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FOREWORD

ISO (the International Organization for Standardization) is a worldwide federation
of national stgndards institutes (1SO Member Bodies). The work of developing
International Standards is carried out through ISO Technical Committees. Every
Member Body nterested in a subject for which a Technical Committee has been set
up has the righlt to be represented on that Committee. International organizations,
governmental ahd non-governmental, in liaison with 1SO, also take part in the work.

Draft Internatipnal Standards adopted by the Technical Committees are circulated
to the Membgr Bodies for approval before their acceptance as International
Standards by tHe ISO Council.

International $tandard 1SO 31/XIl1l was drawn up by Technical Committee
ISO/TC 12, Qdantities, units, symbols, conversion factors and conversion. tables,
and circulated to the Member Bodies in September 1974.

It has been appfoved by the Member Bodies of the following countries:

Australia Germany South Africa, Rep. of
Austria Hungary Spain

Belgium India Sweden

Bulgaria Israel Switzerland

Canada Mexico Turkey
Czechoslgvakia Netherlands United Kingdom
Denmark New Zealand U.S.A.

Finland Norway. U.S.S.R.

France Romania Yugoslavia

No Member Bofly expressed disapproval of the document.

© International Organization for Standardization, 1975 e

Printed in Switzerland
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Quantities and units of solid state physics

INTRODU(CGTION

This documpnt, containing a table of quantities and units of
solid state physics, is the thirteenth part of 1SO 31, which

deals with

science anJl

ISO31isa
Part 0 :

quantities and units in the various fields of
technology. The complete list of parts of

follows :

introduction -

General General principles

concernihg quantities, units and symbols.

Part | : Quantities and units of space and time.

Part 1l : Quantities and units of periodic and related
phenoména.
Part 111 | Quantities and units of mechanics.

Part 1V | Quantities and units of heat.

Part V : Ruantities and units of electricity and

magnetism.

Part VI ;| Quantities and units of /fight and related
electromagnetic radiations.

Part VII

Part V| : Quantities and “units of physical chemistry
and molgcular physics.

Part 1X
physics.

: Quantities and units of)acoustics.

Quantities and units of atomic and nuclear

Part X : |Quantities and units of nuclear reactions and
jonizing kadiations.

Arrangement of the tables

The tables of quantities and.units in 1SO 31 arg

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

between the corresponding full lines on the lef

Tables of quantities

The most important quantities within the
document are given together with their sym
most cases, definitions. These definitions are
for identification; they are not intended to be @

In most cases only one symbol for the quanti
where two or more symbols are given for one

-hand pages.

field of this
bols and, in
given merely
omplete.

y is given1);
fuantity and

no special distinction is made, they are on an efyual footing.

Tables of units

Units for the corresponding quantities are gi
with the international symbols and the definitid

The units are arranged in the following way :

1) The Sl units are placed above broken
given -in large print. The Sl units and t
multiples and sub-multiples formed by mez
prefixes are particularly recommended.

ven together
ns.

ines and are
heir decimal
ns of the SI
he decimal

multiples and sub-multiples are not explicitly men-

tioned.

For further information, see part O.

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

Part XII : Dimensionless parameters.

Part XI1I : Quantities and units of solid state physics.

2} Non-Sl 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.

3} Non-SI units which may be used
together with Sl units are given in small prin

temporarily
t.

1) When two types of sloping letters exist (for example as with 8, 8. ¢, ¢: and g, g) only one of these is given. This does not mean that the

other is not equally acceptable.



https://standardsiso.com/api/?name=c5a8fa337010708d0b39de90eb8fe122

ISO 31/XI11 -1975 (E)

4} Non-S! units which should not be used together with
SI units are given in some parts of ISO 31. They are
arranged in three groups :

a) CGS-units with special names

It is generally preferable not to use CGS-units with
special names and symbols together with Sl units.

b) Units based on the foot, pound and second and
some other UK and US units

c) Other units

factors are derived from experiment, they are given with
the number of significant digits justified by the accuracy 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, the word ‘exactly’ is added.

Numbers in the column ‘Remarks’ are given to a precision

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

Number of digits in numerical statements
Numbers in the column ‘Definition’ are exact.

In the column [Conversion factors’, the conversion factors
on which the dalculation of others is based are normally
given to seven significant digits. When they are exact and
contain seven dr fewer digits, the word ‘exactly’ is added,
but when they| can be terminated after more than seven
digits, they mgy be given in full. When the conversion

appropriate to the particular case.

Special remarks

constants is used. In this document, the set |used is

In each part of 1SO 31 a consistent set of funTmental
u
presented in CODATA Bulletin A1 (December 1973).
In this document, the constantsgiven are derived from

Planck constant :
h = 16,626 176%°0,000 036] x 10734 J.s

and the elementary charge :
e =[1,6021189 2 + 0,000 004 6] x 10" C



https://standardsiso.com/api/?name=c5a8fa337010708d0b39de90eb8fe122

Solid state physics



https://standardsiso.com/api/?name=c5a8fa337010708d0b39de90eb8fe122

13. Solid state physics

Quantities
13-1.1...13-7
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 | fundarfental Tattice |ay.az,a5 Fundamental translation vectors | R = njaq + noa, + naag
vector ab,c for the crystal lattice where 14, 1y and ng are integers
13-2.1 | {circulgr) reciprocal |G A vector whose scalar products
lattice vector with all lattice vectors are inte-
gral multiples of 21
13-2.2 | fundamental recipro- b4, by, by The fundamental translation | by = 278,
* * * . i H
cal lattiice vectors a*,b* ¢ vectors for the reciprocal lattice In crystallography, howevel,
a; -by = d; is commonly Ysed
13-3 lattice plane spacing | d Distance between sug¢cessive lat-
tice planes
13-4 Bragg gngle ] In ISO 31, plane angle is regard-
2dsind=n\ ed as dimensionless. See part |,
: 1-1.1
where X is the wavelength of the
13-5 | order df reflexion n radiation in question and 7 is an | This quantity is dimensionidss
integer
13-6.1 |short range order g The fraction of nearest neigh- | These quantities are d{men-
paramgter bour atom pairs in an Ising ferro- | sionless
magnet having parallel magnetic L. L
moments minus the fraction | SMilar definitions apply to
having antiparallel magnetic other order-disorder phenomena
moments .
13-6.2 |long rapge’order s The fraction of atoms in an Ising
paramdter ferromagnet havir\g their mag-
neticmomeTTts directed—more
direction minus the fraction
with magnetic moments in the
opposite direction
13-7 Burgers vector b Vector characterizing a dislo-

cation, being the closing vector
of a Burgers circuit encircling a
dislocation line
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13. Solid state physics

Units
13-1.a...13-7b
Name of unit
Item and International
No. in certain cases symbol Definition Conversion factors Remarks
) abbreviation for unit
for this name
13-1t.a | metre m
13-1.b | §ngstrom A TA=T0 *m TA=10 *m TA=0,T om
(exactly) The use.of thp nanometre
is recommended
13-2.a | neciprocal m™
etre
13-2.b !eciprocal A 1A"1'=10"m~" 18- 7=10nAm™?
ngstrom (exactly) The use of the reciprocal
nanometre isfecommend-
ed
13-3.a | Mnetre m
13-3.b | §ngstrom A See remark tp 13-1.b
i The radian is yised here in-
_13__‘_11 ___aﬂa_f_:___ __rai____________________________________ _____ stead of the pyire number 1
o o __ For other | units, see
13-4.b | dlegree 1" =0,017 453 3 rad part I, 1-1.1
13-7.a | metre m
_________ | U SR BUpUUUp g U PR
13-7.b | 8ngstrom A See remark to 13-1.b
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13

Solid state physics (continued)

Quantities ’
13-8.1...13-13
ltom )
No. Quantity Symbol Definition Remarks
13-8.1 | particle position r.R To distinguish between electron
vector and ion position vectors, small
' and capital letters are used,
13-8.2 GQUHW_RO respectively
vectdr of ion
13-8.3 | displacement vector | u u=R-R, |
of jom
139 Debyg-Waller factor | D Factor by which the intensity of | This quantity is dimension|ess.
a diffraction line is reduced : .
. ; ) It ‘is” sometimes expressed as
because of lattice wbrat‘lons exp(—2 W) in Mbssbauef spec-
troscopy it is also called f4factor
and denoted by f
13-10.1 'cirquar wave k.q k = 2Tm/\ The corresponding vector| quan-
number . tity k or q is called .
where X is the wavelength gat\;on vect%r. ed the propa
When a distinction is needed .
between k and the symbol for
the Boltzmann constant, &y can
be used for the latter.
When a distinction  is reeded
between k and g, g sholild be
used for phonons and magnons,
k for particles like electrohs and
13-10.2 | Fermi| circular kF - | neutrons
! wave humber -Circular wave number of elec-
trons in states on the Fermi
I N sphere , .
13-10.3 | Debyq circular qp Cut-off circular wave number in | The methods of cut-off miist be
wave number the Debye model of the jspecified
.vibrational spectrum of a solid
13-11 Debyq circular wp Cut-off circular frequency in the | The method of cut-off mist be
frequgncy Debye model of the vibrational |specified
spectrum of a solid
13-12 | Debye temperature &n k@p =h wp
where k is the Boltzmann con-
stant and 7 is the Planck con-
stant divided by 2Tr
13-13 | spectral concen- g. N, The number of vibrational glw) =Nw(w)=dN(w)
modes in an infinitesimal inter- » dw

.tration of vibrational

modes (in terms of
circular frequency)

val of circular frequency, divided
by the range of that interval and
by volume

where N{(w) is the total number
of vibration modes with circular
frequency less than w, divided

by volume
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13. Solid state physics {continued)

Units
13-8.a...13-13.a

Na

Item . .
in certain cases
No. I
abbreviation

fol

me of unit

and Int

r this name

symbol

ernational

for unit

Definition

Conversion factors

Remarks

13-8.a | me

tre m

13-10.a

13-10.b

reciprocal

metre

Feciprocal
Bngstrom

—_—

-1

—— e e v o — —

See remark to 13-2.b

13-11.a

reciprocal
second

w

13-12

.a | kelvin

13-1

3.a | second pe

cubic metre

r s/m3



https://standardsiso.com/api/?name=c5a8fa337010708d0b39de90eb8fe122

13.

Solid state physics (continued)

Quantities
13-14...13-19
|
::' Quantity Symbol Definition Remarks

13-14 | Grineisen parameter |7, I’ Y=a/lKk cy p) This quantity is dimensioniess
where « is the cubic expansion
coefficient, K—is—the—isothermal
compressibility, cy is the specific
heat capacity at constant volume
and p is the mass density

13-16 | Madelyng constant o For an ionic crystal of specified | This quantity is dimensionldss
structure, the electrostatic en-
ergy per atom is

e2
a .
4mega

where e is the elementary
charge, € is the permittivity “of
vacuum and a is a lattice{conhstant
which should be specified

13-16.1 | mean ffee path of lph, A

phonons
13-16.2 | mean ffee path of Ll
electrohs

13-17 [ density of states Ng.p The number of one-electron (E) = N(E) = dV(E)
states in an infinitesimal interval |P*"' = d(F)
of energy, divided by the range .
of that interval and by volume where N(E) is the-total number

of electron states with energy less
than E, divided by volume

13-18  |residug resistivity PR For metals, the extrapolated
resistivity at zero thermodyn-
amic temperature

13-19 | Lorenz coefficient T IT=x/oT

where \ is the thermal conduc-
tivity, o is the electric conduc-
tivity and T is the thermodyn-
amic temperature
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13. Solid state physics (continued)

Units
13-16.a...13-19.a
Name of unit
Item and International
No in certain cases symbol Definition Conversion factors Remarks
: abbreviation for unit
for this name
13-16.a | netre m
13-17.a |'ECiprocal jou-| -1 -3
™ |le reciprocal
____|gubicmetre | (o | _ _______ | 1 ___
13-17.b [ reciprocal elec- | eV~ 1-m=3 1eV im3 =
onvolt recipro- 6,24146x 10'8 J~'.m~3
al cubic metre
13-18.a | phm metre Q-m
13-19.a | vottsquared VK2
per kelvin
squared
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13. Solid state physics (continued)

Quantities
13-20...13-26
Item . .
No. Quantity Symbol Definition Remarks
13-20 | Hall coefficient Ay, Ry In- an isotropic conductor, the
relation between electric field
strength E and current density J
TS
E=pJ+RH (BxJ)
where p is the resistivity and B is
the magnetic flux density
13-21 | thermpelectromotive | Fyy, The pasitive direction for E,, is
force petween sub- from-substance a to substance b
stancef a and b at<the cold junction
13-22 Seebelk coefficient | Sap. €ap dEyy, Sab =S5 — Sy
for sulpstances Sab = a7 .
aand b where S, is the Seebeck|coef-
where T is the temperature of | ficient of substance a
the hot junction
13-23 | Peltier|coefficient Hy, Peltier heat\power developed at | [Ty, = II, — I
for sutlstances a junction divided by electric ) )
aand current from substance a to | where II, is the Peltier |coef-
subStance b ficient of substance a
13-24 | Thomgon coefficient |u, 7 Thomson heat power developed | u is positive if heat is devdloped
divided by electric current and | when the temperature dedreases
temperature difference in the direction of the ejectric
current
13-256 | work flunction 7} Energy difference between an | The contact potential diffdrence
electron at rest at infinity and an | between substances a and bl is
electron at the Fermi fevel in the
interior of a substance Va= Ve =(Pp = Dp)/
where ¢ is the elementary dharge
13-26 Richardson constant | A The thermionic emission current

density J from a metal is
J = AT? exp(— O/kT)

where T is the thermodynamic
temperature, kK is the Boltzmann
constant and @ is the work
function

10
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13. Solid state physics (continued)

Units

13-20.a...13-26.a

square metre
kelvin squared

Name of unit
Item and International
No in certain cases symbol Definition Conversion factors Remarks
: abbreviation for unit
for this name
13-20.a | cubic metre. | m3/C
per coulomb
13-21.a | polt \Y
13-22.a | volt per V/K
kelvin
13-23.a | polt Y
13-24.a | polt per V/K
kelvin
13-25.a | joule 3
13-25.b | Electronvolt eV 1eV = 1,602 19 x 10712 J
13-26.a | ampere per A/(m2 . K2)

11
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13. Solid state physics (continued)

Quantities
13-27.1...13-31
Item . s
No. Quantity Symbol Definition Remarks
13-27.1 | Fermi energy Eg, ep In a metal, the highest energy of | At T = 0, Eg is equal to the
occupied states at zero thermo- | chemical potential per electron
dynamic temperature
13-27.2 gap energy Eg Difference in energy between
lowest level of conduction band
and highest level of valence band
13-27.3 | donot|ionization Ey
energy
13-27.4 | accepfor ionization | E,
energy
13-28 | Fermi|temperature Tr Ty =Eg/k
where k is the Boltzmann'con-
stant
13-29.1 | electrgn number n, ng, n_ Number density.of electrons in | In general, subscripts n angl p or
density conduction band — and + are used to denote¢ elec-
trons and holes, respectively.
13-29.2 | hole number p.hg, ny Number density of holes in | n, and n, are also used for
densit valence band electron number densities| in n-
type and p-type regions| of a
P — n junction respectively
13-29.3 | intrinsic number n; np=n;2
densit :
13-29.4 | donor [number ng, Ny Number density of donor levels
densit
13-29.5 | acceptpr number My, N, Number density of acceptor
densit levels
13-30 | effective rmass m* my and my for electronk and
holes in semiconductors r
13-31 mobility ratio b b= pn/up This quantity is dimensionless

where u, and u, are the mo-
bilities of electrons and holes
respectively

For mobility, see part X, 10-24.1

12
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13. Solid state physics (continued)

Units
13-27.a...13-30.a

Name of unit
and

International

I':,e:‘ in certain cases symbol Definition Conversion factors Remarks
: abbreviation for unit
for this name

E-27.a Lioule J
13-27.b | electronvolt eV 1eV=1,60219x107"°J
13-28.a | kelvin K
13-29.a | feciprocal m3

tubic metre
13-30.a | kilogram kg

13
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Quantities
13-32.1...13-36.3

13.

Solid state physics (continued)

field strength

threshold magnetic strength for
disappearance of bulk super-
conductivity

It -
'::' Quantity Symbol Definition Remarks
13-32.1 | relaxation time T Time constant for exponential | For electrons in metals,
decay towards equilibrium
T= l/UF
where [ is the mean free [path
and Up is the velocity| of|elec-
trons on the Fermi sphere
13-32.2 | carrier|life time T Tos Tp Time constant for recombi- | See remark 13-29.1
nation or trapping of minaority
charge carriers in semiconduc-
tors
13-33 | diffusipn length L Ly L, L=+Dr See remark 13-29.1
where D is the diffusion coefsy | For D, see part VIII, 8-36.1
ficient and 7 is the life time
13-34 | excharjge integral J Interaction energy\(arising from
electron exchange
13-35.1 | Curie {femperature Tc Critical temperature of a ferro- [T (or, in case of ambiguity,
magnet Tcy) is used for critical tgmpe-
rature in general
13-35.2 | Néel tgmperature Tn Critical temperature of an anti-
ferromagnet
13-35.3 | Superdgonductor tran- | T, Critical temperature of a super-
sition femperature conductor
13-36.1| thermpdynamic H, G. ~G ___l# HZ2.V In type | superconductors|H, is
critical field strength e the critical field strength for
where G, and G are the Gibbs | disappearance of superconduc-
free energies at zero magnetic | tivity
field of normal conductor and
superconductor respectively, pg
s—the—permeabitity —of—vacoum
and V is the volume The symbol H 3 is used for the
critical field strength for dis-
13-36.2 | lower critical H, For type |1 superconductors, the | 3PPearance of surface supercon-
field strength threshold magnetic field strength | ductivity
for magnetic flux entering the
superconductor
13-36.3 | upper critical H., For type |l superconductors, the

For the corresponding Gaussian
quantities, see part V

14

O, T ] H PP
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