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Abstract. A brief overview of the CODATA-2006 adjustment (P.J. Mohr, B.N.
Taylor, and D.B. Newell, CODATA Recommended values of the fundamental phys-
ical constants: 2006, Rev. Mod. Phys. 80, (2008) 633) is presented. The attention
is focussed on the most important data that appeared since the previous adjust-
ment in 2002, and on changes in the recommended values of 2006 in comparison
with the results of 2002. We consider a structure of the input data and their cor-
relations and analyze the results and the data group by group. We also discuss
consequences of the adjustment.

1 Introduction

Fundamental constants play an important role in physics and metrology. They appear in dif-
ferent contexts and different authors understand fundamental constants quite differently. In
this paper I will consider ‘practical fundamental constants’, accurate determination of which is
considered in [1]. Such constants may not always have ‘truly’ fundamental nature, but they are
in one or other way related to precision measurements.

In physics, once we need to issue a theoretical prediction we can easily write down related
expressions, but that is not enough. To predict numbers, we need some numbers to begin with.
Any theory, even ab initio theory, is usually not a construction, which starts from nothing
and produces quantitative predictions. Usually, theory is a kind of constraint, which explains
relations between results of different experiments. Once we use data of some measurements as
input parameters, we can predict the results of other measurements. The most universal input
parameters are recognized as fundamental constants of physics.

Even in pure experimental physics we also need fundamental constants. That is because we
need reference values for measurements. It is helpful if such reference quantities are somewhat
universal. That makes them be useful as units. The most universal of such quantities are not
necessary of fundamental nature. The metric system started from quite universal reference
values, such as the size of Earth, density of water and the astronomical year. However, such
non-fundamental quantities can be applied only with a limited accuracy and beyond a certain
limit their non-universality and non-constancy can be observed. Part of universal reference
values is stable and well defined in natural terms. Those are usually fundamental constants.

In metrology we need fundamental constants for reasons similar to experimental physics.
However, we prefer there to keep certain hierarchy in reference values and only very few con-
stants can serve as units, while the rest are conversion factors.

The status of determination of numerical values of the most important ‘practical’ fundamen-
tal constants is reviewed by the CODATA task group on fundamental constants which regularly
performs ‘adjustment’ of fundamental constants and publishes their recommended values.

# e-mail: savely.karshenboim@mpq.mpg.de



386 The European Physical Journal Special Topics

The task group was created in 1969 and published since that several adjustments: 1973 [2],
1986 [3], 1998 [4], 2002 [5], and 2006 [1], with the last three adjustments being labeled by the
deadline of the collection of the input data. The task group [6] works under auspice of the
Committee on Data for Science and Technology (CODATA) of the International Council for
Science (ICSU).

2 What is the adjustment?

The adjustment occupies a very specific place in physics and metrology. Usually, we deal with
a set of similar data. For instance, we have values of the same quantity, say, a frequency f(P)
which depends on parameters such as laser power P. We perform a certain fit and find a
zero-power frequency f(0) and sensitivity parameter (9f/0P)p—o. All the data points have
approximately the same accuracy (at least of the same order) and are obtained by essentially
the same methods.

In the case of fundamental constants, the situation is very different. Because of their uni-
versality they enter equations from very different branches of physics. The results are of very
different accuracy and strongly correlated. For instance, we can measure €2 /h, h,e/h,eNa, hN 4,
and e etc. At the first place, we should be sure that the data are consistent. The consistency of
data means a consistency of reference devices (if any where applied), of methods, and eventually
of the results.

From the metrological point of view, testing the reference devices, i.e., the standards, is
a crucial metrological problem and the adjustment allows to perform a certain cross-check of
electric standards. By checking the consistency of the methods we test basic physical laws and
our ability for their successful practical realization for present and future standards. Checking
the consistency of the data we check whether the realization of some units is consistent with
the rest of the precision physics.

Since we deal with various combinations of the constants, knowledge of the recommended
values of a ‘minimal independent set’ of the constants is not sufficient. For instance, we cannot
find e/h from values of e and h. We need to know their correlation. For this reason the final
resulting tables of the adjustment include many fundamental constants far beyond the ‘mini-
mal set’. The CODATA recommended values tables consist of various combinations of constants
from such a minimal set.

As we mentioned, the very first and the most important stage is a critical examination of the
data. We have to test reliability of the data. In principle, the CODATA evaluation, as any based
on the least-square method, essentially relies on the most accurate data of each kind. From the
mathematical point of view, we could dramatically reduce the number of experiments under
consideration and neglect most of correlations. However, at the stage of a study of consistency
and reliability we should examine a quite broad range of data.

Less accurate data, which perhaps would marginally contribute to the final results, are
nevertheless studied carefully. Once all the data are consistent, the less accurate data are of
marginal importance. However, if we have any doubt in reliability and consistency of the all
related data, that is the less accurate data which determine how we should proceed.

Another important issue is strong involvement of theory. Some theoretical expressions keep
their naive form up to very high accuracy, like those for the von Klitzing and Josephson con-
stants

h
Rk = ?;
2e
KJ = Z7 (1)

while the others like the hydrogen frequencies needed to determine the Rydberg constant R,
are very complicated. There is a number of quantities the accurate determination of which
strongly depends on the reliability of quite advanced theory.
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3 Structure of the data

As we already mentioned, different data are known with a different accuracy and that makes
a kind of ‘group structure’ of the adjustment. If the data are consistent, we can perform the
adjustment group by group and the difference between results of this simplified procedure and
of the overall adjustment of the data, which was in fact performed in [1], is marginal. The
present data set is consistent in general and its group-by-group evaluation is possible.

The group data of the present and few past adjustments suggests (see [7-9] for more expla-
nations)

— the most accurate data form a group of auziliary data which are to be evaluated prior to
the main procedure;

— the main procedure deals with two groups; the most accurate of them is formed by the data
related to the fine structure constant «;

— the other group of the main adjustment combines the data related to the determination of
the elementary charge e and the Planck constant h;

— there is also a certain number of constants, as the Boltzmann constant k and the gravitation
constant G, which are tabulated in the recommended values, but they are independent and
are not really involved into the adjustment procedure;

— a certain number of constants are closely correlated with the adjusted values, as, e.g., the
electron mass m, (in kilograms); in fact they do not participate in the adjustment of the
input data and in one or other way they are derived from the result of the adjustment.

Technically, the adjustment [1] was performed in the following way: at first, the input data were
carefully analyzed group by group; next, the input data set was modified based on this analysis
(in such a modification some data might be omitted, while for some others a certain expansion
of the uncertainty might be introduced); and, eventually, an overall adjustment of the data was
performed producing the recommended values of fundamental constants.

We note, however, that the group structure is determined not by the way the data are
treated, but by their accuracy, which determines, through various statistical weight factors, the
directions in which the information propagates. E.g., we can run an overall least square ad-
justment and check consequences of removing some pieces of data. In particular, we can easily
see that deleting various input data from the auxiliary group would strongly affect contribu-
tions of the partial data from the a group, while deleting any h related and independent data
would not change the result for the fine structure constant. Thus, we note that the experi-
mental information propagates in an obvious direction: from more accurate data groups to less
accurate ones.

Below we shortly review all kinds of the data.

4 Auxiliary data

Before discussing the most accurate data of the adjustment, i.e. the auxiliary data, let us remind
that a few constants are known exactly because of the definitions of the SI system [10] or other
units (like the unified atomic mass unit). Those are collected in the upper part of Table 1.

The auxiliary constants include various atomic masses in the unified atomic mass units,
mass ratios and the Rydberg constant

a®mec

2h

Ry = (2)
The latter is mostly determined by the adjustment [1] of data from many transitions in atomic
hydrogen and deuterium. There are also some specific rather inaccurate data which are needed
for small additive corrections, like parameters of weak interactions, which marginally affect
some QED calculations relevant for the evaluation in [1].

In general, there has been no essential changes in this sector of adjustment comparing the
former [5] and the recent [1] adjustments.
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Table 1. Exactly known constants (upper part) and some auxiliary constants in the adjustment [1].
Here, u, stands for the fractional uncertainty.

Quantity Symbol Value U
speed of light in vacuum c 299792458 ms ! exact
magnetic constant of vacuum 1o 47 x 107" N A2 exact
atomic mass of >C m(*2C) 12u exact
Rydberg constant Reo 10973 731.568527(73) m~'  [6.6 x 107*?]
proton-electron mass ratio mp/me 1836.152 672 47(80) [4.3 x 10719
proton mass mp 1.007 276 466 77(10) u [1.0 x 107'°]

5 The o connection

The group related to the fine structure constant involves many data. The most important data
points are presented in Fig. 1. There are sixteen different points obtained within six completely
different approaches. Two of them involve electric standards, one needs material metrology and
three are based on quantum mechanics and quantum electrodynamics and essentially do not
involve standards. Many data points assume not a single measurement, but a chain of experi-
ments.

There has been important progress in the field between two adjustments, which produced
essential change in the a accuracy.

In both evaluations [1,5] the dominant source is due to a study of the anomalous magnetic
moment of the electron. In the case of [5] that was a result based on a single-group mea-
surement and a single-group theory. Theory has improved [11]* (the theoretical uncertainty in
a changed from u, = 9.9 x 1071% in the 2002 adjustment to [5] u, = 2.4 x 107! in the re-
cent adjustment [1]), but it is still based on the activity of a single group (T. Kinoshita and
collaborators). The experimental accuracy was also improved, but by another group. The more
recent measurement from Harvard University [12] is essentially more accurate than the former
Washington University result (see Fig. 1). Eventually, the best a(a.) value in 2006 [13] is about
five times more accurate than the CODATA 2002 value.

Because of importance of the fine structure constant determination it is desirable to reach
an accurate value by a different method. The second accurate method is based on recoil spec-
troscopy. In the former adjustment [5] only one result was available (a caesium value from
Stanford). The CODATA 2006 adjustment [1] deals also with a Rb result from Paris [14]. The
most accurate a results are presented in the bottom plot in Fig. 1.

Crucial « related recommended values [1] are presented in Table 2, which includes

e2

«= dreghc’ (3)
the von Klitzing constant (1), Compton wavelength of electron, and the molar Planck constant.

Since we know the Rydberg constant (2) with a high accuracy, we can easily interpret any
result for « in terms of h/(me.c) and vice versa. Because of the high accuracy achieved for
various mass ratios we can easily go further from h/(m.c) to the value of h/(mc) for a broad
range of atoms.

Appearance of the molar Planck constant can be easily understood once we recall that
there are two mass-related microscopic units in which we can accurately express various atomic
masses. One of them is the frequency unit (i.e. we deal with mc?/h instead of m) while the
other is a unified atomic mass unit. The conversion factor between them is the molar Planck
constant and it is limited by the accuracy of measurements in the frequency units.

! 'We present here only references to the most recent data used in [1]. For more references see [5].
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Fig. 1. Determination of the fine structure constant a in the CODATA-2006 adjustment [1]. The labels
are similar to those in [1]. The vertical band stands for the adjusted CODATA-2006 value. The most
accurate data from a. and recoil spectroscopy are presented in the bottom plot with a magnified scale.

Table 2. Some « related data [1]. Here, u, stands for the fractional uncertainty.

Quantity Symbol Value Ur

inverse fine structure constant a? 137.035999 68(9) (6.8 x 1071°]
molar Planck constant h-Na 3.9903126821(57) x 107'°Jsmol™! [1.4 x 1077
electron Compton wavelength  h/(mecc) 2.426 3102175(33) x 107 ? m [1.4 x 1077
von Klitzing constant Rk 25812.807 557(18) Q (6.8 x 1071°]

6 The h group

The data group related to elementary charge e and the Planck constant h is formed by the fact
that we know with a high accuracy data in Table 2. Since the knowledge of a, h N4, h/m,. sets
certain constraints on the results on e, h, N4, m. and their various combinations (e/h, e/m.,
F =eNgy, up = eh/(2m.) etc.), the determination of any of them produces an input for all of
them. The related recommended values [1] are summarized in Table 3.
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Table 3. Some h related data [1]. Here, u, stands for the fractional uncertainty.

Quantity Symbol Value Uy

Planck constant h 6.62606896(33) x 1073*Js  [5.0 x 1078
elementary charge e 1.602 176 487(40) x 107 C [2.5 x 1078
Avogadro constant Na 6.02214179(30) x 10* mol™"  [5.0 x 1078
Faraday constant F=e¢-Na 96 485.3399(24) C mol ~* [2.5 x 1078
Josephson constant K; 483597.891(12) x 10°HzV™*  [2.5 x 1078]
electron charge to mass quotient e/me 1.758 820 150(44) x 10* Ckg™" [2.5 x 107¥]
electron mass Me 9.10938215(45) x 1073 kg [5.0 x 107%]
Bohr magneton LB 927.400915(23) x 10726 J T~ [2.5 x 1078

The crucial input data are presented in Fig. 2. They include ten data points, achieved by
five independent methods. Most of them are due to electric measurements, except an X-ray
crystal density (XRCD) study of a Si crystal.
The most important development in the field was due to progress with the NIST watt bal-
ance [15]. This result is in many details uncorrelated with the older NIST measurement and
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Fig. 2. Determination of the Planck constant h in the CODATA-2006 adjustment [1]. The labels
are similar to those in [1]. The vertical band stands for the adjusted CODATA-2006 value. The most
accurate data from the watt balances and XRCD measurement are presented in the bottom plot with
a magnified scale.
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has a higher accuracy. It dominates in the determination of h. However, the electric determi-
nations of the Planck constant strongly disagree with XRCD determination of N4. Because of
this discrepancy in the evaluation of the data an extended-uncertainty method is applied. The
problem of consistency of the world data remains unresolved.

7 Independent constants

There is a number of the fundamental constants which do not affect the adjusted values of the
others or their effect is marginal. Most important of them are collected in Table 4.

Table 4. ‘Independent’ constants which are marginally involved into the adjustment procedure [1].

Quantity Symbol Value Uy

Newtonian constant of gravitation G 6.67428(67) x 107" m®*s 2 kg™ [1.0 x 107*]
molar gas constant R 8.314472(15) JK~* mol ™! [1.7 x 107°]
Boltzmann constant k 1.3806504(24) x 1073 JK~'  [1.7 x 107°]

—a- CODATA-02
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@ NIST-88

. i PTB

————@—— NIST-07

T T T T T T T T T
1.38061 1.38063 1.38065 1.38067 1.38069
k [10%J-K]

Fig. 3. Determination of the Boltzmann constant k£ in the CODATA-2006 adjustment [1]. The labels
are similar to those in [1]. The vertical band stands for the adjusted CODATA-2006 value.

The status of the Boltzmann constant k and the molar gas constant R did not really change
during nearly two last decades. The present results for k are collected in Fig. 3. The only
progress is recent appearance of two preliminary results (from PTB and NIST) and we hope
that their accuracy will improve in future.

The changes with the Newtonian constant of gravitation, GG, during the last decade is rather
dramatic. Despite of its great fundamentality (that is, perhaps, one of three most fundamental
constants we experimentally deal with; the others are indeed ¢ and h), it is marginally involved
in precision measurements.

Most accurate tests of general relativity (GR) deal with a product of G and a certain ‘big
mass’ (of Sun, Earth) etc. The product is often known very accurately, but it is not fundamental.
G is fundamental, but it can be measured only in dedicated experiments, where accuracy is
much lower than can be designed for the GR tests.
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In Fig. 4 we present results of the four last adjustments (note, that the CODATA-1986
value [3] is included into the summary plot for CODATA-1998 [4]).
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Fig. 4. The gravitation constant G in the CODATA-1998 [4] (left), CODATA-2002 [5] (right)

CODATA-2006 [1] (bottom) adjustments. The labels follow the quoted papers. The vertical bands
stand for the contemporary adjusted CODATA values.

The accuracy of the adjustment is not determined by the uncertainty of particular data
points, but by their scatter. To establish a reasonable agreement between different points we
have to expand the uncertainty. In 1998 the CODATA uncertainty was increased because of
the data scatter and specifically because of the PTB-95 measurement. In the 2002 evaluation
more data confirming the central cluster appeared and after consulting with PTB it was agreed
to remove the PTB-95 result from the adjustment. The data of 2006 are different with data
of 2002 basically because of finalizing the data analysis of measurements, preliminary data of
which were evaluated in the adjustment-2002.

8 Electric data

Due to practical applications it is important to consider ‘electric’ data in more details. Such
data are widely used in the determination of @ (Fig. 1) and Rk and of h (Fig. 2) and K. This
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opportunity is open because in electric measurements one uses ‘practical’ units, i.e. units in
which numerical values of the von Klitzing constant Rk and the Josephson constant Kj are
known exactly by definition [16].

Use of practical units means that all voltages, resistances and currents were measured against
electric standards based on the quantum Hall effect and Josephson effect. The present status
in the determination of Rk and Kj, which is very similar to status for « and h, respectively, is
summarized in Fig. 5.
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Fig. 5. Determination of the von Klitzing constant Rk and the Josephson constant Kj in the
CODATA-2006 adjustment [1] and afterwards (see points labeled as ae(.../Th07) [17,18] and
K3Rk (NPL — 07) [19]). The labels are similar to those in [1]. The narrow vertical bands stand for the
adjusted CODATA-2006 values. The broad vertical bands indicate the CIPM recommended value [16]
of Rk and Kj with a line for the central value suggesting Qs1 = Q90 and Vs = Vgo.
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Because of great importance of two mentioned quantum effects in metrology and because
of uncertainty in the question how accurate are relations between e and h and Rk and Kj, in
two most recent adjustments [1,5] an additional test was performed. It was suggested to use
instead of simple relations (1), more complicated equations

h
Ri = (1+€K> X7:<1+6K) XM,
e 2c

K; = (1+6J) x %e - (1+6J) " (uijh>1/2, (4)

with ex and €; as adjustable parameters.

The result of such an evaluation gave a certain range of possible € parameters more or less
consistent with zero. The procedure is not straightforward because €5 data, which have marginal
importance for the conventional procedure because of their statistical weight or because of their
questionable status, become important here.

Shortly speaking, for ex we can look into the top plot in Fig. 5. A systematic discrep-
ancy between non-electric data (marked as a. or h/m) with data from calculable-capacitor
measurements (marked by Rx; see [20] on details) would mean a non-zero ex. The result of
[1] is

ex ~ 2(2) x 1078, (5)

which marginally depends, on which else data are included.

The situation with € is not that simple. The top plot in Fig. 5 would indicate a non-zero €y,
if the gyromagnetic measurement at low magnetic field (marked as I'(lo)) would systematically
disagree with results of two methods mentioned due to ex. In the bottom plot, if €5 # 0,
we should discover, that the results from watt balances (marked as K?Rk; see [21] on details)
would disagree with the XRCD data point (marked as V;,(Si)). In both cases there are non-zero
signals (e3(I") = —2.8(1.0) x 1077 and €;(V;,,) = +4.1(1.4) x 10~7), but they are not consistent.
We should choose which to follow. As a result, our conservative estimation based on [1] is

—3x1077<e3<Hx107". (6)

Due to importance of these constraints we have to properly interpret them. Both values, Rk
and K, are electric properties of matter, which can in principle have two kinds of corrections,
namely universal material-independent and peculiar material-dependent corrections. The con-
straints from [1] are applicable to the material-independent effect. We note that a QED series
for fundamental values are similar to that for the anomalous magnetic moment of electron,

which is of the form? ) s
ae:cl(%)+cz(%) +03(%) T (7)

which coefficients are of the order of unity and there is a small parameter /7 ~ 2.3 x 1073 If
we suggest such a correction for Rk and Kj, then, based on the numerical order of magnitude
of possible correction, we interpret the constraint (5) and (6) as

Cl(RK) = 0, CQ(RK) = 0, Cg(RK) ~ 2(2);

and
Ci(Kj) =0, Ca(Ky)=0, —24<C3(Kjy)<40

and there is no way to expect reasonable non-zero values of 2. Meanwhile, that is very
unlikely to expect that the series would start with C5 as the first non-zero coefficient.

2 One may have in mind a very different structure of a series for hydrogenic transitions. Those series
are in a sense an example of material-dependent corrections, because « appears there not only as a
QED loop parameter (cf. (7)) as the strength of the Coulomb potential and the numerical coefficients
depend on a transition and atom under consideration.
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That means that it is very likely that the evaluation in [1] ruled out any reasonable oppor-
tunity for material-independent corrections.

A study of the material-dependent effect can be done in a different matter and in fact many
tests of this kind have been performed (see, e.g., [22,23]). The related limits on violation of
naive relations (1) are at the level essentially below than one part in 10*° which is sufficient for
any practical applications.

Nevertheless, we have to stress that such tests should be continued. There is no just
‘material-dependent’ corrections. The correction should depend on parameters of materials.
It may easily happen that two different materials possess the same values of some parame-
ters or studied under the same conditions (e.g., at the same temperature). To really rule out
any material-dependent correction at the level of one part in 10'° we should be sure that all
parameters under question vary in a broad range. The contemporary compilations of a study
of universality of Rk and Kj do not present enough data for such conclusions. We hope such
analysis of existing data will be done and either strong constraint will be derived or it will be
concluded which experiments are necessary for such constraints.

9 Progress in determination of fundamental constants

Concluding a review of the CODATA-2006 recommended data we present some comparison of
the most recent data with the earlier recommended sets.

The progress is summarized in Fig. 6 and Table 5, where progress of most constants discussed
in previous sections is presented.

Fractional uncertainty

L T T T
1970 1980 1990 2000 2010

Fig. 6. Progress in determination of fundamental constants.

One can note that the accuracy not necessarily increases with time (see Fig. 6). That happens
either because of discovery of additional sources of the uncertainty or because of appearance of
new data which are not consistent with the previous results. Appearance of new data and new
corrections may also shift some values so much that their difference is above their uncertainty.

Because of that one may ask what the main result of the adjustments is and how to utilize
the recommended values.

10 Legacy of the CODATA adjustments

The most important part of the adjustment is neither a compilation of the world data nor their
evaluation with the least square method. The heart of the adjustment is the critical examination
of the data.
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Table 5. Progress in determinatiton of the most important fundamental constants in 1998-2006 [1,4, 5].

Quantity Recommended values

[unit] 1998 [4] 2002 [5] 2006 [1]

Reo [m™1] 10973 731.568 549(83) 10973 731.568 525(73) 10973 731.568 527(73)
my [u] 1.007 276 466 88(13) 1.007 276 466 88(13) 1.007 276 466 77(10)
mp /e 1836.152667 5(39) 1836.15267261(85) 1836.152 672 47(80)
a! 137.035 999 76(50) 137.035999 11(46) 137.035999 68(9)
hN4[Jsmol™'] 3.990312689(30) x 107 3.990312716(27) x 107'° 3.9903126821(57) x 10~*°
h[Js 6.626 068 76(52) x 107%*  6.6260693(11) x 10**  6.626 068 96(33) x 10~ 3*
N4 [mol™] 6.02214199(47) x 10?* 6.0221415(10) x 10?3 6.022 141 79(30) x 10?3

e [C] 1.602176 462(63) x 107*°  1.60217653(14) x 107*°  1.602 176 487(40) x 10~ *°
kE[JK™ 1.3806503(24) x 1072 1.3806505(24) x 10723 1.3806504(24) x 10723
G [m3*s % kg 6.673(10) x 10~ ** 6.6742(10) x 10~ ** 6.67428(67) x 10~ **

This examination helps to learn whether the world data are trustworthy and whether they
are consistent. Part of the measurements involve various standards (mainly, they deal with
electric standards) and their tests is of top priority for the metrological community.

Thus, the adjustment is first of all an overall cross-check of the existing data. In contrast to
many other compilations of the reference data, the CODATA papers [1-5] present all important
details of this examination.

Actually, that answers the question how to use the data. If one really needs an accurate
value, we would not recommend to apply the CODATA values. Instead, we recommend to
use the data examination in the most recent CODATA adjustment. For instance, if a certain
calculation is very sensitive to the accurate value of o and it is needed to compare it with an
experimental result, we recommend to use the analysis (see Fig. 1) and calculate a new value
of a from the mentioned theory and experiment.

Meanwhile, the recommended values are the best choice if accurate values are not really
necessary, but they are very helpful to avoid a scatter in results.

A similar approach is demonstrated, e.g., by CIPM when it is necessary to produce CIPM
recommended values of Rx and Kj. They use the CODATA data and their analysis, but for
pragmatic reasons they choose a much more conservative uncertainty estimation.

For more discussions on the question see [8,9,24].

Completing the paper, we would like to raise two issues.

Firstly, we note that the CODATA task group on fundamental constants is not a team of
magicians. The group performs the best possible analysis of the existing world data and the
best possible evaluation. However, not all problems inside the measurements and calculations
can be understood ‘from outside’. An example of this is a discovery of certain corrections in the
theory of the anomalous magnetic moment of electron [17], which should shift the related value
of the fine structure constants by approximately five standard deviations [18]. Ironically, the
result was published three months after the CODATA-2006 values were published on-line [1],
but before the paper [1] was even submitted.

The other question to consider is the ‘whole picture’. When we do physics, we apply various
approximations and some models. In a sense, the whole physical description of Nature is kind of
a ‘big approximation’. It might happen that different approximations are not consistent. We all
know that about a century ago a successful mechanical theory was not consistent with another
successful theory, which described electromagnetic effects. And we remember the consequence.

Therefore, it is an important problem to check the overall consistency and the CODATA
adjustment allows to verify whether we have certain inconsistency at present. Likely, that is
the most accurate test which touches a quite broad range of phenomena.

The result of this test [1] does not show any significant discrepancy. The particular results
obtained by different methods are essentially consistent.

The author is a member of the CODATA task group on fundamental physical constants and is grateful to
his colleagues for fruitful discussions. The data are officially recommended by the group and published
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in [1]; the interpretation of certain details does not necessary coincide with the group opinion and
presents a personal author’s view.

The author is grateful to the organizers of the International School “Quantum Metrology and Fun-
damental Constants” at Ecole de physique in Les Houches for warm atmosphere and fruitful discussions
there. The work was supported in part by RFBR under grant \# 08-02-13516-ofi-z.
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