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Abstract

Ezhela V.V., Larin V.N. The Physical Constants for Mathematica: ITHEP Preprint 2001-27. — Protvino,
2001. — p. b, refs.: 3.

The program package in Mathematica language, which is extension of the standard package Mis-
cellaneous'PhysicalConstants' [1] is proposed, for usage in applications where the maximum completeness
of the estimated uncertainties of the fundamental constant values and their correlations is needed. The
package consists of the database for physical constants and corresponding data management module.

The database contains all constants of the standard Mathematica ‘'PhysicalConstants‘ package
merged with the set of constants that presented by Particle Data Group [2]. Mainly constant values, their
standard uncertainties and correlation coeflicients are extracted as recommended by CODATA from the
site [3]. Some constant values are extracted from other sources (refered by NIST [3], for instance [2]).

The prospects of the further development of the package are briefly considered.

This work is supported in part by the Russian Foundation for Basic Research, grant RFBR-01-07-
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IlpencraBisercs maker mporpaMM, peajin30BaHHBIX Ha s3bike Mathematica, KOTODPBIA SIBIISIETCS
pacmmperneM crannapraoro nakera Miscellaneous'Physical Constants' [1] u nmpenHasHaueH mjs WCIONb-
30BaHUA B IPWIOXKEHUSX, IIe TpebyeTcs MakKCUMaJIbHO BO3MOXKHAS TIOJTHOTA yUeTa OIEHEHHBIX Heolpeme-
JIEHHOCTE! B 3HAUEHUAX (DYHIAMEHTAJIBLHBIX MOCTOSHHBIX U uX Koppeismuii. OH BkiIouaeT B cebs 6asy
MAHHBIX (U3MYECKUX MOCTOSHHBIX U MAKET MPOTPAMM yIpaBieHUs 5TOi 6a301 NaHHBIX.

Basza mamHbBIX COmEpXUT BCe KOHCTAHTHI, BKIIIOUEHHBIE B CTAHIAPTHLIN IAKET, 8 TaKXkKe PSIl IIOCTOSH-
HBIX, IperncrasieHHsix Particle Data Group [2]. B ocroBHOM oHa BKmouaeT pekomennosanasie CODATA
3HAUEHUST TNOCTOAHHBIX 1998 roma ¢ ykasaHueM CTAHIAPTHBIX OTKJIOHEHW W KO3(QMUIUEHTOB KOPPEIs-
nun [3]. Hekoropble 3HaUEHUs] KOHCTAHT WM3BJEUEHBI M3 APYruX MCTOUHWKOB (mo cceimkam NIST [3],
HampuMmep, [2]).

KopoTko paccMaTprBatoTCsA MEPCIEKTUBBI PA3BUATHUS TAKETA.

Pa6ora Bemmomusercs npu yactuuHon monnepxkke PODU, rpant 01-07-90392.
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Introduction

In the development of any subfield of physics the need for the high precision theoretical
calculations of the observable quantities eventually emerged. As any physical law and observ-
able are expressed in terms of state variables and fundamental physical constants, the special
organization of data on fundamental constants is required to be suitable for the accurate cal-
culations the uncertainties of the theoretical predictions for the observable quantities. To meet
this apparent requirement the Mathematica system from the very beginning has the package
Miscellaneous'PhysicalConstants’ [1], but unfortunately it is not complete and has no mainte-
nance procedure to synchronize the versions of the Mathematica and regular readjustments of
the physical constants by various authoritative metrology groups.

In this work we propose the extended data structure of the ‘Standard PhysicalConstants'
in Mathematica system suitable for metrological purposes. The extension is proposed in two
directions.

First, to make data stored as complete as possible. We propose to store not only world
averaged values of the fundamental constants but their uncertainties as well and their correlation
matrix as they released by the CODATA (the Committee on Data for Science and Technology).

Second, to create the special programs to extract data subsamples needed for the particular
subfield of physics; recalculate the new set of constants used in that subfield, their uncertainties
and conversion coefficients into subfield units.

Database ‘Dbfpc.m’

The database contains all constants of the current Mathematica ‘PhysicalConstants’ package
merged with the set of constants that presented by Particle Data Group [2]. The values of all
constants, their standard uncertainties and correlation coefficients are extracted as recommended
by CODATA from the site [3] or other sources refered by NIST [3] (for instance [2]).

This database consists of the two basic tables:

e basicl; it presents names, typical symbols, values (with their uncertainties) and units of
the constants (SI, as a rule). The fragments of this table is presented below.



1 | accelerationOfGravity g 9.80665 m s~ 2
2 | ageOfUniverse to 12-18 Gyr
35 | planckConstant h 6.62606876(52)x10734 | J s
40 | protonComptonWavelength | Ac,p 1.321409847(10)x1071% | m
41 | protonMagneticMoment Hp 1.410606633(58)x 10726 | g 71
42 | protonMass mp 1.67262158(13)x10727 | kg
60 | weakMixingAngle sin? Ow | 0.2224(19)

Record (for example) 0.2224(19) means (0.22244+0.0019). Temporarily all constant names
have the first letter in the lower-case to avoid conflict with the constant names in the current
Package Version 1.3 [1].

e cct; this is the correlation coefficients table; it contains the correlation coefficients for all
constants from basicl table (if they exist). The fragment of this table is as fallows.

i j| @ T; Tij
1 2 g to Null
1135 g h | 0.000
1140 g Ac,p | 0.000

60 | g | sin? Ow | 0.000

35 | to h | Null

2|60 | to | sin®Ow | Null

35 (36| h h | 1.000

35 (40 | h Ac,p | 0.002
35 |41 | h pp | 0.945
35 |42 | h m, | 0.995

35|60 | h|sin®@®w | 0.000
36| .| &




Here r;; = Null means that the value of the corresponding correlation coefficient is absent in
the NIST data [3] or it is unknown.

Data management module ‘Manager.m’

Data management module allows to execute different manipulations with the fundamental
constants data and to add new data. Some possibilities of the management system are outlined
below.

e InsertFPC allows to insert information about new constant into the basic table (basicl)
or into the user defined table (see below). This procedure for the present creates empty
cells in the correlation coefficients table to input values of correlation coefficients by hands.

e DeleteFPC deletes the whole information about pointed out constant from both tables.

InsertFPC [{n, “name”, “symbol”, “value”, “unit”}, basicl, cct ]
DeleteFPC [ “name”, basicl, cct |

DeleteFPC [n, basicl, cct |

In place of the basic table names may be used names of other two tables, which were created
by NewlListFPC procedure (see below).

e NewListFPC allows to create user defined database from existing ones (for example,
basic database — basicl, cct).

newt = NewListFPC [ { “speedOfLightInVacuum”, “planckConstant”,
“electronMass”, “fineStructureConstant”,
“faradayConstant” }, basicl, cct |;

newt[first] =
1 | speedOfLightInVacuum | co | 299792458 m st
2 | planckConstant h 6.62606876(52)x10734 | J s
3 | electronMass me | 9.10938188(72)x1073! | kg
4 | fineStructureConstant | a 7.297352533(27) x 1073
5 | faradayConstant F | 96485.3415(39) C mol~?




newt[last] =

il] x; T; Tij
112 co h 0.000
13| co | me 0.000
114 co a 0.000
15| co F 0.000
2|3 h | me 0.996
2|4 h a 0.002
215 h F | —0.972
34| me a | —0.092
35| me F | —0.989
415 « F 0.226

e PairCC allows to get correlation coefficient for any pair of the constants from pointed

out the database.

In[1] := PairCC | “electronMass”, “faradayConstant”,

First[newt], Last[newt] ]

Out[1] := { 3, 5, m., F, -0.989 }

e GroupCC allows to get the correlation coefficients for one constant and group of the

constants.

grcc = GroupCC [ “planckConstant”, { “faradayConstant”,
“electronMass”, “fineStructureConstant” },
First[newt], Last[newt] ];

T 7| T T Tij
25| h F | —0.972
23| h|me 0.996
214 h a 0.002

correlation coefficients.

ccm = MakeCM [ Last[newt] |;

MakeCM produces the matrix of correlation for basic (cct) or user defined table of the

ccm =
Co h me «a F
co | 1.000 0.000 0.000 0.000 0.000
h | 0.000 1.000 0.996 0.002 | —0.972
me | 0.000 0.996 1.000 | -0.092 | —-0.989
a | 0.000 0.002 | —0.092 1.000 0.226
F | 0.000 | -0.972 | —0.989 0.226 1.000




The future of the package

e Database maintenance

As the fundamental constants are periodically re-evaluated and new constants emerged in
different subfields, some special procedures will be needed to maintain the database actual.
Firstly we plan to make the ‘StandardPhysicalConstants' in Mathematica as complete as
possible using all known authorized sources, firstly PDG [2] data, and then NIST [3], and
others.

e Functionality development

We plan to continue developing the package to increase the number of operations auto-
matically performed with constants. First of all, to create the “built-in” calculations of
the average value of vector function depending upon several constants and corresponding
covariance matrix as propagation of the current covariance matrix of the ‘StandardPhysi-
calConstants’.

It is planned to use proposed package ‘StandardPhysicalConstants' as the test bed for orga-
nizing the approximate calculations with controlled accuracies in different Mathematica
applications, firstly in data and models comparisons in Particle Physics. It will be used
also to design specifications for data structures required from the metrology resources to
make the Mathematica and external information resources interoperable in the network
calculations. In this respect the structure of the proposed package is not final one and are
subject of restructuring in due course of usage in applications.
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