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Quantities and units of solid state physics

Introduction

This document, containing a table of quantities and units of
solid state physics, is part 13 of ISO 31, which deals with quan-
tities and units in the various fields of science and technology.
The complete list of parts of ISO 31 is as follows :

Part O : General principles concerning quantities, units and
symbols. . )

Part 1 : Quantities and units of space and time.

Part 2 : Quantities and units of periodic-and' ‘related
phenomena.

Part 3 : Quantities and units of mechanics.
Part 4 : Quantities and units of heat,
Part 5 : Quantities and units of electricity and magnetism.

Part 6 : Quantities and units of light and related elec-
tromagnetic radiations.

Part 7 : Quantities and units of acoustics.

Part 8 : Quantities and. units of physical chemistry and
molecular physics.

Part 9 : Quantities and units of atomic and nuclear physics.

Part 10 : Quantities and units of nuclear reactions and ioniz-
ing radiations.

Part 11 : Mathematical signs and symbols for use in the
physical sciences and technology.

Part 12 : Dimensionless parameters.

Part 13 : Quantities and units of solid state physics.

Arrangement of the tables

The tables of quantities and units in ISO 31 are arranged so that
the quantities are presented on left-hand pages and the units
on corresponding right-hand pages.

All units between two full lines belong to the quantities be-
tween the corresponding full lines on the left-hand pages.

Wherethe numbering; of /the items has been changed in the
revision of a’part of 1SO'31, the number in the preceding edi-
tion is_ shown in parentheses on the left-hand page under the
new number for the quantity; a dash is used to indicate that the
item in question did not appear in the preceding edition.

Tables of quantities

The most important quantities within the field of this document
are given together with their symbols and, in most cases,
definitions. These definitions are given merely for identifica-
tion; they are not intended to be complete.

The vectorial character of some quantities is pointed out,
especially when this is needed for the definitions, but no
attempt is made to be complete or consistent.

In most cases only one symbol for the quantity is given'l);
where two or more symbols are given for one quantity and no
special distinction is made, they are on an equal footing. When
a preferred symbol and a reserve symbol are given, the reserve
symbol is in parentheses.

Tables of units

Units for the corresponding quantities are given together with
the intemnational symbols and the definitions. For further infor-
mation, see also 1SO 31/0.

(1) When two types of stoping letters exist (for example as with 6; ¥; ¢; ¢; g: g} only one of these is given; this does not mean that the other is not

equally acceptable.
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The units are arranged in the following way :

1} The names of the Sl units are given in large print (larger
than text size). The Sl units and their decimal multiples and
sub-multiples formed by means of the SI prefixes are par-
ticularly recommended. The decimal multiples and sub-
multiples are not explicity mentioned.

2) The names of non-Si units which may be used together
with Si units because of their practical importance or
because of their use in specialized fields are given in normal
print (text size}.

3) The names of non-SI units which may be used tem-
porarily together with Sl units are given in small print
(smaller than text size).

The units in classes 2 and 3 are separated by a broken line from
the S| units for the quantities concerned.

4) Non-SI units which should not be used together with Si
units are given in annexes in some parts of ISO 31. These
annexes are not integral parts of the standards. They are
arranged in three groups :

a) Units of the CGS system with special names

It is generally preferable not to use the special names and
symbols of CGS units together with S| units,

b} Units based on the foot, pound and second and
some other units

c) Other units

These are given for information, especially regarding the
conversion factor. The use of those units marked with 1
is deprecated.

Remark on supplementary units

The General Conference of Weights and Measures has
classified the S| units radian and steradian as ‘‘supplementary

units”, deliberately leaving open the question of whether they
are base units or derived units, and consequently the question
of whether plane angle and solid angle are to be considered as
base quantities or derived quantities. (1)

In ISO 31, plane angle and solid angle are treated as derived
quantities (see also 1SO 31/0). In ISO 31, they are defined as
ratios of two lengths and of two areas respectively, and conse-
quently they are treated as dimensionless quantities. Although -
in this treatment the coherent unit for both quantities is the
number 1, it is convenient to use the special names radian and
steradian instead of the number 1 in many practical cases.

If plane angle and solid angle were treated as base quantities,
the units radian and steradian would be base units and could
not be considered as special names for the number 1. Such a
treatment would require extensive changes in 1SO 31.

Number of digits in numerical statements(2
All numbers in the column “’Definition’” are exact.

In the column "”Conversion factors”, the conversion factors on
which the calculation of others is based are normally given to
seven significant digits. When'they are exact and contain seven
or fewer digits, and where it is not obvious from the context,
the word."'éxactly’"\is added, but when they can be terminated
after more than seven digits, they may be given in full. When
the conversion factors are derived from experiment, they are
givenowith the number of significant digits justified by the ac-
curacy..of the experiments. Generally, this means that in such
cases, the, last digit only is in doubt. When, however,
experiment justifies more than seven digits, the factor is usually
rounded off to seven significant digits.

The other conversion factors are given to not more than six
significant digits; when they are exactly known and contain six
or fewer digits, and where it is not obvious from the context,
the word ""exactly’’ is added.

Numbers in the column "Remarks’ are given to a precision ap-
propriate to the particular case.

(1) However, in October 1980 the International Committee of Weights and Measures decided to interpret the class of supplementary units if" ‘t.he
International System as a class of dimensionless derived units for which the General Conference of Weights and Measures leaves open the possibility
of using these or not in expressions of derived units of the international System.

{2) The decimal sign is a comma on the line. In documents in the English language, a comma or a dot on the line may be used.
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13. Solid state physics

Quantities
13-1.1...137

Item . "

No. Quantity Symbol Definition Remarks

13-1.1 | lattice vector R R, T A translation vector which maps the
crystal lattice on itself.

13-1.2 fun?amental lattice a), a, a; Fr:mdamer;tlal t_ranslation vectors for | R = mey + nyay; + nzag

vector .

ecto a b c the crystal lattice. where 7y, ny and n; are integers.

13-2.1 | (circular} reciprocal G A vector whose scalar products with

lattice vector all lattice vectors are integral

muitiples of 2x.

13-2.2 | fundamental reciprocal | by, b,, By | The fundamental translation vectors | @;-b, = 2nd;

lattice vectors a*, b* e* | forthe reciprocal lattice. In crystallography, however,

a;-b, = J; is commonly used.

13-3 lattice plane spacing d Distance| between-successive Jattice
planes.

13-4 Bragg angle 6 2d sinf = ni In 1SO 31, plane angle is regarded as
where A is the wavelength of the dlmensu:rnless. St?e ISO 31/1, 1-1.1
radiation in question and n is an | @nd the introduction.
integer.

135 order of reflexion n This quantity is dimensioniess.

13-6.1 | short range order g The fraction of nearest neighbour | These gquantities are dimensionless.

parameter atom pairs in an Ising ferromagnet Similar definitions apply to other
hgvmg parallel m_agnetlc .moment.s order-disorder phenomena.
minus the fraction having anti-
parallel magnetic moments.

13-6.2 | long range order s The fraction of atoms in an lIsing

parameter ferromagnet having their magnetic
moments directed in one direction
minus the fraction with magnetic
moments in the opposite direction.

13-7 Burgers vector b Vector characterizing a dislocation,
being the closing vector of a Burgers
circuit encircling a dislocation line.
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Units
13-1.a...137.b
Item International
No Name of unit symbol Definition Conversion factors Remarks
' for unit
13-1.a | metre m
_____________________________________ b _
13-1.b angstrom A 1A =1010m 1A =10"10m 1A = 0,1 nm
(exactly) The use of the nanometre
is recommended.
13-2.a | reciprocal m-1
metre, metre
to the power
minus one
13-2.b reciprocal 4ngstrom, A'1 1A1 = 1010 m 1A =10 nm-1
&ngstrém to the power {exactly) The use of the reciprocal
minus one nanometre is  recom-
mended.
13-3.a | metre m
________________________ ’..-.__—-—._—_._.___-_._——_.—_—.-__--—-—_...—-——-—.__.......________._...
13-3.b | angstrém A See remark to 13-1.b.
. The radian is used here in-
134.a | radian rad stead of the pure num-
————————————————————————————————————————————————— ber 1.
_ o 1° = 0,017 453 3 rad For other wunits, see
13-4b | degree 1SO 31/1, 1-1.1.
13-7.a | metre m
13-7.b | angstrém A See remark to 13-1.b.
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13. Solid state physics {continued)

Quantities
13-8.1...13-13
! X N
:\Ie::' Quantity Symbol Definition Remarks
13-8.1 particle position R To distinguish between electron and
vector ion position vectors, small and
capital letters are used, respectively.
13-8.2 | equilibrium position R
vector of ion
13-8.3 | displacement vector u u=R-R,
of ion
13-9 Debye-Waller factor D Factor by which the intensity of a | This quantity is dimensionless.
diff_ractic_m Iir_ne is reduced because of | |, is sometimes expressed as
lattice vibrations. exp(—2W); in Mssbauer spectro-
scopy it is also called f-factor and
denoted by f.
13-10.1 | circular wavenumber k, q k =2n/A The corresponding vector quantity
' where 1 is the wavelength. k or q is called the propagation
vector.
When/ a distinction is needed be-
tween kK and the symbol for the
Boltzmann constant, kg can be used
for the latter.
When a distinction is needed be-
tween k.and ¢, g should be used for
phonons and magnons, k for par-
ticles like electrons and neutrons.
13-10.2 | Fermi circular kg Circular wave number of electrons in
wavenumber states on the Fermi sphere.
- 13-10.3 | Debye circular dp Cut-off circular wave number in the | The methods of cut-off must be
wavenumber Debye model of the vibrational spec- | specified.
trum of a solid.
13-11 Debye circular wWp Cut-off circular frequency in the | The method of cut-off must be
: frequency Debye model of the vibrational spec- | specified.
trum of a solid.
13-12 | Debye temperature 6p k6p = hwp k = (1,380 662 + 0,000 044)
where k is the Boltzmann constant x 1028 J/KM
and 2 is the Planck constant divided | & = (1,054 588 7 + 0,000 005 7)
by 2r. x 10734 J.s(1)
13-13 spectral concentration | g, N, The number of vibrational modes in (@) = N.(@) = dN(w)
of vibrational modes an infinitesimal interval of circular | & '%@/ = Nol®@) = =477
{in terms of circular frequency, divided by the range of | where N(w) is the total number of
frequency) that interval and by volume. vibration modes with circular fre-
quency less than w, divided by
volume.

(1) . CODATA Builetin 11 (1973).
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Units
13-8.a...13-13.a

Item
No.

Name of unit

International
symbol
for unit

Definition

Conversion factors

Remarks

13-8.a

metre

13-10.a

reciprocal
metre,

metre to the
power minus
one

reciprocal dngstrém,
angstrom to the
power minus one

m-1

See remark to 13-2.b.

13-11.a

reciprocal
second,
second to the
power minus
one

s-1

13-12.a

kelvin

13-13.a

second per
cubic metre

s/m3
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13. Solid state physics (continued)

Quantities
13-14 ... 1319
I't“e(:n Quantity Symbol Definition Remarks
13-14 Griineisen parameter y, I y = ay/{k cy o) This quantity is dimensionless.
where ay is the cubic expansion
coefficient, x is the isothermal com-
pressibility, ¢, is the specific heat
capacity at constant volume and g is
the mass density.
13-15 Madelung constant o For a uni-univalent ionic crystal of | This quantity is dimensionless.
specified structure, the electrostatic
energy per pair of ions is
e2
a'
dnega
-where e is the elementary charge, ¢,
is the permittivity of vacuum and a is
a lattice constant which should be
specified.
13-16.1 | mean free path of lpn A
phonons
13-16.2 | mean free path of /1
electrons
13-17 density of states Ng, o The 'number' of 'one-electron 'states dN(E)
. P . olE) = N(E) = ————
in an infinitesimal interval of energy, d{E)
dlv(;dsd by, the range of that interval where NIE) is the total number of
and by volume. electron states with energy less than
E, divided by voiume.
13-18 residual resistivity Or For metals, the extrapolated
resistivity at zero thermodynamic
temperature.
13-19 Lorenz coefficient L L=2A1/cT
where A is the thermal conductivity,
g is the electric conductivity and T is
the thermodynamic temperature.
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Units
13-16.a ... 13-19.a

Item
No.

Name of unit

International
symbol
for unit

Definition

Conversion factors

Remarks

13-16.a

metre

13-17.a

reciprocal
joule recipro-
cal cubic
metre, joule
to the power
minus one
metre to the
power minus
three

reciprocal elec-

tronvolt recipro-

cal cubic metre,
electronvolt to

the power minus

one metre to
the power
minus three

J-tm-3

1eV-im-3 =
6,241 46 x 1018 J-1.m-3

See ISO 31/3, 3-24.c.

13-18.a

ohm metre

13-19.a

volt squared
per kelvin
squared

V2/K2
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