone.

Type Il refractometers shall meet the following main provisions:

e they shall use the phenomenon of light refraction, which is the only method that guarantees sufficient
readability on this type of instrument;

e they shall be equipped with a built-in thermometer, so as to allow temperature corrections.
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3.2

adjustment [VIM 3.11]
set of operations carried out on a measuring system so that it provides prescribed indications
corresponding to given values of a quantity to be measured

3.3
accuracy; measurement accuracy [VIM 2.13]

closeness of agreement between a measured quantity value and a true quantity value of the measurand

Note 1: The concept of ‘measurement accuracy’ is not a quantity and is not given a numerical quantity
value. A measurement is said to be more accurate when it offers a smaller measurement error.

Note 2: The term “measurement accuracy” should not be used for measurement trueness and the term
“measurement precision” should not be used for “measurement accuracy”, which, however, is related to
both concepts.

Note 3: ‘Measurement accuracy’ is sometimes understood as closeness of agreement between
measured quantity values that are being attributed to the measurand.

3.4
calibration [VIM 2.39]

operation that, under specified conditions, in a first step, establishes a relation between the quantity
values with measurement uncertainties provided by measurement standards and corresponding
indications with associated measurement uncertainties and, in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication

Note 1: A calibration may be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative
correction of the indication with associated measurement uncertainty.

Note 2: Calibration should not be confused with adjustment of a measuring system, often mistakenly
called “self-calibration”, nor with verification of calibration.

Note 3: Often, the first step alone in the above definition is perceived as being calibration.

3.5

certified reference material; CRM [VIM 5.14]

reference material, accompanied by documentation issued by an authoritative body and providing one
or more specified property values with associated uncertainties and traceabilities, using valid
procedures

3.6
maximum permissible measurement error (MPE) (maximum permissible error, limit of error)
[VIM 4.26]

extrem value of measurement error, with respect to a known reference quantity value, permitted by
specifications or regulations for a given measurement, measuring instrument, or measuring system

Note 1: Usually the term “maximum permissible errors” or “limits of error” are used, where there are
two extreme values.



Note 2: The term “tolerance” should not be used to designate “maximum permissible error”.

Additional note: Maximum permissible errors for type approval and initial verification and verification
after repair of refractometer are defined in 5.2.1.

Maximum permissible errors for refractometer in service are defined in 5.2.2.

3.7
measurement error (error of measurement, error) [VIM 2.16]

measured quantity value minus a reference quantity value

Note 1: The concept of ‘measurement error’ can be used both

(a) when there is a single reference quantity value to refer to, which occurs if a calibration is made by
means of a measurement standard with a measured quantity value having a negligible measurement
uncertainty or if a conventional quantity value is given, in which case the measurement error is known,

and true quantity values of negligible range, in which case the measurement error is not known, and

(b) if a measurand is supposed to be represented by a unique true quantity value or a set of true quality
values of negligible range, in which case the measurement error is not known.

Note 2: Measurement error should not be confused with production error or mistake.

3.8
measurement repeatability (repeatability)[VIM 2.21]

measurement precision under a set of repeatability conditions of measurement

3.9
measurement reproducibility (reproducibility) [VIM 2.25]

measurement precision under reproducibility conditions of measurement
Note: Relevant statistical terms are given in ISO 5725-1:1994 and ISO 5725-2:1994.

Additional note: In this Recommendation, the reproducibility of measurements between units of the
same type of instrument under reference conditions is assessed by the standard deviation of differences
(SDD). The reproducibility of measurements from one instrument when select influence factors are
varied is assessed by the magnitude of the error shift or fault.

3.10
rated operating condition [VIM 4.9]

operating condition that must be fulfilled during measurement in order that a measuring instrument or
measuring system performs as designed

Note: Rated operating conditions generally specify intervals of values for a quantity being measured
and for any influence quantity.
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3.11
reference condition [VIM 4.11]

operating condition prescribed for evaluating the performance of a measuring instrument or
measuring system or for comparison of measurement results

Note 1: Reference conditions specify intervals of values of the measurand and influence quantities.

Note 2: In IEC 60050-300, item 311-06-02, the term “reference condition” refers to an operating
condition under which the specified instrumental measurement uncertainty is the smallest possible.

3.12
reference quantity value; reference value [VIM 5.18]

quantity value used as a basis for comparison with values of quantities of the same kind

Note 1: A reference quantity value can be a true quantity value of a measurand, in which case it is
unknown, or a conventional quantity value, in which case it is known.

Note 2: A reference quantity value with associated measurement uncertainty is usually provided with
reference to a) a material, e.g. a certified reference material, b) a device, e.g. a stabilized laser, c) a
reference measurement procedure, d) a comparison of measurement standards.

3.13
repeatability condition of measurement (repeatability condition) [VIM 2.20]

condition of measurement, out of a set of conditions that includes the same measurement procedure,
same operators, same measuring system, same operating conditions and same location, and replicate

measurements on the same or similar objects over a short period of time

Note 1: A condition of measurement is a repeatability condition only with respect to a specified set of
repeatability conditions.

Note 2: In chemistry, the term “intra-serial precision condition of measurement” is sometimes used to
designate this concept.

3.14
reproducibility condition of measurement (reproducibility condition) [VIM 2.24]

condition of measurement, out of a set of conditions that includes different locations, operators,
measuring systems, and replicate measurements on the same or similar objects

Note 1: Different measuring systems may use different measurement procedures.

Note 2: A specification should give the conditions changed and unchanged, to the extent practical.

3.15
type approval [VIML 2.05]

decision of legal relevance, based on the review of the type evaluation report, that the type of a
measuring instrument complies with the relevant statutory requirements and results in the issuance of
the type approval certificate

Note: See also VIML A.25



3.16
type (pattern) evaluation [VIML 2.04]

conformity assessment procedure on one or more specimens of an identified type (pattern) of
measuring instruments which results in an evaluation report and/or an evaluation certificate

Note: ‘Pattern’ is used in legal metrology with the same meaning as ‘type’; in the entries below, only
‘type’ is used.

3.17
verification of a measuring instrument [VIML 2.09]

conformity assessment procedure (other than type evaluation) which results in the affixing of a
verification mark and/or issuing of a verification certificate

Note: See also OIML V2-200:2010, 2.44.

3.18
checking facility

facility incorporated in a measuring instrument and which enables significant faults to be detected and
acted upon

Note: “Acted upon” refers to any adequate response by the measuring instrument (luminous signal,
acoustic signal, prevention of the measurement process, etc.).

3.19
audit trail [OIML D 31, 3.1.1]

continuous data file containing a time stamped information record of events, e.g. changes in the values
of the parameters of a measuring instrument or software updates, or other activities that are legally
relevant and which may influence the metrological

3.20
cryptographic means [OIML D 31, 3.1.8]
means such as encryption and decryption with the purpose of hiding information from

unauthorised persons (see OIML D31, 3.1.13), or hashes and signatures to ensure integrity and
authenticity

3.21
fault [OIML D 11, 3.10]

difference between the error of indication and the intrinsic error of a measuring instrument

Note 1 Principally, a fault is the result of an undesired change of data contained in or flowing through
an electronic measuring instrument.
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Note 2 From the definition it follows that in this Document, a “fault” is a numerical value which is
expressed either in a unit of measurement or as a relative value, for instance as a percentage

3.22

Software examination [OIML D 31, 3.1.47]

technical operation that consists of determining one or more characteristics of the software according
to the specific procedure (e.g. analysis of technical documentation or running the program under
controlled conditions).

3.23
intrinsic error [OIML D 11, 3.8]
error of a measuring instrument, determined under reference conditions

3.24
legally relevant [OIML D 31, 3.1.25]
subject to legal control

3.25

legally relevant parameter[OIML D 31, 3.1.26]

parameter of a measuring instrument/component, ( electronic) device, software or a module subject to
legal control

Note: The following types of legally relevant parameters can be distinguished:

type-specific parameters and device-specific parameters.

3.26

legally relevant software part[OIML D 31, 3.1.27]
all software modules of a measuring instrument/component that are subject to legal control

3.27

universal device [OIML D 31, 3.1.59]

device that is not constructed for a specific purpose, but that can be adapted to a metrological task by
software

Note: This kind of device might have undeclared interfaces to the operating system.

3.28

average error shift

The resulting ‘average’ value is indicative of the average variation over the encompassed measurement
range, as opposed to the variation in measured values at one point of the range

3.29
auxiliary battery

battery that is
(a) mounted in, or connected to, an instrument that can also be powered by the mains power, and

(b) capable of completely powering the instrument for a reasonable period of time.



3.30
back-up battery

battery intended to power specific functions of an instrument in the absence of the primary power
supply. Example: to preserve stored data

3.31
calibration

operation that, under specified conditions, in a first step, establishes a relation between the quantity
values with measurement uncertainties provided by measurement standards and corresponding
indications with associated measurement uncertainties and, in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication.

3.32
enabling/inhibiting sealable hardware

physically sealable hardware, such as a two-position switch, located on a remotely configurable device,
that enables and inhibits the capability to receive adjustment values or changes to sealable
configuration parameters from a remote device

3.33
error shift

with reference to a certified measurement standard: difference between the mean error of indication
while one or more influence quantities are varied within the rated operating conditions and the mean
intrinsic error of a measuring instrument.

Note: If a certified measurement standard is not used, the error shift is the difference between two

measured values: the indication under rated operating conditions and the mean indication at reference
conditions prior to test.

4 Units

4.1 Expression of results

The measurement result may be expressed in one of the following forms:

e value of the refractive index;

« value of the mass fraction of a sample solution having the same refractive index;

value of a quantity directly related to one of the above quantities (e.g. concentration) in which case the
result shall be expressed using a legal unit.

National regulations may prescribe which of the above quantities shall be used for the expression of the
result, and specify the conditions under which they shall be used, especially by establishing tables

giving the relationship between the related quantities. When the instrument presents many forms of
results, the reading shall be nonambiguous.

4.1.1 Refractive index

The refractive index (N) of a medium is the ratio of the velocity of light in a vacuum “c” to the velocity of
light in the medium “v”. N is called the absolute refractive index. It is a dimensionless quantity:
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N=C
Vv

The velocity of light in vacuum is ¢ = 299792458 m/s.
The vacuum refractive index is NO = 1.

When measuring the refractive indices of liquids and solids, one usually determines their relative
refractive indices n in relation to the air in the laboratory environment under standard conditions.

Standard conditions for the measurement of relative refractive indices are:
= temperature, T= (20 + 2) °C;
=  atmospheric pressure, P= (101 325 + 1 000) Pa;
= relative humidity, f = (50 + 30) %.
The air refractive index n, under standard conditions has the following values:
= for Hg green line (A= 546.1 nm) - 1.0002726;
] for Na doublet yellow line (A= 589.3 nm) - 1.0002719;
= for He/Ne laser red line (A= 632.99 nm) - 1.0002712.

The relationship between the absolute refractive index N and the relative refractive index n is the
following:

N=n,-n
where:
n, is the absolute refractive index of air in the laboratory environment in the process of measurement.
The dependence of the refractive index on the temperature, n (t), for t = 20 °C, is designated as n2° .
The dependence of the refractive index non the wavelength is designated, for example, as np, where:

D, +D

D= 2 is the average wavelength of the Na-lamp doublet yellow line;

D; 1is589.6 nm;
D, is589.0 nm.

The wavelength, its designation and the corresponding chemical elements spectral lines are shown in
Table C.1 (Annex C).

Note: Modern instruments usually utilize LEDs with a wavelength close to the sodium D-line (e.g. A=
590 nm) as radiation sources.



412 mass fraction
The mass fraction of a sample in aqueous solutions is the ratio of the mass of sample, in grams, to the
mass of the solution, in grams, and shall be expressed in per cent with the symbol “% mas”. (The

indication “mas” behind “%” is used to avoid misunderstandings, as “%” may also be used for the
volume fraction “% vol” of a solution)

5 Metrological requirements

51 For refractometers with several measuring ranges (multiple-range refractometers), the values
of the main metrological characteristics shall be set for each range.

5.2 Maximum permissible errors

For a given range of influence quantities, the maximum permissible error (MPE) shall be specified in the
refractometer operating manual.

Note : National regulations may prescribe higher requirements than those required in 5.2.1 and 5.2.2.

5.2.1 Maximum permissible errors for type approval, initial verification and verification after
repair

The maximum permissible error shall be equal to #1 scale interval. The maximum permissible error
applies to un-rounded indications.

5.2.2 Maximum permissible errors for in-service instruments

For in-service instruments that have not been repaired immediately prior to verification, the absolute
value of the maximum permissible error is increased by half a scale interval.

5.2.3 The indication for distilled water at 20.0 °C shall not deviate by more than 0.2 scale interval from
the following nominal values:

Measurand Nominal value
Refractive index (589 nm) 1.33299
Mass fraction 0%

5.3 Measuring range

531 Measurements shall be taken in one of the spectral regions (UV, visible or IR spectral region)
at the fixed monochromatic wavelengths indicated in Table C.1 (Annex C).

5.3.2 Inthe visible spectral region the light monochromatization shall be realized basically for the
spectral lines: C (A= 656.3 nm), C'(Ac = 643.8 nm), D (Ap = 589.3 nm), d (Aq = 587.6 nm), e (A. = 546.1
nm), F(Ar = 486.1 nm), F' (Az'=480.0 nm).

10
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5.3.3 When a refractometer is intended to control optical glasses, measurements shall basically be
realized for the following spectral lines: F' and C' (cadmium lamp), e(mercury lamp) and d (helium
discharge tube).

5.3.4 When a refractometer is designed for the measurement of the refractive indices of liquids,
measurements shall basically be realized for the following spectral lines: D (sodium lamp) and F, C
(hydrogen discharge tube).

Note: For refractometers operated at wavelengths different from the sodium D spectral line (A= 589.3
nm), the refractive index values can be evaluated in np (reduced to np), using the dispersion formula, if
necessary. The mass fraction (% mass) should be corrected to take into account the dispersion and its
dependence on the mass fraction of a test liquid sample.

5.3.5 When a refractometer is intended to simultaneously measure the refractive indices of solids and
liquids, the measurement shall be taken for the spectral lines indicated in 5.3.2 and 5.3.3.

Notel: When a refractometer operates outside the visible spectral region, the radiation lines indicated
in Table C.1 (Annex C), as well as LEDs, are used. The wavelengths may be different from those
indicated in 5.3.2.

Note 2: It is permitted to utilize a continuous spectrum source with interference filters or a
monochromator (particularly in the spectral region with a wavelength greater than 1.5 pm).

Note 3: For 1064 nm and 532 nm, which are the most famous wavelengths, the bandwidth (FWHM) is
10 nm * 20% with a peak transmittance of 50%.

5.4 Influence quantities

5.4.1 Influence factors

Table 1- Reference conditions and rated operating conditions

Factor Reference conditions Rated operating conditions
Ambient temperature 20°Cx2°C From 5 °Cto 40 °C
Mains power supply Nominal voltage +2 % Nominal voltage + 10 % - 15 %
voltage (AC)
Mains power supply Nominal frequency +0.4 % | Nominal frequency *2 %
frequency

Note: The manufacturer may choose a larger temperature interval as rated operating conditions.

11




5.4.1.1 Specification

The test results converted to 20 °C shall satisfy the maximum permissible errors for each influence
factor studied separately.

5.4.2 Electrical disturbances

No indication shall show a significant fault when the refractometer is subjected to the tests shown in the
table below:

Table 2- Electrical disturbances

Test References to OIML D 11 () and Severity level
IEC publications (if applicable)

Voltage dips and short B.7 Reduction of 100 % during 10

interruptions ms and 50 % during 20 ms
(IEC Standard 1000-4-11)

Electrical bursts B.8 Voltage of 1 kV

(IEC Standard 1000-4-4)

Electrostatic discharge B.9 8 kV air discharge

(IEC Standard 1000-4-2) 6 kV contact discharge

5.4.3 Mechanical shock

The results converted to 20 °C shall satisfy the maximum permissible errors before and after a test
corresponding to severity level 2 of sub-clause B.5 in OIML D 11 (height of fall: 50 mm).

6 Technical requirements

6.1 Materials

Refractometers shall be made of materials which ensure adequate solidity and stability during their
utilization and will not be adversely affected by the liquid samples and other substances with which
they may enter into contact during the measurement.

The materials for a measuring prism or a cuvette, mandrels and other parts shall be selected on the
basis of the field of application (purpose) of the refractometers. They must be chemically resistant to
the influence of chemical substances to be analyzed, which, in turn, shall be protected from the direct
influence of the environment.

The optical components shall be made of adequately transparent, homogeneous and solid materials so
that the performance and correctness of measurement of the device are guaranteed over a sufficiently
long period of time.

12
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6.2 Appearance of a refractometer

The appearance of a refractometer shall meet the following requirements:

6.2.1 Painted metal (or plastic) surfaces shall be clean and have no cracks, dents, chips or stains.
6.2.2 Non-painted surfaces shall have a rust-proof coating (chromium-plating, nickel-plating, etc.)
6.2.3 Faces of the instrument shall be rounded.

6.2.4 A manufacturer’s name or trademark, a type and a serial number shall be indicated on the
instrument.

6.3  Movable parts of the instrument shall move smoothly.
6.4  Optical parts of the instrument shall have no scratches, black spots or other defects.
6.5 Device operation

6.5.1 Indication
When the fluid is not in contact with the optical surfaces of the sensor the instrument shall not indicate

a result, except when the sampling is dynamic, in which case the result may be displayed during not
more than one minute after completion of the flow of the fluid.

6.5.2 Cleaning
After each measurement, the optical surfaces of the sensor in contact with the measured fluid and, if

appropriate, the passages for the fluid, shall be cleaned effectively and in a manner that causes no
deterioration of the instrument. For type I refractometers, cleaning shall be automatic.

6.5.3 Instrument warm-up period
When a refractometer is turned on it shall not display or record any usable values until the operating

temperature necessary for accurate determination has been attained. This requirement may not be
necessary for instruments which do not require any warm-up time.

6.6 Thermometers

Thermostatic chambers shall be hermetically sealed and shall be equipped with a built-in thermometer
or device for stabilizing and measuring the temperature of a measuring prism or the temperature in the
vicinity of the liquid surface where it is in contact with the measuring prism.

Refractometers without an automatic temperature correction device should be equipped with
thermometers to measure the temperature of the test prism. If a thermostat is connected for
thermalizing the test prism, the thermometer shall indicate the temperature of the prism.

The temperature shall be indicated in Celsius degrees (symbol: °C).

The working temperature range shall be specified in the operating manual. The scale interval of class I
and class Il refractometer shall be at least 0.5°C.

The scale interval for class III refractometer shall be at least 1°C.
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The measuring range shall include the interval from at least 5°C to 40 °C.
In addition to the temperature in Celsius degrees, the device for measuring the temperature of manual
refractometers shall also indicate the values of the temperature correction, which are given in annex D.

On the refractometer or in its instructions for use, it shall be pointed out that these correction values
refer to solutions of sucrose in water.

6.7 Power supply

Refractometers with external power sources (mains) shall have an emergency power supply.

6.7.1 To verify the refractometers, plane-parallel plates, prisms or refractometric liquids shall be
utilized.

6.7.2 A refractometer shall be able to operate continuously during at least 8 hours. The time needed
to set the operating mode shall not exceed 30 minutes even when switching the range of the
refractometer.

6.7.3 The error-free running time of released automated refractometers shall be established on the
basis of reliability calculations and shall be specified in the operating manual.

6.8 Scale interval

Not more than two scales, each with a scale numbering, may appear in the field of view. These scales
shall be clearly separated by a certain distance or by an inter-mediate continuous line.

According to the quantity that has been selected for expressing the measurement results, the scale
interval in normal use shall be equal to:

e either 2 x 10-4 or 5 x 10-4 for the refractive index;

e either 0.1 % or 0.2 % for the mass fraction;

e or a value between the two possible values for one of the above quantities when the indication is of a
related quantity. In this case the scale interval shall always be of one of the following forms: 1 x 100 or

2 x10nor 5 x 10n where n is a positive or negative integer or zero.

The refractive index scale interval of automatic digital refractometers shall not exceed 1x10-4, and shall
not be greater than 0.1 % mas (Brix) for the mass concentration.

6.9 Indicating device

6.9.1 Typelrefractometers

The primary indicating device shall have a digital display. On this indicating device, the figures
displaying the measurement results shall be visible at a distance of 5 m. This provision is considered to
be satisfied when the figures are at least 2.5 cm high in the case of luminous figures and 3 cm high in
other cases.

Rounding shall be done to the nearest scale interval. It shall be possible to use a calibration scale

interval which is at the most equal to a quarter of the scale interval of the instrument. This possibility
must not be available to the user of the instrument.
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6.9.2 Type Il refractometers

The indicating device shall meet the same requirements as for type I instruments except for the height
of the figures, which shall nevertheless be at least 1 cm high.

6.9.3 Type Ill refractometers

The indicating device may have an analogue display. It shall be possible to discriminate a quarter of a
scale division or better when performing the control.

6.10 Printing devices

Refractometers may be fitted with devices which print the result in the form of aligned numbers. Other
types of printing device are not authorized. The printout shall be the replica of the value and of the unit
displayed by the primary indicating device. The other values mentioned in clause 10 may be printed (in
addition to the value displayed by the primary indicating device) provided that there is no reading
ambiguity. Printing shall not be possible before a measurement is complete.

6.11 Zero-setting and zero-checking devices

The zero-setting and zero-checking devices are mandatory on all the instruments. They shall be simple
and of practically continuous effect.

On each side of the zero, a scale shall allow checking of the zero-setting. This scale shall have a range of
one division on each side of the zero and shall be graduated in quarters of the scale interval. Zero-
setting and zero-checking shall be realizable with an uncertainty not exceeding a quarter of the scale
interval. A system shall show any mis-adjustment exceeding one scale interval.

However, an instrument fitted with a device for calibration at another scale point (which does not
automatically correspond to the zero of pure water) is quite acceptable with an alarm impeding any
measurement in case of incorrect operation (detection of an error exceeding one scale interval). Water
may be replaced by a product (incorporated or not in the instrument) having a refractive index of a well
known and permanent value.

In such a case, it shall be possible to distinguish between automatic checking operations and
measurement operations. However on such an instrument, the zero-checking device remains
mandatory.

Access to the control of the zero-setting shall be designed to be difficult in the case of non-automatic
devices. Its utilization shall require preliminary handling or the use of a tool that cannot remain by itself
in the position that permits the handling.

It shall be possible to distinguish between zero-checking and measurement operations. This condition

is considered to be satisfied when the scale is interrupted between the scale on each side of the zero
and the lower limit of the measuring range.

6.12 Temperature correction device

A refractometer shall be fitted with a device such that the indication of the instrument corresponds to
the indication that would have been obtained at a reference temperature of 20 °C.

The temperature scale shall have a minimum measuring range from 5 °C to 40 °C.
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A device shall make it apparent whenever the temperature falls outside the range for which the
correction device is designed.

6.12.1 For type I and type Il refractometers, the preceding provisions shall be fulfilled automatically.

6.12.2 For type Ill refractometers, these provisions shall be fulfilled using a thermometer incorporated
in the instrument and possibly a secondary scale that gives the correction values according to the
measured quantity. Thermometers shall have a scale interval of 1 °C or, preferably, 0.5 °C.

6.13 Sampling device

For type [ refractometers, the sample used for measurement shall fulfil the following provisions:

6.13.1 Static fluid

When the sample is stationary during the measurement the receptacle shall have a minimum capacity
of 20 cl.

6.13.2 Dynamic fluid

When the sample is in flow during measurement, the result of the measurement sample represent that
which is obtained from a sample having a volume of at least 30 cl.

6.14 Data storage

If data storage is required, the measurement data must be stored automatically when the measurement
is concluded. The storage device must have sufficient permanency to ensure that the data are not
corrupted under normal storage conditions. There shall be sufficient memory storage for any particular
application. The measurement value stored shall be accompanied by all relevant information necessary
for future legally relevant use. The measurement records shall include as a minimum: unambiguous
identifier of the measurement, measurement date, unique identification of the instrument and units,
calibration version identification, error messages and constituent labels (on multi-constituent meters).
Acceptable examples of a measurement identifier include consecutive numbers enabling assignment to
values printed on an invoice, or a test sample ID.

6.15 Software-controlled electronic devices and security
The requirements of OIML D 31 shall be fulfilled.

Note: The severity levels describe different protection levels of the software, depending on the risk of
fraud or on the level of conformity. The validation procedures define the level of examination for type
approvals.

6.15.1 Specifications of the software requirements

For instruments and modules operated by software, the manufacturer shall describe or declare how the
software is implemented within the instrument or module, i.e. if it is installed in a fixed hardware and
software environment (embedded) or on a universal computer system (implemented into the housing
or external).

Legally relevant software shall be clearly identifiable via a unique software version or a checksum. In
the normal operation mode of the instrument, the software version or the checksum shall be displayed
or printed out on command or shall be displayed during the start-up procedure of the instrument.
Legally relevant measuring algorithms and functions shall be appropriate and functionally correct as
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evidenced by the instrument correctly displaying and recording the measurement result and the
required accompanying information. It shall be possible to validate algorithms and functions where
required by metrological tests.

The manufacturer shall produce devices and legally relevant software that conform to the certified type
and the documentation submitted, D 31, 6.2.7.

Further measurements shall not be possible when a significant fault is detected.

If the software of the instrument is separated into legally relevant and non-relevant parts, the
requirements of D 31, 6.2.2.2 shall be fulfilled.

For instruments/measuring systems using an internal or external universal computer, the legally
relevant software shall be operated only in the environment specified for its correct functioning. If
necessary to secure the correct functioning of the legally relevant software, the operating system shall
be fixed to a defined invariant configuration.

Note: A fixed environment for software is also required for instruments where cryptographic data

protection is implemented or when software changes on a verified instrument are permitted without an
appointed verifier onsite (i.e. the ‘“Traced updates’ described in D 31, 6.2.8.4.6).

6.16 Marking
The name of the quantity measured that is displayed shall clearly appear on the front of the instrument
and on the nameplate. However, when a national regulation stipulates one quantity, or in the case of a

type III instrument, the front inscription is optional.

The unit or its symbol, or in default the quantity (refractive index) shall appear close to the result in one
of the following forms, as appropriate:

» either mass per cent or mass %;

e either grams per litre or g/L.

In addition the nameplate shall bear the following information:

¢ identity or trade name of the manufacturer;

e model and serial number of the instrument;

e number and date of pattern approval, if applicable;

e measured quantity;

e measuring range;

e limits of the temperature of utilization.

The inscriptions on the nameplate shall be at least 2 mm high, and the nameplate shall be
supplemented, where appropriate, by a plate on which mandatory marks may be stamped. These two
plates shall be fixed so that they cannot be removed, or so that their removal shall cause them to be

destroyed. The date of manufacture shall be marked on the nameplate if required by national
regulations.
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6.17 Sealing devices

With the exception of the zero-setting device, those adjusting devices which are likely to influence the
measurement shall be protected by a sealing device.

When the entry of the measured fluid is not outside the instrument and is not visible, access to the
passage for measuring the fluid shall be prevented by means of a sealing device.

6.18 Provisions to ensure fair measurements
The following provisions are recommended for inclusion in national regulations:
e the indication of the result shall be unambiguous;

« for type [ and type II refractometers it shall be possible, if requested by one of the parties present, to
verify the accuracy of the zero indication by substituting water for must.

Type I and type II refractometers, when in service, shall be set up in such a way that interested parties
may read them simultaneously.

The custodian of a refractometer shall ensure that the instrument is well maintained, functions
correctly, and is used according to the rules; he shall satisfy himself as to its accuracy. In particular the
custodian shall maintain the optical faces which are in contact with the fluid in a clean condition.

6.19 Software protection

6.19.1 Prevention misuse

A measuring instrument, and especially the software, shall be constructed in such a way that
possibilities for unintentional, accidental or intentional misuse are minimal.

6.19.2 Fraud protection
For protection against fraudulent use, the following requirements shall be fulfilled:

the legally relevant software shall be secured against unauthorized modification, loading, or changes
by swapping the memory device. In addition to mechanical sealing, technical means may be
necessary to secure measuring instruments having an operating system or an option to load
software. Only clearly documented functions are allowed to be activated by the user interface, which
shall be realized in such a way that it does not facilitate fraudulent use; and

parameters that fix the legally relevant characteristics of the measuring instrument shall be secured
against unauthorized modification. If necessary for the purpose of verification, it shall be possible to
display or print the current parameter settings.

6.20 Space for protective marks

To avoid accidental or illicit maladjustment of the scale and other adjustment features of the
instrument, space for protective marks shall be provided on the adjusting

devices and on those parts of the instrument for which the indication of the instrument is sensitive to
interference.
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Annex A
(informative)

technology and design of most common refractometers

A.1There are many refractometer designs, differing in the attainable accuracy, ease of use and
applicability for different types of measurements of reactive indices (solids, liquids, gases).

A.1.1 V-block refractometers

The most important part of the v block refractometer is the v-shaped cell, cut in the rectangular block of
glass. Cell walls are perpendicular. Cell is filled with the liquid. Beam of light enters the sample and gets
refracted twice at two perpendicular cell walls. Angle at which light exits the refractometer block is a
function of refractive index of the sample and of the glass (note additional refraction of the beam
leaving the glass; incident beam enters the refractometer at zero angle, so it doesn't get refracted).
Knowing the exit angle and the refractive index of the glass we can easily calculate refractive index of
the sample.

V-block refractometer based on measurement of the deviation angle (31 of a refracted beam passing
through a prism system from a test material (a) and a measuring prism (b) (Fig. A.1).

d

h A

FigureA.1- V-block refractometer

The refractive index n(A) of the test prism (a) for the wavelength A is calculated by the formula:

n(ﬂb)z\,’JNﬁ2 +sinﬂm/Nj —sin® g,

where:
N is the refractive index of a measuring prism for the wavelength A;
Bais the angle between the emergent beam and the normal to the entry surface of a measuring prism.

A test sample shall be a rectangular parallelepiped with the section side minimum 17 mm.
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The thickness of the sample shall be from 4 to 20 mm depending on the transparency of the material
and the radiation intensity of the source.

The angle between the active faces of the sample shall be 90° + 1'.

A.1.2 Pulfrich refractometers

Pulfrich refractometer is the another type of critical angle refractometer. A glass prism of high
refractive index has two plane polished faces, which are perpendicular to one another, and is so placed
that one of these is vertical and the other horizontal. The substance whose refractive index is required
is placed upon the horizontal surface, and in the case of a liquid is contained in a glass cell cemented to
the prism so as to contain that face. A beam of monochromatic light is directed almost horizontally
through the substance so that it meets the prism face at grazing incidence.

The critical angle i) of the beam emerging from the measuring prism (b) is measured to determine the
refractive index n(A).

A Pulfrich refractometer uses line spectrum light. Replaceable measuring prisms with a prism angle of
x =90° (Fig. A.2) as well as a prism angle of x = 60° are applied.

3‘-,,__“1

Figure A.2- Pulfrich refractometer

The refractive index n(A) of the test sample (a) with a measuring prism (b) refracting angle of 90° is

calculated by the formula:
n(2)= N2 —sin%i,

where:
N is the refractive index of the measuring prism (b) for the wavelength A;
i) is the angle between the emergent beam and the normal to the entry surface of the measuring prism.

The test sample (a) shall be in the form of a rectangular plate having minimum dimensions 15 mm x 15
mm x 4 mm.
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The angle between the active faces shall be 90° + 10'. Facets and pop-offs on the right angle edge are not
allowed.

The flatness tolerance of the working surfaces of the test sample (a) shall not exceed two fringes by
1 cm with a maximum local deviation of 0.5 fringe.

The surfaces of the active faces shall be polished. The roughness parameter is Rz < 0.050 pum.
The useful volume of the sample shall have no bubble clusters or inclusions.

The immersion liquid used for lapping the sample shall have a refractive index larger than that of the
test sample (a), but not exceeding the refractive index of the measuring prism (b).

A.1.3 Abbe refractometers

Abbé refractometer working principle is based on critical angle. Sample is put between two prisms -
measuring and illuminating. Light enters sample from the illuminating prism, gets refracted at critical
angle at the bottom surface of measuring prism, and then the telescope is used to measure position of
the border between bright and light areas. Telescope reverts the image, so the dark area is at the
bottom, even if we expect it to be in the upper part of the field of view. Knowing the angle and refractive
index of the measuring prism it is not difficult to calculate refractive index of the sample. Surface of the
illuminating prism is matted, so that the light enters the sample at all possible angles, including those
almost parallel to the surface.

Abbé refractometer can be used to measure both refractive index of liquids and solids. In both cases
refractive index of the substance must be lower than the refractive index of the glass used to made
measuring prism.

An Abbe refractometer has a measuring prism (b) with a prism angle, ¢, of about 60° (Fig. A.3).

Fig. A.3 is not a complete desing of the Abbé refractometer. Refractive index of a substance is a function
of a wavelength. If the light source is not monochromatic (and in simple devices it rarely is) light gets
dispersed and shadow boundary is not well defined, instead of seeing sharp edge between white and
black, you will see a blurred blue or red border. In most cases that means measurements are either very
inaccurate or even impossible.

Figure A.3- Abbe refractometer

The refractive index n(A) of the test sample (a) for the wavelength A is calculated by the formula:

n(4)=singyN?-sin’ ¢, +cosgsine,
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where:
¢ is the measuring prism refracting angle;
N, is the measuring prism refractive index;

€y is the critical angle of the beam exit.

A.1.4 Dipping refractometers

Dipping, or immersion refractometer is designed to allow quick measurement of the refractive index of
the liquid directly in the vat, without a need of taking samples. Simplest design is a refractometer that
you just immerse partially into solution to make a measurement. In most cases dip refractometer is just
a liquid proof Abbé refractometer (critical angle refractometer) mounted in a tube, with an additional
immersible light source, or mirror that helps direct natural light on the measuring prism surface. If the
light is directed at almost grazing angle, illuminating prism in not necessary. Immersion refractometers
always work at the temperature of the liquid, so they either need built in temperature compensation, or
the measurement result has to be corrected for the temperature using tables.

During immersion into the liquid to be analyzed, beams are submitted to a total internal reflection on
the surface of the dividing ridge between the liquid and the measuring element at an angle which is
greater than the critical one. The dependence of photodiode signal on the critical angle value due to that
effect allows the calculation of the refractive index of the liquid to be analyzed.

A.1.5 Refractometer with broken total internal reflection (BTIR)
Refractometer that measures the refractive index by the BTIR method which is based on the

determination of the energy and polarization patterns of light reflected from the boundary of the test
medium and the measuring component.
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Technical and metrological characteristics of the most common
refractometer types

Technical and metrological characteristics of the most common refractometer types are listed in table

B.1.

Table B.1- Technical and metrological characteristics for refractometers

Refractometer technology

Refractive index
measurement
range

Combined standard
measurement uncertainty

refractive index dispersion

u, U.p

n n

Purpose and prevailing scope

Refractometers with a
V-shaped prism

1.20-2.50

+3:10° +1-107°

Measurement of refractive
index and dispersion of solids
(mainly glasses) in the
optomechanical, chemical,
electronic and other industries

Pulfrich refractometers

1.20-2.10

+5-107 +2:107

Measurement of refractive
index and dispersion of liquids
and solids in the chemical,
pharmaceutical, food,
optomechanical and other
industries

Abbe refractometers

1.20-2.10

+2-10™ +210™

Measurement of refractive
index and average dispersion
mainly of liquids in the
chemical, pharmaceutical, food
and other industries

Dipping refractometers

1.33-1.65

+(2:10° =310

Fast measurement of refractive
index and mass fraction of
liquids in the chemical, food
and other industries

BTIR refractometers

1.20-2.10

+£3-107
(107<K<107)
£1-10%
(£1:107)
(K<107)

K absorption
coefficient of
test medium

Measurement of refractive
index mainly of strongly
absorbing media and mass
fraction in the chemical,
pharmaceutical, food and other
industries
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Annex C
(informative)

Wavelengths and the corresponding spectral lines of chemical elements

The wavelength, its designation and the corresponding spectral lines of chemical elements are listed in table
C.1.

Table C.1-spectral line wavelengths of chemical elements

Wavelength / (in nm) Wavelength designation Chemical element
365.0, i Hg
404.64 h Hg
435.8; g Hg
479.9, F' cd
486.13 F H
546.0; e Hg
587.56 d He
589.2 D Na
632.9, - He/Ne (laser)
643.85 ' Ccd
656.23 C H
694.3 — Crt+AlLO; (laser)
706.5, 7 He
852.1; s Cs

1013.9 t Hg
1060.0 - Nd (laser)

1 128.66 - Hg
1153.0 — He/Ne (laser)
33922 — He/Ne (laser)
13951 - Hg

10 600.0 — CO, (laser)
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Annex D
(informative)

TEMPERATURE CORRECTIONS

corrections to be applied to the value of the mass fraction of Sucrose as a function of the temperature of the solution
is shown in table D.1. (correction expressed in mass fraction to be added algebraically to the measured mass
fraction for referring it to a temperature of 20 °C). It is extracted from ICUMSA publications, the values between 5
°C and 10 °C having been extrapolated by calculation.

Table D.1- Correction to be applied to the mass fraction of Sucrose as a function of temperature

Measured mass fraction, %

Temper-
ature 10 15 20 25 30 35 40 45 50 55 60 65 70 75
°C

-0.82 |-0.87 |-0.92 |-0.95 |-0.99
-0.80 |-0.82 |-0.87 |-0.90 |-0.94
-0.74 |-0.78 |-0.82 |-0.84 |-0.88
-0.69 |-0.73 |-0.76 |-0.79 |-0.82
-0.64 |-0.67 |-0.71 |-0.73 |-0.75
10 |-0.59 |-0.62 |-0.65 |-0.67 |-0.69 |-0.71 |-0.72 |-0.73 [-0.74 |-0.75 |-0.75 |-0.75 |-0.75 |-0.75
11 -0.54 |-0.57 |-0.59 |-0.61 |-0.63 |-0.64 |-0.65 |-0.66 [-0.67 |-0.68 [-0.68 |-0.68 |-0.68 |-0.67
12 |-0.49 |-0.51 |-0.53 |-0.55 |-0.56 |-0.57 |-0.58 |-0.59 [-0.60 |-0.60 [-0.61 |-0.61 |-0.60 |-0.60
13 |-0.43 |-0.45 |-0.47 |-0.48 |-0.50 |-0.51 |-0.52 |-0.52 [-0.53 |-0.53 |-0.53 |-0.53 |-0.53 |-0.53
14 |-0.38 |-0.39 |-0.40 |-0.42 |-0.43 |-0.44 |-0.44 |-0.45 [-0.45 |-0.46 [-0.46 |-0.46 |-0.46 |-0.45
15 |-0.32 |-0.33 |-0.34 |-0.35 |-0.36 |-0.37 |-0.37 |-0.38 [-0.38 |-0.38 [-0.38 |-0.38 |-0.38 |-0.38
l6 |-0.26 |-0.27 |-0.28 |-0.28 |-0.29 |-0.30 |-0.30 |-0.30 {-0.31 |-0.31 |-0.31 |-0.31 |-0.31 |-0.30
17 |-0.20 |-0.20 |-0.21 |-0.21 |-0.22 |-0.22 |-0.23 |-0.23 [-0.23 |-0.23 |-0.23 |-0.23 |-0.23 |-0.23
18 |-0.13 |-0.14 |-0.14 |-0.14 |-0.15 |-0.15 |-0.15 |-0.15 {-0.15 |-0.15 |-0.15 |-0.15 |-0.15 |-0.15
19 |-0.07 |-0.07 |-0.07 |-0.07 |-0.07 |-0.08 |-0.08 |-0.08 [-0.08 |-0.08 [-0.08 |-0.08 |-0.08 |-0.08
20 0 REFERENCE 0

21 +0.07 [+0.07 |+0.07 | +0.07 | +0.08 |+0.08 | +0.08 | +0.08 | +0.08 | +0.08 |+0.08 | +0.08 |+0.08 | +0.08
22 +0.14 {+0.14 |+0.15|+0.15 |+0.15 |+0.15 | +0.16 | +0.16 | +0.16 | +0.16 |+0.16 | +0.16 | +0.15 | +0.15
23 +0.21 [+0.22 |+0.22|+0.23 |+0.23 |+0.23 | +0.23 | +0.24 | +0.24 | +0.24 |+0.24 | +0.23 | +0.23 | +0.23
24 +0.29 [+0.29 |+0.30|+0.30 |+0.31 |+0.31 | +0.31 | +0.32|+0.32 | +0.32 |+0.32 | +0.31 |{+0.31 |+0.31
25 +0.36 [+0.37 |+0.38 | +0.38 | +0.39 |+0.39 | +0.40 | +0.40 | +0.40 | +0.40 |+0.40 | +0.39 | +0.39 | +0.39
26 +0.44 [+0.45 |+0.46 | +0.46 | +0.47 |+0.47 | +0.48 | +0.48 | +0.48 | +0.48 |+0.48 | +0.47 |+0.47 | +0.46
27 +0.52 [+0.53 |+0.54 | +0.55 | +0.55 |+0.56 | +0.56 | +0.56 | +0.56 | +0.56 |+0.56 | +0.55 |+0.55 | +0.54
28 +0.60 [+0.61 |+0.62|+0.63 |+0.64 |+0.64 | +0.64 | +0.65 | +0.65 | +0.64 |+0.64 | +0.64 |+0.63 | +0.62
29 +0.68 [+0.69 |+0.70 | +0.71 |+0.72 |+0.73 | +0.73 | +0.73 | +0.73 | +0.73 |+0.72 | +0.72 | +0.71 | +0.70
30 +0.77 |+0.78 |+0.79|+0.80 | +0.81 |+0.81 | +0.81 | +0.82 | +0.81 | +0.81 |+0.81 | +0.80 | +0.79 | +0.78
31 +0.85 [+0.87 |+0.88 | +0.89 | +0.89 |+0.90 | +0.90 | +0.90 | +0.90 | +0.90 | +0.89 | +0.88 | +0.87 | +0.86
32 +0.94 [+0.95 |+0.96 | +0.97 | +0.98 |+0.99 | +0.99 | +0.99 | +0.99 | +0.98 |+0.97 | +0.96 |+0.95 | +0.94
33 +1.03 [+1.04 |+1.05|+1.06 |+1.07 |+1.08 | +1.08 | +1.08 | +1.07 | +1.07 |+1.06 | +1.05 |+1.03 |+1.02
34 +1.12 [+1.19 |+1.15 |+ 115 |+1.16 |+1.17 | +1.17 |+1.17 | +1.16 | +1.15 |+1.14 | +1.13 |+1.12 |+1.10
35 +1.22 [+1.23 |+1.24|+1.25 |+1.25 |+1.26 | +1.26 |+1.25|+1.25 | +1.24 |+1.23 | +1.21 |+1.20 |+1.18
36 +1.31 [+1.32 |+1.33|+1.34 |+1.35 |+1.35 | +1.35 | +1.35|+1.34 | +1.33 |+1.32 | +1.30 | +1.28 | +1.26
37 +1.41 [+1.42|+1.43|+1.44 |+1.44 |+1.44 |+1.44 |+1.44|+1.43 |+1.42 |+1.40 | +1.38 |+1.36 |+1.34
38 +1.51 [+1.52 |+1.53 | +1.53 |+1.54 |+1.54 | +1.53 | +1.53 | +1.52 | +1.51 |+1.49 | +1.47 |+1.45 | +1.42
39 +1.61 [+1.62 |+1.62|+1.63 |+1.63 |+1.63 |+1.63 |+1.62|+1.61 |+1.60 |+1.58 |+1.56 |+1.53 |+1.50
40 171 [+1.72 |+1.72 | +1.73 |+1.73 |+1.73 |+1.72 | +1.71 | +1.70 | +1.69 | +1.67 | +1.64 | +1.62 | +1.59
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