1 Fundamental Constants, Elements, Units

1.1 Fundamental Physical Constants

Table 1.1. Fundamental Physical Constants

Electron mass

Proton mass

Atomic unit of mass

Ratio of proton and electron masses
Ratio of atomic and electron masses

Electron charge

Planck constant

Light velocity

Fine-structure constant
Inverse fine-structure constant
Bohr radius

Rydberg constant

Bohr magneton

Avogadro number
Stephan—Boltzmann constant
Molar volume

Loschmidt number

Faraday constant

me =9.10939 x 10728 g
mp = 1.67262 x 10724 g

ma = 15m(12C) = 1.66054 x 1074 g

mp/me = 1836.15
ma/me = 1822.89

e =1.602177 x 10719C = 4.8032 x 10~ ¢ s.u.

€2 =23071 x 10719 ergcm

h=6.62619 x 107 ergs

B = 1.05457 x 10727 ergss

¢ =2.99792 x 1019 cm/s

o = e2/(hc) = 0.07295

1/a = he/e? = 137.03599

ag = h2/(mee?) = 0.529177A

R = mee*/(2h%) = 13.6057 eV
=2.17987 x 107187

up = eh/(2mec) = 9.27402 x 10724 J/T

=9.27402 x 10~2! erg/Gs
Np = 6.02214 x 102 mol~!

o = 72/(60h3¢2) = 5.669 x 10712 W/(cm?K%)

R =22.414 1/mol
L = Na/R =2.6867 x 10!° cm™3
F = Npe = 96485.3 C/mol
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1.2 Elements and Isotopes

There are about 2700 stable and 2000 radioactive isotopes in nature [17]. Stable
isotopes relate to elements with a nuclear charge below 83, excluding technetium
43Tc and promethium ¢ Pm, and also to elements with a nuclear charge in the range
90-93 (thorium, protactinium, uranium, neptunium). The diagram Pt1 contains stan-
dard atomic masses for elements, taking into account their occurrence in the Earth’s
crust [2, 18]. If stable isotopes of a given element are absent, the masses are given
in square brackets. These masses are given in atomic mass units (amu) where the
unit is taken 1/12 mass of the carbon isotope 12C from 1961 (see Table 1.1).

There is in diagram Pt2 the occurrence of stable isotopes in the Earth’s crust,
and diagram Pt3 contains the lifetimes of stable isotopes [2, 18-20]. These lifetimes
are expressed in days (d) and years (y) and are given for isotopes whose lifetime
exceeds 2 hours (0.08 d).

1.3 Physical Units and Conversion Factors

1.3.1 Systems of Physical Units

The unit system is a set of units through which various physical parameters are
expressed. The basis of any mechanical system of units is the fact that the value
of any dimensionality may be expressed through three dimensional units—Iength,
mass and time. The CGS system, which is based on the centimeter, gram and second
[3], is the oldest system of units and was introduced by British association for the
Advancement of Science in 1874. The system of International Units (SI) [4] was
adopted in 1960 (the conference des Poids et Mesure, Paris) and is based on the
meter (m), kilogram (kg) and second (s). Other bases may be used for specific units.

In transferring from mechanics to other physics branches, additional units or
assumptions are required. In particular, along with mechanical units, we deal with
electric and magnetic units below. Then the base of SI units along with the above
mechanical units contain the unit of an electric current ampere (A). Table 1.2 con-
tains the SI units and their connection with the base units. Note that we express the
thermodynamic temperature through energy units below.

In spreading the CGS system of units to electrostatics, one can use the Coulomb
law for the force F' between two charges e; and e; that are located at a distance r in
a vacuum. This force is given by

where € is the vacuum permittivity. Defining a charge unit from this formula under
the assumption €g = 1, we construct in this manner the CGSE system of units
that describes physical parameters of mechanics and electrostatics. In the same way,
in constructing of the CGSM system of units on the basis of the mechanical CGS
system of units, the assumption is used that the vacuum magnetic conductivity is
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6 1 Fundamental Constants, Elements, Units

Table 1.2. Basic SI units [1, 2, 4]

Quantity Name Symbol Connection with base units
Frequency hertz Hz 1/s

Force newton N mkg/ 52
Pressure pascal Pa kg/(m s2)
Energy joule J m?2 kg/ s2
Power watt W m?2 kg/ $3
Charge coulomb C As

Electric potential volt v W/A

Electric capacitance farad F Azt / (m? kg)
Electric resistance ohm Q m? kg/ (A2 53)
Conductance siemens S AZg3 / (m? kg)
Inductance henry H m? kg/ (AZs2)
Magnetic flux weber Wb m? kg/(A s2)
Magnetic flux density tesla T kg/(A s2)

one o = 1. Because of units of electrostatic CGS (CGSE system of units) and
electromagnetic CGS (CGSM system of units) are used, we give some conversions
between these systems and SI units below.

For atomic systems, the system of atomic units (or Hartree atomic units) is of
importance because parameters of atomic systems are expressed through atomic pa-
rameters. In construction the system of atomic units, the fact is used that the parame-
ter of any dimensionality may be built on the basis of three parameters of different
dimensionality. As a basis for the system of atomic units, the following three para-
meters are taken: the Planck constant i = 1.05457 x 10~%7 erg s, the electron charge
e = 1.60218 x 107'° C and the electron mass m. = 9.10939 x 10728 g (we take
the vacuum permittivity and the magnetic conductivity of a vacuum to be one). The
system of atomic units constructed on these parameters is given below in Table 1.3.

1.3.2 Conversion Factors for Units

Tables 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, and 1.10 contain conversion factors between
units used. The specific electric field strength E£/p or E/N, (E is the electric field
strength, p is the pressure, N, is the number density of atoms) is a spread unit in
physics of ionized gases. The unit of E /N, is 1 Townsend (Td) [21]. The connection
between units of the above quantities is as follows:

v

\Y4
] ——— —=03535Td; 1Td=2.829 ——: 1Td=1x 107" Vvem?.
cm - Torr cm - Torr
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Table 1.3. System of atomic units

Parameter Symbol, formula Value
Length ag = hz/(mez) 5.2918 x 10~ % cm
Velocity vo = €2/h 2.1877 x 108 cm/s
Time 19 = h3/(me*) 2.4189 x 1017 g
Frequency Vo = me*/n3 4.1341 x 101651
Energy &g = me4/h2 27.2114eV

=4.3598 x 10718
Power eo/T = m2eB 0.18024 W
Electric voltage Yy = me3 /h? 27.2114V
Electric field strength Ey= mes/h4 5.1422 x 10° V/cm
Momentum po = me2/h 1.9929 x 1019 gem/s
Number density No=ay°> 6.7483 x 1024 cm™3
Volume Vo = a(3) 1.4818 x 1072 cm3

= 0.089240 cm?3 /mol
Square, cross section o) = a% 2.8003 x 10~17 cm?

Rate constant
Three body rate constant

Dipole moment

Magnetic moment

Electric current
Flux
Electric current density

Energy flux

ko = voag =13 /(m%e?)
Ky = voag = h9/(mse8)
eag = apg = hz/(me)

h?/(me) = 2up /o

I =e/t= mes/h3

Jjo = Novg = m3e8 /n’
ig = eNgvg = m3e9/h7
J = ggNovg = m*e'2/n°

6.126 x 1072 cm?/s

9.078 x 1073*cm0/s

2.5418 x 10~ B esu
=2.5418D

2.5418 x 10~18 erg/Gs
=2.5418 x 10721 /T

6.6236 x 1073 A

1.476 x 1033 cm2s~!

2.3653 x 101* A/cm?

6.436 x 1015 W/cm?
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Table 1.6. Conversion factors for units of electric voltage

v 1 CGSE 1 CGSM
v 1 3.33564 x 1073 108
1 CGSE 299.792 1 2.99792 x 1010
1CGSM 108 3.33564 x 10~ 1
Table 1.7. Conversion factors for units of electric field strength
1V/em 1 CGSE 1CGSM
1V/cm 1 3.33564 x 103 108
1 CGSE 299.792 1 2.99792 x 1010
1CGSM 108 3.33564 x 1011 1
Table 1.8. Conversion factors for units of electric resistance
1Q 1 CGSE 1 CGSM
1Q 1 1.11265 x 10712 10°
1 CGSE 8.98755 x 1011 1 8.98755 x 1020
1CGSM 1079 1.11265 x 102! 1
Table 1.9. Conversion factors for units of magnetic field strength
10e 1 CGSE 1A/m
10e 1 2.99792 x 1010 79.5775
1 CGSE 3.33564 x 10~ 1 2.65442 x 107
1A/m 0.012566 1.11265 x 10721 1
Table 1.10. Conversion factors for units of magnetic induction
1 CGSE 1T =1Wb/m? 1Gs
1 CGSE 1 2.99792 x 10° 2.99792 x 1010
1T =1Wb/m? 3.33564 x 1077 1 10*
1Gs 3.33564 x 10711 1074 1

1.3.3 Conversion Factors in Formulas of General Physics

with Atomic Particles

Explanations to Table 1.11:

1. The particle velocity is v = /2¢/m, where ¢ is the energy, m is the particle

mass
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Table 1.11. Conversion factors for formulas involving atomic particles

Number Formula?® Factor C Units used

1 v=Ce/m 5.931 x 107 cm/s gineV,min e.m.u.?
1.389 x 106 cm/s ¢ineV, minam.u.?
5.506 x 10° cm/s ¢in K, m in e.m.u.
1.289 x 10% cm/s ein K, m ina.m.u.

2 v=CT/m 1.567 x 10 cm/s T ineV, m in a.m.u.
1.455 x 10% cm/s ¢in K, m in a.m.u.

3 e = Cv? 3.299 x 10712K v in cm/s, m in e.m.u.
6.014 x 109K v in cm/s, m in a.m.u.
2.843 x 10~ 10ev v in cm/s, m in e.m.u.
5.182 x 10713 ev v in cm/s, m in a.m.u.

4 w=Ce 1.519 x 1019571 gineV
1.309 x 10! s~! ein K

5 w=C/A 1.884 x 101951 A in pm

6 e=C/x 1.2398 eV Ain pm

wg =CH/m 1.759 x 107 s~! H in Gs, m in e.m.u.

9655571 H in Gs, m in a.m.u.

8 rg = C/em/H 3.372cm gineV, mine.m.u., H in Gs
143.9cm gineV,minam.u., H in Gs
3.128 x 1072 cm ¢in K, m in e.m.u., H in Gs
1.336 cm gin K, m in a.m.u., H in Gs

9 p=CH? 4.000 x 1073 Pa H in Gs

= 0.04 erg/cm3

a

e.m.u. is the electron mass unit (me = 9.108 x 10~28 g), a.m.u. is the atomic mass unit

(ma = 1.6605 x 10724 g)

N s

. The average particle velocity is v = /8T /(rm) with the Maxwell distribution

function of particles on velocities; T is the temperature expressed in energetic
units, m is the particle mass

The particle energy is ¢ = mv?/2, where m is the particle mass, v is the particle
velocity

The photon frequency is w = ¢/f, where ¢ is the photon energy

The photon frequency is @ = 2w c/A, where A is the wavelength

The photon energy is ¢ = 2whc/A

The Larmor frequency is wy = eH /(mc) for a charged particle of a mass m in
a magnetic field of strength H

The Larmor radius of a charged particle is ry = +/2¢/m/wy, where ¢ is the
energy of a charged particle, m is its mass, wg is the Larmor frequency

The magnetic pressure is py, = H?/(87)
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